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METHODS FOR PREDCTING SURVIVAL IN 
CANCER PATIENTS 

PRIORITY CLAIM 

0001. This application claims priority to U.S. Provisional 
Application No. 61/314,511, filed Mar. 16, 2010, the subject 
matter of which is hereby incorporated by reference as if fully 
set forth herein. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

0002 The invention was made with Government support 
under Grant No. CA138359 Awarded by the National Cancer 
Institute (NCI), division of the National Institutes of Health 
(NIH). The Government has certain rights in the invention. 

BACKGROUND 

0003) Non-small-cell lung cancer (NSCLC), accounting 
for about 85% of all lung cancers, is the leading cause of 
cancer deaths in the United States (Jemal et al., 2008) and 
worldwide. Despite advances in early detection and Surgical 
resection, NSCLC often has a high recurrence. 
0004 KRAS is an oncogene located on Chromosome 12 
(Ch. 12), with a cytogenic location of Ch. 12p12.1. KRAS 
encodes a protein called K-Ras that is involved in regulating 
cell division. The K-Ras protein has guanosinenucleotide 
binding activity and intrinsic guanosine triphosphatase (GT 
Pase) activity. K-Ras is downstream of epidermal growth 
factor receptor (EGFR), which signals through the PI3K/ 
AKT/mTOR and STAT pathways involved in cell survival, 
and the RAS/RAF/MEK/MAPK pathway involved in cell 
proliferation. 
0005. The genetic code is a set of rules by which a gene is 
translated into a functional protein. Each gene includes a 
specific sequence of nucleotides encoded in a DNA (or some 
times RNA) strand. The four nucleotides are named for the 
heterocyclic base associated with them: adenine (A'), 
cytosine (“C”), guanine (“G”), and thymine (“T”). The nucle 
otides polymerize to form a single strand of DNA, then two 
single strands interact by hydrogenbonding between comple 
mentary nucleotide. A being complementary with T and C 
being complementary with G. to form base pairs with results 
in the formation of a DNA double helix. RNA is similar to 
DNA except that the base thymine is replaced with uracil 
(“U”) and does not form double strands. 
0006. A gene can contain coding and/or non-coding DNA 
sequences that are transcribed into RNA. RNA sequences that 
are transcribed by coding sequences of a gene are known as 
messenger RNA (mRNA). mRNA sequences in turn encode 
for a particular proteins by the process of translation. Proteins 
produced from genes then perform a specific biochemical or 
structural function. A correspondence between nucleotides, 
the basic building blocks of genetic material, and amino 
acids, the basic building blocks of proteins, must be estab 
lished for genes to be successfully translated into functional 
proteins. Sets of three nucleotides, known as codons, each 
correspond to a specific amino acid or to a signal; three 
codons are known as “stop codons' wherein, instead of speci 
fying a new amino acid, alert the translation machinery that 
the end of the gene has been reached. There are 64 possible 
codons (four possible nucleotides at each or three positions) 
and only 20 standard amino acids. Thus, the code is redundant 
and multiple codons can specify the same amino acid. 
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0007 RNA sequences that are transcribed by non-coding 
sequences of a gene are known as non-coding RNA (ncRNA), 
and are not translated into proteins. There are several types of 
incRNA that are involved in various cellular functions. For 
example, transfer RNA (tRNA) and ribosomal RNA (rRNA) 
are involved in protein assembly, small nuclear RNA (sn 
RNA) and ribozymes are involved in post-transcriptional pro 
cessing and splicing of mRNA, and MicroRNAs (miRNA), 
Piwi-interacting RNA (piRNA) and small interfering RNA 
(siRNA) are involved in gene regulation by acting via the 
RNA interference (RNAi) system. The RNAi system involves 
miRNA, siRNA, piRNA or other RNA molecules that are 
complementary to a target DNA and/or RNA sequence, and 
regulates gene expression in several ways. For example, an 
miRNA, siRNA or piRNA may bind to and effect or acceler 
ate the degradation of a target mRNA, or may bind to a target 
DNA or RNA sequence to block or enhance transcription or 
translation, respectively. 
0008. A variance, also known as a polymorphism or muta 
tion, in the genetic code for any coding or non-coding gene 
sequence may result in the production of a gene product, 
usually a protein oran RNA molecule, with altered biochemi 
cal activity or with no activity at all, or may influence the 
function of that gene or locus. This can result from as little 
change as an addition, deletion, or Substitution of a single 
nucleotide in the DNA comprising a particular gene that is 
Sometimes referred to as a single nucleotide polymorphism 
(SNP). 
0009. Somatic mutations in the KRAS gene are involved 
in the development of many types of cancer, including 
NSCLC. When mutated in codon 12, 13 or 61, the KRAS 
genes encode a constitutively active K-Ras protein that con 
tinuously activate transducer signals by linking tyrosine 
kinases to downstream serine and threonine kinases. Activat 
ing point mutations have been found in various malignancies, 
including NSCLC. In advanced NSCLC, tumors that harbor 
KRAS point mutations have been correlated with progression 
of the disease, but not with survival (Massarelli et al., 2007). 
While the EGFR tyrosine kinase inhibitors, gefitinib and 
erlotinib can be beneficial for some NSCLC patients, the 
presence of KRAS mutations predicts primary resistance to 
these drugs (Massarelli et al., 2007; Zhu et al., 2008; Herbstet 
al., 2008). 
0010. In addition, variations in gene dosage, the number of 
copies of a gene that are present in a cell, can be clinically 
significant indicators of disease states. Such variations arise 
from errors in DNA replication and can occur in germ line 
cells (leading to congenital defects and even embryonic 
demise), or in Somatic cells. These replication anomalies can 
cause deletion or duplication of parts of genes, full-length 
genes and their Surrounding regulatory regions, megabase 
long portions of chromosomes, or entire chromosomes. 
0011 Chromosomal abnormalities affect gene dosage on 
a larger scale and can affect either the number or structure of 
chromosomes. Conditions wherein cells, tissues, or individu 
als have one or more whole chromosomes or segments of 
chromosomes either absent, or in addition to the normal eup 
loid complement of chromosomes can be referred to as aneu 
ploidy. 
0012 Chromosomal aberrations in somatic cells, such as 
large deletions, insertions or amplifications that are the result 
of acquired mutations such as loss of heterozygosity (LOH) 
or gene duplication are associated with many diseases, 
including many types of cancer. Because somatic KRAS gene 
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mutations have been associated with the development of 
many types of cancer, including NSCLC, chromosomal aber 
rations of the KRAS gene are also likely to be clinically 
relevant in cancer research. Detection of Such chromosomal 
aberrations may have therapeutic, diagnostic or prognostic 
implications in cancer patients. 
0013 Methods for the detection of point mutations and 
small deletions or insertions in genomic DNA have been well 
established, however, detection of larger genomic deletions 
or other aberrations is more complicated. Chromosomalaber 
rations can be detected in cancer through chromosomal band 
ing (Mertens et al., 1997; Database of Aberrations in cancer, 
found at http://cgap.nci.nih.gov/Chromosomes/Mitelman), 
fluorescent in situ hybridization (FISH) (Schrocket al., 1996; 
Fauth and Speicher, 2001; Speicher and Ward, 1996), and 
comparative genomic hybridization (CGH) (Kallioniemi et 
al., 1994; Pinkel et al., 1998). However, early detection of 
deletions and amplifications are difficult, largely because 1) 
there is a low frequency of aberrations in early stages of 
cancer development, 2) tumors often have a multiploid cancer 
genome, and 3) early stage cancer tissue specimens often 
have low proportions of tumor cells. Therefore, there is a need 
to develop more accurate and reliable methods to detect chro 
mosomal deletions and aberrations in early stages of cancer, 
which may be used in the detection and discovery of predic 
tive biomarkers in cancer. 

SUMMARY 

0014. A method for survival prediction in cancer patients 
is provided. In one embodiment, the survival prediction is 
determined by the presence or absence of a KRAS gene 
region deletion and/or loss of Chromosome 12 (Ch. 12) in 
cancer tumor tissue. In another embodiment, the presence or 
absence of a KRAS gene region deletion and/or loss of Ch. 12 
in cancer tumor tissue is used to predict Survival in non-Small 
cell lung cancer (NSCLC) patients. 
0015. In some embodiments, samples of cancer tumor tis 
Sue and optionally normal marginal tissue are harvested from 
cancer patients, and a first deletion detection technique is 
performed to detect gene region deletions in cancer tumor 
tissue. In one embodiment, the cancer patients are non-small 
cell lung cancer (NSCLC) patients. In some embodiments, 
the first deletion detection technique that is used may be 
robust dosage-polymerase chain reaction (RD-PCR), fluores 
cent in situ hybridization (FISH), or comparative genomic 
hybridization (CGH). The results of the deletion detection 
technique are analyzed to determine whether a KRAS gene 
region deletion and/or loss of Chromosome 12 (Ch. 12) is 
present, wherein the presence of a gene region deletion or loss 
of Ch. 12 in the cancer tumor tissue that is not present in the 
normal marginal tissue is associated with a shorter Survival. 
0016. In one embodiment, the deletion detection tech 
nique is RD-PCR, wherein a target gene region and control 
gene region are simultaneously amplified. The total number 
and relative ratio of gene or gene region template copies are 
determined by the ROY and ROT, then the ratio of ROT in 
tumor tissue to normal marginal tissue is calculated to deter 
mine whether a KRAS gene region deletion and/or loss of Ch. 
12 is present. The presence of a gene region deletion or loss of 
Ch. 12 in the tumor tissue that is not present in the normal 
marginal tissue is associated with shorter Survival. In another 
embodiment, a kit comprising all of the materials necessary to 
perform the method for predicting survival in NSCLC 
patients is contemplated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 illustrates the detection of deletions in the 
KRAS gene region. Exon 2 of the KRAS gene (target), and 
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exon 1 of the F9 gene (endogenous internal control) were 
co-amplified from genomic DNA isolated from frozen cancer 
samples of NSCLC patients. 
0018 FIG. 2 is a graph illustrating the correlation between 
KRAS gene region deletions and Survival rate in early stage 
NSCLC patients as analyzed by a Kaplan-Meier analysis and 
Cox hazard proportional model. 
(0019 FIGS. 3A and 3B are representative FISH analyses 
according to embodiments of the disclosure. 
0020 FIGS. 4A and 4B are representative Illumina analy 
ses according to embodiments of the disclosure. Illumina 
parallel sequencing confirms the presence of KRAS gene 
region deletions in cancer samples of patients 13 (FIG. 4A) 
and 19 (FIG. 4B). 

DETAILED DESCRIPTION 

0021 Methods for predicting survival in cancer patients 
are provided. In some embodiments, a Survival prediction is 
determined by the presence or absence of KRAS gene region 
deletions and/or loss of Chromosome 12 (Ch. 12) in cancer 
tumor tissue compared to normal marginal tissue. In one 
embodiment, the methods for predicting Survival are used to 
predict Survival in early stage non-Small-cell lung cancer 
(NSCLC) patients. 
0022. The term “gene region' as used herein refers to a 
gene, its exons, its introns, and its associated regions flanking 
it upstream and downstream, e.g., stop and start codons, and 
regulatory sequences such as promoters and enhances. 
0023 The term “gene' refers to a DNA sequence that 
comprises control and coding sequences necessary for the 
production of an RNA having a non-coding function (e.g., an 
rRNA, tRNA, miRNA, siRNA, piRNA, snRNA or ribozyme), 
or an RNA having a coding function (e.g., an mRNA) for a 
polypeptide. The RNA or polypeptide can be encoded by a 
full length coding sequence or by any portion or the coding 
sequence so long as the desired activity or function is 
retained. 
0024. The term “gene dosage' as used herein refers to the 
copy number of a gene, a gene region, a chromosome or 
fragments or portions thereof. Normal individuals carry two 
copies of most genes or gene regions, one on each of two 
chromosomes. However, there are certain exceptions, e.g., 
when genes or gene regions reside on the X or Y chromo 
Somes, or when gene sequences are present in pseudogenes. 
0025. The term “aneuploidy' as used herein refers to con 
ditions wherein cells, tissues, or individuals have one or more 
whole chromosomes or segments of chromosomes either 
absent, or in addition to the normal euploid complement of 
chromosomes. 
0026. Typically, human solid tumor cells have an aneup 
loidy, that is, they have an abnormal number of chromosomes 
or chromosome segments present within an individual cell. 
Tumor cells have been detected with an aneuploidy of 6 n. 
including those in the studies described herein. When a single 
gene or gene region is knocked out, the dosage effect may 
cause a change in the aneuploidy. For example, if a single 
KRAS gene or gene region is knocked out in a 6 n cell, the 
gene dosage effect is approximately a 15% reduction, and 
may influence aneuploidy, i.e., changes from 6 in to 5 n. In the 
studies described herein, a change in gene dosage of approxi 
mately 15% in cells, including aneuploid cells, unexpectedly 
resulted in an altered Survival in oncology patients. 
0027 Methods for survival prediction in cancer patients as 
described herein comprise the use of one or more deletion 
detection techniques that can detect gene region or chromo 
somal deletions, the results of which can be used for deter 
mining a Survival prediction. For example, a KRAS gene 
region deletion and/or loss of Chromosome 12 (Ch. 12) in 
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tumor tissue that is not found in normal marginal tissue is 
associated with a shorter survival in NSCLC patients. In 
another embodiment, kits for use in predicting Survival in 
early stage NSCLC are provided. 
0028. According to some embodiments, a cancer tumor 
tissue and optionally a normal marginal tissue are harvested 
from cancer patients undergoing resection Surgery. A tissue is 
then analyzed by performing one or more deletion detection 
technique for the detection of KRAS gene region deletions 
and/or loss of Ch. 12. Several deletion detection techniques 
exist to detect such deletions and losses. The deletion detec 
tion technique may be any suitable method for detecting 
nucleic acids. In some embodiments, the deletion technique 
may detect alteration in RNA form or expression or alter 
ations in a region of DNA. 
0029. In some embodiments, methods for nucleic acid 
detection described herein include amplification or signal 
amplification methods. Amplification of target DNA or RNA 
sequences in a tissue sample may be accomplished by any 
Suitable method known in the art, such as transcription ampli 
fication, reverse transcription polymerase chain reaction (RT 
PCR) amplification, quantitative PCR or RT-PCR, ligase 
chain reaction, self-sustained sequence replication, transcrip 
tional amplification system, Q-Beta Replicase, rolling circle 
replication or any other nucleic acid amplification method, 
followed by the detection of the amplified molecules using 
known techniques as described below. Such methods are use 
ful for the detection of nucleic acid molecules if such mol 
ecules are present in very low numbers. In some aspects, 
expression is assessed by quantitative fluorogenic RT-PCR 
(i.e., the TaqMan(R) System). 
0030. In some embodiments, expression levels of RNA or 
DNA may be detected using a membrane blot (such as used in 
hybridization analyses such as Northern, Southern, dot, and 
the like), or microwells, sample tubes, gels (e.g. electrophore 
sis), beads or fibers (or any solid Support comprising bound 
nucleic acids). The detection of nucleic acid expression may 
also include using nucleic acid probes in Solution. 
0031. In some embodiments, detection of nucleic acids 
may be accomplished by a sequence-specific probe hybrid 
ization technique used in conjunction with or without an 
amplification step. The term “probe' refers to any molecule 
that is capable of selectively binding to a specifically intended 
target biomolecule, for example, a nucleotide transcript or a 
protein encoded by or corresponding to a biomarker. 
Examples of molecules that can be utilized as probes include, 
but are not limited to, RNA, DNA, proteins, antibodies, and 
organic molecules. Probes and primers for the hybridization 
techniques described above can be synthesized and labeled by 
various known techniques. For example, oligonucleotides for 
use as probes and primers may be chemically synthesized 
according to the solid phase phosphoramidite triester method 
or using an automated synthesizing technique. Purification of 
oligonucleotides can be performed, e.g., by either native acry 
lamide gel electrophoresis or by anion-exchange HPLC. 
0032. In some aspects, the hybridization methods may 
include, but are not limited to, Solution phase, Solid phase, 
oligonucleotide array methods, mixed phase, or in situ 
hybridization assays. In solution (or liquid) phase hybridiza 
tions, both the target nucleic acid and the probe or primers are 
free to interact in the reaction mixture. Techniques such as 
real-time PCR systems have also been developed that permit 
analysis, e.g., quantification of amplified products during a 
PCR reaction. In this type of reaction, hybridization with a 
specific oligonucleotide probe occurs during the amplifica 
tion program to identify the presence of a target nucleic acid. 
Examples of real-time PCR systems include fluorescence 
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resonance energy transfer hybridization probes, molecular 
beacons, molecular Scorpions, and exonuclease hybridization 
probes. 
0033 Hybridization complexes may be detected accord 
ing to various techniques. For example, nucleic acid probes 
capable of specifically hybridizing to a target can be labeled 
by any one of several methods typically used to detect the 
presence of hybridized nucleic acids. For example, one com 
mon method of detection is the use of autoradiography using 
probes labeled with 3H, 125I, 15S, 14C, or 32P or other 
Suitable labels. Alternatively, probes can be conjugated 
directly with labels such as fluorophores, chemiluminescent 
agents or enzymes. The choice of label depends on sensitivity 
required, ease of conjugation with the probe, stability require 
ments, and available instrumentation. 
0034. In one embodiment, the RNA is immobilized on a 
solid surface and contacted with a probe, for example by 
running the isolated RNA on an agarose or other gel and 
transferring the RNA from the gel to a membrane, such as 
nitrocellulose. In an alternative embodiment, the probe(s) are 
immobilized on a solid surface and the RNA is contacted with 
the probe(s), for example, in an Affymetrix gene chip array. 
0035. In other embodiments, microarrays are used to 
detect biomarker expression. DNA microarrays provide one 
method for the simultaneous measurement of the expression 
levels of large numbers of genes. Each array consists of a 
reproducible pattern of capture probes attached to a solid 
support. Labeled RNA or DNA is hybridized to complemen 
tary probes on the array and then detected by laser Scanning. 
Hybridization intensities for each probe on the array are 
determined and converted to a quantitative value representing 
relative gene expression levels. High-density oligonucleotide 
arrays are useful for determining the gene expression profile 
for a large number of RNAs in a sample. 
0036. In some embodiments, the deletion detection tech 
nique, includes robust dosage-polymerase chain reaction 
(RD-PCR), fluorescent in situ hybridization (FISH), and 
comparative genomic hybridization (CGH). 
0037 RD-PCR. In one embodiment, the number of copies 
of a target or control gene region or a chromosome within a 
tumor cell may be determined by robust dosage-polymerase 
chain reaction (RD-PCR). RD-PCR is a duplex quantitative 
PCR that co-amplifies a target gene, gene region, or locus 
(“target”) and an endogenous internal control gene, gene 
region, or locus (“control') from the same genomic DNA 
source (Liu et al., 2003; Nguyen et al., 2007). The control has 
a known gene copy number per cell since it its gender is 
known, while the target has an unknown dosage number per 
cell. For example, if the target is autosomal, then the control 
is X-chromosomal. In one embodiment, the target gene 
region may be exon 2 or exon 3 of the KRAS gene. In another 
embodiment, the control gene region is exon 1 of the F9 gene. 
0038. In accordance with embodiments of the disclosure, 
RD-PCR products are analyzed to determine the relative tem 
plate copy number quantitatively. The target and control 
genes or gene regions are compared in order to determine 
whether a KRAS gene region deletion and/or loss of Ch. 12 is 
present. The ratio of yield (ROY) is directly proportional to 
the ratio of the target to control product. Thus, the net signal 
of the target gene region is divided by the net control gene 
signal to obtain the ratio of yields (ROY). The accuracy of 
ROY is the degree of conformity of a ROY to its true ROY 
value. The consistency of ROY is the degree to which further 
ROY will show the same or similar results, and is character 
ized in terms of the standard deviation of ROY. 
0039. A DNA sample from a NSCLC patient tissue is then 
tested and its ROY is compared to the expected ratio from a 
matched gender control tissue to determine the relative tem 
plate ratio of target to control. For females, the ratio of the 
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template copy number of the autosomal (KRAS) to X chro 
mosomal (F9) locus is 2:2. For males, the ratio of the template 
copy number of the autosomal (KRAS) to X chromosomal 
(F9) locus is 2:1, which is functionally equivalent to a het 
erozygous chromosomal deletion. A blinded analysis with 
normal male and female samples can be used to validate a 
given assay when multiple heterozygous deletions are 
unavailable. Therefore, by using wild-type male and female 
samples as controls, relative template (or copy) numbers of 
2:1 and 2:2 are established, respectively. This relative tem 
plate ratio of target to control is known as the template copy 
ratio (ROT). In addition to the ROY and ROT calculations, the 
percentage of tumor cells within a tissue can be calculated and 
used as an additional factor in an analyzing whether a KRAS 
gene region deletion and/or loss of Ch. 12 is present. 
0040 Although other polymerase chain reaction (PCR) 
based methods can be used to detect chromosomal deletions 
and duplications, these methods have remained a challenge 
because of small variations in PCR efficiency accumulate 
exponentially with cycling, and the presence of a terminal 
plateau phase where PCR yield is saturated. These challenges 
are potentiated by preferential amplification of one segment 
over another, especially with high GC contents. In contrast, 
RD-PCR has advantages over other methods of PCR, such as: 
1) high accuracy and consistency, 2) easy calibration of lin 
earity using male and female samples, 3) use of an endog 
enous internal dosage control to eliminate preparation and 
manipulation errors, and 4) quantification of gene dosage 
over a wide dynamic range. 
0041 Fluorescent in situ hybridization (FISH). In another 
embodiment, the number of copies of a target or control gene 
or gene region or a chromosome within a tumor cell may be 
determined by FISH. FISH is a cytogenetic technique used to 
detect and localize the presence or absence of specific DNA 
sequences on chromosomes. FISH uses fluorescent probes 
that bind particular genes, gene regions or chromosome loci. 
The probe or probes are labeled by various methods, such as 
nick translation, random primed labeling, and PCR. Two 
labeling strategies are commonly used: indirect labeling, 
wherein probes are labeled with modified nucleotides that 
containahapten, and direct labeling, wherein nucleotides that 
have been directly modified to contain a fluorophore are used. 
The target gene, gene region, or locus and the probe are then 
denatured with heat or chemicals in order to allow annealing 
to occur between the complementary target and probe 
sequences. The probe and target sequences are then combined 
so that the probe hybridizes to its complementary sequence 
on the chromosome. In some embodiments, a fluorescent 
probe can be used to detect the site of hybridization directly. 
In other embodiments, the probe is not fluorescent, and a 
secondary fluorescent probe is used to visualize the hybrid 
ized probe. Hybrids formed between the probes and their 
chromosomal targets are then detected using a fluorescent 
microscope. 
0042 Comparative genomic hybridization (CGH). In 
another embodiment, the number of copies of a target gene or 
gene region; control gene or gene region; or chromosome 
within a tumor cell may be determined by CGH. CGH is a 
molecular-cytogenic method for the analysis of copy number 
changes in a subject's DNA. DNA from a subject's target 
tumor tissue and from normal marginal tissue is labeled with 
different colors. After combining the target tumor tissue and 
the normal marginal tissue DNA with unlabeled human cot-1 
DNA (placental DNA that is enriched for repetitive DNA 
sequences) to suppress repetitive DNA sequences, the com 
bination is hybridized to normal metaphase chromosomes. 
For array- or matrix-CGH, the combination is hybridized to a 
slide containing hundreds or thousands of defined DNA 
probes. Using epifluorescence microscopy and quantitative 
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image analysis, regional differences in the fluorescence ratio 
of gains or losses as compared to the control DNA can be 
detected and used for identifying abnormal regions in the 
genome. 
0043 Gene region deletions and/or loss of Ch. 12 may be 
verified by performing a first technique described above, then 
performing a second technique described above to Verify the 
results of the first technique. For example, RD-PCR may be 
performed first, the results of which may be verified by per 
forming FISH. Alternatively, the gene region deletions 
detected by one or more of the techniques described above 
may be verified by a gene sequencing technique such as 
Illumina parallel sequencing analysis as described in the 
examples below. Other Suitable gene sequencing techniques 
known in the art may include, but are not limited to, the 
Sanger method (e.g., chain terminator or dye terminator 
methods), high-throughput parallelized sequencing, and 
sequencing by hybridization, ligation, mass spectrometry, or 
electron microscopy. 
0044) The detection of KRAS gene region deletions or 
loss of Ch. 12 may be used to predict survival in NSCLC 
patients. Deletions found in cancer tumor tissue, but not in the 
corresponding normal tissue are associated with a decrease in 
survival. In one embodiment, a search for predictive survival 
biomarkers in early stage non-Small-cell lung cancer 
(NSCLC) patients was performed by using the highly quan 
titative RD-PCR technique described above to detect KRAS 
gene region deletions or loss of Ch. 12 in cancer tumor tissue 
as compared to normal marginal tissue. In one embodiment, a 
KRAS gene region deletion or loss of Ch. 12 was determined 
to exist in cancer tumor tissue as compared to normal mar 
ginal tissue, by dividing the cancer tumor tissue ROT by the 
normal marginal tissue ROT (T/N ROT). If the T/N ROT falls 
below a threshold (set at 0.85, see examples below), then it is 
likely that a KRAS gene region deletion or loss of Chromo 
Some 12 exists in the cancer tumor tissue, but not in the 
normal marginal tissue. In one example, seven such deletions 
were found in 28 Surgical sectioned cancer tissues but not in 
their paired normal tissues. These seven patients had a median 
Survival or 35 months after Surgery, compared with non 
deletion patients of 59 months, showing a 1.7-fold decrease in 
survival (Long-Rank test; P=0.045). 
0045 Having described the invention with reference to the 
embodiments and illustrative examples, those in the art may 
appreciate modifications to the invention as described and 
illustrated that do not depart from the spirit and scope of the 
invention as disclosed in the specification. The Examples are 
set forth to aid in understanding the invention but are not 
intended to, and should not be construed to limit its scope in 
any way. The examples do not include detailed descriptions of 
conventional methods. Such methods are well knownto those 
of ordinary skill in the art and are described in numerous 
publications. Further, all references cited above and in the 
examples below are hereby incorporated by reference in their 
entirety, as if fully set forth herein. 

EXAMPLE 1. 

Materials and Methods 

0046 NSCLC patients and tissue specimens. Twenty 
eight NSCLC patients from Taiwan were diagnosed at an 
early stage (IA, IB, IIA, or IIB) and were treated with standard 
adjuvant therapy (Table 1). Tissues were harvested during 
resection Surgery, wherein samples of the cancer tissue and 
the paired marginal normal tissue were removed form each 
patient, sectioned, and then immediately frozen at -70° C. 
The cancertissues contained sufficient portion of tumor cells, 
typically 240%, and normal tissues had no tumor cells as 
initially judged by a pathologist. 
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TABLE 1 
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Seven deletions and clinical characteristics of early stage NSCLC patients 

# Sex Age 

12 

13 
14 
15 
16 
17 

18 
19 
2O 
21 
22 
23 
24 
25 
26 

27 
28 M 

0047 

62 
65 
74 
56 
76 

58 
70 
70 
70 
65 
46 

72 

8O 
71 
51 
73 
76 

36 
69 
63 
72 
77 
77 
65 
48 
81 

71 
62 

Extraction of genomic DNA from frozen tissues. 
The genomic DNA was extracted from frozen tissue using 
DNeasy Mini Kit according to manufacturer's protocol 
(Qiagen). The concentrations were measured by NanoDrop 
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1000 spectrophotometer at 260 nm (NanoDrop). 

Histology Differentiation Stage involved size 

Adenoca Moderate B NO T2 
Adenoca Moderate A. NO T1 
Squamous Poor B NO T2 
Squamous Moderate B NO T2 
Adenoca Moderate B NO T2 

Adenoca Moderate A. NO T1 
Squamous Moderate A. NO T1 
Adenoca Moderate B NO T2 
Squamous Moderate A. NO T1 
Squamous Moderate B NO T2 
Squamous Poor B NO T2 

Adenoca Moderate A. NO T1 

Adenoca Moderate B NO T2 
Adenoca Moderate B NO T2 
Squamous Moderate B NO T2 
Adenoca Moderate B NO T2 
Squamous Moderate B NO T2 

Adenoca Moderate IIB N1 T2 
Adenoca Moderate A. NO T1 
Adenoca Moderate A. NO T1 
Adenoca Moderate A. NO T1 
Squamous Moderate B NO T2 
Adenoca Moderate A. NO T2 
Adenoca We A. NO T1 
Adenoca We B NO T2 
Adenoca A. NO T1 

Adenoca Moderate A. NO T1 
Squamous Poor B NO T2 

0048 

Gene and 
eXC Name 

F9 exon 1 on F9 (2724) D 
Ch. X (Control) 

F9 (321O) U 

KRAS exon 2 RAS (5445.) D 

on autosome 

12p12.1 RAS (5857) U 

Lymph node Tumor KRAS gene 
region deletion 

Del 

Del 

Del 

Del 

Del 

Del 

Del 

RD-PCR for chromosomal deletions. Each assay 
co-amplified a KRAS segment as a target and an X-Chromo 
Some segment as an endogenous internal control. Primers 
were designed according to Liu et al. 2003 and Nguyen et al., 
2007 (Nguyen et al., 2007; Langmead et al. 2009), the details 
of which are shown in Table 2 below. 

TABLE 2 

Primers for RD-PCR 

3' gene specific region 
of the primer Core segment 

Tm Size Tm GC 

Sequence (5'-3') 

ATGTAGCCACTATGCCTATC 

(SEQ ID NO: 2) 
CTGGCTGTTAGACTCTTCAA 

(SEQ ID NO : 3) 

CTGGTGGAGTATTTGAT 
AGTGT 
(SEQ ID NO : 4) 
GAACATCATGGACCCTGACA 

(SEO ID NO. 5) 

(o C.) (bp) (o C.) (3) 

64.4 486 83. O 4 O. 7 

61.7 

61.9 413 8O. 4 34.9 

67.9 
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TABLE 2 - continued 

Primers for RD-PCR 

3' gene specific region 
of the primer 

Gene and Tm 
eXO. Name Sequence (5'-3') 

KRAS exon 3 
on autosome 

RAS (23351) DAGTGGCCATTTGTCCGTCAT 71. 
(SEQ ID NO : 6) 

12p12.1 RAS (23768) U GCATGGCATTAGCAAAGACT 66. 
(SEO ID NO: 7) 

0049. The primers are named according to the following 
protocol: gene(starting nucleotide # of gene)direction of tran 
scription. For example, for the primer named F9(2724)D, F9 
is the human coagulation factor IX gene, (2724) means that 
the 5' end of the 3' gene-specific region of the primer begins at 
nucleotide 2724 (according to GenBank accession K02402), 
and D means that the direction of the transcription is down 
stream. The precise sizes and locations of the PCR fragment 
can be obtained from the informative names. The KRAS 
sequence is from Genbank accession NG 007524 (SEQ ID 
NO:1). The sequence of the 3' gene-specific region of each 
primer is shown. A 10-nucleotide universal tail for KRAS 
primers (5'ggccaagtga3'; SEQID NO:8) was attached to the 5' 
end of each primer. 
0050. Oligo 5 calculates the melting temperature of a 
primer by the nearest neighbor method at 50 mM KC1, 0.7 
mM free Mg, and 200 nm DNA. The melting temperature of 
a PCR product The T value of each PCR segment was 
estimated under the above salt conditions by the formula: 

0051. Before RD-PCR, genomic DNA samples were incu 
bated at 95°C. in 1xExpand High Fidelity buffer #3 without 
MgCl, (Roche) for 10 minutes in order to completely dena 
ture the genomic DNA and minimize RD-PCR bias (Lang 
mead et al., 2009). 
0052 Each RD-PCR reaction contained a total volume of 
25 ul containing the following: 1xExpand High Fidelity 
buffer #3 (Roche), 4.5 mM MgCl, 200 uM each dNTP, 0.1 
uMeach primer of the F9 gene (internal control), 0.3 uMeach 
primer for exon 2 or 0.2 uM each primer for exon 3 (target), 
1U of Platinum Taq DNA polymerase and 1U of Platinum Taq 
DNA polymerase High Fidelity (Invitrogen), and 60 ng of 
genomic DNA. The reaction was first incubated at 94°C. for 
2 minutes to denature the sample followed by the cycling 
phase, wherein each cycle follows a protocol of denaturation 
at 94°C. for 15 seconds, annealing at 55° C. for 30 seconds, 
and elongation at 72° C. for 90 seconds, repeated for 23 
cycles. 
0053. Following the RD-PCR reaction, 15ul of each reac 
tion sample was loaded onto and electrophoresed through a 
3% agarose gel. The gel was then stained with 0.5 ug/mL 
ethidium bromide for 1 hour, then scanned with a TyphoonTM 
9410 Variable Mode Imager (GE healthcare) with the follow 
ing parameter settings: 532 nm laser wavelength, 610 BP30 
emission filter, 550 photolnultiplier voltage, normal sensitiv 
ity, +3 mm focal plane, and 50 um resolution. 
0054 The image of the gel was then analyzed using Imag 
erQuantTM software to quantify product yield. The net signal 

(o C.) 
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Core secment 

Size Tm GC 
(bp) (o C.) (3) 

418 81.3 36.8 

of a product was obtained by Subtracting local background 
signal from total signal. The product yield ratio (ROY) of the 
KRAS gene to the F9 gene of a sample is the net signal of the 
target segment divided by the net signal of the control seg 
ment. 

0055 For normal samples, ROY was correlated with the 
template copy ratio (ROT) of the KRAS gene to the F9 gene 
(normal male ROT-2 and female ROT=1) and regressed 
according to the following linear equation: 

ROY= -ROT-i. 

0056. The linear equation was then used to convert ROY of 
an unknown sample to its ROT. A threshold ROT value of 
s85% for a cancer sample was set by comparison with its 
paired normal marginal sample, equivalent to when 30% of 
diploid cells lose one copy of the KRAS gene. 
0057 Fluorescence in situ hybridization (FISH) analysis. 
Hematoxylin and eosin (H&E) stained frozen tissue sections 
were analyzed. Cover slips were removed in Xylene and slides 
were fixed in Carnoy’s fixative (3:1; methanol:acetic acid) for 
30 min. Slides were then placed in 2xSSC for 10 min. fol 
lowed by 0.05% pepsin in 10 mM HCl at 37° C. for 10 min. 
0.058 After dehydration through an ethanol series, a Vysis 
EGFR/CEP 7 probe (catil 30-191053) (Abbott Molecular, 
Abbott Park, Ill.) was applied. The probe and section were 
co-denatured at 80°C. for 5 minutes. A post-wash overnight 
incubation at 37° C. was then performed according to the 
manufacturer's instructions. 
0059. KRAS copy number was determined using the bac 

terial artificial chromosome (BAC) clone RP11-295i5 
(Rosewell Park Microarray Core Facility). KRAS was nick 
translated with digoxigenin and detected with rhodamine 
anti-dig. This probe was combined with a Vysis CEP12 (cati 
32-132012) (Abbott Molecular, Abbott Park, Ill.) probe for an 
internal control. Hybridization was performed as described 
above. 
0060 Images were acquired using BioView D3 image ana 
lyzer (BioView) to capture the cell morphology. For each 
probe set, sixty cells were examined for each case by two 
independent scorers. Their average copies pertumor cell were 
normalized by positive normal standards, and then rounded to 
the nearest integer. 
0061 Pathological analysis. Frozen tissues were formalin 
fixed and paraffin embedded, then 5um thick sections were 
cut and placed on slides. The sections were then stained with 
hematoxylin and eosin (H&E). Morphological analyses were 
performed to determine the ratio of tumor area to the total area 
(% tumor cells) on slides by two investigators. 
0062 Illumina parallel sequencing analysis. Genomic 
DNA library preparation and high throughput sequencing 
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were performed using the Solexa sequencing technology 
(GenomeAnalyzer, Illumina) according to the manufacturer's 
instructions. Five micrograms (ug) of genomic DNA was 
sheared using the bioruptor (Diagenode). The fragmented 
DNA was end-repaired using T4 DNA polymerase and Kle 
now polymerase with T4 polynucleotide kinase to phospho 
rylate the 5' ends. A 3' overhang was created using a 3'-5' 
exonuclease-deficient Klenow fragment, and Illumina 
paired-end adaptor oligonucleotides were ligated to the Sticky 
ends thus created. The ligation mixture was amplified for 18 
cycles with Solexa primers followed by electrophoresis on an 
agarose gel and 400-25bp fragments were selected and puri 
fied using a QIAGEN Gel Extraction Kit. The same libraries 
were used for both single read and paired-end sequencing. 
Clusters were generated on the Illumina Cluster station 
according to the manufacturer's protocol. Clusters of PCR 
colonies were then sequenced on the Genome Analyzer II 
platform. FASTQ sequence files were generated using the 
Illumina pipeline 1.3.2 for images processing and base call 
1ng. 
0063 Raw sequences from Illumina GAII sequencer were 
trimmed to the first 45 high quality bases and aligned to 
human genome build (using NCBI Build 36.1 of the human 
genome) using Bowtie aligner with default settings (Lang 
mead et al. 2009). Briefly, reads are considered mapped to the 
genome when there are less than 2 mismatches in the first 28 
bases, and the maximum quality Score of mismatched bases is 
less than 70. Only one alignment belonging to the best Stra 
tum is reported when a read can be aligned to multiple loca 
tions. All of the following analyses were done in R statistical 
environment. Each chromosome was divided into non-over 
lapping 50 kb windows and the number of aligned tags within 
each window were counted and compared between cancer 
and normal samples. The log2 ratio for each window was 
calculated as the log2 transformed ratio between tumor 
counts and normal counts, offset by 1. The log2 ratio data 
were then mean centered and segmented using a circular 
binary segmentation (CBS) algorithm implemented in the 
Bioconductor package “DNAcopy’ to detect copy number 
abnormalities (CNA) with default settings (Venkatraman & 
Olshen 2007). Only segments with more than 10 windows 
and an absolute log2 ratio=0.1 were selected as candidate 
CNAs. Due to the polyploidy nature of these samples, the 
normalization approach will result in regions with high gains 
(e.g. EGFR) having a log2 ratio close to 0. 
0064 PCR and Sanger sequencing for point mutations. 
The following primers were designed to amplify and 
sequence exons 2 and 3 of the KRAS gene: 

Exon 2 Forward: 
(SEO ID NO: 9) 

s' - CTGGTGGAGTATTTGATAGTGT-3' 

Exon 2 Rewerse: 

(SEQ ID NO: 10) 
5'-ACTCCCAAGGAAAGTAAAGTT-3"; 

Exon 3 Forward 
(RAS (23351) D; 

s' -AGTGGCCATTTGTCCGTCAT-3' 
SEO ID NO : 6) 

Exon 3 Rewerse 

(RAS (23768) U. SEO ID NO : 7) 
5 - GCATGGCATTAGCAAAGACT-3' 

0065. Each PCR sample reaction mixture contained a total 
volume of 25 ul of the following: 50 mM KC1, 10 mM Tris/ 
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HCl (pH 8.3), 1.5 mM MgCl, 200 uM each dNTP, 0.1 uM 
each primer listed above. 1U of TaqGold DNA polymerase 
(Invitrogen), and 20 ng of genomic DNA. Before cycling, the 
samples were incubated at 94° C. for 10 minutes to activate 
the TaqGold DNA polymerase. Each cycle sample was then 
cycled, wherein each cycle followed a protocol of denatur 
ation at 94° C. for 15 seconds, annealing at 55° C. for 30 
second, and elongation at 72°C. for 1 minute, repeated for 35 
cycles. 
0066. The PCR product was purified using Amocon50 to 
remove the unincorporated primers and dNTPs. Two nano 
grams (ng) of the PCR product were sequenced using ABI 
3730 fluorescent DNA sequencer and BigDye terminator 
chemistry V1.1 (Applied Biosystems) with the above PCR 
primers. Sequencher software (Gene Codes) was used to 
identify a point Somatic mutation when its mutant peak had 
2.18% of the wild-type peak height, which is the equivalent to 
when 30% of diploid cells contain a copy of the mutation. 
0067 Statistical analysis. Data was analyzed using the 
JMP Statistical Discovery Software version 7.0 (SAS Insti 
tute, Cary, N.C.). Group comparisons for continuous data 
were performed using t-tests for independent means or one 
way analyses of variance. A Kaplan-meier analysis was 
employed to estimate Survival of patients. Cox proportional 
Hazard models were used to adjust for covariate effects on the 
risk ratio. Statistical significance was set at PK0.05. 

EXAMPLE 2 

Detection of Seven Large KRAS Gene Region Dele 
tions or Loss of Chromosome 12 (Ch. 12) by RD 

PCR 

0068. The use of highly quantitative RD-PCR to measure 
the gene copies in genomic DNA in 28 early stage NSCLC 
patients (as described above) reliably detected very small 
changes in the number of copies of the KRAS gene (i.e. 'gene 
dosage') at a high linearity and correlation between the copy 
number of the input template and the yield of the output 
product. Measurement of the gene dosage of any other por 
tion of the KRAS gene or gene region may also be attained in 
this manner. Changes in gene dosage as Small as 10% were 
obtained in a large-scale validation of 110 successive RD 
PCR assays (Liu et al., 2003; Nguyen et al., 2007). 
0069 RD-PCR was used to examine the ratio of gene 
copies between exon 2 or 3 of the KRAS gene (the target), and 
exon 1 of the F9 gene (the endogenous internal control) from 
the genomic DNA pool with high accuracy and consistency. 
As shown in FIG. 1, exon 2 of the KRAS gene and exon 1 of 
the F9 gene were co-amplified from genomic DNA isolated 
from the frozen cancer samples of NSCLC patients. After 
being electrophoresed on an agarose gel, the relative product 
ratio of target to control (ROY) was calculated. Comparison 
of a ROY between a cancer sample and its paired normal 
tissue of a given patient is one factor used to determine 
whether a KRAS gene region deletion (D) was present. The 
linear function and correlation determinant were obtained 
from 12 male and 6 female normal samples (ROY=0. 
961ROT-0.042, R=0.973) showing high linearity and cor 
relation. A normal male (M) has two copies of the KRAS gene 
and one copy of the F9 gene per cell, a normal female (F) has 
two copies of the KRAS gene and two copies of the F9 gene 
per cell. 
(0070. The product yield ratio (ROY) of the KRAS gene to 
the F9 gene was then converted to the corresponding template 
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copy ratio (ROT) (see Table 3, Table 4, below). A threshold 
for the presence of deletions was set to a 15% deviation from 
cancer Sample ROT values as compared to their paired normal 
samples. This threshold is 3 times higher than its coefficient 
variance (CV). Analyzed in this manner, RD-PCR can detect 
one copy of deletions in 6-ploid tumor cells, accounting for 
2.70% of cellular population. 
(0071. To compare RD-PCR results on different gels, ROY 
of a sample was converted to its ROT based on a linear 
regression equation as described above. ROY was regressed 
and correlated with its ROT among 54 normal male samples 
(ROT-2, because there are two copies of the KRAS gene and 
one copy of the F9 gene in a male cell) and 27 female 
(ROT=1) samples. In the linear regression equation of 
ROY-mROT+b, the average coefficient m was 1.12 and 1.05 
for exons 2 and 3, showing a high correlation. 
0072. In addition, ROT was further statistically analyzed 
(Table 3). Coefficient variance of ROT among the normal 
samples was from 0.054 to 0.061. In other words, if an 
unknown ROT is s85% of the normal value, we have more 
than 99% confidence to detect a KRAS deletion. CV of ROT 
from the 7 tumor tissues is 0.32, an even smaller number. 

TABLE 3 

ROT statistics of the two RD PCR assays from normal samples 

Normal sample 

Sex Statistics Exon 2 Exon 3 

Female Average ROT O.995 1.020 
Standard Deviation of ROT 0.055 0.055 
CoefficientVariance 0.055 O.OS4 
Number of sample 19 8 

Male Average ROT 2.041 2.016 
Standard Deviation of ROT O.109 O.124 
CoefficientVariance O.OS4 O.061 
Number of sample 37 17 
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0073. To exclude possible bias of the F9 gene dosage, its 
copies were calibrated by four additional RD-PCR assays that 
targeted four loci on Chromosome 7 (Ch. 7) within the EGFR 
and MET genes. In addition, the percentage of tumor cells 
within the cancer tissues was also measured. 

0074. Seven large KRAS gene region deletions or loss of 
the locus on Chromosome 12 (Ch. 12) were found in the 
frozen cancer tissues (~25% of cases), but not in their paired 
normal tissues. Specifically, in tumor cells, one to three cop 
ies of the KRAS gene were deleted from 4 or 6-ploid genome, 
such as in regions of the EGFR gene and Chromosome 7 
centromere, likely due to cell fusion (Duelli & LaZebnik 
2003). Table 4 shows the relevant calculations inpatients with 
KRAS gene region deletions that led to this conclusion. 
Analysis of any given sample was repeated up to 4 times on 
the average. The presence of KRAS gene region deletions 
was estimated from the results of RD-PCR, '% tumor cells 
within tissue specimen, and copies of the F9 gene per tumor 
cell, assuming that each tumor cell has the identical genomic 
pattern as well as each normal cell does. The results of the 
RD-PCR include the following measurements: ROT of 
KRAS to F9, which is the copy number ratio of the KRAS 
gene to the F9 gene; and T/N ROT which is the ratio between 
the ROT of the tumor tissue to the ROT of its paired normal 
tissue. A threshold of T/N ROT was set to be 0.85. This means 
that a T/N ROT for exon 2 or exon 3 that is 0.85 or lower 
indicates that a KRAS gene region deletion is likely present. 
The percentage of tumor cells in each sample (% tumor cells) 
was measured by dividing the tumor area by the total tissue 
area on slides. The number of copies of EGFR and KRAS 
genes (EGFR and KRAS) as well as the number of Ch. 7 and 
Ch. 12 (Ch. 7 Centromere and Ch. 12 Centromere) per tumor 
cell were initially estimated by FISH (see Example 3 below). 

TABLE 4 

Seven KRAS gene region deletions 

RD-PCR 

Exon 2 Exon 3 

ROT of ROT of 

KRAS to KRAS to 
Patientii Sex Tissue F9 TN ROT F9 

2 Male Cancer 73 O.81 1.66 
Normal 2.14 1.99 

8 Male Cancer 70 O.85 1.61 
Normal .98 1.84 

10 Male Cancer 61 O.81 1.75 
Normal .99 2.15 

12 Female Cancer O.82 0.79 O.88 
Normal O3 1.11 

13 Female Cancer O.8O O.74 0.79 
Normal O7 1.15 

19 Male Cancer O.96 O48 O.77 
Normal 2.01 1.79 

26 Male Cancer 18 O.S8 1.32 
Normal 2.02 2.05 

TN ROT cells 

FISHe 

% tumor KRAS Ch. 7 Ch. 12 
deletion EGFR Centro-mere KRAS Centro-mere 

O.84 60-70% Yes 8 6 2 3 

O.87 60-70% Yes 4 4 2 2 

O.81 80% Yes 4 4 2 3 

0.79 60% Yes 6 3 3 3 

O.69 80% Yes 6 6 2 3 

O43 SO-60% Yes 6 6 3 3 

O.64 60% Yes 5 4 2 3 
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0075. The NSCLC patients had over 5 years of clinical 
follow-up after surgery. The seven NSCLC patients with the 
KRAS gene region deletions had for a median survival of 35 
months, while the remaining patients who did not have KRAS 
gene region deletions have a median Survival of 59 months. 
(FIG. 2, Long-Rank test P=0.045). These results show a 
strong association between KRAS-gene region deletions and 
length of Survival period, and Suggest that the number of 
copies of the KRAS gene region (i.e. 'gene dosage') is a 
predictive biomarker for survival in early stage NSCLC 
patients. 
0076 FIG. 2 is a graph illustrating that KRAS gene region 
deletions are correlated with a lower survival rate in early 
stage NSCLC patients. Kaplan-Meier analysis and Cox haz 
ard proportional models were applied to the above data for 
survival analysis. The solid line indicates the NSCLC patients 
with the KRAS gene region deletions (N=7), and dashed line 
indicates the NSCLC patients without KRAS gene region 
deletions (N-21). 

EXAMPLE 3 

KRAS Gene Region Deletions as Detected by FISH 
and Illumina Analyses 

0077. The KRAS gene region deletions were verified by 
FISH by the use of an individual tumor cell as a unit to 
measure the copy ratio between the KRAS gene and Ch. 12 
centromere. Deletions of any portions of the KRAS gene or 
gene region may be verified in this manner. FIGS. 3A and 3B 
are representative FISH analyses according to embodiments 
of the disclosure. FIG. 3A is an EGFR/CEP7 FISH image 
from patient 2 cancer tissue. The VYSIS EGFR probe was 
labeled in Spectrum orange (gray dots) and the CEP 7 cen 
tromere probe was labeled in Spectrum green (bright white 
spots). The cell on the lower left (arrow (1)) has a 5R/5G 
signal pattern. The cell in the middle right (arrow (2)) has a 
6R/6G signal pattern. 
0078 FIG. 3B is a KRAS/CEP 12 FISH image from 
patient 13 cancer tissue. KRAS is labeled with Digoxigenin 
and detected with Rhodamine Anti Dig (red signal). The 
VYSIS CEP12 probe for the Ch. 12 centromere is labeled 
with Spectrum Green. The cell (arrow (3)) shows a 2R/3G 
pattern indicating a loss of 1 copy of the KRAS gene. (also see 
Table 4). This is based on the following reasons. First, tumor 
cells contained multi-copies of the genome, (commonly 4 or 
6-ploid), such as in the EGFR gene and Ch. 7 centromere. 
Second, the KRAS gene showed two copies but Ch. 12 cen 
tromere had three copies in four cancertissues, which directly 
implicates KRAS gene region deletions. In the other three 
cases, copies of the KRAS gene and Ch. 12 centromere were 
greatly reduced relative to those of the EGFR gene and Ch. 7 
centromere, which indirectly implicates KRAS gene region 
deletions. 
0079 Although both RD-PCR and FISH show KRAS 
gene region deletions, there may be a difference in terms of 
the exact number of the KRAS genes deleted or lost (Table 4) 
presumably due to technical limitations. Because FISH 
examines tumor cells on slides with a thickness of 5 um and 
not within the tumor as a whole, the number of signals may be 
underestimated. For example, if a large deletion spans the 
KRAS gene region and Ch. 12 centromere, the ratio may still 
remain normal. 
0080. The KRAS gene region deletions were also verified 
by Illumina paired-end parallel sequencing as described 
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above. About 20 million reads were scored from tumor and 
normal samples of patients 13 and 19 using a fixed window 
approach (Chiang et al., 2009) and CBS segmentation 
method. As shown in FIGS. 4A and 4B, Illumina parallel 
sequencing confirms the presence of KRAS gene region dele 
tions in cancer samples of patients 13 and 19. Using a 50 kb 
non-overlapping window along the entire genome, the num 
ber of counts was scored for each window as a log2 function 
and then compared to that of the relative normal control. The 
log2 ratio data were then mean centered and segmented, 
represented by short red lines. Deletion within the KRAS 
locus is noted. The blue horizontal line at Zero means that 
there is no change in the number of copies. Patient 13 had a 
large KRAS gene region deletion almost covering the entire 
short arm of Chromosome 12, while patient 19 has many 
more break points and hence a relatively small KRAS gene 
region deletion. The average log2 ratios at these deleted 
regions are -0.16 and -0.14 respectively, which is consistent 
with an estimation of a one copy loss in the 6-ploid genome. 

EXAMPLE 4 

Somatic KRAS Point Mutations Are Likely Not Pre 
dictive of Survival 

I0081. Applying PCR and Sanger sequencing of exons 2 
and 3 to patient 25 (Table 1), a G5571C somatic missense 
mutation (Gly to Ala at codon 12) was identified in the cancer 
tissue but not in the paired normal tissue. In addition, this 
patient did not harbor any KRAS gene region deletions. 
I0082 In statistical analysis, if this patient is excluded from 
statistical analyses, the KRAS gene region deletion effect 
results in the same conclusion using only the data from the 
other patients. However, if the patient with a somatic KRAS 
point mutation is placed in the same category as a KRAS gene 
region deletion and transferred to the KRAS gene region 
deletion group, there would be no significant difference 
between the two groups (Long-Rank test, P=0.11). This sug 
gests that KRAS point mutations are not necessarily predic 
tive of survival, and that deletions and point mutations likely 
play different roles in the development of NSCLC. 
I0083 KRAS point mutations are found much more fre 
quently in advanced NSCLC or their cell lines. This differ 
ence may be caused by staged mutagenesis in cancer devel 
opment. Furthermore, it has also been observed that the 
number of deletions typically is Small in premalignant, hyper 
proliferative lesions but become substantially larger in more 
advanced lesions. For example, KRAS mutations can occur in 
atypical hyperplasias of the lung (Sakuma et al., 2007), but 
their number is 20-30% higher in advanced NSCLC (Salgia 
and Skarin, 1998). 
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caaac agaaa gacaaaaagg tectgggtga gaaaaggagc agagaCatala at aaaat atc 60 

Caattittaag ggtatagaga ggggatt cac tdaaggaggg gagacCatct atctgctttg 12O 

agaagctggg aaacaaagtic at agggit cag gatggtgcct gact atggat gctict caaaa 18O 

gct aggcacc aaggatttgg actggattica gctggatata agaagttatt acagacittgg 24 O 

aagcaagatt aagtict ccgg galaggggaga citta actggg accagagat C attitt CCC ct 3 OO 

ataattittaa agg tactitat catctittagg tact cattag gtacttagct totaact citt 360 

to cactgttcaaatatatac ccagtatgca totagoctat atggagcagg cacagagtaa 42O 

atgtttgatg atgataaaag acatgcggala gaaaggittaa tttggcaa.ca toataaaact 48O 

gaattgaga C aaagaaagcc aggagg tagg aaagt caatg aagaagttat tccagaaatg 54 O 

tagctgaga a ggaaggaata cagaagaggc agatatggga aaat acticag galagtataat 6 OO 

taaaaggagc tigtgactaat tittaataagg actgggittaa aaattaagtt tt catgtcta 660 
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agticttgctic tat cqC cagg Ctggagtgca gtggcgc.cat Ctcggct cat to aacctic 984 O 

gact cotatt titc.cccagag at attt caca cattaaaatgtcgtcaaata ttgttcttct 9900 

ttgcct cagt gtttaaattt ttattitcc cc atgacacaat ccagottt at ttgacactica 996 O 

ttct ct caac tot catctga ttct tact.gt taatattitat ccaagagaac tactgccatg OO2O 

atgctittaaa agtttittctg. tagctgttgc at attgactt Ctaac actta gaggtggggg OO8O 

tccact agga aaactgtaac aataagagtg gagatagctg. t cagcaactt ttgtgagggit O14 O 

gtgctacagg gtgtagagca Ctgttgaagtic tict acatgag taagttcatg atatgat CCt O2OO 

ttgaga.gc.ct ttagcc.gc.cg Cagaacagca gtctggct at ttagatagala Caacttgatt O26 O 

ttaagataaa agaactgtct atgtag catt tatgcatttt totta agcgt cqatggagga O32O 

gtttgtaaat gaagtacagt to attacgat acacgtctgc agt caactgg aattitt catg O38O 

attgaattitt gtaagg tatt ttgaaataat ttitt catata aaggtgagtt tdt attaaaa O44 O 

gg tactggtg gag tatttga tagtg tatta acct tatgtg tdacatgttc taatatagt c OSOO 

acatttitcat tatttittatt ataaggcc tig citgaaaatga citgaatataa acttgtggta O560 

gttggagctg gtggcgtagg caagagtgcc ttgacgatac agctaattica gaat cattitt O62O 

gtggacgaat atgatccaac aatagaggta aatcttgttt taatatgcat attactggtg O68O 

caggac catt ctittgataca gataaaggitt totctgacca ttitt catgag tact tattac Of 4 O 

aagataatta togctgaaagt taagttatct gaaatgtacc ttgggtttca agittatatgt O8OO 

aaccattaat atgggaactt tactitt cott gggag tatgt cagggtc.cat gatgttcact O 860 

Ctctgtgcat tittgattgga agtgt atttic agagtttct gagaggg tag alaatttgtat O92O 

ccitatctgga cctaaaagac aatctttitta ttgta actitt tatttittat g g gtttcttgg O98O 

tattgttgaca toatatgtaa aggttagatt taattgtact agtgaaatat aattgtttga O4 O 

tggttgattt ttittaaactt catcagoagt attitt cotat citt cittctica acattagaga 1OO 

acct acaact accoggataaa ttttacaaaa tdaattattt gcc talaggtg tdgtttatat 16 O 

aaagg tacta ttacca actt tacctittgct ttgttgtcat ttittaaattt act caaggaa 22 O 

atac taggat ttaaaaaaaa atticcittgag taaatttaaa ttgttat cat gtttittgagg 28O 

attattitt ca gattitttitta gtttaatgaaaatttaccaa agtaaagacic agcagcagaa 34 O 

tgataagtaa agacct gtaa gacaccttga agg to atgga gtagaacttic catcc caagc 4 OO 

agatgaggat ttatttaatc. tcaaagacct c caggagggg acatt cocca actgtcc ttg 460 

ttaact catt ttcagaac at atttattagc at attittaca totaatttgg atc.tt catgt 52O 

taaatttaac at cagtggag atggaaaata agcatat cqc cittgtc.tttgaaatago cct 58 O 

at attgttag attgtttctt aggcttctitt accctgggitt aag cagt cct aatactittag 64 O 

catttatt ct a catctagtg tactaattta aaaaaat cag ttctgaaaaa tittctaagaa 7 OO 

ctitt cittcaa gttccaagct gtgaaatcta gaacaggtoa aagtgccitta ttaacgtact 760 

gtactgtgta gtgtcttgaa gagacactitt gcgctgaggc aagttctgag ggcattgggit 82O 

ggccttggga agatattt at gcagtttaga acctggagaa ttgattagat alactaat cat 88O 

aaggaaacgt cacatattitt togg tactata aaaaagtgga gaaataatgc ctatttgcaa. 94 O 

agatttgatt taalacataga aacaactitta tittggct tcc aattittaaga atttacagoa 2 OOO 

gtaaagggga acagtictaat tdaagtag ac togcctatgca atagt citctg. tatatt tact 2O6 O 
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tittgacaagt taattcaatg td tactatag titttgtttct ttgaagaggit ttgaatagtg 212 O 

cacc catttit aatctg tatt gcaaatticag gigttacttgg cagactic tac tatttaaatc 218O 

agatgtaaaa goaagttitta atataattica citt tatgcct gaaagttitt c ctdggattitt 224 O 

ggaaggtgat titt actggaa atgctgtctg. tct tcc.ctga aaatctgaga aattic catta 23 OO 

cactttgttt coaatcagag gttcatgagtg ctatatgagt atatacagoa tdacgt.catg 2360 

aatgtgataa agtgggittag gaalaccttitt gctaatgatt gttaaaatgc aatataaatg 242 O 

ttgaagaaat aaa.gctaa.ca gttaa.gc.ctt tatttgggcg gaaggctgaa aaagtttata 248O 

aacttaaacc tataactctg. cittatgattt ctdccaaacc agaag actitg actctgggaa 254 O 

gcattggitta Cctgttgaact ttgaaactga C9gtc.cctga C9tagtt tag ticacctggga 26 OO 

aaaggitat ct gagattat ct ctitat citc.cc aagttacagt gag to tctgagggaactgac 266 O 

acattacatt aagttcttgg togtagttaala Ctgtaagaaa ggcaggagala Cttagtagtt 272 O 

aaatagttgg ttaaatggaa atgctgactic catgttattg taaaaagtta aaaatttagg 2780 

aggatatggg gattt Cactg C cattgcagg ttittgattgg tatttaccala t c cqtgtggg 284 O 

t cagagagaa aattagaaag gatatgactg. cacattttgg aattattagc agitttittcta 29 OO 

catttaaaat ggaaataaat tttittaaaaa tittaaatcaa gtaatactgt atttitttggit 296 O 

gatttagatt tttcaaaatt tacactaaga gatagtaagg agggtggcta ttgtttctitt 3O2O 

Caataatgtc. tctgagaggit totaact cat Ctaaggatac gtagctaata agtgg tagga 3O8O 

tittcaattta aattct ctda gaccaagtta agtagaattit gcactgtact cittgtataac 314 O 

tttittaaaac togaaaattag citat ctitt ca aattaagaaa atatt tacta atggagacita 32OO 

attcagattt gtaagtatac caaaatttga acttagcctg. citatic taatg gcaact tagt 326 O 

ggcagaggta tatgtaaaa t catt Caggit atgacacata gatggagtat gtttgtatt C 332O 

gaggctgtgc acataatcac citt tacttgt attgttgaagt atatattgtt atcttittatg 3380 

aag.cccacta aagagataat gaaatacctic gtt attaggg caagattatt gaaaact caa 344 O 

aatagocc cc aaacacaata cittggctaga aatatat acc tittatagttc agagat catt 3500 

tatt atcaaa accctgaagt ttitttittcta agg taaaatt toggtggaaga gqaaaagtict 3560 

cgttittaaaa aaatgtaggit agttacagag atcagaatga ttagttgat c acttaccaaa 362O 

tatatattaa gitat ct actg. tatataatat gctagtaaga ataaatatag caggaagitat 3 680 

tttitt.cccag gctictaattig tittga catca gcatgcttitt attgttggcac ttataattica 37.4 O 

gttcaagtat tatgcc cct c tittgatggaa cagtttic cta titcagta agg aagaccagat 38OO 

taat cattgg attggtttgt ttcatctitta gtgttctgag ctgtagagta tittatttacc 386 O 

aaggitt tatt ttaatttitta ttittatttitt atttitt.ccat gttcattgta gaatt cattt 392 O 

tacctacgaa tdaagtatgt agattataga gagaaaattt gtaaaattaa actgatactg 398 O 

aagactggta taagaaaag.c ctitatgtaat ttgtaagctg. citatt cittct gagtttatac 404 O 

at at at Cttt agtaat caat gagggatggit togtgactg. CCCtcCaggg gacatttggc 41OO 

alacatctgga gatgtttittg gttgccacaa Cttggggaga gag tactgct actggcatct 416 O 

attgagtaga tigct attact ttaaatggca aagctgcagt tacctittgca cca acctaat 422 O 

attaaactitc ctdcagtgca cqggaaagcc cccacaa.cag ggittatctga ccc caaacct 428O 

caatggtgtt aagatccaaa ccttgatatgtta acctgta gctittaalaca toctittaaat 434 O 



US 2011/0262920 A1 Oct. 27, 2011 
17 

- Continued 

tgtcaaattic atgtcc ct ga cataaggttt atgttagatt ttcaagtata acaaagattit 44 OO 

aaactittaac titttgtacgt taatgatatgttagct tact c cagt cittct attaaaacat 4 460 

tctgtttitta aaatcagaga cacacagdaa ttittataaat catttct citt caaggctgtg 452O 

aagct citc cc cactitttgtg agtgc cct ct actggtcaaa ttatttgctt tataacaagt 458 O 

aacagtgaaa toctaagttt gtgtagtttc gctgtttaaa titatgggtgg catcaattta 464 O 

taaatatatt cqttittattt aaaagttctta tatgattgat titcgitat cat ttittgct ct c 47 OO 

tgctaatatt aatataaaga t tactgtctg tattagttag gcc talactaa gtaggtgagt 476 O 

at agtgaact aagaaaggaa acgaggcagt atataagaaa at agggtggit tdagttgtta 482O 

acact tactg agcttactitt gttgaaggga ctaaaaggca gcagtgtggc tict Ctgagct 488 O 

t ctittgcatg cacticaggag ctgcttaatg gag to calagg Cttggtggtg tdttacaggg 494. O 

gatgatagga gggtcc tatt Cagaagtggc aaattgttgaa agtgcacatt ttgtagagtt 5 OOO 

ttataggact gtagaatagt ttgagcacc tatttittag aataalacaga aaact Caggit 5060 

actg tattta ggtcaaatta agaataagta titt attalaga cct gaatata aaactt tact 512 O 

ggtcatggitt tttittctacc ttgggtttitt ataaatccaa agatttaaaa acatacaaat 518O 

ggaagttggit aatgga atta agtgaaagga aaaaatgatt ttatggtttg gaatct c ct a 524 O 

agattctggt tittaacaata caactaattic cittaatccta gaaatgttct t cactg.ccca 53 OO 

Ctttgtacca to agt ctitc Ctgtgggota gagatac act gaggcgcaaa acagaccaga 536 O 

titcc togcctt catggagctt attagttitta ggitat citcta gatttcttgt aatacctatt 542O 

acaatgcctg. cacat cagtt catt catgtg ggttcaacgt agtacticagt acatggcaaa 548 O 

ttcaagttitt acttitt cqga actt catgga tittttitt cott cagaatat ct tittatccata 554. O 

attggttgaa tictgtagatg cagtacccat ggatatggat ggc cc actitt attittgaaga 5 6.OO 

gcagtgtttc taggcaatca togctaattat atatgacitta atttagaggc tittatactta 566. O 

agagcattac atttctggcg tot cittaa.cc attattattt cataatgtgt aggttatgga 572 O 

acagttaa at tattgggat.c ttaatataga aattagtaga aataagc.ca.g. atatggtggc 578 O. 

t catgcctgt aat cittagca ctittgggagg ctgaggctat t cqctgtact atttitt tact 584 O 

acttitt citat aggtttgaaa ttttittcaaa ataaaacatt gaaaaaagta agg tagg tag 59 OO 

tgttgtc. cct c cittaatcc tt toaaatattt tattitt cact atttct atta atttittttitt 596 O 

ttgtttittga gatggagt ct cqctctgttg C cc aggctgg agtgcagtgg cqc gatcttg 6O20 

gct cactgca gcct coacct c ct gggttcc agc cattctic ctdcct cago citcctgggta 608 O 

gctgg tatta caggcatgca ccaccacacc caattactitt ttg tatttitt agtagagacg 614 O 

gggttt Cacc atgttggcca ggctagt Ctc gaact cotga cct cqtgat c toccgc.ctic 62OO 

agcagtgtca citgcttctag accqttitt ca aggcacagag cittagaaatg catgttact a 626 O 

agaaatcaag agittaact at ttitt caccitt ctittctic ccg cagtgagaac cctdgttcta 632O 

c cct gtttct c cttgttgtaa attittaatgc taalactatac acttgttgaaa taaaaatgat 638O 

aatgtcattc ttaaattatg gat cittgcag tdttatctaa gtaacataga ttgagtgatt 644. O 

taactittagg titt cottatt tdtggaattt ggataaatat ttitt caccct tdagaaaagt 65OO 

gagact cott tot catcatc agagtatic ct taalaccatta aggcaaacat ttgggaaaaa 656. O 

actgagctat citggctgcat aaaaattaag ttitt ctittaa caaagataga agacaaatga 662O 
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aaac ctagaa aaaccatttg gttcaagtaa caggaagcta t cittatatat gaattagaga 668O 

aaagcaaaca Cacaaataga aaaaaaggga tigggggg tac taaagatata aatagcttgt 674 O 

ctaccaaaaa agaaataaaa taaataa.cat gaa catataa aaaga cactt actt catgaa 68OO 

tgttgatgcaa gttcaaacaa taaataac at ttctgtact t t catattggc taaggittaaa 6860 

atgata actg. Ctagga aggg tatggagaag ttgcgc.ctt gcactgtagt gggagtatag 692 O 

accct cagac tittatggagg toagtctgga aatatgtttcaaaatgtaaa ctacatgtc.c 698 O 

tittgaccagg taattcaact tcttgaaatt tat coaagga tittaattgga taaatgttta 704 O 

agatgtatat ataagaatgt ttactgcagt gttgtttatg attittaaaaa aatggaaatc 71OO 

atct tcatgt ctaccalatag agaatgggtgaataaattat gig tatgtc.ca tatatacaaa 716 O 

ttacatagitt gttggaaata ttagg tag at ttagatatac tdatgttcaa aaatgtc. cat 722 O 

tatgtaagtg aagctgggtc. acago acctt gtgttgagta tattt catc tagaaacaaa 7280 

attact coct catcctttgt tdtgttt tag titttittaaaa taagcttata ccattgggct 734 O 

gggggaaaag taaatactic titttggagag agaaaagggc act aaagttt Cagat accgt 74 OO 

tagattattt catgct tatt tttcaagcct caataaatta cataatt cac atgtagt citt 746 O 

ggattaagga aattgctatt aaggctaaat aaataatatg agaggtatat aatataaaat 752O 

atgaac atta tattggcatt aagattggat coacggit cat tccagcct ct cattcttacc 758 O 

tggact tcaa gtgat cactt gtgggcaaat gcc atctgac ttgaacaggit tacacatgta 764 O 

tgct cattat atcgittattt toaaaatttgtcatataaat titt cott gag titcattcaga 77OO 

tttittgaact agttttitt ct cittgggagta gtacacactt aattct citct agtactaagc 776 O. 

taatgttcac cattcttata attittaagta t coag cattt agtaaagaag totttgttitt 782O 

ctittatcc tit acttittagtgaatgtct tag tttittaattgaaaattctgc catgaaaata 788 O 

agct ctittaa catctt cact c cctaatcaa alacagaaatc citt catagoc titcagttgta 794 O 

gctatoctitc cct gtgattt gtc.ca.gct co attatattta ttittgaaata toggtgaccag 8 OOO 

ttittgcaaaa ttatttcaac togtaggtgcc cagtgattitt gtaaggagaa gat actgttt 806 O 

ctgaac agitt ct cagtagcc agtggcctgc ccc tacttitt toggcc tigcgt gtagtatata 812 O 

aaataatgca gttaacttitt tatagcactt tt catttitat aaa.gagattt to atggit citt 818O 

taat attaat citatgtataa agt cotgitat gcagttttac ctactitt cac agctgaagga 824 O 

acaatagctt agagaagatg tagataaag tagtttgc.cc aagcc catag cacaaataag 83OO 

tgaagttctt cqgctgtc.ca toggat.cgaag act cocaagt citat citctag cctdgacttic 8360 

tgtc.ctgagc accaga catg tatgtatat c aagatgcctg. Caggit catat ccaccaggac 842O 

aacccatgag tacagggaat t caacatgcc caatat cact catcttitt.cc titcgc.cctic c 848 O 

cctttgtact catc.ccctgt cqgtaagctic tdttattitta aaaaattgaa atgtatt cac 854 O 

atagoataca atttacactt ttcaagtgta catggitttitt agtatatt ca caagggttgt 86OO 

gcagt catta c tactaattic cagaatgtta titat cacccc aaaagtic cca catcc attag 866 O 

cago cact co ccaatc cctt citcccaccag cct ctaaaaa citgctaattt titc catctot 872O 

gtggatttgt ccactctgat tattt catat aaa.gagaatc gtacagacgt gigc ctitttgt 878 O. 

gtctggcatc ctic cacacag gatgatattt totagagttcg totatgttitt togcttgttga 884. O 

t cattcct tc atticcitttitt ctdgctgaat aatactctgt tatatggata tacct tattt 89 OO 
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gatgttctgg ttaatgaggit tat cittatct tdaatgagtt agcttittaaa titcct caaaa 2124 O 

taaaggcatt taataaacca ggaaacactt cattaaaaaa attatgcaa.g. t cagtgtaaa 213 OO 

agaagattaa aatticcacat gggcaaagga cacacgttgg cataaatat gcagataaga 2.1360 

aaaaaaacct atataa catt attacticctic aaagaaattig g tatgaaaac aataaaaatg 2142O 

tgtagctitat caaaccaa.ca aaaatttalaa aatatgaaat ccattittaag taatgataaa 21.480 

atgggtgcac tottagtgct ttatagaata gtagtataat gaacct catg tdtgtaccala 2154 O 

c cagct ctitt catat cittaa catttagcaa catttgattt agctic tittct tttitt coaag 216OO 

atagaaaagt taatattgtt gaagactic ct gcatt cittitt ccc tagt citt attittct tcc 21660 

citcc cataaa totgttaaaa totctgtgtg tattgttittg gttgt attitt tacataaaac 2172O 

titta catatt atataaaatt taattgaagg taaaattitat taaattatt c ttaatatata 21780 

ttgtaattta aaaattaa.ca gct tcattgt cittgataaaa tittatggitat cittaalacatg 2184 O 

tgcttgttitt totaagagaa cattgaaaca tagattittaa aacaaattgt togaaagatta 219 OO 

aaaaatctgc ctittgcacac tdttacattgaaagtgggg.c atttgtcgtgaac attcatt 21960 

tcaaatatgt agtatic titca gaatatttga gaaggatttg tattatataa ttgaaaaat c 22 O2O 

tgttaaattig tatttatgtt aactgcttaa ttctaataaa atttic catt c atttitt tagt 2208 O 

atctgcatat atttacatca aatggatt catt cacttatt taagaggcag tactaattac 2214 O 

citat agcgtt Caagactgtt agg tagaggg tdtgtag togg tagt acaac agg.cgtgagc 222OO 

cctaccaa.ca cqgagtttaa agcctagtag aggatataga cittaaacaat titcacaagta 2226 O 

aatacataat tacaaattat aatacatgct atgaaggaaa cataggaggit accagagaag 2232O 

gaagagtgct ttgcatttitt atttittaaga ccgaagagtg ctattggagg actittgagca 223.80 

agtgaatgac atgatctaac ctacct tcgt. tcatt cattc att catt cat tittct tcctt 2244. O 

cctggcticaa gcagtic ct co cacctgagct c cc caaatag ctgggactac agg tacacac 225 OO 

taccacacct aattittttitt td tatttittt g tatttittga tigggattitta ccatgttggc 22560 

caggctggtc. ttgaact citt gacct caggt gatccacctg. t ct cqgcctic cca aggtgtt 2262O 

gggattatag gtgcctagoc catggtgcct agc ccta acc tacatttata aactato act 2268O 

tgctgctgtg tdgagact at attgtgagat taa.ca.gcagg gatacctgct aggaa.gcaat 2274. O 

tgctgcagat to Ctgagac aaaatagitta t catggacta gggggatggit ggtggtggtg 228OO 

gtgg taggtg gttggatgta ggatatattt talagatagg taaatggtgc aagattatgg 22860 

gtcagttitta aatgcttaag taaattittct ttgtaagaca ttt taggatg ccatgttaag 2292 O 

aatctottta taactgtcat ttaaaaaaaa accacatatt ttcttagcat aattt cocat 2298 O 

agtaac atta citatgtcaaa gogotatgaac atttgaatga ctittagataa atact.gtaat 23 O4 O 

tgctitt coaa aaatattgtg citt attatgt caccagaaat gtttgaattic tdtctacaat 231 OO 

t cagtc.ttgc cagtatagta cattt cattt agaaaaattt tttac tatgt agatggaaaa 2316 O 

aataat attt tagctgggag toggggggact atggggaata actitt cottic atttaatatt 2322 O 

ttattgtgag titagtttalag titactittatt ttatcgtagt titcctaaggc tacaaattag 2328O 

taac cittggit aactitatgta cctaatttaa aagtt tactt ttittgaaagg ctggaaatac 2334 O 

taattaaaaa cqtaac acct t catccttgt ctittgct coa ttattaact a gttt cattac 234 OO 

agaatctotg tdttittaaaa toagatgggt titt catalacc agtactittct cagagtggta 2346 O 
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aatttaaaaa aatatataaa gagaataaat aatatttgtt gagaatactt caaataatgt 2352O 

gaagagittat taacttacag caggagttgg caaacttitt c tataaagggc catatgggit c 2358O 

tttgtcacaa agt cittgggt ttttgtttitt gtttittittaa acago tattt aac tatt cot 23 64 O 

agctaatggg caatacaaaa acagtgggca agatttggcc ttgggcagt agcttgctga 237OO 

aacct tattt agactictaaa ttttittgaaa gag to tacat tdatgcatat tttitttittct 23760 

t cct coaaat acagttgacc ctitgaacaac atgcgtttga gtgac catgg gtc. cacttgt 2382 O 

gatacacgtt tttitt.cccaa ccaaatgcag atatggaggg ctgacttitt catatacctgg 2388O 

atgttcCtgg gccaactgta ggact agagg Ctgggggggit Cttggalacca atgcc.gtgtg 2394 O 

tataccaggg atgactgttt cittatggcct gacctgaagit toggaacagaa tottt attaa 24 OOO 

tatataattt ttgttgcgtt tdttittct ct ttatattitat ccattcttitt tagat.cgitat 24 O60 

tt catttaac actttitt citt ctittagttitt taccaagttg cactgaaaat agcticagtga 24.12 O 

ctaattgcac ttctaagagt gaggacccta gttaaaatta actictaaaaa tactgaattit 2418O 

ttaacctaaa ccttittattt ctaatcaa.ca gtatt attta tdag taggitt atagattact 2424 O 

ttgaaacgga atgtgtctica gaactittgct atcgatattt ttalaggt ctd gtagggaaaa 243 OO 

gataatagga atgagattta t cagtgaata ggggactgct titcc.cagttt citcggtc.gca 24360 

ctggtg tatt cac catggaa goat cittatgaaatatgtac ataaact act aatat cocac 2442O 

attacaggtt gactattott tatctgaaat gct taggacc tagaagtatt tttggattitt 24480 

ggtttitt Cag agtagggata ct cagcctac attggtaagt aaagaatgtg aggtgacagg 24.54 O 

Ctgggcgcga tiggttgacgc ctgtaatcCC agc actittgg gaggc.cgagg C9gat Cacct 24 6OO 

gagg to agga gttgaagacic agcctggc.ca atctgtacta aaaatacaaa aattagctgg 24 660 

acacagtggc acgtgc.cagt agt cc cagct act caggagg Ctgagg tagg agaatcgctt 2472O 

gaac Ctggga ggcggaggitt gcagtgactic gagat.cgtgt cactg.ccct C cagcc taggc 2478O 

aacagagcaa gactic catct caaaaaaaaa aaaaaaaaaa aaaaaaaaga atgtgaggtg 2484 O 

gcagcaatag gtaggalagag tictittggt ca gCtttacatg Ctctgtagcc atgcctgggt 24900 

aatgggttga citctaagact ctdtgctittg citcccacctic ctdctttitt c attactic titt 2496 O 

agaatggttt ttaatttgtg atctatagga gttctittcaa gtatttaata agagaatagg 25 O2O 

ctaaattaag taaatgtcaa citgaatgctic aaatctotac taaagagcct cittatttaga 2508O 

aaataaatat coat citttitt tttctgactg gtgagataat taatttittat tacagatggt 2514 O 

ttggaaaata ccatatgctt taaaagataa goacaaaatt at agtictaat atgtaggittt 252OO 

t catactitta aaaaattgaa aaccalaagaa aaa catttaa catagcatct agtacaaaga 2526 O 

aaagagataa gcaa.gagata aatgtcttitt ttgggacaga gttittgctgt tttgcc cag 2532O 

gctggagtgc aatggcacaa tot cagotca ccgtaacctic cacct cocqg gttcaagtga 25380 

ttct cotgcc ticagoc tocc gagtagctgg gattacagtic atgcaccacc aggcc caggt 2544 O 

aattttgt at gtttagtaga gatggggttt citcc.gtgttg gtcaggctga t ct caaact c 255OO 

ccgacct cag gtgatctgcc caccittggcc ticc caaagtg citgggattac agacatgagc 2556 O 

catcgcaccc ggccaagata aatgtc.ttitt aaattat citc cattaaaga catalacct tta 2562O 

taac attittg atgtatatat taccagttitt taalacacata gtagatttgt ataaatacat 2568 O 

aaacacat at tattgttgatc atgctgcact tag acat citt tatatt citcc titatact gta 2574 O 





US 2011/0262920 A1 Oct. 27, 2011 
23 

- Continued 

ttggtgtaca totatctgtt tdagt.ccctg tttittagtta ttittggittat atacctagga 28O8O 

atggaattgc tigatcatatg gtaattctgt gttta actitt ttgaggaact accactgttt 2814 O 

tccacaatgg cat cac catt ttacatt.ccc accagdaatg cacaaagatt toagtgtctg. 282OO 

tatic cttgct aac act tatt titc catttitt tdagtttittt tdttttgttt ttittaataat 2826 O 

agccaatcct aatggg tatg togg tagcatc. tcatggittitt gattittattt toctdactat 2832O 

tgatgatgtt gag catcttt to aggtgctt agtggccatt tdtcc.gt cat ctittggagca 2838O 

ggaacaatgt cittittcaagt cctittgcc catttittaaatt gaatttitttgttgttgagtt 28440 

gtatataa.ca ccttttittga agtaaaaggit gcactgtaat aatccagact gtgtttctic c 285OO 

cittct cagga titcctacagg aagcaagtag taattgatgg agaaacctgt citc.ttggata 2856 O 

ttct cacac agcagg to aa gaggagtaca gtgcaatgag ggaccagtac atgaggactg. 2862O 

gggagggctt totttgtgta tittgc cataa ataatactaa at catttgaa gat attcacc 2868 O 

attataggtg ggtttaaatt gaatataata agctgacatt aaggagtaat tatagitttitt 2874 O 

atttitttgag totttgctaa togc catgcat ataat attta ataaaaattt ttaaataatg 288OO 

tittatgaggit aggtaatat c cct gtttitat aaatgaagtt cittgggggat tagagcagtg 2886 O 

gagtaacttg Ctccagactg catcgg tagt ggtggtgctg ggattgaaac CtaggcCtgt 2892O 

ttgacticcac agccttctgt act cittgact attctacaaa agcaagacitt taaactttitt 2898O 

agatacatca ttaaaaaaga aaaccataaa aaagaatatgaaaagatgat ttgagatggt 29040 

gtcactittaa cagt cittaaa agcaatcgtg tdtatagoat agaattgctt ggattggata 291OO 

aacagtggca ttatatattt taaaaaataa aagttittgaa agattgaaga atttggg cat 29160 

tacagttctic ttaaatctga caaagctgca taaaactatt aaaataatca ttattatact 2922O 

attittatatt c tatttctitt gagggitt tag ttitt coaaaa act acatatt aagcaaatga 2928O 

at cact cagt gigotatgtca tataataacg agittagccta gttataagaa gtttalacatt 2934 O 

ttatttaaga acattgttac agcatgttta citgtatagtic tagtaataga gqaaaagaca 294 OO 

tittgggtggg togg tagtggit agtatttitta tagaggagtt accaaattitc agctictatta 2.9460 

tccaagttta cccagotaat gigtgttcgga accoggaatt tdagc caatt ctoactctgt 2952O 

tgtctgct cit gct cottctt ttgtgctgtg totttgaaag to acctaaaa ttgtgaggga 2958O 

atgtaatttic accc.caaatt tagagtttat gcacttgtta tattgaaaat gattalacatg 2964 O 

tagaagggct tittaatggaa taagtggtgt agtaact tca gtgttgcct a cctagaaat c 297OO 

aaaatc.tttic tagttgtc.ca citttgtttitt tdaaaaagta atatgaaaat tatgttaatg 2976 O 

ctittaattica ggittitttgta aaatatttitt tat citttaca catttaa.cat acgtttctaa 2982O 

aattatagt c tdttatatag cactittgggit ctagaattitt toagtag titt ctottt tact 2988 O 

attatgat ct acctgcatat taacct atta ggittatagitt ttact at act tctagg tatt 2994 O 

tgat cittittg agagagatac aaggtttctg tittaaaaagg taaagaaaca aaataac tag 3 OOOO 

tagaagaagg aaggaaaatt toggtgtag tig gaaac tagga attacattgt tttctitt cag 3 OO6 O 

c caaattitta tdacaaaagt tdtggacagg ttittgaaaga tatttgttgtt actaatgact 3 O12 O 

gtgctataac tttitttittct titcc.ca.gaga acaaattaaa agagittalagg actctgaaga 3 O18O 

tgtacctato gtcc tagtag gaaataaatg tdatttgcct tctagaacag tag acacaaa 3024 O 

acaggcticag gacittagcaa gaagttatgg aattic cittitt attgaaa.cat cagcaaagac 3O3OO 
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aaga caggta agtaac actgaaataaatac agatctgttt totgcaaaat cataactgtt 3O360 

atgtcattta atatat cagt ttittct ct ca attatgctat act aggaaat aaaacaatat 3O42O 

ttagtaaatgtttttgttct c ttgagagggc attgcttctt aatccagtgt ccatgg tact 3O48O 

gcttittggct ttggtttctt totacattga aaatttct ct tca attctga gcacatgtta 3 O540 

acatttagaa ttcaagaggt gigggatttitt tttitcc catg gttacatata tatatatata 3 O 6 OO 

tatatatata tatatatata tatatatata tataaagaac agggcaacaa atttittgcgt 3 O 660 

tittctatttic ggtag tactt ttaaaccatt atgtcatgtt totaggittaa acgttgttgt 3072 O 

atttgaagaa titt tactittg gcagaattitt tttgaggatg togtttatttic toggagaaagg 3 O78O 

t ct cattaaa gaaaga caat acccagaaag cca acagaaa ttctgttact catttaatgc 3O84 O 

atttittctga caaaaattat togc.ca.gagag aacctgaatt ttgtttcaaa aat catctitt 309 OO 

gttittaaaaa tdacttitt to ttcaggtaaa ataaaataat titcagttgct attatttaac 3 O960 

ctgtttgt at gaagagttta acatatagga aatgaataca taaagatagg aagga attaa 31 O2O 

ttgttatatg tagt catatgtct cittaatg acagggatac tittctaagaa atacattgtt 3108O 

aggtgattitt gtcattgtgc aaa.cat cata gaatatactt acacaaacct togg tagtata 3114 O 

acct actata cacctgggat atgtagtata gtc.tc.ttgcc ccagggatac aaacctgtac 312 OO 

agtatgtaac to tactaatg actataaggc aattgttaac acaatggitaa gttttgttgttg 31260 

totaaaccta cacttgggct accctaagtt tatatatttt tittaaatttic togttcaataa 31320 

taaattaa.cc titactt tact gtaactttitt aaactttitta atttitt ccta acattttgac 31380 

ttttgtaata cagcttaaaa cacacattat acagotatac aaatttittct titccttatat 3144 O 

ctittatt citg taagctttitt to catattta aaatttitttgtttgtttitta citt attaaac 315 OO 

tttitttgtta aaaactaaga catgcatgca cattalaccta ggcct acaca gggtcaggac 31560 

catcaat atc attgtc.ttico act tccacat cittgtcc cac toggaagatct t caggggcag 3162O 

taacacacgt gigagctgtca tot cotataa taa cattgcc ttcttittgga atacctic ctd 31 680 

aagg accitat coaaggctgt ttatagittaa citttittttitt tttitttittitt tttittittagt 3174 O 

aaataggagg agtacact at aaaataacaa tataggtgct ataccattat acaactgaca 318OO 

gtgcagtagg tttgtttaca cca.gcatcac cacaaac acg tdagcaatgt gtcgtactac 31860 

agtgttagga tiggctataac at cactaagc aataggaact tittaaactic c attataatct 31920 

tatgggacca citat cacata togcaatct co tdtggaccaa aatgtcatta totgg tacat 31.980 

gactgtacta agaaattgat ccatctatat tcc at caatt tdtttagggc tittittctggt 32O4. O 

tacatttacc tdtgagcc.ca gaaaaccagt tttgtagaaa tta acttctg. taatgctagg 321 OO 

agittaaaaaa aattgctgaa caacttittac attgttaaac atttaaaaac aagcqttcta 3216 O 

gaagtttatc aaattt cata aaggtgcaaa aatgtaaatg taaat catta t coagctaat 32220 

atatatgttg tatttic ccta gtaggaga.gc atatgtacct citt cotagtt atacaaattit 3228O 

gatatatagt aaagaaacag taaattctac ttcaagt cat tittgggagga ttaaaaactg. 3234 O 

aatttct cita gtttgaccat td tacagatt tatctggcaa titt tact aaa acctgattta 324 OO 

taggittaaac ttggtgtata t catatat ca citt tactitta gaggaattaa gattt cacat 3246 O 

aaatccattt coaggttcca aagaccagga agaggcttgg ttitttgttitt totttitt act 3252O 

gtc.tttacag tot cottgac ttitt cittagg agagaaggta citgagaaaac atgattictaa 3258O 
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ctacagattt toggaatgtga aaaac tagtg ttttgtttca taggtatata citg tagg cat 372OO 

tittaaaaata agagc.cagtg ccagtggttt acagtgtaca caaggataat gttct catgt 3726 O 

t ct cittgatgtcagtatgac tittaaag.cat attat caaga aataactaag totgaaaaac 3732O 

tgtggtaaat aactgg tact ctaaaaccta agttt cittat tactaaaaat aagaaatggt 3738O 

aaaagt cacc ctdtgctgtt aattatatga gcc actgagg toctogacact gaattcttgg 3744 O 

tggtggataa taatct ctitc tttittaatta ttggct tcca attct citctg cattgctgga 375OO 

aacaaaaatc atatatttca citattggtgg toggggatgct gtcactgaaa aagtagacac 3756 O 

att catattg attittagaaa taagttaaaa toaaaatttg cittctgctaa attagtagag 3762O 

gaccaatact gtttitt ct co tt catagitat gttittgg tac ttctacattg acattataac 3768 O 

tttitttittitt ttaaacagaa atagaagttt acatt cittag aaaattitatgaaaatatgag 3774. O 

cittittacctg gtttgttgttgt gtgcgtatat atatacacat atttittaaat ttcttacatt 378OO 

gattittcaaa ttgaaagaga accatttgttgaaagtat citt alacagagctic atgctttaca 37860 

ttttacatgc tacaaagtta ttittagtgcc ttaaattatt tatgttgctt attaatgaaa 3792 O 

attittggata cataatttitt toaagacaaa gotaaaaata ataaaccct t t ccttctgag 3798O 

gattaatgat aaatataaac tittaaaacga ttaaaaaaat ttttittagag acagggit citt 3804. O 

gctctgttgc ccagactgaa gtgcagtggit gcagt catag ct caatgaag cct caaact c 381OO 

Ctgggcc.cag gcaa.ccct co togc ct cagcc ttittgagtag Ctggg acttic aggct catgc 3816 O 

caacatgcct aattitat citt atttittagta gagatgaggit citcaaactic c tdgcatctot 3822 O 

tgcc ct ct ca aagtgctggit act acaggca ttagt cacca cacctgacac ttaaaatctt 3828O 

ttatatacag gtgtaagtgg gtatictaact taaagtgcca acgaatgtag titgaaagttt 38340 

gtagttggct tagctaacta gttaactaaa ttgattic cat taaaaataag ataag actgc 384 OO 

t cittagaata taatgattitt tdttatt cqt taalatataaa tatat cact g gatagtatat 3846 O 

gttaatgact tdagatacgc attittaa.cat ataat cacgt tacttaaatg cct gcctittg 3852O 

aactgaaact taacattatgaatttaaatt aaagtttgac tittagaggta aatttctgta 3858O 

Ctttactaaa gcagttctta atata attct gagatttcta aaaattagtg togc cctaaag 3864 O 

aattgaggtg tdtttittctt aac tactgta ggcagtagat gtacagatga cittctgcatg 387OO 

caaaaattaa gcc ctago cattggitt tact tcaactaata cittagttgcc aattct c togt 3876O 

gtgtgattga atttaaaact gcaaatggta citggtgatac attaacttitt taggtgctag 3882O 

gtcc actttgttacatttgg ttcagtagaa acattgatgt taccalat ct c agaaagctaa 3888O 

aatatgtatgc caatc.ccca aattaggtaa tittattotta attittaagat aaaagaatag 3894 O 

aatticcictta aaattaaatg toggagtaaaa tataccagot ttaaaaaata titcacctitt c 39 OOO 

tgttagaaga atgaacataa tattacatct tittaatttgc actatatata gattaatatt 3906 O 

tctgtg tatt totctgtgcc cct actittga tigg tatgctt ttctgaacaa act agcago a 3912 O 

cagttalacta agcactittgc ccc.gtttgat gactgcc taa ttittctagat tdgaaaatat 3918O 

taaaaactitt tat ct c cata toggccaat at atgattgtac ctdttgtcat agct ct citta 3924 O 

tgtttalagca agaaaaac cc tattalaga.gt atttaaatta gaatggaagg cacacago.ca 393 OO 

gtatgattga acactgttct aaaaattatt tittaagacitt gtagtaaggc caggtttggt 3936 O 

ggct catggc tigtaatcc.ca gcc ct tagga ggccalaggtg ggcggat cac ttgttgct cag 3942O 
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cittgagt citt ggct cittgtt toggaatgcca gtatttittat ccc tagt citt actaattagc 41760 

taac actict c atgatt cocc agt ct cotac totctaaaaa cctitt ctitta aaccottaga 4182O 

c taggcatgg agc cct tcct gtg tatt coc agaatact at t cittalactat tatatgctt c 4188 O 

c catgttatgttgaaataac taacct ctitc tdttt cattc ctatatt act togacagdaaa. 41940 

atcttagcca gaattacata tttittaatct ttgcacaccc attgcctagt aaggttcct g 42 OOO 

ggacat agta act acc cagt aaatattt at tdcgtggaat t ct catttitc gtttctaaac 42O60 

cc.gt attaaa citctgtc.ttg ct cagaaaat actt cactag gitat cataaa gttcatggca 4212 O 

gagcttaa.gc tittggatgca tattgtttgt aatatat cat gttcttalaga at aggcaat a 4218O 

aaattacagt tttcaaaaac tact acattt attatattta ttacaagttg gtgttctitta 4224 O 

ttacatgaat tittagg tatt toccaaaagt ataaaatata catttgaata gtag act caa 423 OO 

t cccaaaaga tactacgtgg togtactaatc tactaaactic agaaacaaag catgactggc 4236 O 

attaatttitt gttgaaattt atgaactctgaatgtttittgaatat catt c td taaagcaa. 4242 O 

tattittgcaa ttaaagcaat tittgcatgtt aaattitt acc acaac ct cta aaatattgca 4248 O 

aatttaacaa tacagtttga aaagttacac attittaaata acagtaccat gaccagattt 4254 O 

aggtggtggt tittaatttitt tattittct co toc tattgtc. tcaccattag atgattittaa. 426 OO 

aaatagaatt gtttagagta aaataagtgt tatgctictaa tittatattta aaatgaaggt 42 66 O 

ttaa.gcacgt act attctaa aatttctaat ttgttgcaaat tatgtttitat acagtgact g 42720 

taggtgaatgtcacaattgt ttgatgtgac gaatccttgt ttitt cagtac acgtggaagt 42780 

aatt catata aaa.gagaagt at acttggta attaaaaatt taaaattaaa tacaatttaa. 4284 O 

aaaaaaattt atttgacaag Ctggctgtgg ttgttgttgcc titagtatica gctgcttggg 429OO 

agcctgaggc aggaggattg cct gaccc.ca ggagtttgag gttgaaggga gctatgatgg 42960 

tgc.catggca citgtagcc ta ggcaacagaa agagacticca tot cittaaaa aaagtaaaaa. 43 O2O 

taaaaaaatt ttggcacagg gacagtggct cacacttata atgcc agaac tittaggagtic 43 080 

Cacagcgcga ggactgcttg aggcc aggag tittaagacca gactgggcaa cqtaatgaga 4314 O 

c cccacctitt aggaaataaa tacataaata aaaatttgac aatgataaac atatataaat 432OO 

tagcttittct tagt cctdaa aaagataatgttatgtgitat gtgtgagaat gattagttct 4326 O 

catatgagaa aaaaagaatt cattgctctg tdtaggttgt gacattt cot toacgattga 4332O 

aattaattaa tttittttitta t tact tattt atttittaaaa tagagacagg ttcttgctgt 4338 O 

gttgcc cagg ctggtc.tcaa act cotggcc ticaag cagtt citcct gcct c agcct cocaa 43.44. O 

attgctgtga citg taggtgt gagcc actgc actgggccaa aattacttaa ttittaacaag 435OO 

atgatgtaga gaggagagtt cattgcaa.ca taa.gc.ctaga atc.tttgtca gaat cittagg 4356 O 

aagtaatgtt ttcaaattct gtgttitt cac cataaaatgt gtc.ttct ctd tdtccat cac 43 62O 

atggitttittc attgttittct gctttaccat tittagtacca ttggcatttt tott cattgt 43 680 

aaaagtag ta gaaatggagt agattacata aggatgtgat cagagggaat ttatt catt c 4.374 O 

aggg taaggg agittagat.co. tcttittaaga ttctatoaca ttctaagggit titatgattct 438OO 

aaactgtcaa gtaaattgtc. aagtgctggc aagctacaga ataatttitta ttgtat catt 4386 O 

ggaaattitt.c ccctictatat gtgttaaaga gtttagcctgaagggataca tacacataca 4392 O 

tatatgtaat caaaccttga tigg tattgta ttgctgataa attattt citt accacttitt c 4398O 
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ctitt ct cotg tdggagaaac aaaag catat gtttgttgtag tat cagtaat gat attagag 4404 O 

agtgggaaac at Cagtgagt gcagtttggg gactittattg gagactittca ctagtgctica. 441OO 

aataaataat gctggtttitt atcc tact.gt ttgcttaatg toggactagoc tottatt coc 4416 O 

attctatott tacct ct citt aaaat attgg toacgcttitc ttgaattata gatct attag 4422 O 

gaaaattcat gaactgtagc taattitt cat tdtt catgct coagattitat tittgaaatat 4428O 

cgittaatctt agtag tacag taaaggagaa ataccactta acatttitttgtttittttitt C 4434 O 

tittgagacag agt catgctic tdt cacccag totggagtgc agtggtgcta t ct cqgctica 444OO 

ctgcaatgca citt cqc ct ct c cqggttcag caattct cott gcc to agcct c ctdagtagc 4446 O 

tgggattaca ggcacctgct accacaccca gctaatttitt gtattitt tag tagagacagg 4452O 

gttt caccat gttggc.cagg ctggtctgaa act cotcacc ticaagtgat c caccc.gt citt 4458O 

ggcct cocaa agtgctggga ttacaggctt gagccaccgc acccc.gc.cca cittaa cattt 44 640 

taaattaatt toaagataat at cacttgaa tatttittaca catataattt ttittaataca 447OO 

tittatttaca cagtttataa tat cotacaa agtgattaca atgagtaaaa acc cagttitt 4476 O 

cattgttcct aaagtggctt gatttataca acttaatgtg ttggg tattt gtttctaaga 4482O 

citcc ct ctogc tigt ctaggitt toggaagtatt gtgaggittaa cagattittct ttittatagitt 4488O 

actact cagt togalacaggct ttaaaataca gagagaatca tatttitt to t t catttitttg 4494 O 

Cttt tattta tatttittctt ttaattggag acatgacaag aattgacttg td tatggatc. 45000 

ttgcataatt taagtactgc aggtttaaaa totactacca gtttgagagt gcc atttitt c 45060 

acactgtaga ttattaggitt gaaaagtatt atggcttaaa atcgcttitta gcc attaaat 4512 O 

ttaaataacc ttgctittaat cataaataga tiggtggit cac aatgactaac tdttaaact c 4518O 

tittgaagaca ggatatttgg ctittatatgg caa.gcttittgaatacaa.cag aaattaaaac 4524 O 

tittatgggat agaaagaatc. tcc to caaat tdgtaaacta taagacctitt caaatgattit 453 OO 

agctaattitc. tccacaaatc tdagg tatta gtgtttittitt taaagtggta ttct c ct gtg 4536 O 

ttgggg.tcac tittaaacctt titt cittaatgataaatatat gaattgaaac taatc cctta 4542O 

atatatat catttgaaaact gaaataatat gtttagatac tdttt acttg ttgataaatt 4548O 

attggaatag gatgttctgaa tactgtttac ttcttgg taa atttittaaat coaatggatt 4554 O 

ttacgtaagt atagaactgg agctcaaata citgttactgt gtgtgaagat atatgaacat 45 6.OO 

agtttacagt togcatggctt at atctaaag to cagaaaca taaggacaat taagtgtaca 4566 O 

cacacacaca togcatttgga ttittgatgac ttaggitttgc caatgtggala aaaatagtag 4572O 

caaattaagt tot cotgtga aaaagttcgtt acct tattta aaattctgtg ccattggitta 4578O 

t ccttgtc.tt ttgttgaaaat tagtgttcct gtttataata ttgacaaaac accitatgcqg 4584 O 

atgacattta agaattictaa aagtic ctaat atatgtaata tatatt cagt togcctgaaga 459 OO 

gaaacataaa gaatcc titt c ttaat attitt titc cattaat gaaatttgtt acctgtacac 4.596 O 

atgaagc.cat cqtatatatt cacattittaa tactttittat g tattt cagg gtgttgatga 46O20 

tgcc ttctat acattagttc gagaaatt cq aaaacataaa gaaaagatga gcaaagatgg 4608O 

taaaaagaag aaaaagaagt caaagacaaa gtgtgtaatt atgtaaatac aatttgtact 4614 O 

tttitt cittaa goggatactag tacaagtggit aattitttgta cattacacta aattattagc 462OO 

atttgttitta gcattaccta atttittitt co togctic catgc agacitgttag ctitttacctt 4626 O 
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cact acactic aactaattitt td tatttitta ggagagacgg ggttt caccc tdttggc.cag 486OO 

gctggit ct cq aacticcitgac citcaagtgat t cacccacct toggcct cata aacctgttitt 4.866 O 

gcagaact catttatt cago: aaatattt at tdagt.gc.cta ccagatgcca gttcaccgcac 4872O 

aaggcactgg gtatatggta t cc ccaaaca agaga cataa toccggit cot tagg tagtgc 48780 

tagtgtggtc. totaatat ct tactaaggcc tittggtatac gacccagaga taacacgatg 4884 O 

cg tattittag titttgcaaag aaggggtttg gtc.tctgtgc cagctictata attgttittgc 489 OO 

tacgatticca citgaaact ct tcgat caa.gc tactittatgt aaatcacttic attgttittaa. 4896.O 

aggaataaac ttgattatat tdtttittitta tittgg cataa citgtgattct tittaggacaa 4902O 

ttactgtaca cattaaggtg tatgtcagat att catattg acccaaatgt gtaat attcc 4908O 

agttitt ct cit gcataagtaa ttaaaatata cittaaaaatt aatagittitta t ctdggtaca 4914 O 

aataaacagg togcctgaact agttcacaga caaggaaact tctatgtaaa aat cactatg 492 OO 

atttctgaat tdctatgtga aactacagat ctittggalaca citgtttaggit agggtgttaa 4926 O 

gact tacaca gtacct cqtt totacacaga gaaagaaatg gccatacttic aggaactgca 4932 O 

gtgct tatga gqqgatattt aggcct cittgaatttittgat gtagatgggc atttittittaa 4938O 

gg tagt ggitt aattacctitt atgtgaactt togaatggittt aacaaaagat ttgttitttgt 49440 

agagattitta aagggggaga attctagaaa taaatgttac ctaattatta cagccittaaa. 495OO 

gacaaaaatc Cttgttgaag tittttittaaa aaaagctaaa ttacatagaci ttaggcatta 49560 

acatgtttgt gigaagaatat agcagacgta tattgtat catttgagtgaa tott.cccaag 4962O 

taggcattct aggctic tatt taactgagtic acactgcata ggaatttaga acctaactitt 4968O 

tataggittat caaaactgtt gttcaccattg cacaattittg tcc taatata tacatagaaa 4974 O 

Ctttgttgggg catgttaagt tacagtttgc acaagttcat ct catttgta t t c cattgat 498OO 

tttitttitt to ttctaaac at tttittct tca aacagtatat aacttitttitt aggggattitt 4986 O 

tttittagaca gcaaaaacta t ctdaagatt to catttgtc. aaaaagtaat gatttcttga 4992 O 

taattgttgta gtaatgttitt ttagaaccca gcagttacct taaagctgaa tittatattta 4998O 

gtaactitctg tdttaatact ggatagoatgaattctgcat tdagaaactgaatagctgtc. 5004 O 

ataaaatgaa actittctitt c taaagaaaga tact cacatgagttcttgaa gaatagt cat 501OO 

aact agatta agatctgtgt tittagtttaa tagtttgaag togcctgtttg ggataatgat 5016 O 

aggtaattta gatgaattta ggggaaaaaa aagttatctg. Cagatatgtt gagggcc cat 5022O 

citct cocc cc acaccc.ccac agagctaact gggittacagt gttittatccg aaagttt coa 5028O 

attic cactgt cittgttgttitt catgttgaaa at acttittgc atttitt cctt tdagt.gc.caa 5034 O 

tittct tacta gtact atttic ttaatgtaac atgtttacct ggaatgtatt ttalactattt 504 OO 

ttgtatagtg taaactgaaa catgcacatt ttgtacattg togctittctitt tdtggga cat 50460 

atgcagtgtg atccagttgt titt coatcat ttggttgcgc tigacic tagga atgttggtca 5052O 

tat caaac at taaaaatgac cacticttitta attgaaatta acttittaaat gtttatagga 5058O 

gtatgtgctg tdaagtgatc taaaatttgt aatattitttgtcatgaactg tact act cot 5064 O 

aattattgta atgtaataaa aatagittaca gtgactatoga gtgtg tattt att catgaaa 507OO 

tittgaactgt ttgcc.ccgaa atggatatgg aatactittat aagccataga cactatagta 5076 O 

taccagtgaa tottt tatgc agcttgttag aagtatic citt tatttctaaa aggtgctgtg 5082O 
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gatattatgt aaaggcgtgt ttgcttaaac ttaaaac cat atttagaagt agatgcaaaa 5088O 

caaatctgcc tittatgacaa aaaaatagga taa cattatt tatttatttic ctitttat caa 5094. O 

agaaggta at tatacacaa Caggtgactt ggttt taggc ccaaagg tag cagcagcaac 51OOO 

attaataatg gaaataattgaatagittagt tatgtatgtt aatgc.cagtic accagcaggc 5106 O 

tatttcaagg to agaagtaa tdact coata cat attattt atttctataa ctacatttaa 51.12 O 

at cattacca ggaactgttt gttttgtagt gaaccttgag tatgtgctgt taatatacca 5118O 

aattgggtga aaaaataagg gattic ctitt C aaaagttaag agaagtaagt gtgtaagaaa 5124 O 

ttattittgct tattaaatgt togg taaatg gcattct citt gtcagtaaaa toggagaaata 513 OO 

agctaaaaat aattggctaa gtcct attaa gttagaggat taagtgtatt at attitt cat 513 6 O 

tcaaaattgg gtgct catta atttatgatc gg tagtatag ctaaattgct atgtttgtat 5142O 

caaaattgag cataaagttg citgatactitt citccg tatga acagaagttgaaacct attt 51.480 

agttcagtag ggcagotcag ggattittitta cacaa catgt at atct tcc c attittaagtt 5154 O 

agaattattt tacaa.catct ggtatacata aacagotggc actgatagot aaattaaagt 516OO 

agtaatgatc aattagttitt gttggitat ct gaataatago gttgttt cat agctctgitat 51660 

titcc taagga agtacaaagc titctagotct tt cattacaa attcqccct g togcaataagt 5172O 

t ctittgat ct tct ctdgatt citt cacatct ttgtttittaa goaaaatgtt cittcaaacgc 5178O 

tttttaaaat agtctgctico ttttggatag totcgtocaa gatacagoag Cttcaaaaag 51840 

aaagattata tatttctaaa caatic catgt catataataa catttittata aaattggcaa 519 OO 

cataattact tacatttitta taaagttitta gtact tcticc ticittaaagaa ttggc cattt 51960 

t catttatca totaaattat coacttittat gcatalacata cctaaagaaa goaaaattitt 52O2O 

tittgcaatta gctgcattgt agt cittaaaa aaataaaaaa aggttataca cattgagaaa 52O8 O 

atgg talacct tttitta catt caataaat at ttcttgataa citttitt cott coacgtact.g. 5214 O 

ggatatagitt ataaac actt ccgataaaat tacctgctgt cataattgac gttitt colt at 522 OO 

gggaga cata agcaaagaca attgttgattg tagaagtica catgaaggala atgagaaagt 52260 

ggattgtcat cacagatagg tacgtgtacct cotttitatgccacagtgga atgagttaaa 52320 

ctagatttaa atticcagttg cataatgtac agattaatta accttgctga gcc tigagttt 5238O 

t ccttatcaa caaacaagag attat ctitta ccctgct citc aaggcaaggc cagagcc act 52440 

tgaaggacat tagdagaag cct gatcaaa totgatggg tott atcca aagggaggct 525 OO 

gaaaactago agaaactggg tagttaa.gc aggttggaat agtagatggg cagtalagatt 52560 

ggtggtgaag aggccalaatgaacaacctgt aagagggtgt CCCtgaggala Caggcaaaat 5262O 

catgcttctt tatgtgtaat gtgttaactic tactttgtag aggaggctic caaact 52675 

<210s, SEQ ID NO 2 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: F9 (2724) D RD-PCR primer 

<4 OOs, SEQUENCE: 2 

atgtagccac tatgccitatc 2O 

<210s, SEQ ID NO 3 
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&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: F9 (3210) U RD-PCR primer 

<4 OOs, SEQUENCE: 3 

ctggctgtta gacticttcaa 2O 

<210s, SEQ ID NO 4 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: RAS (5445) D RD-PCR primer 

<4 OOs, SEQUENCE: 4 

Ctggtggagt atttgatagt git 22 

<210s, SEQ ID NO 5 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: RAS (5857) U RD-PCR primer 

<4 OOs, SEQUENCE: 5 

gaac at catg gaccCtgaca 2O 

<210s, SEQ ID NO 6 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: RAS (23351) D RD-PCR primer 

<4 OOs, SEQUENCE: 6 

agtggc catt tdtcc.gtcat 2O 

<210s, SEQ ID NO 7 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: RAS (23768) U RD-PCR primer 

<4 OO > SEQUENCE: 7 

gcatggcatt agcaaagact 2O 

<210s, SEQ ID NO 8 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: 10-nucleotide universal tail for KRAS primers 

<4 OOs, SEQUENCE: 8 

ggccaagtga 10 

<210s, SEQ ID NO 9 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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<223> OTHER INFORMATION: Exon 2 forward primer 

<4 OOs, SEQUENCE: 9 

Ctggtggagt atttgatagt git 

<210s, SEQ ID NO 10 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Exon 2 reverse primer 

<4 OOs, SEQUENCE: 10 

actic ccaagg aaagtaaagt t 

What is claimed is: 
1. A method for predicting Survival in a cancer patient 

comprising: 
(a) performing a first deletion detection technique on a 

cancer tumor tissue sample from a cancer patient; 
(b) determining whether a KRAS gene region deletion 

and/or loss of Chromosome 12 (Ch. 12) is present; and 
(c) predicting a shorter Survival for a patient having a 
KRAS gene region deletion or loss of Ch. 12 in the 
cancer tumor tissue. 

2. The method of claim 1, wherein the cancer patient has 
non-small-cell lung cancer (NSCLC). 

3. The method of claim 1, wherein the first deletion detec 
tion technique is selected from the group consisting of robust 
dosage-polymerase chain reaction (RD-PCR), fluorescent in 
situ hybridization (FISH), and comparative genomic hybrid 
ization (CGH). 

4. The method of claim 1, wherein the first deletion detec 
tion technique is RD-PCR. 

5. The method of claim 4, wherein the RD-PCR technique 
comprises co-amplifying a target gene region and a control 
gene region from the cancer tumor tissue sample. 

6. The method of claim 5, wherein the target gene region is 
exon 2 or exon 3 of the KRAS gene and the control gene 
region is exon 1 of the F9 gene. 

7. The method of claim 5, wherein the RDPCR results are 
quantified by determining the target gene region to control 
gene template copy ratio (ROT). 

8. The method of claim 1, wherein the method further 
comprises a second deletion detection technique to verify the 
results of the first deletion detection technique. 

9. The method of claim 8, wherein the second deletion 
detection technique is selected from the group consisting of 
robust dosage-polymerase chain reaction (RD-PCR), fluores 
cent in situ hybridization (FISH), and comparative genomic 
hybridization (CGH). 

10. The method of claim 1, wherein the method further 
comprises performing a gene sequencing technique to Verify 
the results of the first deletion detection technique. 

11. A method for predicting survival in patients with non 
Small-cell lung cancer (NSCLC) comprising: 

(a) co-amplifying a target gene region and a control gene 
region from a cancer tumor tissue sample from a non 

22 

21 

Small-cell lung cancer patient using robust dosage-poly 
merase chain reaction (RD-PCR); 

(b) quantifying the RD-PCR results of (a) by determining 
the target gene region to control gene template copy ratio 
(ROT): 

(c) analyzing the result from (b) to determine whether a 
KRAS gene region deletion and/or loss of Chromosome 
12 (Ch. 12) is present; and 

(d) predicting a shorter survival for a NSCLC patient hav 
ing a KRAS gene region deletion or loss of Ch. 12 in the 
cancer tumor tissue sample. 

12. The method of claim 11, wherein the target gene region 
is exon 2 or exon 3 of the KRAS gene and the control gene 
region is exon 1 of the F9 gene. 

13. The method of claim 11, wherein the method further 
comprises performing FISH to verify the results of the first 
deletion detection technique. 

14. The method of claim 11, wherein the method further 
comprises performing a gene sequencing technique to verify 
the results of the first deletion detection technique. 

15. The method of claim 11, further comprising: 
(a) co-amplifying a target gene region and a control gene 

region from a normal marginal tissue sample from a 
non-Small-cell lung cancer patient using robust dosage 
polymerase chain reaction (RD-PCR); and 

(b) quantifying the RD-PCR results of (a) by determining 
the target gene region to control gene region template 
copy ratio (ROT). 

16. The method of claim 15, further comprising calculating 
the ratio of the cancer tumor tissue ROT to the normal mar 
ginal tissue ROT (T/N ROT). 

17. The method of claim 16, wherein a T/N ROT that falls 
below a threshold indicates the presence of a KRAS gene 
region deletion or loss of Ch. 12 in cancer tumor tissue, but 
not in the normal marginal tissue. 

18. The method of claim 16, wherein the threshold is 0.85. 
19. The method of claim 17, predicting a shorter survival 

for a NSCLC patient having a KRAS gene region deletion or 
loss of Ch. 12 in the cancer tumor tissue sample, but not in the 
normal marginal tissue. 
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