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DESCRIPTION 

METHOD FOR PREDICTING LONG-TERM EFFICACY OF VEGF INHIBITOR 

TECHNICAL FIELD 

[0001] 

The present invention relates to a method for predicting long-term efficacy of a 

VEGF inhibitor in a subject by investigating the genotype of an RAS protein in a 

biological sample collected from the subject in a minimally invasive manner. 

Priority is claimed on Japanese Patent Application No. 2013-237162, filed 

November 15, 2013, the content of which is incorporated herein by reference. 

BACKGROUND ART 

[0002] 

Vascular endothelial growth factors (VEGFs) are a group of glycoproteins 

involved in vasculogenesis (formation of new blood vessels in an avascular portion 

during a period of embryogenesis) and angiogenesis (formation of blood vessels by 

branching or elongation of existing blood vessels). VEGF is also called a vascular 

endothelial cell growth factor, a vascular endothelium growth factor, an angioendothelial 

growth factor, or the like in some cases. VEGF binds as a ligand to a vascular 

endothelial growth factor receptor (VEGFR) that is mainly on the surface of vascular 

endothelial cells, and functions to stimulate the cell division, cell migration, or cell 

differentiation or to enhance vascular permeability of microvessels. VEGF is also 

involved in the activation of monocytes-microphages. Furthermore, VEGF is involved 

not only in angiogenesis in the normal body but also in the process of malignization such 

as tumor angiogenesis or metastasis of a tumor. 
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[0003] 

As growth factors involved in vasculogenesis, angiogenesis, and 

lymphangiogenesis, there are seven growth factors consisting of VEGF-A, VEGF-B, 

VEGF-C, VEGF-D, VEGF-E, placental growth factor (PIGF)-l, and PIGF-2. These are 

5 collectively called the "VEGF family". A growth factor simply called VEGF refers to 

VEGF-A in some cases. Furthermore, due to alternative splicing, some of the VEGF 

family members have several subtypes. For example, human VEGF-A generally has 

four subtypes consisting of 121 amino acids (VEGF-A121), 165 amino acids 

(VEGF-A 165), 189 amino acids (VEGF-A 189), and 206 amino acids (VEGF-A206) 

10 (NPL 1). Furthermore, rare subtypes such as VEGF-A145 and VEGF-A183 have been 

reported (NPL 2). 

[0004] 

VEGF is a key factor in promoting angiogenesis, and a VEGF signal 

transmission system is drawing attention as a molecular target for controlling 

15 angiogenesis. The expression of VEGF is induced in various cells including cancer 

cells by a transcription factor, hypoxia-inducible factor 1 (HIF-1), mainly under hypoxic 

conditions. As a result of mRNA splicing occurring in different ways, VEGF is 

produced and secreted as homodimers having different sizes. Thereafter, through a 

VEGF 2 receptor which is mainly receptor-type tyrosine kinase, VEGF promotes the 

20 migration-growth of vascular endothelial cells and further enhances the vascular 

permeability as well. 

[0005] 

Hitherto, several research groups have reported markers for predicting the 

efficacy of VEGF, but markers which will become definite candidates have not yet been 

25 reported. Ince WL et al reported that in a phase 3 clinical trial, if an anti-VEGF 
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monoclonal antibody, bevacizumab, is added to the combined modality therapy (IFL 

regimen) using LV/5-FU + CPT-11 in a first line treatment for patients with metastatic 

colon-rectal cancer, the value of median OS is extended (comparison test between an IFL 

+ bevacizumab group and an IFL/placebo group, see NPL 3). Furthermore, in order to 

5 assess whether the mutation state of KRAS, b-RAF, and p53 or the overexpression of p53 

in the nucleus can be a biomarker for predicting the therapeutic effect of bevacizumab, 

Ince WL et al conducted retrospective analysis for the participants of the aforementioned 

test. 

[0006] 

10 Johansen et al investigated the connection between the mutation of 

cancer-related genes and the sensitivity or long-term efficacy of a VEGF inhibitor, and 

reported that the mutation of the cancer-related genes in tumor tissue functions as a 

marker for predicting the sensitivity or long-term efficacy of the VEGF inhibitor in 

gastrointestinal cancer (PTL 1). 

15 

PRIOR ART DOCUMENTS 

PATENT DOCUMENTS 

[0007] 

[PTL 1] Published Japanese Translation No. 2012-502285 of the PCT 

20 International Publication 

Non-Patent Literature 

[0008] 

[NPL 1] Tischer E, et al., Journal of Biological Chemistry, vol. 266, 1991, 

p. 11947-11954. 

25 [NPL 2] Neufeid G, et al., FASEB Journal, vol. 13, 1999, p.9-22. 
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[NPL 3] Ince WL, et al., Journal of the National Cancer Institute, vol. 97(13), 

2005, p.981 -989. 

DISCLOSURE OF INVENTION 

5 PROBLEMS TO BE SOLVED BY THE INVENTION 

[0009] 

An object of the present invention is to provide a method for predicting the 

efficacy of a VEGF inhibitor, which functions as an angiogenesis inhibitor in a tumor 

(cancer) patient, by using the status of RAS in peripheral blood of the patient as an 

10 indicator regardless of the status of RAS in the tumor tissue of the patient. 

MEANS FOR SOLVING THE PROBLEMS 

[0010] 

In order to achieve the aforementioned object, the inventors of the present 

15 invention conducted intensive research. As a result, they found that when a VEGF 

inhibitor is administered to a cancer patient, in a case where the status of RAS in tumor 

tissue is a mutant while the status of RAS in peripheral blood is wild type, the VEGF 

inhibitor exerts a marked long-term efficacy. They also found that even if mutant RAS 

is not detected in a patient's tumor tissue having VEGF, if mutant RAS is detected in the 

20 patient's peripheral blood, the efficacy of the VEGF inhibitor is low in the patient. 

Based on the above findings, the inventors accomplished the present invention. 

[0011] 

A method for predicting long-term efficacy of a VEGF inhibitor according to an 

embodiment of the present invention is a method for predicting long-term efficacy of a 

25 VEGF inhibitor exerted on a tumor of a subject. The method includes determining 



whether or not an RAS gene-derived nucleic acid or an RAS protein is present in a blood 

sample collected from the subject, and determining whether the RAS gene-derived 

nucleic acid in the blood sample is a wild type or a mutant or whether the RAS protein 

in the blood sample is a wild type or a mutant, determining that an antitumor effect 

resulting from the VEGF inhibitor is highly likely to last for a long period of time in the 

subject in a case where a wild-type RAS gene-derived nucleic acid or a wild-type RAS 

protein is detected in the blood sample, and a mutant RAS gene-derived nucleic acid or 

a mutant RAS protein is not detected in the blood sample, and determining that the 

antitumor effect resulting from the VEGF inhibitor is unlikely to last for a long period of 

time in the subject in a case where the mutant RAS gene-derived nucleic acid or the 

mutant RAS protein is detected in the blood sample. 

In the aforementioned embodiment, the subject may have undergone surgical 

resection of a tumor portion or may have been administered with a VEGF inhibitor in the 

past. 

In the aforementioned embodiment, the RAS may be KRas, HRas, or NRAS. 

In the aforementioned embodiment, the subject may have been administered 

with a drug other than the VEGF inhibitor. 

In the aforementioned embodiment, the subject may be a tumor patient who has 

been administered with a VEGF inhibitor and then received antitumor therapy different 

from the administration of the VEGF inhibitor, and the blood sample may be collected 

before the tumor patient is going to be administered again with the VEGF inhibitor. 

In the aforementioned embodiment, the antitumor therapy may be medication 

therapy using a chemotherapy agent. 

In the aforementioned embodiment, the chemotherapy agent may be one or more 

agents selected from the group consisting of fluorouracil, folinic acid, oxaliplatin, 



irinotecan, cytarabine, fludarabine, gemcitabine, hydroxyurea, methotrexate, bleomycin, 

chlorambucil, cisplatin, cyclophosphamide, doxorubicin, mitoxantrone, camptothecine, 

topotecan, teniposide, colcemid, colchicine, paclitaxel, vinblastine, vincristine, and 

tamoxifen. 

In the aforementioned embodiment, the antitumor therapy may be radiotherapy. 

In the aforementioned embodiment, the antitumor therapy may be medication 

therapy using a molecular-targeted drug different type from the VEGF inhibitor which 

has already been administered to the subject. 

In the aforementioned embodiment, the molecular-targeted drug may be one or 

more drugs selected from the group consisting of cetuximab, panitumumab, bevacizumab, 

gefitinib, erlotinib, regorafenib, crizotinib, sunitinib, sorafenib, everolimus, trastuzumab, 

lapatinib, and rituximab. 

In the aforementioned embodiment, the antitumor therapy may be combined 

therapy composed of medication therapy using the molecular-targeted drug and 

medication therapy using the chemotherapy agent. 

In the aforementioned embodiment, the tumor may be a recurrent tumor. 

In the aforementioned embodiment, the tumor may be a metastatic focus. 

In the aforementioned embodiment, the tumor may be a primary focus. 

In the aforementioned embodiment, the tumor may be one or more tumors 

selected from the group consisting of colorectal cancer, colon cancer, rectal cancer, lung 

cancer, liver cancer, breast cancer, ovarian cancer, prostatic cancer, renal cancer, 

esophageal cancer, head and neck cancer, uterine cancer, and cervical cancer. 

In the aforementioned embodiment, the tumor may be present in a plurality of 

places in the body of the subject. 

In the aforementioned embodiment, the mutant may be one or more mutations 



selected from the group consisting of G12A, G12C, G12D, G12R, G12S, G12V, G13D, 

G12S2, G13A, G13S, G13V, G13R, G13C, Q61H, Q61L, Q61R, A146T, and Al46V. 

In the aforementioned embodiment, by investigating whether or not the 

wild-type RAS gene-derived nucleic acid is detected from circulating DNA in the blood 

sample and investigating whether or not the mutant RAS gene-derived nucleic acid is 

detected from circulating DNA in the blood sample, whether the RAS gene-derived 

nucleic acid is present in the blood sample and whether the RAS gene-derived nucleic 

acid is a wild type or a mutant may be determined. 

In the aforementioned embodiment, the blood sample may be peripheral blood, 

serum, or plasma. 

EFFECTS OF THE INVENTION 

[0012] 

According to the aforementioned embodiment of the present invention, whether 

or not the antitumor effect resulting from the VEGF inhibitor will last for a long period of 

time in the subject can be predicted with excellent accuracy by using a biological sample 

that is minimally invasive to the subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

FIG. 1 is a view showing the regimen of VEGF inhibitor (bevacizumab) + 

FOLFOX therapy implemented in Example 1. 

FIG. 2 is an abdominal CT scan image of a patient having an ID No. 4 in 

Example 1. 

FIG. 3 is a thoracic CT scan image of a patient having an ID No. 22 in Example 



FIG. 4 is an abdominal CT scan image of a patient having an ID No. 9 in 

Example 1. 

FIG. 5 is a thoracic CT scan image of the patient having an ID No. 9 in Example 

1. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] 

In the related art, it is considered that an RAS gene or a protein thereof (RAS 

protein) in blood is a gene or protein separated from tumor tissue by infiltrating blood 

vessels, and the status (genotype) of RAS in blood agrees with the status of RAS in 

tumor tissue. However, contrary to the disclosures in the related art, the status of KRAS 

in blood does not agree with the status of KRAS in tumor tissue in some cases. In these 

cases, surprisingly, long-term efficacy of a VEGF inhibitor in the tumor tissue depends 

more on the status of KRAS in blood than on the status of KRAS in the tumor tissue, and 

this finding was first acquired by the inventors of the present invention. 

[0015] 

A method for predicting long-term efficacy of a VEGF inhibitor of the present 

invention (hereinafter, referred to as a "method for predicting long-term efficacy 

according to the present invention" in some cases) is a method for predicting long-term 

efficacy of a VEGF inhibitor by using the status of RAS in blood as an indicator 

regardless of the status of RAS in tumor tissue. For a subject who is found to have 

wild-type RAS in blood and not to have mutant RAS, regardless of whether RAS in 

tumor tissue is a wild type or a mutant, it is predicted that the antitumor effect resulting 

from the administration of the VEGF inhibitor is highly likely to last for a long period of 



time, for example, for a year and a half or longer. Inversely, for a subject who is found 

to have mutant RAS in blood, it is predicted that long-term efficacy of the VEGF 

inhibitor will be low and the antitumor effect resulting from the VEGF inhibitor is highly 

likely to last for only a relatively short period of time. 

[0016] 

Actually, as shown in Example 1, which will be described later, there were three 

cases in which the status of KRAS in serum was found to be a wild type even though a 

KRAS gene in a primary focus or a metastatic focus was a mutant. In two out of these 

cases, the efficacy of combination chemotherapy using bevacizumab plus FOLFOX 

lasted for a long period of time such as a year and a half or longer. In one out of the 

three cases, in which the efficacy of the bevacizumab + FOLFOX therapy did not last for 

a long period of time, the tumor recurred four months after the resection of the primary 

focus. In the patient of this case, a mutant of G12A of the serum KRAS was detected 

before the resection of the primary focus, and the serum KRAS turned into a wild type 

after the resection of the primary focus. However, in the following periodical 

examination, G12A was detected again from the serum. 

[0017] 

That is, in a case where the presence of a mutated RAS gene is confirmed in 

tumor tissue, it is possible to predict that the long-term efficacy of the VEGF inhibitor 

will be low in a subject who is found to have the mutated RAS gene in circulating DNA 

(cell-free (cf) DNA) in peripheral blood. Inversely, in a case where the presence of the 

mutated RAS gene is not confirmed from circulating DNA in peripheral blood, it is 

possible to predict that the tumor of the subject may be a tumor in which the VEGF 

inhibitor exhibits long-term efficacy. In this way, the long-term efficacy of the VEGF 

inhibitor can be predicted with excellent accuracy not by using the status of RAS in 
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tumor tissue but by using the status of RAS in blood as an indicator. This finding was 

first acquired by the inventors of the present invention. 

[0018] 

That is, the method for predicting long-term efficacy according to an 

5 embodiment of the present invention is a method for predicting long-term efficacy of a 

VEGF inhibitor exerted on a tumor of a subject, and includes the steps (a) and (b) 

described below. 

A method for predicting long-term efficacy of a VEGF inhibitor exerted on a 

tumor of a subject, including: (a) a step of determining whether or not an RAS 

10 gene-derived nucleic acid or an RAS protein is present in a blood sample collected from 

the subject and determining whether the RAS gene-derived nucleic acid in the blood 

sample is a wild type or a mutant or whether the RAS protein in the blood sample is a 

wild type or a mutant, and (b) a step in which in a case where the wild-type RAS 

gene-derived nucleic acid or the wild-type RAS protein is detected in the blood sample in 

15 the step (a) and in a case where a mutant RAS gene-derived nucleic acid or a mutant 

RAS protein is not detected in the blood sample in the step (a), it is determined that an 

antitumor effect resulting from the VEGF inhibitor is highly likely to last for a long 

period of time in the subject, and in a case where the mutant RAS gene-derived nucleic 

acid or the mutant RAS protein is detected in the blood sample in the step (a), it is 

20 determined that the antitumor effect resulting from the VEGF inhibitor is unlikely to last 

for a long period of time in the subject. 

[0019] 

RAS detected in the method for predicting long-term efficacy according to an 

embodiment of the present invention may be HRas, NRas, or KRAS. In the method for 

25 predicting long-term efficacy according to an embodiment of the present invention, it is 
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preferable to use the genotype of KRAS as an indicator for determination. 

[0020] 

The mutant RAS detected in the method for predicting long-term efficacy 

according to an embodiment of the present invention includes all forms of mutations 

5 such as insertion, inversion, deletion, and point mutation. Unlike the wild-type RAS 

which is found in a single allele (heterozygous) or in a pair of alleles (homozygous), the 

mutated RAS genes described above are mutant RAS which can be found in somatic 

cells or a germline. The somatic cell mutation occurs only in a certain type of tissue 

such as tumor tissue and is not inherited in the germline. The germline mutation can be 

10 found in any body tissue. 

[0021] 

The mutant RAS detected in the method for predicting long-term efficacy 

according to an embodiment of the present invention is preferably mutated RAS 

accompanied by substitution of one amino acid or two or more amino acids in codons 12, 

15 13, 61, and 146 on exons 2 to 4 of RAS genes. Specifically, examples thereof include 

mutant RAS having one mutation or two or more mutations selected from the group 

consisting of G12A, G12C, G12D, G12R, G12S, G12V, G12S2, G13D, G13A, G13S, 

G13V, GBR, G13C, Q61H, Q61L, Q61R, Q61K, A146G, A146T, and A146V. Table 1 

shows the form of nucleic acid (gene) mutation of each mutant. The amino acid 

20 sequence of KRAS is represented by SEQ ID NO: 1; the gene sequence including codon 

12 on exon 2 of KRAS is represented by SEQ ID NO: 2; the gene sequence including 

codon 61 on exon 3 of KRAS is represented by SEQ ID NO: 3; and the gene sequence 

including codon 146 on exon 4 of KRAS is represented by SEQ ID NO: 4. 

[0022] 

25 [Table 1] 
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Amino acid substitution Nucleic acid mutation Exon 
G12A 5571G > C 2 
G12C 5570G > T 2 
G12D 5571G > A 2 
G12R 5570G > C 2 
G12S 5570G > A 2 
G12V 5571G > T 2 
G12S2 5570G > T, 5570G > C 2 
G13D 5574G > A 2 
G13A 5574G > C 2 
G13V 5574G > T 2 
GBR 5573G > C 2 
G13S 5573G > A 2 

G13C 5573G > T 2 

Q61H 23579A> C 3 
Q61L 23578A> T 3 
Q61R 23578A> G 3 
Q6 IK 23577C >A 3 

A146G 25293G > C 4 
A146 V 25294C > T 4 
A146T 25293G > A 4 

[0023] 

In the method for predicting long-term efficacy according to an embodiment of 

the present invention, instead of the status of RAS in tumor tissue, the status of RAS in 

5 the blood sample is investigated in the step (a). The blood sample may be peripheral 

blood, serum, or plasma. Compared to tumor tissue, the blood sample can be collected 

from a subject in a minimally invasive manner. Therefore, for a subject such as a 

recurrent tumor patient from whom a biological sample of tumor tissue is not easily 

collected, the long-term efficacy of the VEGF inhibitor can also be predicted. 

10 Furthermore, because the blood sample can be collected from a subject over a long 

period of time, the method for predicting long-term efficacy according to an embodiment 

of the present invention is suitable for monitoring whether the tumor has recurred. 



As the blood sample, regardless of a primary tumor, a metastatic tumor, and a 

recurrent tumor, a blood sample collected from a subject having a tumor of an initial 

stage is preferable. Specifically, the blood sample used in the method for predicting 

long-term efficacy according to an embodiment of the present invention is preferably a 

sample in which CEA is equal to or less than 5 ng/mL and a CA-19-9 level is equal to or 

less than 37.0 U/mL. 

[0025] 

In the method for predicting long-term efficacy according to an embodiment of 

the present invention, the VEGF inhibitor whose long-term efficacy is to be predicted is 

not particularly limited as long as it is a substance exerting a VEGF inhibitory effect in 

animals including a human being, and may be an anti-VEGF antibody or TKI. Specific 

examples of the anti-VEGF antibody include bevacizumab (trade name: Avastine 

(registered trademark)) and the like. In the method for predicting long-term efficacy 

according to an embodiment of the present invention, it is preferable to predict the 

long-term efficacy of one or more VEGF inhibitors among the above VEGF inhibitors. 

Particularly, it is preferable to predict the long-term efficacy of bevacizumab. 

[0026] 

In the method for predicting long-term efficacy according to an embodiment of 

the present invention, the tumor examined to predict the long-term efficacy of the VEGF 

inhibitor is not particularly limited as long as it is a VEGF-mediated tumor (cancer), that 

is, a tumor formed by a process in which VEGF plays a certain role. The tumor 

includes cancer of the brain, liver, kidney, bladder, breast, stomach, ovary, colorectum, 

prostate, pancreas, breast, lung, pudendum, thyroid gland, colorectum, esophagus, and 

liver, sarcoma, glioblastoma, head and neck, leukemia, and malignant lymphatic diseases. 
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More specifically, the tumor can include neuroblastoma, intestinal cancer (for example, 

rectal cancer, colorectal cancer, familial adenomatous polyposis cancer, and hereditary 

nonpolyposis colorectal cancer), esophageal cancer, lip cancer, laryngeal cancer, 

hypopharyngeal cancer, tongue cancer, salivary gland cancer, gastric cancer, 

adenocarcinoma, thyroid medullary carcinoma, papillary carcinoma of thyroid artery, 

renal cancer, cancer of renal parenchyma, ovarian cancer, cervical cancer, cancer of 

corpus uteri, endometrial cancer, choriocarcinoma, pancreatic cancer, prostatic cancer, 

testis cancer, breast cancer, ureteral cancer, melanoma, brain tumors (for example, 

glioblastoma, astrocytoma, meningioma, medulloblastoma, and Peripheral 

neuroectodermal tumour), Hodgkin lymphoma, non-Hodgkin lymphoma, Burkitt 

lymphoma, acute lymphoblastic 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, tetratoma, retinoblastoma, choroidal 

melanoma, spermocytoma, rhabdomyosarcoma, craniopharyngeoma, osteosarcoma, 

chondrosarcoma, myosarcoma, liposarcoma, fibrosarcoma, Ewing's sarcoma, and 

plasmacytoma. The tumor examined to predict the long-term efficacy in the method for 

predicting long-term efficacy according to an embodiment of the present invention is 

preferably one or more tumors selected from the group consisting of colorectal cancer, 

colon cancer, rectal cancer, lung cancer, liver cancer, breast cancer, ovarian cancer, 

prostatic cancer, renal cancer, esophageal cancer, head and neck cancer, uterine cancer, 

and cervical cancer. 

[0027] 

In the method for predicting long-term efficacy according to an embodiment of 

the present invention, the tumor examined to predict the long-term efficacy of the VEGF 
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inhibitor may be a primary focus (primary tumor) or a metastatic focus (metastatic 

tumor). Furthermore, the tumor may be a recurrent tumor. In addition, the tumor may 

be present in a plurality of places in the body of the subject. 

[0028] 

5 In the method for predicting long-term efficacy according to an embodiment of 

the present invention, it is preferable to predict the long-term efficacy of the VEGF 

inhibitor for a recurrent tumor. For example, by using a blood sample collected from a 

subject who has undergone surgical resection of a tumor portion in the past or from a 

subject who has been administered with the VEGF inhibitor in the past, the long-term 

10 efficacy of the VEGF inhibitor exerted on a recurrent tumor or a metastatic focus can be 

predicted. In a case where the subject has been administered with the VEGF inhibitor 

in the past, it is preferable to use a blood sample collected 60 days after the 

administration of the VEGF inhibitor. In the therapy using the VEGF inhibitor, in order 

to implement the therapy while predicting the long-term efficacy of the VEGF inhibitor 

15 during the period of the therapy, it is preferable to continuously perform the method for 

predicting long-term efficacy according to an embodiment of the present invention. The 

reason is assumed to be as below. Generally, blood collection for tumor marker 

screening is performed approximately once a month, and CT screening is performed 

approximately once every three months. Therefore, in order to keep pace therewith, it is 

20 preferable to perform the method for predicting long-term efficacy according to an 

embodiment of the present invention for about every 60 days. 

[0029] 

The blood sample used in the method for predicting long-term efficacy 

according to an embodiment of the present invention may be a sample collected from a 

25 subject who has exhibited drug resistance with respect to the VEGF inhibitor in the past. 



Even if the subject has exhibited drug resistance with respect to the VEGF 

inhibitor in the past, in a case where a mutant RAS gene-derived nucleic acid or a protein 

thereof is not detected from the blood sample of the subject, at a point in time when the 

blood sample is collected from the subject, it can be determined that the antitumor effect 

resulting from the VEGF inhibitor is highly likely to last for a long period of time, and 

that a tumor-shrinking effect is highly likely to last for a long period of time (for example, 

for a year and a half or longer from the starting point of the administration) by the intake 

of the VEGF inhibitor. Inversely, in a case where the mutant RAS gene-derived nucleic 

acid or a protein thereof is detected from the blood sample, at a point in time when the 

blood sample is collected from the subject, it can be determined that the sensitivity with 

respect to the VEGF inhibitor is low and that a tumor-shrinking effect is highly unlikely 

to last even if the subject takes the VEGF inhibitor. 

[0030] 

It is also preferable that the method for predicting long-term efficacy according 

to an embodiment of the present invention be performed using a blood sample collected 

from a subject rechallenging the VEGF inhibitor. The "subject rechallenging the VEGF 

inhibitor" means a subject who has been administered with the VEGF inhibitor and then 

received antitumor therapy different from the administration of the VEGF inhibitor and is 

going to be administered again with the VEGF inhibitor. Although the administration 

of the VEGF inhibitor results in resistance in some cases, by investigating in advance the 

status of RAS in blood before the rechallenge, the long-term efficacy of the VEGF 

inhibitor in the rechallenge can be predicted. That is, in a case where the mutant RAS 

gene-derived nucleic acid or a protein thereof is not detected from the blood sample 

collected from the subject before the rechallenge, it can be determined that the VEGF 

inhibitor is highly likely to exert efficacy for a long period of time in the subject, and that 
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a tumor-shrinking effect is highly likely to be obtained for a long period of time by the 

rechallenge to the VEGF inhibitor. Inversely, in a case where the mutant RAS 

gene-derived nucleic acid or a protein thereof is detected from the blood sample, it can be 

determined that the long-term efficacy of the VEGF inhibitor is low in the subject, and 

that a tumor-shrinking effect is highly unlikely to last for a long period of time even if the 

subject rechallenges the VEGF inhibitor. 

[0031] 

As the antitumor therapy different from the administration of the VEGF 

inhibitor that is implemented before the rechallenge to the VEGF inhibitor, those 

appropriately selected from known antitumor therapies according to the pathologic 

conditions and the like of the subject can be used. Specific examples of the different 

antitumor therapy include radiotherapy, medication therapy using a chemotherapy agent, 

medication therapy using a molecular-targeted drug of a type different from the VEGF 

inhibitor which has already been administered, and the like. The different antitumor 

therapy may be one antitumor therapy or a combined modality therapy composed of two 

or more antitumor therapies. For example, for the method for predicting long-term 

efficacy according to an embodiment of the present invention, a combined modality 

therapy composed of medication therapy using a molecular-targeted drug and medication 

therapy using a chemotherapy agent is preferable. 

[0032] 

The chemotherapy agent is not limited and can be a cytotoxic compound or a 

cell division inhibitory compound. Specifically, the chemotherapy agent includes (i) an 

antimetabolite such as fluorouracil, cytarabine, fludarabine, 5-fluoro-2'-deoxyuridine, 

gemcitabine, hydroxyurea, or methotrexate; (ii) a DNA-fragmenting agent such as 

bleomycin; (iii) a DNA-crosslinking agent such as chlorambucil, cisplatin, 
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cyclophosphamide, or nitrogen mustard; (iv) an intercalating agent such as adriamycin 

(doxorubicin) or mitoxantrone; (v) a protein synthesis inhibitor such as L-asparaginase, 

cycloheximide, puromycin, or diphtheria toxin; (vi) topoisomerase I poison such as 

camptothecin or topotecan; (vii) topoisomerase II poison such as etoposide (VP-16) or 

5 teniposide; (viii) a microtubule-associated agent such as colcemid, colchicine, paclitexel, 

vinblastine, or vincristine; (ix) a kinase inhibitor such as flavopiridol, staurosporine, 

STI571 (CPG57148B), or UCN-01 (7-hydroxystaurosporine); (x) various investigational 

drugs such as thioplatin, PS-341, phenylbutyrate, ET-18-OCH3, and farnesyltransferase 

inhibitors (L-739749 and L-744832); polyphenols such as quercetin, resveratrol, 

10 piceatannol, Epigallocatechin gallate, Theaflavins, flavanols, procyanidins, and betulinic 

acid and derivatives thereof; (xi) hormones such as glucocorticoid or fenretinide; and 

(xii) antihormones such as tamoxifen, finasteride, or an LHRH antagonist. Furthermore, 

the chemotherapy agent includes folinic acid, oxaliplatin, irinotecan, daunorubicin, 

taxotere, and mitomycin C. In the different antitumor therapy described above, one 

15 chemotherapy agent among these may be used singly, or two or more thereof may be 

used concurrently. 

[0033] 

In a case where the method for predicting long-term efficacy according to an 

embodiment of the present invention is performed using the blood sample collected from 

20 a subject who has been administered with the VEGF inhibitor and then received the 

medication therapy using the chemotherapy agent and is going to rechallenge the VEGF 

inhibitor, the chemotherapy agent is preferably one or more agents selected from the 

group consisting of fluorouracil, folinic acid, oxaliplatin, irinotecan, cytarabine, 

fludarabine, gemcitabine, hydroxyurea, methotrexate, bleomycin, chlorambucil, cisplatin, 

25 cyclophosphamide, doxorubicin, mitoxantrone, camptothecine, topotecan, teniposide, 
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colcemid, colchicine, paclitexel, vinblastine, vincristine, and tamoxifen. 

[0034] 

Specific examples of the aforementioned molecular-targeted drug include one or 

more drugs selected from the group consisting of cetuximab, panitumumab, bevacizumab, 

gefitinib, erlotinib, regorafenib, crizotinib, sunitinib, sorafenib, everolimus, trastuzumab, 

lapatinib, and rituximab. 

[0035] 

It is also preferable that the method for predicting long-term efficacy according 

to an embodiment of the present invention be performed for a blood sample collected 

from a subject who has been administered with an EGFR inhibitor in the past. For 

example, in a case where resistance to an anti-EGFR antibody drug is observed and thus 

the VEGF inhibitor therapy is used as a different therapy, the blood sample described 

above is used. The blood sample may also be collected from a subject who has been 

administered with the EGFR inhibitor and then received antitumor therapy different from 

the administration of the EGFR inhibitor and is going to receive medication therapy 

using the VEGF inhibitor. 

As the different antitumor therapy, those appropriately selected according to the 

pathologic conditions and the like of the subject can be used. Specific examples thereof 

include radiotherapy, medication therapy using a chemotherapy agent, medication 

therapy using a molecular-targeted drug of a type different from the EGFR inhibitor 

which has already been administered, and the like. Examples of the chemotherapy 

agent or the molecular-targeted drug include the chemotherapy agents or the 

molecular-targeted drugs described above. 

[0036] 

In the step (a) described above, the status of RAS in the blood sample may be 



determined at a protein level or at a nucleic acid level (genome DNA or mRNA). In the 

method for predicting long-term efficacy according to an embodiment of the present 

invention, it is preferable to measure the RAS gene-derived nucleic acid, since RAS can 

be detected with high sensitivity. Specifically, it is preferable that whether RAS is 

present in the blood sample and whether RAS is a wild type or a mutant are determined 

by investigating whether or not the wild-type and mutant RAS gene-derived nucleic acids 

are detected from circulating DNA in the blood sample. Examples of the RAS 

gene-derived nucleic acids include full-length genome DNA of an RAS gene or a portion 

thereof, full-length mRNA of an RAS gene or a portion thereof, cDNA obtained by using 

the full-length mRNA or a portion thereof as a template, an amplification product 

obtained by artificially amplifying the above nucleic acids through a polymerase chain 

reaction (PCR), and the like. 

[0037] 

The detection of the RAS gene-derived nucleic acid in the blood sample and the 

determination of the genotype of the detected RAS gene-derived nucleic acid can be 

performed by a common method. In the present invention, in view of prediction 

accuracy, it is preferable to perform the detection under measurement conditions which 

make it possible to detect 0.1% mutant. 

[0038] 

For example, the presence or status of RAS in the blood sample can be 

determined by detecting the RAS gene-derived nucleic acid contained in the blood 

sample by using digital PCR. Particularly, by using the technique of a droplet digital 

PCR (ddPCR) from Bio-Rad Laboratories, Inc. (Hindson et al., Analytical Chemistry, 

2011, vol. 83(22), pp.8604-8610), the RAS gene-derived nucleic acid can be detected 

with high sensitivity. The greater the number of droplets, the higher the analysis 
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accuracy. In order to assure the performance of detecting 0.01 % mutation, 10,000 

droplets are required for detecting a single mutation. Therefore, it is preferable to 

specify the concentration of a surfactant in a master mix of PCR. For example, the final 

concentration of ethylene glycol or glycerol used as a conservation solution of a DNA 

5 elongation enzyme or the like is preferably equal to or less than 0.15%, and the final 

concentration of Triton-X is preferably equal to or less than 0.0003%. If the final 

concentration of the aforementioned surfactants is equal to or higher than the above, an 

emulsion number resulting from the droplets greatly decreases, and accordingly, it is 

difficult to detect mutation with high sensitivity. 

10 [0039] 

It is also preferable to use a method in which the nucleic acid and nucleic acid 

fragments obtained from the blood sample are subjected to a first PCR session performed 

for 15 to 50 cycles so as to increase the absolute amount of allele copies of the mutant 

RAS that may be contained in the nucleic acids, the product is then diluted such that the 

15 number of the copies becomes about 106, and thereafter, a known mutation detection 

method is performed. According to this method, even if the number of types of 

mutations is increased so as to increase the total number of mutants present in the 

reaction system, it is possible to reduce a likelihood that mutant alleles may be physically 

nonexistent and thus failed to be detected. This method may be combined with digital 

20 PCR described above. 

[0040] 

As another method, for example, there is a method in which a fragment 

including a region encoding the mutation site in the RAS gene is amplified by PCR or the 

like using the nucleic acid in the blood sample as a template; the amplification product is 

25 then brought into contact with a probe which can be specifically hybridized with a certain 



genotype of KRAS; and whether or not an aggregate is formed is detected with high 

sensitivity. It is also preferable that the diluted amplification product may be subjected 

to emulsion PCR before the hybridization is performed. 

[0041] 

The aforementioned probe is labeled with, for example, a radioisotope (3H, 32P, 

33P, or the like), a fluorescent agent (rhodamine or fluorescein), or a color-developing 

agent such that it can be detected. The probe may be an antisense oligomer such as 

PNA, morpholino-phosphoramidates, or LNA. The base length of the probe can consist 

of about 8 to 100 nucleotides, about 10 to 75 nucleotides, about 15 to 50 nucleotides, or 

about 20 to 30 nucleotides. 

[0042] 

The presence of RAS or the status thereof in the blood sample can be analyzed 

using an Invader method (Michael Oliver, Mutation Research 573:103-110, 2005). In 

the Invader (registered trademark) method, an allele probe and an invader oligo are 

hybridized with double-strand DNA, which is prepared by PCR or the like, or mRNA so 

as to partially form a triplex base. Herein, a portion of the 5'-terminal of the allele 

probe is designed such that it has a sequence (flap portion) non-complementary to the 

double-strand DNA or the mRNA. In contrast, the invader oligo has a sequence totally 

complementary to the double-strand DNA or the mRNA. Two types of allele probes are 

designed such that they become complementary to each of the wild type and the mutant, 

and competitively hybridized with the double-strand DNA or the mRNA. When totally 

complementary hybridization occurs, flap end nuclease recognizes the portion that has 

turned into a triplex base and cleaves a flap portion of the allele probe. The flap portion 

of the cleaved allele probe is hybridized with a self-complementary FRET cassette 

present in the same reaction system. At this time, a portion which will become a triplex 
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base is formed, the flap end nuclease cleaves the mutation of interest, and as a result, a 

fluorescence-labeled DNA fragment in the FRET cassette is liberated. The DNA 

fragment fluoresces because of being separated from a quencher in the FRET cassette. 

Theoretically, once the flap portion of the allele probe is cleaved, it can be hybridized 

5 again with another FRET cassette, and this leads to signal amplification. The invader 

method is a technique that can detect mutation with extremely high sensitivity in the 

manner described above. 

[0043] 

The ligase chain reaction known in the related art can be used to amplify 

10 fragments including a region encoding the mutation site in the RAS gene (for example, 

see Wu, et al., Genomics, 1989, vol. 4, pp.560-569). Furthermore, a technique known 

as allele-specific PCR can be used (for example, see Ruano and Kidd, Nucleic Acids 

Research, 1989, vol. 17, pp.8392). According to this technique, a primer hybridized 

with the 3'-terminal of a specific RAS mutation is used. In a case where there is no 

15 specific RAS mutation, an amplification product is not observed. In addition, it is 

possible to use the Amplification Refractory Mutation System (ARMS) (for example, see 

European Patent Application, Publication No. 0332435 and Newton et al., Nucleic Acids 

Research, 1989, vol. 17, pp. 7). 

[0044] 

20 In order to detect the RAS gene-derived nucleic acid in the blood sample or to 

determine the genotype of the detected RAS gene-derived nucleic acid, it is possible to 

use a method other than those used for detecting gene mutation or for detecting insertion 

and deletion of genes. Specific examples of the method include a method of directly 

determining the base sequence of genome DNA or mRNA of the RAS gene in the blood 

25 sample or the base sequence of amplification products thereof by using a sequence 



analysis method based on a Sanger method. Furthermore, the base sequence can be 

determined through PCR. In addition, in order to score the alteration or insertion of 

alleles in polymorphic fragments, a restriction fragment length polymorphism (RFLP) 

probe for a gene or the surrounding marker gene can be used. For detecting a mutant 

caused by the change in base of the allele, single-strand conformation polymorphism 

(SSCP) analysis can be used (Orita et al., Proceedings of the National Academy of 

Science, USA, 1989, vol. 86, p.2766-2770 and Genomics, 1989, vol. 5, p. 874-879). 

[0045] 

By preparing the reagents and the like which are used for detecting the RAS 

gene-derived nucleic acid in the blood sample or for determining the genotype of the 

detected RAS gene-derived nucleic acid in the form of a kit, the method for predicting 

long-term efficacy according to an embodiment of the present invention can be 

performed in a more simplified manner. Examples of the reagents include a reagent for 

extracting a nucleic acid from the blood sample, an enzyme such as polymerase or ligase, 

a probe or primer which can be specifically hybridized with a certain genotype of RAS 

(oligonucleotide which is specifically hybridized with a mutation site of the RAS gene or 

with a site adjacent thereto), and the like. The kit may include protocol regarding the 

method for detecting the RAS gene-derived nucleic acid in the blood sample or the 

method for determining the genotype thereof, a document describing the instructions 

regarding the criteria used for determining the long-term efficacy of the VEGF inhibitor 

from the result of the obtained genotype (status) of RAS, and the like. 

[0046] 

The method for predicting long-term efficacy according to an embodiment of the 

present invention can provide important information for determining whether or not the 

VEGF inhibitor will be administered. That is, the method for predicting long-term 
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efficacy according to an embodiment of the present invention can provide useful 

information to clinicians, and based on the information obtained by the method, the 

clinicians can determine an appropriate therapeutic method. 

Examples 

[0047] 

Hereinafter, the present invention will be specifically described by illustrating 

examples, but the present invention is not limited to the following examples. 

[0048] 

[Example 1] 

For 23 patients with recurrent colorectal cancer who had undergone surgical 

resection of primary foci, a nonsynonymous mutation accompanied by amino acid 

substitution of KRAS contained in the primary foci, metastatic foci, and serum prepared 

from their blood collected after confirming the metastatic foci was investigated. 

[0049] 

(Clinical sample) 

From the patients with recurrent colorectal cancer, 6 mL of peripheral blood was 

collected before or after the surgical resection of the primary foci and subjected to 

centrifugation (3,000 rpm, 10 min), thereby obtaining serum components. From a 

patient having an ID No. 9, 6 mL of peripheral blood was collected again after the 

surgical resection of the metastatic focus, and the serum components were obtained in the 

same manner as described above (Sample No. 16). Furthermore, formalin-fixed and 

paraffin-embedded (FFPE) slices from the primary and metastatic foci of some of the 

patients were also used as test samples. The present test was approved by the ethics 

committee in NIPPON MEDICAL SCHOOL HOSPITAL and performed after obtaining 

informed consent including the present research from all of the patients. Table 2 shows 
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the information on the patients participating in the present test. In Table 2, in the 

column of "Metastatic focus" means that the metastatic focus of the patient has not yet 

been confirmed. Furthermore, in Table 2, the column of "Molecular-targeted drug" 

shows a molecular-targeted drug administered through a combined modality therapy 

5 using the molecular-targeted drug plus FOLFOX that was implemented after the surgical 

resection of the metastatic focus (here, regarding Sample Nos. 8 and 15, the 

molecular-targeted drug was administered before the surgical resection of the primary 

focus). That is, in the same column, "b-mab" indicates a combined modality therapy 

using bevacizumab + FOLFOX, and "C-Mab" indicates a combined modality therapy 

10 using cetuximab + FOLFOX. In Table 2, the column of "Chemotherapy" shows the 

state of chemotherapy implemented at a point in time when the molecular-targeted drug 

is administered after the surgical resection of the metastatic focus (here, for Sample Nos. 

20 and 21, a point in time when the molecular-targeted drug is administered after the 

surgical resection of the primary focus, and for Sample No. 16, a point in time when the 

15 blood sample is collected). More specifically, "N/A" means a state where the 

administration of the drug has not yet been decided but the patient is likely to be 

administered with the drug in the future; "Before therapy" means that the therapy is 

scheduled; "Under therapy" means a state where the chemotherapy exerts efficacy and 

the administration of the drug continues; "After therapy" means that the administration of 

20 the drug has been stopped at that point in time even though the chemotherapy exerted 

efficacy; and "After termination of therapy" means a state where the chemotherapy does 

not exert efficacy any longer (that is, a state where the patient receives palliative care). 

[0050] 

To the patients having ID Nos. 1 to 5, 9 to 11, 16, 17, and 19 to 23 whose 

25 primary foci had mutant KRAS, chemotherapy using bevacizumab, which is an 
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anti-VEGF inhibitor, and FOLFOX (fluorouracil-folinic acid-oxaliplatin) was provided. 

Bevacizumab was administered by intravenous drip infusion every 2 weeks at a dosage 

of 5 mg/kg and an infusion rate of 0.5 mg/kg/min (5 mg/kg/10 min). The initial 

administration time was 90 minutes. Due to tolerability, the administration time was 

5 decreased to 60 minutes for a second dose and to 30 minutes after a third dose. In the 

chemotherapy using FOLFOX, folinic acid (leucovorin) at a dosage of 400 mg/body and 

oxaliplatin at a dosage of 145 or 140 mg/body were administered by intravenous drip 

infusion for 2 hours, and fluorouracil (5-FU) was administered at a dosage of 675 or 650 

mg/body by rapid intravenous drip infusion and then at a dosage of 4,100 mg/body by 

10 continuous intravenous drip infusion for 22 hours. The administration regimen is 

shown in FIG. 1. 

[0051] 

[Table 2] 

Sample 
No. 

Patient 
ID Gender Age Primary focus Metastatic focus Chemotherapy Molecular-targeted 

drug 

1 1 Male 67 Ascending 
colon cancer 

Peritoneal 
seeding Under therapy b-mab 

2 2 Male 70 Ascending 
colon cancer Liver metastasis 

After 
termination of 

therapy 
b-mab 

3 3 Male 67 Rectal cancer Liver/lung 
metastasis Under therapy b-mab 

4 4 Male 69 Rectal cancer Lung metastasis 
After 

termination of 
therapy 

b-mab 

5 5 Female 68 Transverse 
colon cancer 

Peritoneal 
seeding 

After 
termination of 

therapy 
b-mab 

6 6 Female 50 Transverse 
colon cancer Liver metastasis Under therapy c-mab 

7 7 Male 54 Rectal cancer Liver metastasis Under therapy c-mab 
8 8 Male 71 Rectal cancer Lung metastasis Under therapy c-mab 

9 9 Female 66 Rectal cancer Peritoneal 
seeding N/A b-mab 

10 10 Male 78 Rectal cancer Liver/lung 
metastasis Under therapy b-mab 

11 11 Female 70 Sigmoid colon 
cancer 

Liver/lung 
metastasis Under therapy c-mab 

12 12 Female 79 Rectal cancer Liver/lung Under therapy c-mab 
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metastasis 

13 13 Female 50 Transverse 
colon cancer 

Liver/lung 
metastasis Under therapy c-mab 

14 14 Female 60 Rectal cancer Liver/lung 
metastasis Under therapy c-mab 

15 9 Female 66 Rectal cancer Same as patient 
ID No. 9 After therapy b-mab 

16 15 Female 69 Rectal cancer Peritoneal 
seeding N/A b-mab 

17 16 Male 66 Ascending 
colon cancer Liver metastasis Under therapy c-mab 

18 17 Male 82 Rectal cancer 
Peritoneal 

seeding and lung 
metastasis 

After therapy b-mab 

19 18 Female 81 Ascending 
colon cancer - N/A b-mab 

20 19 Male 69 Rectal cancer - Before therapy b-mab 
21 20 Female 88 Rectal cancer Liver metastasis N/A b-mab 

22 21 Female 81 Ascending 
colon cancer 

Peritoneal 
seeding N/A b-mab 

23 9 Female 66 Rectal cancer Same as patient 
ID No. 9 After therapy b-mab 

24 22 Male 66 Colon cancer Liver/lung 
metastasis After therapy b-mab 

[0052] 

(Measurement of CEA and CA-19-9 in serum) 

By a chemiluminescence enzyme immunoassay (CLEIA method), CEA and 

5 CA-19-9 in serum were measured. The measurement results are shown in Table 3. 

[0053] 

(Isolation and purification of cell-free (cf) DNA from serum) 

cfDNA was isolated and purified from serum by using a QIAamp Circulating 

Nucleic Acid Kit (QIAGEN). The amount of serum samples used in the kit varied with 

10 the patients and was 2 mL to 4 mL. The step of isolating and purifying DNA was 

performed according to the instructions attached to the kit. The final elution from a spin 

column was performed using 50 pL of TE buffer solution. 

[0054] 

(Isolation and purification of DNA from FFPE slice) 
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DNA was isolated and purified from FFPE slices by using a QIAamp DNA 

FFPE Tissue Kit (QIAGEN). For each sample, three FFPE slices sliced at 10 fim were 

used. The step of isolating and purifying DNA was performed according to the 

instructions attached to the kit. The final elution from a spin column was performed 

using 100 j^L of a TE buffer solution. 

[0055] 

(DNA quantification) 

The DNA isolated and purified from the cfDNA and the FFPE slices were 

quantified by using Quant-iT (registered trademark) PicoGreen (registered trademark) 

dsDNA Reagent and Kits (Invitrogen). All of the samples to be measured were used 

after the isolated DNA was diluted 20x with a TE buffer solution. As a fluorometer, 

SAF1RA (TECAN TRADING AG) was used. 

[0056] 

(Direct sequencing) 

The KRAS base sequence in surgical samples of primary and metastatic foci and 

in serum was analyzed by direct sequencing. As primer sequences for direct sequencing 

of KRAS, KRAS (forward): 5"-GA ATGGTCCTGCACC AGTA A-3" (SEQ ID NO: 5) and 

KRAS (reverse): 5'-GTGTGACATGTTCTAATATAGTCA-3' (SEQ ID NO: 6) were 

used. Each PCR product had a length of 214 bp. PCR was performed under 

conditions below. After pre-denaturation was performed for 10 minutes at 95°C, PCR 

was performed for 40 cycles each consisting of a cycle conducted for 20 seconds at 94°C, 

20 seconds at 60°C, and 30 seconds at 72°C. Then, an elongation reaction was 

performed for 10 minutes at 72°C. The sequence analysis was performed using AB1 

3730 (Applied Biosystems Inc, Foster City, CA) by means of cycle sequencing based on 
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a Bigdye terminator method. 

The results are shown in Table 3. In the column of "Serum" of Table 3, 

"preoperative" and "postoperative" listed at the end of the genotype mean that it is a 

genotype in serum collected before or after the surgical resection of the primary focus. 

5 Furthermore, in the column of "Metastatic focus" of Table 3 means that the genotype 

of KRAS in the metastatic focus has not been analyzed. 

[0057] 

[Table 3] 

Sample 
No. 

Patient 
ID 

Primary 
focus 

Metastatic 
focus Serum 

Serum 
amount 
(mL) 

cfDNA 
concentration 

(ng/M-L) 

CEA 
concentration 

(ng/mL) 

CA19-9 
level 

(U/mL) 

1 1 G12V - G12V 
(postoperative) 2 0.61 7.8 8.6 

2 2 G12D - G12D 
(postoperative) 2 0.64 26.5 3726.0 

3 3 G12D - G12D 
(postoperative) 2 0.13 231.0 1991.2 

4 4 G12V - wild 
(postoperative) 2 0.49 3.5 9.2 

5 5 GOD - G13D 
(postoperative) 2 0.32 3.5 3.9 

6 6 wild - wild 
(postoperative) 2 4.70 1234.7 2.0 

7 7 wild - wild 
(postoperative) 2 3.50 2.3 11.9 

8 8 wild wild G13D 
(postoperative) 2 1.30 9.7 25.9 

9 9 G12A - G12A 
(preoperative) 2 1.10 2.0 10.3 

10 10 G12D - G12D 
(postoperative) 1.8 3.40 61.5 44.8 

11 11 wild - wild 
(postoperative) 2 34.40 19.7 85.2 

12 12 wild - wild 
(postoperative) 2 0.23 2.3 4.4 

13 13 wild - wild 
(postoperative) 2 40.40 1158.6 2.0 

14 14 wild wild G13D 
(postoperative) 2 1.80 9.6 45.1 

15 9 G12A - wild 
(postoperative 1) 3 0.60 1.5 3.4 

16 15 G12V - G12V 
(postoperative) 3 0.80 55.2 38.7 

17 16 wild - wild 
(postoperative) 2 1.60 22.3 169.8 

18 17 G12V - G12V 3.5 21.50 467.0 636.6 
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(postoperative) 

19 18 wild - wild 
(preoperative) 4 2.20 2.2 2.0 

20 19 wild - wild 
(preoperative) 2 1.53 79.4 35.8 

21 20 G12V - G12V 
(postoperative) 4 22.40 433.7 8.1 

22 21 wild - wild 
(postoperative) 3 2.05 n.d. n.d. 

23 9 G12A - G12A 
(postoperative 2) 3 n.d. n.d. n.d. 

24 22 G12D - wild 
(postoperative) 3 n.d. n.d. n.d. 

[0058] 

The rate of concordance between the KRAS gene mutation of the surgical 

sample from the primary focus and the KRAS gene mutation in cfDNA was 81.8%. 

5 Table 4 shows the correlation between the KRAS gene mutation in the primary focus and 

the KRAS gene mutation in the cfDNA. In Table 4, "pDNA" means DNA extracted 

from the primary focus. For calculating a Cohen's Kappa coefficient K, P (concordance 

rate) and Pe (a rate of concordance obtained in a case where results obtained from two 

samples fortuitously coincide with each other) were substituted into EJe^pi - Pe), 

10 and as a result, the value of K equaled 0.58. 

[0059] 

[Table 4] 

pDNA 
cfDNA Mutant type Wild type Total 

Mutant type 9 2 11 
Wild type 2 9 11 

Total 11 11 22 

[0060] 

15 It is noteworthy that among three cases of patients having ID Nos. 4, 9 (Sample 

No. 15), and 22 (Sample No. 24) in which the status of KRAS in the primary focus was a 
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mutant while the status of KRAS in serum was a wild type, the combined modality 

therapy using bevacizumab + FOLFOX exerted a marked efficacy for a long period of 

time in the cases of the patients having ID Nos. 4 and 22. In those two cases, a state of 

stable disease (SD; a tumor shrinkage rate of less than 30% or a tumor expansion rate of 

5 less than 20%) was maintained for a year and a half or longer. The tumor shrinkage rate 

(shrinking effect) was calculated from the diameter of the tumor in a CT scan image. In 

a case where the tumor was present in multiple points, the tumor shrinkage rate was 

calculated by summing up the diameters thereof. A history of therapy and examination 

and CT scan images (captured on January 9, April 18, and September 6 in 2013) of a 

10 patient having an ID No. 4 are shown in Table 5 and FIG. 2 respectively. In addition, a 

history of therapy and examination and CT scan images (captured on February 1 and 

May 25 in 2013) of a patient having an ID No. 22 are shown in Table 6 and FIG. 3 

respectively. The arrow in FIG 2 shows a tumor site where the shrinking effect was 

observed, and the arrow in FIG. 3 shows a disappeared tumor site. 

15 [0061] 

[Table 5] 

History of therapy and examination of patient having ID No. 4 
Primary focus Thorax Abdomen FOLFOX/Bev Serum test 
G12V 

2013/1/16 
No lung metastasis 

2013/1/9 
Lymph node metastasis 
22 x 12 mm 

2013/1/30 
wild 

2013/2/27 
2013/3/13 
2013/3/27 
2013/4/10 

2013/4/20 
No lung metastasis 

2013/4/18 
Lymph node metastasis 
15x10 mm (shrunk by 
32%) 

2013/4/24 

2013/5/8 
2013/5/22 
2013/6/5 
2013/6/19 
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2013/7/3 
2013/7/24 
2013/8/21 

2013/9/2 
No lung metastasis 

2013/9/6 
Lymph node metastasis 
9x6 mm (shrunk by 59%) 

2013/9/4 

2013/9/18 

[0062] 

[Table 6] 

History of therapy and examination of patient having ID No. 22 
Primary focus Thorax Abdomen FOLFOX/Bev Serum test 

G12D 
2013/2/1 
Lung metastasis in 2 
points 

2013/3/15 2013/3/18 
KRAS wild 

2012/3/25 
Colectomy 2013/3/28 

2013/4/10 
2001/4/25 
2013/5/9 

2013/5/25 
Hepatectomy 

2013/5/25 
Disappearance of lung 
metastasis 

2013/5/23 

2013/6/5 
2013/6/20 
2013/7/3 
2013/7/17 
2013/7/31 
2013/8/14 
2013/8/28 
2013/9/11 

5 [0063] 

From the circulating DNA of the patient having an ID No. 9 that was obtained 

before the resection of the primary focus, ultimately the same KRAS gene mutation 

(G12A) as in the primary focus was observed, while G12A was not detected from the 

circulating DNA of the same patient that was obtained after the resection of the primary 

10 focus. However, G12A was then detected from the serum KRAS, and the tumor 

recurred after 4 months. That is, in conclusion, the efficacy of bevacizumab was 
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extremely poor. A history of therapy and examination and CT scan images (abdomen: 

captured on March 23 in 2013, thorax: captured on June 10 in 2013) of a patient having 

an ID No. 9 are shown in Table 7 and FIGS. 4 and 5 respectively. The arrow in FIGS. 4 

and 5 shows a tumor site where the recurrence was confirmed. The results shown in the 

5 table and figures imply that the detection of the mutation of the KRAS gene from cfDNA 

in serum or plasma can be applied to the prognosis of cancer patients or the recurrence 

diagnosis. Furthermore, by observing cfDNA in peripheral blood before a cancer 

marker such as CEA or CA-19-9 responds, early diagnosis can be made. 

[0064] 

10 [Table 7] 

History of therapy and examination of patient having ID No. 9 
Primary focus Thorax Abdomen FOLFOX/Bev Serum test 

Preoperative 
chemotherapy 
2012/4/27 
2012/5/10 
2012/5/24 
2012/6/7 
2012/7/4 
2012/8/1 

2012/8/23 
G12A (sample 9) 

2012/9/10 
Rectectomy 
G12A 

Postoperative 
chemotherapy 
2012/10/31 
2012/11/14 
2012/11/28 

2012/12/12 2012/12/12 
wild (sample 15) 

2012/12/26 
2013/1/9 

2013/3/23 
Liver metastasis 
2,0 cm x 1 

2013/5/10 
G12A (sample 23) 
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2013/6/10 
Lung metastasis 
2.0 cm x 1 
1.0 cm x 1 
0.8 cm x 1 

[0065] 

From cfDNA of patients having ID Nos. 8 and 14 whose primary and metastatic 

foci were wild types, G13D was detected. Furthermore, the administration of an EGFR 

5 inhibitor, cetuximab, into a patient having an ID No. 8 did not bring about the 

tumor-shrinking effect. These results show that the status of the gene mutation of 

KRAS in tumor tissue does not necessarily become a factor for predicting the therapeutic 

effect of the EGFR inhibitor. Meanwhile, the CT scan results showed that the tumor 

shrunk by equal to or more than 20% in patients having ID Nos. 4 and 22. 

10 [0066] 

In the clinical analysis performed on the patients with recurrent colorectal cancer 

in Example 1, in all of the patients who were observed to have a mutated KRAS gene in 

the primary focus, the mutated KRAS gene was also observed from their serum collected 

at the time of recurrence diagnosis. The result shows that it is useful to identify the 

15 circulating mutated KRAS gene for making a recurrence diagnosis after the resection of 

the primary focus, and the presence of a recurrent tumor can be confirmed in early stages 

(depending on the patient, earlier than a case where the existing biomarker such as CEA 

or CA19-9 is used) by investigating the status of KRAS in blood over time for subjects 

who have received therapy for the primary focus. 

20 

INDUSTRIAL APPLICABILITY 

[0067] 



36 

The method for predicting long-term efficacy according to the present invention 

uses peripheral blood. Therefore, long-term efficacy of a VEGF inhibitor can be 

predicted with high accuracy in a minimally invasive manner, without performing the 

resection of a primary focus or collecting a biopsy sample. It is considered that due to 

the minimal invasiveness and excellent accuracy, the method for predicting long-term 

efficacy according to the present invention will become widespread as a test method 

replacing a fecal occult blood test used in cancer screening. 
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1. A method for predicting long-term efficacy of a VEGF inhibitor exerted on a 

tumor of a subject, comprising: 

determining whether or not an RAS gene-derived nucleic acid or an RAS protein 

is present in a blood sample collected from the subject; 

determining whether the RAS gene-derived nucleic acid in the blood sample is a 

wild type or a mutant, or determining whether the RAS protein in the blood sample is a 

wild type or a mutant; 

determining that an antitumor effect resulting from the VEGF inhibitor is highly 

likely to last for a long period of time in the subject in a case where a wild-type RAS 

gene-derived nucleic acid or a wild-type RAS protein is detected in the blood sample and 

a mutant RAS gene-derived nucleic acid or a mutant RAS protein is not detected in the 

blood sample; and 

determining that the antitumor effect resulting from the VEGF inhibitor is 

unlikely to last for a long period of time in the subject in a case where the mutant RAS 

gene-derived nucleic acid or the mutant RAS protein is detected in the blood sample. 

2. The method for predicting long-term efficacy of a VEGF inhibitor according to 

Claim 1, wherein 

the subject has undergone surgical resection of a tumor portion or has been 

administered with a VEGF inhibitor in the past. 

3. The method for predicting long-term efficacy of a VEGF inhibitor according to 

Claim 1 or 2, wherein 
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the RAS is KRas, HRas, or NRAS. 

4. The method for predicting long-term efficacy of a VEGF inhibitor according to 

any one of Claims 1 to 3, wherein 

the subject has been administered with a drug other than the VEGF inhibitor. 

5. The method for predicting long-term efficacy of a VEGF inhibitor according to any­

one of Claims 1 to 3, wherein 

the subject is a tumor patient who has been administered with the VEGF 

inhibitor and then received antitumor therapy different from the administration of the 

VEGF inhibitor, and 

the blood sample is collected before the tumor patient is going to be 

administered again with the VEGF inhibitor. 

6. The method for predicting long-term efficacy of a VEGF inhibitor according to 

Claim 5, wherein 

the antitumor therapy is medication therapy using a chemotherapy agent. 

7. The method for predicting long-term efficacy of a VEGF inhibitor according to 

Claim 6, wherein 

the chemotherapy agent is one or more agents selected from the group consisting 

of fluorouracil, folinic acid, oxaliplatin, irinotecan, cytarabine, fludarabine, gemcitabine, 

hydroxyurea, methotrexate, bleomycin, chlorambucil, cisplatin, cyclophosphamide, 

doxorubicin, mitoxantrone, camptothecine, topotecan, teniposide, colcemid, colchicine, 

paclitaxel, vinblastine, vincristine, and tamoxifen. 
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8. The method for predicting long-term efficacy of a VEGF inhibitor according to 

Claim 5, wherein 

the antitumor therapy is radiotherapy. 

9. The method for predicting long-term efficacy of a VEGF inhibitor according to 

Claim 5, wherein 

the antitumor therapy is medication therapy using a molecular-targeted drug 

different type from the VEGF inhibitor which has already been administered to the 

subject. 

10. The method for predicting long-term efficacy of a VEGF inhibitor according to 

Claim 9, wherein 

the molecular-targeted drug is one or more drugs selected from the group 

consisting of cetuximab, panitumumab, bevacizumab, gefitinib, erlotinib, regorafenib, 

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

11. The method for predicting long-term efficacy of a VEGF inhibitor according to 

Claim 9 or 10, wherein 

the antitumor therapy is combined therapy composed of medication therapy 

using the molecular-targeted drug and medication therapy using the chemotherapy agent. 

12. The method for predicting long-term efficacy of a VEGF inhibitor according to 

any one of Claims 1 to 11, wherein 

the tumor is a recurrent tumor. 
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13. The method for predicting long-term efficacy of a VEGF inhibitor according to 

any one of Claims 1 to 11, wherein 

the tumor is a metastatic focus. 

5 

14. The method for predicting long-term efficacy of a VEGF inhibitor according to 

any one of Claims 1 to 11, wherein 

the tumor is a primary focus. 

10 15. The method for predicting long-term efficacy of a VEGF inhibitor according to 

any one of Claims 1 to 14, wherein 

the tumor is one or more tumors selected from the group consisting of colorectal 

cancer, colon cancer, rectal cancer, lung cancer, liver cancer, breast cancer, ovarian 

cancer, prostatic cancer, renal cancer, esophageal cancer, head and neck cancer, uterine 

15 cancer, and cervical cancer. 

16. The method for predicting long-term efficacy of a VEGF inhibitor according to 

any one of Claims 1 to 15, wherein 

the tumor is present in a plurality of places in the body of the subject. 

20 

17. The method for predicting long-term efficacy of a VEGF inhibitor according to 

any one of Claims 1 to 16, wherein 

the mutant is one or more mutations selected from the group consisting of G12A, 

G12C, G12D, G12R, G12S, G12V, G13D, G12S2, G13A, G13S, G13V, G13R, G13C, 

25 Q61H, Q61L, Q61R, A146T, and A146 V of the RAS protein. 
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18. The method for predicting long-term efficacy of a VEGF inhibitor according to 

any one of Claims 1 to 17, wherein 

by investigating whether or not the wild-type RAS gene-derived nucleic acid is 

detected from circulating DNA in the blood sample and investigating whether or not the 

mutant RAS gene-derived nucleic acid is detected from circulating DNA in the blood 

sample, whether or not the RAS gene-derived nucleic acid is present in the blood sample 

and whether the RAS gene-derived nucleic acid is a wild type or a mutant are 

determined. 

19. The method for predicting long-term efficacy of a VEGF inhibitor according to 

any one of Claims 1 to 18, wherein 

the blood sample is peripheral blood, serum, or plasma. 


