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DESCRIPTION

METHOD FOR PREDICTING SENSITIVITY TO EGFR INHIBITOR

TECHNICAL FIELD
[0001]

The present invention relates to a method for predicting sensitivity of a subject to
an EGFR inhibitor through checking the genotype of a KRAS protein in a biological
sample which has been minimally invasively collected from the subject.

Priority is claimed on Japanese Patent Application No. 2013-057033, filed on

March 19, 2013, the content of which is incorporated herein by reference.

BACKGROUND ART
[0002]

An epidermal growth factor receptor (EGFR) is a member of the ErbB family of
extremely well associated receptors which includes EGFR (ErbB-1), Her2/neu (ErbB-2),
Her3 (ErbB-3), and Her4 (ErbB-4). The ErbB family is the type 1 tyrosine kinase family
of a growth factor receptor which plays an important role in growth, differentiation, and
survival of cells.  Activation of these receptors typically occurs through specific ligand
bonding and forms a hetero- or homo-dimer between the receptor family members.
Subsequently, this causes autophosphorylation of a tyrosine kinase domain.

[0003]

The activation of EGFR derives a series of signaling events in a downstream of
EGFR which mediate between activation of receptor tyrosine kinase, cell growth, cell
motility, cell adhesion, cellular infiltration, and a tolerance to chemotherapy, in addition to

inhibition of apoptosis which is an important process for continuous growth or survival of
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cancer cells.

In addition, this family member including EGFR and Her2 is directly related to
cellular transformation.  For this reason, a molecular target drug which targets EGFR has
been developed as an anti cancer agent.  Clinical tests of two primary types of EGFR
inhibitors of an anti-EGFR antibody and a low molecular EGFR tyrosine kinase inhibitor
(TKI) have been carried out so far. An anti-EGFR antibody such as cetuximab is
designed so as to bind to an extracellular domain of EGFR and to block the activation of
signaling in the downstream of EGFR. Cetuximab (which has been known as antibody
225; refer to Patent Document 1) is prepared with respect to an A431 cell expressing
high-level wild type EGFR. In contrast, low molecular KTT such as gefitinib (compound
ZD1839; Iressa) or erlotinib (éompound OSI-774; Tarceva) competes with ATP for
bonding to an intracellular catalytic domain of EGFR tyrosine kinase. As a result, EGFR
autophosphorylation and signaling of the downstream of EGFR are inhibited.

[0004]

In recent years, the relationship between therapeutic efficacy of panitumumab or
cetuximab, which is a molecular target drug of colorectal cancer and a mutated KRAS
gene or a protein thereof, the relationship between therapeutic efficacy of erlotinib or
gefitinib which is a molecular target drug of lung cancer, and a mutated EGFR gene or a
protein thereof, and the relationship between therapeutic efficacy of crizotinib which is an
ALK inhibitor, and a fusion gene accompanied by translocation or a protein thereof have
become clinically clear. In use of these drugs, companion diagnosis including
examination of mutation of KRAS has been attracting attention. Specifically, among
patients with phase III colorectal cancer in a CRYSTAL (FOLFIRI) test, the efficacy
during combined use of cetuximab for patients with mutated-KRAS tumors is 36.2%

whereas the efficacy during combined use of cetuximab for patients with wild type KRAS
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tumors is 59.3%, which shows a result that the efficacy of cetuximab with respect to
patients with mutated-KRAS tumors is drastically low (for example, refer to Non Patent
Document 1). Thereafter, even for a patient with phase 1I colorectal cancer in an OPUS
(FOLFOX) test, it has been proved that cetuximab is efficient for patients with
mutated-KRAS tumors whereas the efficacy of cetuximab for patients with
mutated-KRAS tumors is extremely low. From these clinical test results, it has been
determined that a mutated KRAS gene in a patient with colorectal cancer becomes a
predictive factor for therapeutic effect of an EGFR inhibitor (for example, refer to Non
Patent Document 2). In a case where therapeutic results are poor even in the KRAS wild
type group, clinical test results in which mutation is present in BRAF or PIK3CA have
been reported. However, currently, there is not enough evidence as a super
non-responder which transcends KRAS

[0005]

When performing EGFR inhibitor therapy through diagnosis of KRAS gene,
there are three clinical problems as follows which relate to sampling from a subject and to
a drug tolerance. A first problem is that a biopsy specimen is used for diagnosis of
KRAS gene in a case in which surgical resection is not performed, but its reliability has
not been confirmed. In addition, acquisition of biological tissues is invasive for a patient,
and there are many cases in which a recurrent tumor cannot be re-resected after resection
of a primary lesion. For this reason, a diagnostic marker with high reliability which can
be replaced with method for directly checking the status (genotype of KRAS) of KRAS in
a tumor tissue has been expected.

[0006]
A second problem is that mutation statuses are not necessarily coincident with

each other between a metastatic lesion and a primary lesion.
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Watanabe et al., reported that 15 cases out of 43 cases of patients with colorectal
cancer are patients with mutated-KRAS tumors and the coincidence rate between the
primary lesion and the metastatic lesion is 88.4% (refer to Non Patent Document 3).

That is, about 10 percent of the KRAS mutation statuses are not coincident with each
other between the primary lesion and the metastatic lesion. In contrast, S. Gattenlohner
et al., reported a change between a primary lesion and a metastatic lesion during EGFR
inhibitor therapy. As a result of examination of the statuses before and after therapy of
21 cases of metastatic colorectal cancer, there is no change in 20 cases (95.2%). There is
heterogeneity in 1 case, in which there is a change, and the case includes multiple cases
(refer to Non Patent Document 4).

[0007]

A third problem is that there is a possibility that the number of mutant clones
increases during EGFR inhibitor therapy, that is, acquisition of a tolerance with respect to
an EGFR inhibitor. Diaz Jr. et al. detected a DNA-mutated KRAS gene in blood plasma
after starting EGFR inhibitor therapy among 24 cases in which a primary lesion was wild
type colorectal cancer. As a result, it has been reported that a mutated KRAS gene was
detected from 9 cases (37.5%), mutation was observed in all of the cases at least up to the
26th week after administration, a tolerance was acquired at the same time as the detection
of the mutation of the extracellular DNA, or after observation. Furthermore, they have
suggested that it is possible to estimate acquisition of a tolerance of an EGFR inhibitor by
detecting a mutated KRAS gene in serum with high sensitivity, for example, it is possible
to switch the EGFR inhibitor to another drug such as MEK inhibitor (refer to Non Patent
Document 5). In addition, Misale et al. also suggested to predict sensitivity with respect
to an EGFR inhibitor by detecting KRAS gene mutation in blood plasma with high

sensitivity and to switch the EGFR inhibitor to another drug in a case where KRAS gene



10

15

20

25

mutation is detected in blood plasma (refer to Non Patent Document 6).  That is, in Non
Patent Document 5 and 6, there is a disclosure that the status of KRAS in blood is
identified using the fact that KRAS existing in a metastatic lesion of a subject is detected
in circulating DNA as well, and accordingly, it is possible to predict efficacy when
administering an EGFR inhibitor to the subject after checking sensitivity with respect to
the EGFR inhibitor of the metastatic lesion.

[0008]

In contrast, clinical tests relating to re-administration of an EGFR inhibitor have
been carried out as a solution to overcome a drug tolerance of cancer. Significant
extension of progression-free survival (PFS) has been recognized by re-administering the
EGFR inhibitor in comparison with a case in which the EGFR inhibitor is not
re-administered. It is considered that this is because mutant clones grow during EGFR
inhibitor therapy and a tumor acquires a tolerance with respect to the EGFR inhibitor, but
the number of mutant clones relatively decreases by switching the therapy to another
therapy, and when the EGFR inhibitor is re-administered at this time, the EGFR inhibitor
becomes effective again.  Actually, a re-challenging prospective test has been carried out
by performing therapy again using cetuximab after performing another therapy for a
certain period at a point in time at which the efficacy of cetuximab with respect to a tumor
of a human patient has decreased, and the ongoing process thereof has been reported by
Santini et al. (refer to Non Patent Document 7). In the report, cetuximab is administered
during 1st line therapy of patients with wild type KRAS tumors which is then switched to
another anti cancer therapy (for example, chemotherapy such as XELOX or FOLFOX) at
a point in time at which the efficacy has decreased, and cetuximab is further administered
again after the lapse of a certain period of time. In this prospective test, PFS has been

extended only in the case of the KRAS wild type patient, and a life prolongation effect has
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been confirmed.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0009]

[Patent Document 1] United States Patent No. 4,943,533

NON PATENT DOCUMENTS

[0010]

[Non Patent Document 1] Cutsem et al., The New England Journal of Medicine, 2009,
vol. 360, pp. 1408-1417

[Non Patent Document 2] Bokemeyer et al., Annals of Oncology, 2011, vol. 22(7), pp.
1535-1546

[Non Patent Document 3] Watanabe et al., Diseases of the Colon and Rect, 2011, vol. 54,
pp. 1170-1178

[Non Patent Document 4] Gattenlohner et al., New England Journal of Medicine, 2009,
vol. 360(8), p.835

[Non Patent Document 5] Diaz Jr. et al., Nature, 2012, vol. 486, pp.537-540

[Non Patent Document 6] Misale et al., Nature, 2012, vol. 486(7404), pp. 532-536

[Non Patent Document 7] Santini et al., Annals of Oncology, 2012, vol. 23, pp. 2313-2318

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0011]
The present invention relates to a method for predicting sensitivity of a patient
with an EGFR-mediated tumor (cancer) to an EGFR inhibitor using the status of KRAS in

peripheral blood of the patient as an indicator regardless of the status of KRAS in a tumor
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tissue of the patient.
MEANS FOR SOLVING THE PROBLEMS
[0012]

The present inventors have conducted extensive studies in order to solve the
above-described problems. As a result, they have completed the present invention by
finding that, there is a case where the status of KRAS in a tumor tissue and the status of
KRAS in peripheral blood are not coincident with each other in a patient with an
EGFR-mediated tumor (cancer), and the efficacy of an EGFR inhibitor is low in a patient
in whom mutant KRAS is detected in peripheral blood while mutant KRAS is not detected
in a tumor tissue.

[0013]

A method for predicting sensitivity to an EGFR inhibitor according to a first
aspect of the present invention, includes: (a) determining whether there is a KRAS
gene-derived nucleic acid or a protein thereof in a blood sample which has been collected
from a subject, and whether the KRAS gene-derived nucleic acid or the protein thereof in
the blood sample is wild type or mutant; and (b) determining that there is a high
possibility that a tumor of the subject is sensitive to an EGFR inhibitor when a wild type
KRAS gene-derived nucleic acid or a protein thereof is detected and no mutant KRAS
gene-derived nucleic acid or a protein thereof is detected in the blood sample in the
process (a), and determining that there is a high possibility that the tumor of the subject is
not sensitive to the EGFR inhibitor in a case where a mutant KRAS gene-derived nucleic
acid or the protein thereof is detected in the blood sample.

In the first aspect, even if a genotype of a KRAS gene-derived nucleic acid or a
protein thereof which is detected from a tissue specimen or a cell specimen which has

been collected from the tumor of the subject is different from a genotype of the KRAS
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gene-derived nucleic acid or the protein thereof which is detected from the blood sample ,
it may be determined that there is a high possibility that the tumor of the subject is not
sensitive to the EGFR inhibitor in a case where the mutant KRAS gene-derived nucleic
acid or the protein thereof is detected in the blood sample which has been collected from
the subject, in the process (b).

In the first aspect, the subject may have received surgical resection treatment
which had been performed on a tumor site in the past.

In the first aspect, the subject may have been administered with the EGFR

inhibitor in the past.

In the first aspect, the subject may have exhibited a drug tolerance to the EGFR
inhibitor in the past.

In the first aspect, the blood sample may be collected from a subject 60 days after
administration of the EGFR inhibitor.

In the first aspect, the subject may be a tumor patient who has received an
antitumor £herapy which is different from an EGFR inhibitor administration treatment
after reception of the EGFR inhibitor administration treatment, and the blood sample may
be collected before the tumor patient receives the EGFR inhibitor administration treatment
again.

In the first aspect, the antitumor therapy which is different from the EGFR
inhibitor administration treatment may be therapy of administering a chemotherapeutic
agent.

In the first aspect, the chemotherapeutic agent may be one or more selected from
the group consisting of fluorouracil, folinic acid, oxaliplatin, irinotecan, cytarabine,
fludarabine, gemcitabine, hydroxyurea, methotrexate, bleomycin, chlorambucil, cisplatin,

cyclophosphamide, doxorubicin, mitoxantrone, camptothecin, topotecan, teniposide,
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colcemid, colchicine, paclitaxel, vinblastine, vincristine, and tamoxifen.

In the first aspect, the antitumor therapy which is different from the EGFR
inhibitor administration treatment may be a radiation therapy.

In the first aspect, the antitumor therapy which is different from the EGFR
inhibitor administration treatment may be a therapy of administering a molecular target
drug which is different kind from the EGFR inhibitor that has already been administered
to the subject.

In the first aspect, the molecular target drug may be one or more selected from the
group consisting of cetuximab, panitumumab, bevacizumab, gefitinib, erlotinib,
regorafenib, crizotinib, sunitinib, sorafenib, everolimus, trastuzumab, lapatinib, and
rituximab.

In the first aspect, the antitumor therapy which is different from the EGFR
inhibitor administration treatment may be a combined therapy of the therapy of
administering the molecular target drug and the therapy of administering the
chemotherapeutic agent.

In the first aspect, the tumor may be a recurrent tumotr.

In the first aspect, the tumor may be a metastatic lesion.

In the first aspect, the tumor may be a primary lesion.

In the first aspect, the tumor may be one or more selected from the group
consisting of colorectal cancer, colon cancer, rectal cancer, lung cancer, liver cancer, breast
cancer, ovarian cancet, prostate cancer, kidney cancer, esophageal cancer, head and neck
cancer, uterine cancer, and cervical cancer.

In the first aspect, the tumor may exist in a plurality of sites in a body of the

subject.

In the first aspect, the mutant may be one or more selected from the group
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consisting of G12A, G12C, G12D, G12R, G128, G12V, G13D, G12S2, G13A, G138,
G13V, G13R, G13C, Q61H, Q61L, Q61R, A146T, and A146V of a KRAS protein.

In the first aspect, the determination of the presence and absence of the KRAS
gene-derived nucleic acid or the protein thereof in the blood sample and the determination
whether the KRAS gene-derived nucleic acid or the protein thereof is wild type or mutant
may be performed by checking whether the wild type KRAS gene-derived nucleic acid is
detected or the mutant KRAS gene-derived nucleic acid is detected from a circulating
DNA in the blood sample.

In the first aspect, the blood sample may be one of the group consisting of
peripheral blood, serum, and blood plasma.

In the first aspect, CEA in the blood sample may be less than or equal to 5 ng/mL
or the CA19-9 value in the blood sample may be less than or equal to 37.0 U/mL.

Effects of the Invention

[0014]

According to the method for predicting sensitivity to an EGFR inhibitor of the
above-described mode, it is possible to accurately predict sensitivity of a subject to an

EGFR inhibitor from a biological sample less invasively obtained from the subject.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0015]

A method for predicting sensitivity to an EGFR inhibitor according to an
embodiment of the present invention (hereinafter, in some cases, referred to as “method
for predicting sensitivity according to the present invention™) is characterized in that the
sensitivity to an EGFR inhibitor is predicted using the status of KRAS in blood as an

indicator regardless of the status of KRAS in a tumor tissue.
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If a subject whose KRAS in blood is a wild type and in whom no mutant type has
been detected in the blood, it is predicted that the sensitivity to an EGFR inhibitor would
be high regardless of whether KRAS in a tumor tissue is a wild type or a mutant type. In
contrast, if a subject in whom mutant type KRAS has been detected from blood, it is
predicted that the sensitivity to an EGFR inhibitor would be low regardless of whether
KRAS in a tumor tissue is a wild type or a mutant type.

[0016]

In the related art, it has been known that the EGFR inhibitor is not effective if
there is a mutated KRAS gene or a protein thereof (mutated KRAS gene-derived protein)
in a tumor tissue. Furthermore, it has been known that mRNA of a KRAS gene or a
KRAS protein is detected also from blood as well as from a tumor tissue of a patient with
an EGFR-mediated tumor (cancer), but it has been considered that the status of KRAS in
blood and the status of KRAS in a tumor tissue are coincident with each other. However,
in some cases, the status of KRAS in blood and the status of KRAS in a tumor tissue are
not coincident with each other unlike in the knowledge of the related art. In this case,
unexpectedly, the efficacy of an EGFR inhibitor on a tumor tissue is based on the status of
KRAS in blood rather than on the status of KRAS in a tumor tissue.

[0017]

Actually, as shown in Example 1 to be described below, even though no mutated
KRAS gene has been observed in both a primary lesion and a metastatic lesion in the
analysis of clinical results with respect to a patient with recurrent colorectal cancer, tumor
reduction effect caused by cetuximab which is an EGFR inhibitor has not been observed in
a patient with recurrent colorectal cancer in whom mutant KRAS gene-derived nucleic
acid has been detected from circulating DNA in blood. In addition, a tumor of a patient

with recurrent colorectal cancer in whom mutant KRAS has been detected in blood does
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not respond to an EGFR inhibitor even though mutant KRAS has not been detected either
in a primary lesion or in a metastatic lesion of a tumor tissue.
[0018]

That is, even if the presence of a mutated KRAS gene is not recognized in a
tumor tissue, it is possible to predict that the subject in whom a mutated KRAS gene is
detected from circulating DNA in peripheral blood would have low sensitivity to an EGFR
inhibitor and low efficacy of the EGFR inhibitor. ~Similarly, even if the presence of a
mutated KRAS gene is not recognized in a tumor tissue of a primary lesion and a
metastatic lesion, in a case where the presence of a mutated KRAS gene is identified from
circulating DNA in peripheral blood, it is possible to predict that the tumor would be a
tumor which does not response to an EGFR inhibitor and re-administration of the EGFR
inhibitor would not be effective. The fact that it is possible to accurately predict
sensitivity to an EGFR inhibitor when using the status of KRAS in blood as an indicator in
this manner rather than the status of KRAS in a tumor tissue was first discovered by the
present inventors.

[0019]

That is, the method for predicting sensitivity according to the present invention is
a method for predicting sensitivity of a subject to an EGFR inhibitor has the following
processes (a) and (b):
(a) determining whether there is a KRAS gene-derived nucleic acid or a protein thereof
in a blood sample which has been collected from a subject, and whether the KRAS in the
blood sample is wild type or mutant; and
(b) determining that there is a high possibility that a tumor of the subject is sensitive to an
EGEFR inhibitor when a wild type KRAS gene-derived nucleic acid or a protein thereof is

detected and no mutant KRAS gene-derived nucleic acid or a protein thereof is detected in
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the blood sample in the process (a), and determining that there is a high possibility that the
tumor of the subject is not sensitive to the EGFR inhibitor in a case where a mutant KRAS
gene-derived nucleic acid or the protein thereof is detected in the blood sample.

[0020]

The mutant KRAS detected through the method for predicting sensitivity
according to the present invention includes, for example, all of the forms of mutations
such as insertion mutation, inversion mutation, deletion mutation, and point mutation.

The KRAS gene which has been mutated in these manners is different from wild type
KRAS, which is found in one allele (heterozygosity) or both alleles (homozygosity), and
is mutant KRAS which can be found in a somatic line or a germ line. The somatic
mutation is caused only in certain kinds of tissues such as, for example, in a tumor tissue,
and is not inherited by the germ cell line. The germ line mutation can be found in an
arbitrary body tissue.

[0021]

As the mutant KRAS detected through the method for predicting sensitivity
according to the present invention, KRAS which has been mutated involving one or more
amino acid substitutions among codons 12, 13, 61, and 146 on exons 2 to 4 of the KRAS
gene. Specific examples thereof include a mutant KRAS having one or more mutations
which are selected from the group consisting of G12A, G12C, G12D, G12R, G128§, GI12V,
G13D, G13A, G12S2, G138, G13V, G13R, G13C, Q61H, Q61L, Q61R, A146T, and
A146V of a KRAS protein. The mode each mutant nucleic acid (gene) mutation is
shown in Table 1. In addition, an amino acid sequence of KRAS is shown by SEQ ID
No: 1, a gene sequence including a codon 12 on an exon 2 of KRAS is shown by SEQ ID
No: 2, a gene sequence including a codon 61 on an exon 3 of KRAS is shown by SEQ ID

No: 3, and a gene sequence including a codon 146 on an exon 4 of KRAS is shown by
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[0022]

[Table 1]

Amino acid substitution Nucleic acid mutation Exon

GI12A 5571G>C 2
Gi2C 5570G>T 2
G12D 5571G> A 2
GI12R 5570G>C 2
G128 5570G> A 2
Gl12V 5571G>T 2
G12S2 5570G>T, 5570G > C 2
G13D 5574G> A 2
GI3A 5574G>C 2
GI13V 5574G>T 2
GI13R 5573G>C 2
G13S 5573G> A 2
G13C 5573G>T 2
Q61H 23579A > C 3
Q61L 23578A>T 3
Q61IR 23578A> G 3
Al146T 25293G> A 4
Al46V 25294C>T 4

[0023]

In the method for predicting sensitivity according to the present invention, in the
process (a), the status of KRAS in a blood sample is checked instead of checking the
status of KRAS in a tumor tissue. The blood sample may be peripheral blood, or may be
serum or blood plasma. The blood sample can be less invasively collected from a subject
compared to a tumor tissue. Therefore, it is possible to predict sensitivity to an EGFR
inhibitor of a subject, such as a patient with a recurrent tumor, from whom it is difficult to
collect a biological sample of a tumor tissue. In addition, the blood sample can be

collected from a subject with time. Therefore, the method for predicting sensitivity
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according to the present invention is also suitable for monitoring whether the tumor recurs

or not.

[0024]

The blood sample is preferably collected from a subject in an initial stage of a
tumor regardless of a primary tumor, a metastatic tumor, or a recurrent tumor.
Specifically, in the blood sample used in the method for predicting sensitivity according to
the present invention, the value of CEA is preferably less than or equal to 5 ng/mL, or the
value of CA 19-9 is preferably less than or equal to 37.0 U/mL.

[0025]

In the method for predicting sensitivity according to the present invention, the
EGFR inhibitor to which sensitivity is predicted is not particularly limited as long as the
EGFR inhibitor is a substance having an EGFR-inhibiting action in an animal starting with
a human, and the EGFR inhibitor may be an anti-EGFR antibody or TKI. Specific
examples of the anti-EGFR antibody include cetuximab (product name: Erbitutux
(registered trademark), Imclone Systems Inc.) and panitumumab (product name:
ABX-EGF, Abgenix, Inc). In addition, examples of the TKI include low molecules, for
example, erlotinib (product name: Tarceva) (registered trademark), (OSI Pharmaceuticals,
Inc.); gefitinib (product name: Iressa (registered trademark), AstraZeneca); tyrphostins
disclosed in Dvir et al., Journal of Cell Biology, vol. 113, pp. 857-865 (1991); tricyclic
pyrimidinic compounds disclosed in United States Patent No. 5679683; and compound 6-
(2,6-dichlorophenyl)-2-(4-(2-diethylamino)phenylamino)-8-methyl -8H-pyrido(2,3-d)
pyrimidin-7-one (which has been known as PD166285) disclosed in Panek et al., Journal
of Pharmacology and Experimentral Therapeutics, vol. 283, pp. 1433-1444 (1997), which
compete with ATP. In the method for predicting sensitivity according to the present

invention, it is preferable to predict sensitivity to one type or more types of these EGFR
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inhibitors. Among these, it is preferable to predict sensitivity to cetuximab or

panitumumab.
[0026]

In the method for predicting sensitivity according to the present invention, the
tumor which is subjected to predict sensitivity to an EGFR inhibitor is not particularly
limited as long as the tumor is an EGFR-mediated tumor (cancer), that is, a tumor in
which EGFR plays a certain role for forming a tumor.  The tumor includes cancer in the
brain, the liver, the kidneys, the bladder, the breast, the stomach, the ovary, the
colorectum, the prostate, the pancreas, the lung, the vulva, the thyroid, and the esophagus,
liver cancer, sarcoma; gliosarcoma; head and neck cancer, leukemia; and lymphoid
malignancies. More specifically, the tumor includes neuroblastoma, intestinal cancer (for
example, rectal cancer, colorectal cancer, familial polyposis coli cancer, and hereditary
nonpolyposis colorectal cancer), esophageal cancer, lip cancer, laryngeal cancer,
hypopharyngeal cancer, lingual cancer, salivary gland cancer, gastric cancer,
adenocarcinoma, medullary thyroid cancer, thyroid artery papillary cancer, kidney cancer,
granular cell carcinoma, ovarian cancer, cervical cancer, uterine cancer, endometrial
cancer, choriocarcinoma, pancreatic cancer, prostate cancer, testicular cancer, breast
cancer, ureter cancer melanoma, brain tumor (for example, glioblastoma, astrocytoma,
meningioma, medulloblastoma, and peripheral neuroectodermal tumor), Hodgkin's
lymphoma, non-Hodgkin's lymphoma, Burkitt’s lymphoma, acute lymphocytic leukemia
(ALL), chronic lymphocytic leukemia (CLL), acute myeloid leukemia (AML), chronic
myeloid leukemia (CML), adult T-cell leukemia, hepatoma, gallbladder cancer, bronchial
cancer, small cell lung cancer, non-small cell lung cancer, multiple myeloma, basal cell
tumor, teratoma, retinoblastoma, choroidal melanoma, seminoma, rhabdomyosarcoma,

craniopharyngioma, osteosarcoma, chondrosarcoma, myosarcoma, liposarcoma,
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fibrosarcoma, Ewing's sarcoma, and plasmacytoma. As the tumor which becomes a
prediction subject in the method for predicting sensitivity according to the present
invention, one type or more types selected from the group consisting of colorectal cancer,
colon cancer, rectal cancer, lung cancer, liver cancer, breast cancer, ovarian cancer,
prostate cancer, kidney cancer, esophageal cancer, head and neck cancer, uterine cancer,
and cervical cancer are preferable.

[0027]

In the method for predicting sensitivity according to the present invention, the
tumor which is subjected to predict sensitivity to an EGFR inhibitor may be a primary
lesion (primary tumor) or a metastatic lesion (metastatic tumor).

In addition, the tumor may be recurrent tumor. Furthermore, the tumor may be
present in a plurality of sites in the body of a subject.

[0028]

In the method for predicting sensitivity according to the present invention, it is
preferable to predict sensitivity of an EGFR inhibitor with respect to a recurrent tumor.
For example, it is possible to predict sensitivity to an EGFR inhibitor of a recurrent tumor
or metastatic lesion using a blood sample which has been collected from a subject who
had received surgical resection treatment which had been performed on a tumor site in the
past or a subject who had been administered with an EGFR inhibitor in the past. Ina
case where a subject had been administered with an EGFR inhibitor in the past, it is
preferable to use a blood sample which has been collected 60 days after administration of
the EGFR inhibitor. It is preferable to continuously carry out the method for predicting
sensitivity according to the present invention in order to perform therapy while predicting
sensitivity to the EGFR inhibitor during the period of EGFR inhibitor therapy. In

general, it is considered that it is preferable to carry out the method for predicting
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sensitivity according to the present invention for about every 60 days in terms of a balance
between collection of blood for tumor marker examination to be performed about once a
month and a CT examination to be performed about once every three months.

[0029]

In addition, the blood sample used in the method for predicting sensitivity
according to the present invention may be collected from a subject who had exhibited a
drug tolerance to an EGFR inhibitor in the past. Even in the subject who had exhibited a
drug tolerance to an EGFR inhibitor in the past, in a case where no mutant KRAS
gene-derived nucleic acid or a protein thereof is detected from the blood sample, it is
possible to determine that the subject is sensitive to the EGFR inhibitor at a point in time
at which the blood sample is collected. For this reason, it is possible to determine that
there is a high possibility that tumor reduction effect may be obtained by taking the EGFR
inhibitor. In contrast, in a case where a mutant KRAS gene-derived nucleic acid or a
protein thereof is detected in the blood sample, it is possible to determine that the subject
is less sensitive to the EGFR inhibitor, and there is a high possibility that tumor reduction
effect may not be obtained even if and the subject takes an EGFR inhibitor, at a point in
time when the blood sample of the subject has been collected.

[0030]

The method for predicting sensitivity according to the present invention is
preferably performed on a blood sample which has been collected from a subject who
re-challenges the EGFR inhibitor. Here, the “subject who re-challenges an EGFR
inhibitor” means a subject who has received a second antitumor therapy which is different
from EGFR inhibitor administration treatment after reception of the EGFR inhibitor
administration treatment, and then, may receive the EGFR inhibitor administration

treatment again. In some cases, a tolerance is acquired through administration of an
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EGFR inhibitor. However, it is possible to predict the efficacy of the EGFR inhibitor
during re-challenging of the EGFR inhibitor by checking the status of KRAS in blood in
advance before the re-challenging of the EGFR inhibitor. That is, in a case where no
mutant KRAS gene-derived nucleic acid or a protein thereof is detected from a blood
sample which has been collected from a subject before re-challenging the EGFR inhibitor,
it is possible to determine that there is a high possibility that the subject may be sensitive
to the EGFR inhibitor and tumor reduction effect may be obtained by re-challenging the
EGFR inhibitor. In contrast, in a case where the mutant KRAS gene-derived nucleic acid
or the protein thereof is detected in the blood sample, it is possible to determine that there
is a high possibility that the subject is less sensitive to the EGFR inhibitor and tumor
reduction effect cannot be obtained even if the EGFR inhibitor is re-challenged.

[0031]

As the second antitumor therapy to be received before re-challenging the EGFR
inhibitor, it is possible to appropriately select therapy from well-known antitumor therapy
depending on the clinical condition of a subject.  Specific examples of the second
antitumor therapy include radiation therapy, therapy of administering a chemotherapeutic
agent, and therapy of administering molecular target drug which is different in type from
the EGFR inhibitor which has already been administered. ~ As the second antitumor
therapy, one or more types of the antitumor therapy may be used in combination. For
example, as the method for predicting sensitivity according to the present invention, it is
preferable to use the therapy of administering a molecular target drug and therapy of
administering a chemotherapeutic agent in combination.

[0032]
The chemotherapeutic agent is not limited and can be a compound having

cytotoxicity or cell division inhibitory properties. Specific examples thereof include (i)
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antimetabolites, for example, fluorouracil, cytarabine, fludarabine,
5-fluoro-2'-deoxyuridine, gemcitabine, hydroxyurea, or methotrexate; (ii) DNA
fragmentation agents, for example, bleomycin; (iii) DNA cross-linking agents, for
example, chlorambucil, cisplatin, cyclophosphamide, or nitrogen mustard; (iv)
intercalating agents, for example, adriamycin (doxorubicin) or mitoxantrone; (v) protein
synthesis inhibitors, for example, L-asparaginase, cycloheximide, puromycin, or
diphtheria toxin; (vi) topoisomerase I poisons, for example, camptothecin, or topotecan;
(vii) topoisomerase 1l poisons, for example, etoposide (VP-16) or teniposide; (viii)
microtubule-associated agents, for example, colcemid, colchicine, paclitaxel, vinblastine,
or vincristine; (ix) kinase inhibitors, for example, flavopiridol, staurosporine, STI571
(CPG57148B), or UCN-01 (7- hydroxystaurosporine); (x) various investigational drugs,
for example, thioplatin, PS-341, phenylbutyrate, ET-18-OCH3, or farnesyltransferase
inhibitors (L-739749 and 1.-744832); polyphenols, for example, quercetin, resveratrol,
piceatannol, epigallocatechin gallate, theaflavins, flavanols, procyanidins, betulinic acid,
and derivatives thereof; (xi) hormones, for example, glucocorticoid, or fenretinide; (xii)
anti-hormones, for example, tamoxifen, finasteride, or LHRH antagonist. In addition,
folinic acid, oxaliplatin, irinotecan, daunorubicin, taxotere, and mitomycin C are included
therein. In the second antitumor therapy, only one kind among these chemotherapeutic
agents may be used or two or more kinds thereof may be used in combination.

[0033]

In a case where the method for predicting sensitivity according to the present
invention is performed on a blood sample which has been collected from a subject who
has been scheduled to further re-challenge an EGFR inhibitor after performing therapy of
administering a chemotherapeutic agent after treatment of administering the EGFR

inhibitor, one or more kinds selected from the group consisting of fluorouracil, folinic



10

15

20

25

21

acid, oxaliplatin, irinotecan, cytarabine, fludarabine, gemcitabine, hydroxyurea,
methotrexate, bleomycin, chlorambucil, cisplatin, cyclophosphamide, doxorubicin,
mitoxantrone, camptothecin, topotecan, teniposide, colcemid, colchicine, paclitaxel,
vinblastine, vincristine, and tamoxifen are preferably used as the chemotherapeutic agents.
[0034]

Specific examples of the molecular target drug include one or more selected from
the group consisting of cetuximab, panitumumab, bevacizumab, gefitinib, erlotinib,
regorafenib, crizotinib, sunitinib, sorafenib, everolimus, trastuzumab, lapatinib, and
rituximab.

[0035]

In the step (a), the status of KRAS in a blood sample may be determined by the
level of a protein, or by the level of a nucleic acid (genome DNA or mRNA). In the
method for predicting sensitivity according to the present invention, it is preferable to set a
KRAS gene-derived nucleic acid as a measurement object since it is possible to detect the
KRAS gene-derived nucleic acid with high sensitivity. Specifically, it is preferable to
perform determination whether there is KRAS in the blood sample and whether the KRAS
is a wild type or a mutant by checking whether a wild type or mutant KRAS gene-derived
nucleic acid is detected, from circulating DNA in the blood sample. Examples of the
KRAS gene-derived nucleic acid include the total length of genome mRNA of a KRAS
gene or a part thereof, the total length of genome DNA of a KRAS gene or a part thereof,
cDNA obtained by using the total length of the mRNA or a part thereof as a template, or
an amplification product in which these genome DNA, mRNA, and cDNA are artificially
amplified through polymerase chain reaction (PCR) or the like.

[0036]

Detection of a KRAS gene-derived nucleic acid in a blood sample or
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determination of a genotype of the detected KRAS gene-derived nucleic acid can be

performed through a usual method.

[0037]

For example, the existence of KRAS in a blood sample or the status thereof can
be determined through detecting a KRAS gene-derived nucleic acid which has been
contained in the blood sample using digital PCR. Particularly, it is possible to detect the
KRAS gene-derived nucleic acid with high sensitivity using technology (Hindson et al.,
Analytical Chemistry, 2011, vol. 83 (22), pp. 8604-8610) of droplet digital PCR (ddPCR)
of Bio-Rad Laboratories, Inc.  The larger the number of droplets is, the higher the
analytical accuracy is. In order to secure performance of detecting 0.01% mutation,
10,000 droplets are required for detecting one instance of mutation. For this reason, it is
preferable to define the concentration of a surfactant in Master Mix of PCR. For
example, it is preferable that the final concentration of ethylene glycol or glycerol which is
used as a preservation solution of a DNA extension enzyme or the like is less than or equal
to 0.15% or the final concentration of Triton-X is less than or equal to 0.0003%. When
the above-described surfactant becomes greater than or equal to the final concentration,
the number of emulsions due to the droplets is sharply decreased. Therefore, it is
difficult to detect mutation with high sensitivity.

[0038]

In addition, it is preferable to perform a well-known method for detecting
mutation after increasing the absolute amount of the number of copies of allyl of mutant
KRAS which may be contained in the nucleic acid by performing 15 cycles to 50 cycles of
first PCR using the nucleic acid and a nucleic acid fragment which are obtained from a
blood sample, and then, diluting the number of copies thereof to 106. According to the

method, the total number of mutant existing in a reaction system is increased. Therefore,
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even if the type of mutation increases, it is possible to reduce the possibility that a mutant
allyl will not be detected since the allyl is not physically present. Furthermore, the
method may be combined with the digital PCR.

[0039]

Examples of other methods include a method of amplifying a fragment including
a region which encodes a mutation site in a KRAS gene through PCR or the like in which
the nucleic acid in the blood sample is used as a template, and then, detecting whether an
assembly is formed by bringing a probe, which is specifically hybridizable with a specific
genotype of KRAS, into contact with this amplification product, with high sensitivity. It
is preferable to perform emulsion PCR on a diluted product of the amplification product
before performing the hybridization.

[0040]

The probe is labeled so as to be detectable using, for example, a radioactive
isotope (3H, 32p 3P or the like), a fluorescent agent (rhodamine, fluorescein, or the like),
or a color former. In addition, the probe may be antisense oligomers, for example, PNA,
morpholino phosphoroamidates, or LNA. The base length of the probe may be about 8§
nucleotides to about 100 nucleotides, about 10 nucleotides to about 75 nucleotides, about
15 nucleotides to about 50 nucleotides, or about 20 nucleotides to about 30 nucleotides.
[0041]

The existence of KRAS in a blood sample or the status thereof can be analyzed
using an invader (registered trademark) method (Michael Olivier, Mutation Research 573:
103-110, 2005). The invader method is a method in which an allele probe and invader
oligo perform hybridization so as to form a partial triple base with respect to double
stranded DNA or mRNA which is prepared through PCR or the like. Here, a part of the

5’ terminal of the allele probe is designed so as to have a noncomplementary sequence



10

15

20

25

24

(flap portion) to the double stranded DNA or mRNA. In contrast, the invader oligo has a
sequence which is completely complementary thereto. Each of the two kinds of allele
probes is designed so as to be complementary to a wild type and a mutant. When
hybridization has been completely complementally carried out by performing
hybridization competitively with respect to the above-described double stranded DNA or
mRNA, a flap endonuclease recognizes a part which becomes a triple base, and the flap
portions of the allele probes are hybridized with a self-complementary FRET cassette
existing in the reaction system.

At this time, a part which becomes a triple base is generated, the flap
endonuclease disconnects target mutation, and fluorescence is emitted since a
fluorescence-modified DNA fragment in the FRET cassette is separated from the FRET
cassette and is deviated from quenching matter in FRET. Theoretically, the flap portions
of the allele probes which once have been disconnected can be hybridized again with other
FRET cassettes, and therefore it is possible for this method to amplify a signal and to
detect mutation with significantly high sensitivity.

[0042]

Ligase chain reaction which has been known in the field can be used in order to
amplify a fragment including a region encoding a mutation site in a KRAS gene (for
example, refer to Wu et al., Genomics, 1989, vol. 4, pp. 560-569). In addition, it is
possible to use technology which has been known as allele-specific PCR (for example,
refer to Ruano and Kidd, Nucleic Acids Research, 1989, vol. 17, p. 8392). According to
the technology, a primer which is hybridized with specific KRAS mutation at the 3’
terminal is used. In a case where there is no specific KRAS mutation, no amplification
product is observed. In addition, it is also possible to use Amplification Refractory

Mutation System (ARMS) (for example, refer to European Patent Application, Publication
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No. 03324335, and Newton et al., Nucleic Acids Research, 1989, vol. 17, No.7).
[0043]

In detection of a KRAS gene-derived nucleic acid in a blood sample or
determination of the genotype of the detected KRAS gene-derived nucleic acid, it is also
possible to use other methods which are used when detecting gene mutation or when
detecting insertion and deletion of a gene. Examples of the methods include a method of
using a sequence analysis method based on a Sanger’s method and directly determining a
base sequence of genome DNA or mRNA of a KRAS gene in a blood sample, an
amplification product thereof, or the like. In addition, it is possible to perform
determination of a base sequence through PCR. In addition, it is possible to use a
restriction fragment length polymorphism (RFLP) probe with respect to a gene or a
marker gene around the gene in order to score modification or insertion of an allele in a
polymorphism fragment. It is also possible to use single strand conformation
polymorphism (SSCP) analysis in order to detect a base change mutant of an allele (Orita
et.al., Proceedings of the National Academy of Sciences, USA, 1989, vol. 86, pp.
2766-2770, and Genomics, 1989, vol. 5, pp. 874-879).

[0044]

It is possible to more simply perform the method for predicting sensitivity
according to the present invention by making a reagent or the like, which is used in
detection of a KRAS gene-derived nucleic acid in a blood sample or in determination of
the genotype of the detected KRAS gene-derived nucleic acid, into a kit. Examples of
the reagent include a reagent for extracting a nucleic acid from a blood sample; an enzyme
such as polymerase or ligase; a probe or a primer (oligonucleotides which is specifically
hybridized with a mutation site of a KRAS gene or its adjacent site) which is specifically

hybridizable with a specific genotype of KRAS. In addition, the kit may include a
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document or the like in which a protocol about detection of a KRAS gene-derived nucleic
acid in a blood sample or about a method of determining the genotype thereof, or an
instruction of a criterion of sensitivity to an EGFR inhibitor from the obtained result of the
genotype (status) of KRAS is stated.

[0045]

The method for predicting sensitivity according to the present invention can
provide information which is important when determining whether treatment of
administering an EGFR inhibitor is applied. That is, the method for predicting sensitivity
according to the present invention can provide useful information to clinicians who can
determine an appropriate therapeutic method based on the information obtained through
the method.

Example

[0046]

Hereinafter, the present invention will be specifically described by showing an
example, but is not limited to the following example.
[0047]

Example 1

Regarding 23 patients with recurrent colorectal cancer for whom surgical
resection of a primary lesion is performed, mutation accompanied by nonsynonymous
amino acid substitution was checked about KRAS which was contained in serum which
had been prepared from a primary lesion, a metastatic lesion, and blood which had been
collected after confirmation of a metastatic lesion.

[0048]

Clinical Sample

Before or after surgical resection operation of a primary lesion, a serum
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component was obtained by performing centrifugal separation processing (for 10 minutes
at 3,000 rpm) after collecting 6 mL of peripheral blood of each patient with recurrent
colorectal cancer. Furthermore, similarly, a serum component (sample number 16) was
obtained by also collecting 6 mL of peripheral blood from a patient with 1D number 9 after
surgical resection operation of a metastatic lesion. In addition, formalin-fixed
paraffin-embedded (FFPE) segments of a primary lesion or a metastatic lesion of some
patients were also set to test samples. This test was approved by the Ethical Reviewed
Board in Nippon Medical School Hospital and was performed through obtaining the
informed consents to include this research from all of the patients. The information of
patients in this test is shown in Table 2. In Table 2, “-” in the column of the “metastatic
lesion” means a patient in a state of before a metastatic lesion is checked. In addition, in
Table 2, “present” in the column of the “cetuximab” means that treatment of administering
cetuximab was performed after surgical resection operation of a metastatic lesion (but
before surgical resection operation of primary lesion for sample number 8 and sample
number 15) and “none” in the same column means that the administration treatment was
not performed thereafter. In Table 2, the column of “chemotherapy” indicates the
situation of carrying out the chemotherapy at a point in time of treatment of administering
cetuximab after surgical resection operation of a metastatic lesion (but at a point in time of
treatment of administering cetuximab after surgical resection operation of a primary lesion
in sample numbers 20 and 21 and at a point in time of collecting a blood sample in sample
number 16). More specifically, “none” means a state in which cetuximab not yet
administered and a patient who has a possibility to be administered later.  “Before being
carried out” means a state in which chemotherapy is scheduled to be carried out. “Being
carried out” means a state in which the chemotherapy is effective and the administration is

being continued. “After being carried out” means a state in which although the
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chemotherapy was effective, the administration was completed at the point in time.
“After completion” means a state in which the chemotherapy was not effective (that is, a
state in which the therapy enters comfort care).

[0049]

[Table 2]
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umber Patient ID | Gender Age Primary lesion Metastatic lesion Chemotherapy Cetuximab
1 1 Male 67 Ascending colon cancer Peritoneal metastasis Being carried out None
2 2 Male 70 Ascending colon cancer Liver metastasis After completion None
3 3 Male 67 Lectal cancer Liver and Jung metastasis Being carried out None
4 4 Male 69 Lectal cancer Lung metastasis After completion None
5 5 Female 68 Transverse colon cancer Peritoneal metastasis After completion None
[ 6 Female 50 Transverse colon cancer Liver metastasis Being carried out Present
7 7 Male 54 Lectal cancer Liver metastasis Being carmried out Present
8 8 Male 71 Lectal cancer Lung metastasis Being carried out Present
9 9 Female 66 Lectal cancer Peritoneal metastasis None None
10 10 Male 78 Lectal cancer Liver and lung metastasis Being carried out None
11 11 Male 59 Lectal cancer Lung metastasis Being carried out None
12 12 Female 70 Sigmoid cancer Liver and lung metastasis Being carried out Present
13 13 Female 79 Lectal cancer Liver and Jung metastasis Being carried out Present
14 6 Female 50 Transverse colon cancer | Liver and lung metastasis Being carried out Present
15 14 Female 60 Lectal cancer Liver and lung metastasis Being carried out Present
16 9 Female 66 Lectal cancer Same a(il ;hraetc?; };itclzx)lt ID. 9| After be::f carried None
17 15 Female 69 Lectal cancer Peritoneal metastasis None None
18 16 Male 66 Ascending colon cancer Liver metastasis Being carried out Present
19 17 Male 82 Lectal cancer Pent(;g:;lr;r;;assttaassilss and | After be(;z% carried None
20 18 Female 81 Ascending colon cancer - None None
21 19 Male 69 Lectal cancer - Before bZi?tg carried None
22 20 Female 88 Lectal cancer Liver metastasis None None
23 21 Female 81 Ascending colon cancer Peritoneal metastasis None None
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[0050]

Anti-EGFR antibody drug therapy was performed on patients with ID number 8
and ID number 15 whose primary lesion was a KRAS wild type. The primary lesion of
patients with ID number 8 and ID number 15 were resected after the anti-EGFR antibody
drug therapy. Cetuximab chemotherapy and fluorouracil/folinic acid/oxaliplatin
(FOLFOX) chemotherapy was performed on the patient with ID number 8. Intravenous
administration of cetuximab was performed for over 1 hour at a dose of 780 mg/body
through a method for administering cetuximab at 2-week intervals. In the FOLFOX
chemotherapy, intravenous administration of folinic acid (leucovorin) at a dose of 300
mg/body and oxaliplatin at a dose of 125 mg/body was performed over 2 hours, and rapid
intravenous administration of fluorouracil (5-FU) was performed at a dose of 625
mg/body or 500 mg/body. Then, continuous intravenous administration thereof was
performed over 22 hours at a dose of 3800 mg/body. The administration history is shown
in Table 3.

[0051]

[Table 3]
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'EGFR inhibitor therapy on patient ID. 8 “Unit: mg/body ‘
. | 5-FU apia | 2T Cpecitied
Administration date| Cetuximab Leucovori Oxaliplatinj  intravenous C ontinuous
! injection) m‘tr.avefqous
njection)
2012/7/26 780 300 125 625 3800
2012/8/9 780 300 125 625 3800
2012/8/23 780 300 125 625 3800
2012/9/5 780 300 125 625 3800
2012/10/17 0 300 125 625 3800
2012/11/14 0 300 125 500 3800
2012/11/28 0 300 125 500 3800
2012/12/12 0 300 125 500 3800
2013/1/9 0 300 125 500 3800
2013/1/23 780 300 125 500 3800
2013/2/6 780 300 125 500 3800
2013/2/20 780 300 125 500 3800
2013/3/6 780 300 125 500 3800
[0052]

Panitumumab or cetuximab chemotherapy and fluorouracil/folinic
acid/oxaliplatin (FOLFOX) chemotherapy were performed on the patient with ID number
15. Intravenous administration of panitumumab at a dose of 360 mg/body or cetuximab
at a dose of 800 mg/body was performed for over 1 hour through a method for
administering panitumumab or cetuximab at 2-week intervals. In the FOLFOX
chemotherapy, intravenous administration of folinic acid (leucovorin) at a dose of 350
mg/body and oxaliplatin at a dose of 145 mg/body or 140 mg/body was performed over 2
hours, and rapid intravenous administration of fluorouracil (5-FU) was performed at a
dose of 675 mg/body or 650 mg/body. Then, continuous intravenous administration
thereof was performed over 22 hours at a dose of 4110 mg/body. The administration
history is shown in Table 4.

[0053]
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[Table 4]
EGFRmhlbltor the/nr'apywon patentID. 15 T T Unie mg/body I
j 5-FU ified
. 5-FU (rapid (specifie
Administration . . . . continuous
panitumumab |  Leucovorin Oxaliplatin ntravenous .
date . intravenous
injection) L
njection)
2012/2/24 360 350 145 675 4110
2012/3/8 360 350 145 675 4110
2012/3/22 360 350 145 675 4110
Unit: mg/body
5-FU ified
o S-FU (rapid | 0 (pecifie
Administration . ) L . continuous
Cetuximab Leucovorin Oxaliplatin infravenous .
date L intravenous
injection) C
njection)
2012/11/22 800 350 140 650 4110
2012/12/5 800 350 140 650 4110
2012/12/27 800 350 140 650 4110
2013/1/17 800 350 140 650 4110
2013/1/31 800 350 140 650 4110
2013/2/14 800 350 140 650 4110
2013/2/28 800 350 140 650 4110
[0054]

Measurement of CEA and CA-19-9 in Serum

CEA and CA-19-9 in serum was measured through chemiluminescence enzyme
immunoassay (CLEIA). The measurement results are shown in Table 5.
[0055]
Isolation Purification of Cell-free (cf) DNA from Serum

Isolation purification of ¢fDNA from serum was performed using QIAamp
Circulating Nucleic Acid Kit (QIAGEN). The amount of a serum sample which was
supplied to this kit varies depending on patients, and was 2 mL to 4 mL. The isolation
purification process of DNA was based on instructions attached to the kit. The final

elution from a spin column was performed using 50 pL of a TE buffer solution.

[0056]
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Isolation Purification of DNA from FFPE Segment

DNA isolation purification from a FFPE segment was performed using QlAamp
DNA FFPE Tissue Kit (QIAGEN). Three pieces of FFPE segments which were sliced
into 10 um were used for one sample. The isolation purification process of DNA was
based on an instruction attached to the kit.  The final elution from a spin column was
performed using 100 pL. of a TE buffer solution.
[0057]

DNA Quantitative Determination

Quantitative determination of ¢cfDNA and DNA which was isolated and purified
from the FFPE segment was performed using Quant-iT (registered trade name) PicoGreen
(registered trade name) dsDNA Reagent and Kits (Invitrogen). All samples to be
measured were used by diluting isolated DNA 20 times in a TE buffer solution. SAFIRA
(TECAN Group Ltd.) was used as a fluorescence measurement apparatus.

[0058]
Direct Sequencing

KRAS base sequence analysis in a surgical specimen of a primary lesion or a
metastatic lesion and in serum was performed through direct sequencing. As a primer
sequence for direct sequencing of KRAS, KRAS (forward):
5'-GAATGGTCCTGCACCAGTAA-3'(SEQ ID No: 5) and KRAS (reverse):
5'-GTGTGACATGTTCTAATATAGTCA-3' (SEQ ID No: 6) were used. The length of
each PCR product was 214 bp. The PCR conditions were as follows: 40 cycles of
reactions in which each cycle includes pre-denaturation for 10 minutes at 95°C, 20

seconds at 94°C, 20 seconds at 60°C, and 30 seconds at 72°C; followed by an extension

reaction for 10 minutes at 72°C.  For the sequence analysis, cycle sequencing through a
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Big Dye Terminator method was performed using ABI 3730 (Applied Biosystems, Foster
City, CA). The results are shown in Table 5. In the column of “serum” in Table 5,
“(before operation)” and “(after operation)” in the end of the word of the genotype mean
that the genotypes in serum are genotypes in serum which has been collected before or
after surgical resection operation of a primary lesion (metastatic lesion only for the case of
sample number 16). In addition, “-” in the column of “metastatic lesion” in Table 5
means that the genotype of KRAS in a metastatic lesion has not been analyzed.

[0059]

[Table 5]
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Sample | Patient . . Metastatic Amount of | Concentration of Concentration | CA19-9 ;
number D Primary lesion lesion Serun serum (mL) | cfDNA (ng/uL) of CEA value
(ng/mL) (U/mL)
1 1 GI2v - G12V (afier operation) 2 0.61 7.8 8.6
2 2 GI2D - GI2D (after operation) 2 0.64 26.5 3726.0
3 3 GI2D - G12D (after operation) 2 0.13 231.0 1991.2
4 4 GI2v - wild (after operation) 2 0.49 3.5 92
S 5 G13D - G13D (after operation) 2 0.32 3.5 39
6 6 wild - (Q61H (after operation) 2 4,70 1234.7 2.0
7 7 wild - wild (after operation) 2 3.50 2.3 119
8 8 wild wild G13D (after operation) 2 1.30 9.7 25.9
9 9 Gl2a - G12A (before 2 110 2.0 103
operationy
10 10 G12D - G12D (afier operation) 1.8 3.40 61.5 44.8
11 i1 G12v - wild (after operation) 2 0.83 24 16.5
12 12 wild - Q61R (after operation) 2 34.40 19.7 85.2
13 13 wild - wild (afler operation) 2 0.23 23 4.4
14 6 wild - Q61H (after operation) 2 40.40 1158.6 2.0
15 14 wild wild G13D (after operation) 2 1.80 9.6 45.1
16 9 GI2A - wild (after operation) 3 0.60 1.5 3.4
17 15 Gl2v - G12V {after operation) 3 0.80 55.2 38.7
18 16 wild - wild (after operation) 2 1.60 223 169.8
19 17 Gl12v - G12V (after operation) 3.5 21.50 467.0 636.6
20 18 wild - wild (before operation) 4 2.20 22 2.0
21 19 wild - wild (before operation) 2 1.53 794 35.8
22 20 Gl12v - G12V (after operation) 4 22.40 4337 8.1
23 21 wild - wild (after operation} 3 2.05 n.d. n.d.
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[0060]

The coincident rate between KRAS gene mutation (codons 12 and 13) of a
surgical specimen of a primary lesion and KRAS gene mutation in cfDNA was 81.8%.
In addition, a correlation table of the KRAS gene mutation in the primary lesion and the
KRAS gene mutation in cfDNA is shown in Table 6. In Table 6, “pDNA” means DNA
which is extracted from a primary lesion. In the calculation of Cohen’s kappa coefficient
K, the k value became 0.58 when applying P (coincident rate) and Pe (coincident rate in a

case where the results between two samples were accidentally coincident with each other)

to x=(P-Pe)/(1-Pe).

[0061]
[Table 6]
¢DNA pDNA Total
Mutant Wild type
Mutant 9 2 11
Wild type 2 9 11
Total 11 11 22
[0062]

It should be noted that G13D (KRAS protein in which the 13-th glycine was
replaced with aspartic acid) was detected from cfDNA of patients with ID number 8 and
ID number 14 whose primary lesion and metastatic lesion were a wild type.

Furthermore, the tumor reduction effect was not observed even if cetuximab which is an
EGFR inhibitor was administered to the patient with ID number 8.  This result shows that
the status of KRAS gene mutation of a tumor tissue does not necessarily become a
predictive factor for therapeutic effect of an EGFR inhibitor.  In contrast, the tumor of the
patient with ID number 14 was reduced by greater than or equal to 20% from a CT

scanning result. The tumor reduction rate (reduction effect) was calculated from the
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diameter of the tumor of a CT image. In a case where a plurality of tumor is dotted, the
tumor reduction rate was calculated by adding the diameters of the tumors.
[0063]

Consequently, KRAS gene mutation (G12A) was observed from circulating DNA
similarly to the case of a primary lesion before surgery of resecting the primary lesion of
the patient with ID number 9. However, G12A was not detected from circulating DNA
after the surgery of resecting the primary lesion. Furthermore, the prognosis of this
patient was good. Therefore, this suggests that it is possible to apply the detection of the
KRAS gene mutation from ¢cfDNA in serum or blood plasma to prognosis of a patient with
cancer or to diagnosis of recurrence of cancer. In addition, this is also connected to early
diagnosis by observing cfDNA in peripheral blood before the response of CEA or CA19-9
which is a cancer marker.

[0064]

In the clinical analysis on patients with recurrent colorectal cancer in Example 1,
mutated KRAS genes were observed also from serum which had been collected when the
recurrence of cancer was diagnosed in all of the patients in whom the mutated KRAS
genes were observed in a primary lesion. From this result, in diagnosis of the recurrence
of cancer after resecting the primary lesion, it is possible to confirm the usefulness of
identifying the mutated KRAS gene during circulation and confirm the existence of any
recurrent tumor early (earlier than the existing biomarker such as CEA or CA 19-9
depending on patients) by checking the status of KRAS in blood of a subject who had
received therapy with respect to the primary lesion, over time.

[0065]
In addition, regarding the codon 61 of KRAS, samples in which the KRAS

codons 12 and 13 were wild types in a primary tissue and serum were retrieved. Asa
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result, Q61H was detected in the sample numbers 6 and 14, and Q61R was detected in the
sample number 12. The sample numbers 6 and 14 correspond to an identical patient, and
were changed to PD (progressiveness) after collecting the sample 14.  Accordingly, it
was found that the KRAS gene mutation of the codon 61 in serum also became a

predictive factor for therapeutic effect of anti-EGFR antibody drug.

INDUSTRIAL APPLICABILITY
[0066]

The method for predicting sensitivity to an EGFR inhibitor according to the
present invention uses a peripheral blood sample. For this reason, it is possible to predict
sensitivity to an EGFR inhibitor in a less invasive manner and efficacy of the EGFR
inhibitor with high accuracy without resection of a primary lesion or biopsy collection
such as biopsy. From the viewpoint of low invasiveness or favorable accuracy, it is
considered that the method for predicting sensitivity to an EGFR inhibitor according to the
present invention is widely spread as an alternative method of fecal occult blood or the
like in cancer screening.

While preferred embodiments of the invention have been described and shown
above, it should be understood that these are exemplary of the invention and are not to be
considered as limiting.  Additions, omissions, substitutions, and other modifications can
be made without departing from the spirit or scope of the present invention.

Accordingly, the invention is not to be considered as being limited by the foregoing

description, and is only limited by the scope of the appended claims.
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CLAIMS

1. A method for predicting sensitivity to an EGFR inhibitor, comprising:

(a) determining whether there is a KRAS gene-derived nucleic acid or a protein
thereof in a blood sample which has been collected from a subject, and whether the KRAS
gene-derived nucleic acid or the protein thereof in the blood sample is wild type or
mutant; and

(b) determining that there is a high possibility that a tumor of the subject is
sensitive to an EGFR inhibitor when a wild type KRAS gene-derived nucleic acid or a
protein thereof is detected and no mutant KRAS gene-derived nucleic acid or a protein
thereof is detected in the blood sample in the process (a), and determining that there is a
high possibility that the tumor of the subject is not sensitive to the EGFR inhibitor in a

case where a mutant KRAS gene-derived nucleic acid or the protein thereof is detected in

the blood sample.

2. The method for predicting sensitivity to an EGFR inhibitor according to claim 1,
wherein

even if a genotype of a KRAS gene-derived nucleic acid or a protein thereof
which is detected from a tissue specimen or a cell specimen which has been collected from
the tumor of the subject is different from a genotype of the KRAS gene-derived nucleic
acid or the protein thereof which is detected from the blood sample, it is determined that
there is a high possibility that the tumor of the subject is not sensitive to the EGFR
inhibitor in a case where the mutant KRAS gene-derived nucleic acid or the protein

thereof is detected in the blood sample which has been collected from the subject, in the

process (b).
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3. The method for predicting sensitivity to an EGFR inhibitor according to claim 1

or 2, wherein

the subject had received surgical resection treatment which had been performed

on a tumor site in the past.

4. The method for predicting sensitivity to an EGFR inhibitor according to any one

of claims 1 to 3, wherein

the subject had been administered with the EGFR inhibitor in the past.

5. The method for predicting sensitivity to an EGFR inhibitor according to claim 4,

wherein

the subject had exhibited a drug tolerance to the EGFR inhibitor in the past.

6. The method for predicting sensitivity to an EGFR inhibitor according to claim 4

or 5, wherein

the blood sample is collected from a subject 60 days after administration of the

EGFR inhibitor,

7. The method for predicting sensitivity to an EGFR inhibitor according to claim 1
or 2, wherein

the subject is a tumor patient who has received an antitumor therapy = which is
different from an EGFR inhibitor administration treatment after reception of the EGFR

inhibitor administration treatment, and wherein

the blood sample is collected before the tumor patient receives the EGFR
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inhibitor administration treatment again.

8. The method for predicting sensitivity to an EGFR inhibitor according to claim 7,

wherein

the antitumor therapy which is different from the EGFR inhibitor administration

treatment is a therapy of administering a chemotherapeutic agent.

9. The method for predicting sensitivity to an EGFR inhibitor according to claim 8,

wherein

the chemotherapeutic agent is one or more selected from the group consisting of
fluorouracil, folinic acid, oxaliplatin, irinotecan, cytarabine, fludarabine, gemcitabine,
hydroxyurea, methotrexate, bleomycin, chlorambucil, cisplatin, cyclophosphamide,
doxorubicin, mitoxantrone, camptothecin, topotecan, teniposide, colcemid, colchicine,

paclitaxel, vinblastine, vincristine, and tamoxifen.

10. The method for predicting sensitivity to an EGFR inhibitor according to claim 7,

wherein

the antitumor therapy which is different from the EGFR inhibitor administration

treatment is a radiation therapy.

11. The method for predicting sensitivity to an EGFR inhibitor according to claim 7,

wherein
the antitumor therapy which is different from the EGFR inhibitor administration
treatment is a therapy of administering a molecular target drug which is different kind

from the EGFR inhibitor that has already been administered to the subject.
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12. The method for predicting sensitivity to an EGFR inhibitor according to claim 11,

wherein

the molecular target drug is one or more selected from the group consisting of
cetuximab, panitumumab, bevacizumab, gefitinib, erlotinib, regorafenib, crizotinib,

sunitinib, sorafenib, everolimus, trastuzumab, lapatinib, and rituximab.

13. The method for predicting sensitivity to an EGFR inhibitor according to claim 11

or 12, wherein

the antitumor therapy which is different from the EGFR inhibitor administration
treatment is a combined therapy of the therapy of administering the molecular target drug

and the therapy of administering the chemotherapeutic agent.

14. The method for predicting sensitivity to an EGFR inhibitor according to any one

of claims 1 to 13, wherein

the tumor is a recurrent tumor.

15. The method for predicting sensitivity to an EGFR inhibitor according to any one

of claims 1 to 13, wherein

the tumor is a metastatic lesion.

16. The method for predicting sensitivity to an EGFR inhibitor according to any one

of claims 1 to 12, wherein

the tumor is a primary lesion.
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17. The method for predicting sensitivity to an EGFR inhibitor according to any one
of claims 1 to 16, wherein

the tumor is one or more selected from the group consisting of colorectal cancer,
colon cancer, rectal cancer, lung cancer, liver cancer, breast cancer, ovarian cancer,

prostate cancer, kidney cancer, esophageal cancer, head and neck cancer, uterine cancer,

and cervical cancer.

18. The method for predicting sensitivity to an EGFR inhibitor according to any one

of claims 1 to 18, wherein

the tumor exists in a plurality of sites in a body of the subject.

19. The method for predicting sensitivity to an EGFR inhibitor according to any one
of claims 1 to 18, wherein

the mutant is one or more selected from the group consisting of G12A, G12C,
G12D, G12R, G12S, G12V, G13D, G12S2, GI3A, G138, G13V, GI3R, G13C, Q61H,

Q61L, Q61R, A146T, and A146V of a KRAS protein.

20. The method for predicting sensitivity to an EGFR inhibitor according to any one
of claims 1 to 19, wherein

the determination of the presence and absence of the KRAS gene-derived nucleic
acid or the protein thereof in the blood sample and the determination whether the KRAS
gene-derived nucleic acid or the protein thereof is wild type or mutant, are performed by
checking whether the wild type KRAS gene-derived nucleic acid is detected or the mutant

KRAS gene-derived nucleic acid is detected from a circulating DNA in the blood sample.



10

44

21. The method for predicting sensitivity to an EGFR inhibitor according to any one

of claims 1 to 20, wherein

the blood sample is one of the group consisting of peripheral blood, serum, and

blood plasma.

22. The method for predicting sensitivity to an EGFR inhibitor according to any one

of claims 1 to 21, wherein

CEA in the blood sample is less than or equal to 5 ng/mL or the CA19-9 value in

the blood sample is less than or equal to 37.0 U/mL.



