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(57) ABSTRACT 

The present invention pertains to speci?c gene signatures for 
cancer that are used to predict survival and novel processes 
for identifying such gene signatures. In one embodiment, 
gene signatures for human colorectal cancer are identi?ed 
and outcomes are linked to the speci?c gene signatures using 
signi?cance analysis of microarrays (SAM) and support 
vector machines (SVM) to provide a prognosis/ survival 
classi?er. 
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METHODS FOR PREDICTING CANCER 
OUTCOME AND GENE SIGNATURES FOR USE 

THEREIN 

CROSS-REFERENCE TO A RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/547,871, ?led Feb. 25, 2004, 
Which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] In the last decade, scientists have labored to com 
plete a high-quality, comprehensive sequence of the human 
genome. With its recent completion, a large number of 
genomic data sets have been made available in public 
databases. The available data, hoWever, does not provide 
explanations regarding Which aspects of human biology 
a?fect Which genes. Researchers are just beginning to 
explore genomic function. 

[0003] Several technological advances have made it pos 
sible to accurately measure cellular constituents and there 
fore derive pro?les. For example, neW techniques provide 
the ability to monitor the expression level of a large number 
of transcripts at any one time (see, for example, Schena et 
al., “Quantitative monitoring of gene expression patterns 
With a complementary DNA micro-array,”Science, 2701467 
470 (1995); Lockhart et al., “Expression monitoring by 
hybridiZation to high-density oligonucleotide arrays,”Na 
ture Biotechnology, 14: 1675-1680 (1996); and Blanchard et 
al., “Sequence to array: Probing the genome’s secrets, 
”Nature Biotechnology, 14:1649 (1996)). In organisms for 
Which the complete genome is knoWn, it is possible to 
analyZe the transcripts of all genes Within the cell. With 
other organisms, such as humans, for Which there is an 
increasing knoWledge regarding the genome, it is possible to 
simultaneously monitor large numbers of the genes Within 
the cell. 

[0004] One aspect of human biology/genomic function 
that is of great interest to the medical research community is 
cancer. Currently, genetic samples have been taken from 
patients having various stages of various types of cancer. 
Such samples have provided an extensive genetic data 
collection. To provide a system of organiZation, such genetic 
data are collected in DNA microarrays, Which are sometimes 
commonly referred to as biochips, DNA chips, gene arrays, 
gene chips, and genome chips. 

[0005] DNA microarrays exploit a phenomenon knoWn as 
base-pairing or hybridization. To form the array, genetic 
samples are arranged in an orderly manner (typically in a 
rectangular grid) on a substrate. Examples of commonly 
used substrates include microplates and blotting membranes. 
Many modern microarrays include an array of oligonucle 
otide or peptide nucleic acid (PNA) probes, and the array is 
synthesiZed either in situ (on-chip) or by conventional 
synthesis folloWed by on-chip immobilization. The array on 
the chip is exposed to labeled sample DNA, hybridiZed, and 
the identity/abundance of complementary sequences are 
determined. 

[0006] There are tWo major uses of DNA microarray 
technology. The ?rst involves identi?cation of the gene 
sequence. The second involves determination of expression 
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level of genes, generally referred to as the abundance of the 
genes. In particular, expression or abundance of a gene is a 
measure of a relative level of activity of the gene in 
replication or translation in the presence of the probe. By 
analyZing the abundance of various genes in people of 
various conditions, a relationship betWeen the genetic state 
of a person, in terms of relative levels of activity of various 
genes of that person, and that person’s condition is assessed. 
To conduct such analysis, such arrays of expression levels 
include metadata describing characteristics of the people 
Whose genetic material is sampled and additional metadata 
Which identi?es speci?c genes Whose expression levels are 
represented in such arrays. 

[0007] The use of microarrays are already being used for 
a number of bene?cial purposes including, for example, 
identifying biomarkers of cancer (Welsh, J B et al., “Large 
scale delineation of secreted protein biomarkers overex 
pressed in cancer tissue and serum,”PNAS, 100(6):3410 
3415 (March 2003)), creating gene expression-based 
classi?cations of cancers (AlZadeh, A A et al., “Distinct 
types of diffuse large B-cell lymphoma identi?ed by gene 
expression pro?ling,”Nature, 403:513-11 (2000); and Gar 
ber, M E et al., “Diversity of gene expression in adenocar 
cinoma of the lung,”Proc Natl Acad Sci USA, 98:13784-9 
(2001)), and in drug discovery (Marton, M J et al., “Drug 
target validation and identi?cation of secondary drug target 
effects using Microarrays,”Nat Med, 4(11):1293-301 (1998); 
and Gray, N S et al., “Exploiting chemical libraries, struc 
ture, and genomics in the search for kinase inhibitors, 
”Science, 281:533-538 (1998)). One tool that has been 
applied to microarrays to decipher and compare genome 
expression patterns in biological systems is Signi?cance 
Analysis of Microarrays, or SAM (Tusher, V. et al., “Sig 
ni?cance analysis of microarrays applied to ioniZing radia 
tion response,” Proceedings of the National Academy of 
Sciences, 2001. First published Apr. 17, 2001, 10.1073/ 
pnas.091062498). This statistical method Was developed as 
a cluster tool for use in identifying genes With statistically 
signi?cant changes in expression. SAM has been used for a 
variety of purposes, including identifying potential drugs 
that Would be effective in treating various conditions asso 
ciated With speci?c gene expressions (Bunney W E, et al., 
“Microarray technology: a revieW of neW strategies to 
discover candidate vulnerability genes in psychiatric disor 
ders,”Am JPsychiatry, 160(4):657-66 (April 2003)). 
[0008] The knoWn SVM or (Support Vector Machine) (as 
described in Michael P. et al., “Knowledge-based analysis of 
microarray gene expression data by using support vector 
machines,” Proceedings of the National Academy of Sci 
ences, 97(1):262-67 (2000)) is a correlation tool shoWn to 
perform Well in multiple areas of biological analysis, includ 
ing evaluating microarray expression data (BroWn et al, 
“Knowledge-based analysis of microarray gene expression 
data by using support vector machines,”Proc Natl Acad Sci 
USA, 97:262-267 (2000)), detecting remote protein homolo 
gies (Jaakkola, T. et al., “Using the Fisher kernel method to 
detect remote protein homologies,”Proceedings of the 7th 
International Conference on Intelligent Systemsfor Molecu 
lar Biology, AAAI Press, Menlo Park, Calif. (1999)), and 
recogniZing translation initiation sites (Zien, A. et al., “Engi 
neering support vector machine kernels that recogniZe trans 
lation initiation sites,”Bioinformatics, 16(9):799-807 
(2000)). When used for classi?cation, SVMs separate a 
given set of binary labeled training data With a hyper-plane 
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that is maximally distant from set of data (the “maximal 
margin hyper-plane”). Where no linear separation is pos 
sible, SVMs utiliZe the technique of “kernels” to automati 
cally realiZe a non-linear mapping to a feature space (Furey, 
T. S. et al., “Support vector machine classi?cation and 
validation of cancer tissue samples using microarray expres 
sion data,”Bi0inf0rmatics, 16(10):906-914 (2000)). 
[0009] Ranked as the third most commonly diagnosed 
cancer and the second leading cause of cancer deaths in the 
United States (American Cancer Society, “Cancer facts and 
?gures,” Washington, DC: American Cancer Society 
(2000)), colon cancer is a deadly disease al?icting nearly 
130,000 neW patients yearly in the United States. Colon 
cancer is the only cancer that occurs With approximately 
equal frequency in men and Women. There are several 
potential risk factors for the development of colon and/or 
rectal cancer. Known factors for the disease include older 
age, excessive alcohol consumption, sedentary lifestyle 
(Reddy, B. S., “Dietary fat and its relationship to large boWel 
cancer,”Cancer Res., 41:3700-3705 (1981)), and genetic 
predisposition (Potter, J D “Colorectal cancer: molecules 
and populations,”J Natl Cancer Institute, 91:916-932 
(1999)). 
[0010] Several molecular pathWays have been linked to 
the development of colon cancer (see, for example, Leeman 
M F, et al., “New insights into the roles of matrix metallo 
proteinases in colorectal cancer development and progres 
sion,”J Path0l., 201(4):528-34 (2003); KanaZaWa, T et al., 
“Does early polypoid colorectal cancer With depression have 
a pathWay other than adenoma-carcinoma sequence?,”Tu 
m0ri., 89(4):408-11 (2003); and Notamicola, M. et al., 
“Genetic and biochemical changes in colorectal carcinoma 
in relation to morphologic characteristics,”Onc0l Rep., 
10(6):1987-91 (2003)), and the expression of key genes in 
any of these pathWays may be affected by inherited or 
acquired mutation or by hyperrnethylation. A great deal of 
research has been performed With regard to identifying 
genes for Which changes in expression may provide an early 
indicator of colon cancer or a predisposition for the devel 
opment of colon cancer. Unfortunately, no research has yet 
been conducted on identifying speci?c genes associated With 
colorectal cancer and speci?c outcomes to provide an accu 
rate prediction of prognosis. 

[0011] Survival of patients With colon and/ or rectal cancer 
depends to a large extent on the stage of the disease at 
diagnosis. Devised nearly seventy years ago, the modi?ed 
Dukes’ staging system for colon cancer, discriminates four 
stages (A, B, C, and D), primarily based on clinicopatho 
logic features such as the presence or absence of lymph node 
or distant metastases. Speci?cally, colonic tumors are clas 
si?ed by four Dukes’ stages: A, tumor Within the intestinal 
mucosa; B, tumor into muscularis mucosa; C, metastasis to 
lymph nodes and D, metastasis to other tissues. Of the 
systems available, the Dukes’ staging system, based on the 
pathological spread of disease through the boWel Wall, to 
lymph nodes, and to distant organ sites such as the liver, has 
remained the most popular. Despite providing only a relative 
estimate for cure for any individual patient, the Dukes’ 
staging system remains the standard for predicting colon 
cancer prognosis, and is the primary means for directing 
adjuvant therapy. 
[0012] The Dukes’ staging system, hoWever, has only 
been found useful in predicting the behaviour of a popula 
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tion of patients, rather than an individual. For this reason, 
any patient With a Dukes A, B, or C lesion Would be 
predicted to be alive at 36 months While a patient staged as 
Dukes D Would be predicted to be dead. Unfortunately, 
application of this staging system results in the potential 
over-treatment or under-treatment of a signi?cant number of 
patients. Further, Dukes’ staging can only be applied after 
complete surgical resection rather than after a pre-surgical 
biopsy. 
[0013] Microarray technology, as described above, has 
permitted development of multi-organ cancer classi?ers 
(Giordano, T. J. et al., “Organ-speci?c molecular classi?ca 
tion of primary lung, colon, and ovarian adenocarcinomas 
using gene expression pro?les,”Am J Pathol, 159:1231-8 
(2001); RamasWamy, S. et al., “Multiclass cancer diagnosis 
using tumor gene expression signatures,”Pr0c Natl Acad Sci 
USA, 98:15149-54 (2001); and Su, A. I. et al., “Molecular 
classi?cation of human carcinomas by use of gene expres 
sion signatures,”Cancer Res, 61:7388-93 (2001)), identi? 
cation of tumor subclasses (Dyrskjot, L. et al., “Identifying 
distinct classes of bladder carcinoma using microarrays,”Nat 
Genet, 33:90-6 (2003); Bhattacharjee, A. et al., “Classi?ca 
tion of human lung carcinomas by mRNA expression pro 
?ling reveals distinct adenocarcinoma subclasses,”Pr0c Natl 
Acad Sci USA, 98:13790-5 (2001); Garber, M. E. et al., 
“Diversity of gene expression in adenocarcinoma of the 
lung,”Pr0c Natl Acad Sci USA, 98:13784-9. (2001); and 
Sorlie, T. et al., “Gene expression patterns of breast carci 
nomas distinguish tumor subclasses With clinical implica 
tions,”Pr0c Natl Acad Sci USA, 98:10869-74 (2001)), dis 
covery of progression markers (SancheZ-Carbayo, M. et al., 
“Gene Discovery in Bladder Cancer Progression using 
cDNA Microarrays,”Am J Pathol, 163:505-16 (2003); and 
Frederiksen, C M, et al., “Classi?cation of Dukes’ B and C 
colorectal cancers using expression arrays,”J Cancer Res 
Clin Oncol, 129:263-71 (2003)); and prediction of disease 
outcome (Henshall, S M et al., “Survival analysis of 
genome-Wide gene expression pro?les of prostate cancers 
identi?es neW prognostic targets of disease relapse,”Cancer 
Res, 63:4196-203 (2003); Shipp, M A et al., “Diffuse large 
B-cell lymphoma outcome prediction by gene-expression 
pro?ling and supervised machine leaming,”Nat Med, 8:68 
74 (2002); Beer, D G et al., “Gene-expression pro?les 
predict survival of patients With lung adenocarcinoma,”Nat 
Meal, 8:816-24 (2002); Pomeroy, S L et al., “Prediction of 
central nervous system embryonal tumor outcome based on 
gene expression,”Nature, 415:436-42 (2002); van ’t Veer, L 
J et al., “Gene expression pro?ling predicts clinical outcome 
ofbreast cancer: Nature, 415:530-6. (2002); Vasselli, J R et 
al., “Predicting survival in patients With metastatic kidney 
cancer by gene-expression pro?ling in the primary tumor, 
”Proc Natl Acad Sci USA, 100:6958-63 (2003); and Taka 
hashi, M. et al., “Gene expression pro?ling of clear cell renal 
cell carcinoma: gene identi?cation and prognostic classi? 
cation,”Pr0c NatlAcad Sci USA, 98:9754-9 (2001)) in many 
types of cancer. 

[0014] Classi?cation of patient prognosis by microarray 
analysis has promise in predicting the long-term outcome of 
any one individual based on the gene expression pro?le of 
the tumor at diagnosis. Inherent to this approach is the 
hypothesis that every tumor contains informative gene 
expression signatures, at the time of diagnosis, Which can 
direct the biological behaviour of the tumor over time. To 
date, hoWever, little success has been achieved in developing 
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a classi?er that Will predict colon cancer outcome equivalent 
to or better than that Which is possible using the standard 
clinicopathologic staging systems (i.e., Dukes’ stage sys 
tem). What is needed is a particularly effective mechanism 
for analyZing genomic array data to provide a classi?er that 
accurately predicts cancer outcomes, in particular, colon 
cancer outcomes. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention provides systems and meth 
ods for predicting outcomes in patients diagnosed With 
cancer. Speci?cally, the subject invention utiliZes molecular 
staging With gene expression pro?les to stage patients With 
cancer. In a speci?c embodiment, the present invention 
provides a gene expression pro?le based classi?er that 
provides a means for accurately predicting colon cancer 
outcome. 

[0016] In accordance With an aspect of the invention, 
genes are classi?ed according to degree of correlation With 
a clinical outcome for a cancer of interest (such as colon 
cancer). These genes are used to establish a set of reference 
gene expression levels (also referred to herein as a “classi 
?er”). Biological information regarding the patient is 
received and used to extrapolate intracellular gene expres 
sion. The intracellular gene expression levels are compared 
to those in the classi?er to predict clinical outcome. 

[0017] In one embodiment of the invention, a method is 
provided in Which the speci?c gene signatures for colon 
cancer are identi?ed. To do so, froZen tumor specimens form 
patients With knoWn outcomes are collected and froZen. The 
outcomes are linked to a speci?c core set of genes that are 
Weighted in importance by (l) selecting genes of interest by 
applying microarray analysis; (2) producing a classi?er 
using support vector machines (SVM); and (3) cross-vali 
dating the genes of interest and the classi?er by comparing 
them against an independent set of test data. In a preferred 
embodiment, signi?cance analysis of microarrays (SAM) is 
utiliZed to select genes of interest. 

[0018] Genome Wide microarray analyses can produce 
large datasets that can be pattem-matched to clinicopatho 
logic parameters such as patient outcomes and prognosis. 
Accordingly, the subject invention identi?es gene expres 
sion signatures that Would predict colon cancer outcome 
more accurately than the Well-accepted Dukes’ staging 
system. 

[0019] In one embodiment, a group of colon cancer 
patients Was examined to develop a survival classi?er, Which 
Was subsequently validated using an entirely independent 
test set of data derived on a different microarray platform at 
a different performance site. The classi?er of the subject 
invention Was ultimately based on a core set of genes 
selected for their correlation to survival. A number of the 
genes in the core set demonstrated intrinsic biological sig 
ni?cance for colon cancer progression. 

[0020] With the ability to predict cancer outcomes/prog 
nosis using the subject invention, appropriate treatment 
protocols can be selected for patients. For example, patients 
assessed using the subject invention and identi?ed to have 
poor outcomes may be treated more aggressively or With 
speci?c agents (i.e., anti-sense agents, RNA inhibition 
agents, small molecule inhibitors of the cancer activity, gene 
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therapy, etc.). Accordingly, an important contribution of the 
prognosis/ survival classi?er of the present invention is the 
ability to identify those Dukes’ stage B and C cases for 
Which chemotherapy may be bene?cial. 

DESCRIPTION OF THE FIGURES 

[0021] The ?le of this patent contains at least one draWing 
executed in color. Copies of this patent With color draW 
ing(s) Will be provided by the Patent and Trademark O?ice 
upon request and payment of the necessary fee. 

[0022] FIG. 1A is a heatmap illustrating cluster analysis 
of genes selected in accordance With the present invention 
When correlated With prognosis/patient survival. 

[0023] FIG. 1B is a heatmap illustrating cluster analysis 
of genes selected in accordance With the present invention 
When grouped by Dukes’ stage B and C. 

[0024] FIG. 2A graphically illustrates a Kaplan-Meier 
survival curve based on gene expression pro?ling in accor 
dance With the present invention. 

[0025] FIG. 2B graphically illustrates a Kaplan-Meier 
survival curve based on Dukes’ staging. 

[0026] FIGS. 3A-3C illustrate survival curves for molecu 
lar classi?ers in accordance With the subject invention. 

DETAILED DISCLOSURE OF THE INVENTION 

[0027] The present invention provides systems and meth 
ods for predicting cancer prognosis and outcomes. Speci? 
cally, the subject invention utiliZes molecular staging With 
gene expression pro?les to stage patients With cancer. In a 
speci?c embodiment, the present invention provides a gene 
expression pro?le based classi?er for predicting cancer 
outcomes/prognosis. Both microarray analysis and binary 
classi?cation are used to create the classi?er of the inven 
tion. 

[0028] The subject invention provides methods for pre 
dicting patient outcomes comprising: identifying genes that 
correlate With a clinical outcome for a cancer of interest 

(such as colon cancer); establishing a set of reference gene 
expression levels (also referred to herein as a “classi?er”) 
for said identi?ed genes; receiving biological information 
regarding the patient; using the biological information to 
extrapolate intracellular gene expression; and comparing 
intracellular gene expression levels to those in the classi?er 
to predict clinical outcome. 

[0029] Biological information of the invention includes, 
but is not limited to, clinical samples of bodily ?uids or 
tissues; DNA pro?le information; and RNA pro?le informa 
tion. Methods for preparing clinical samples for gene 
expression analysis are Well knoWn in the art, and can be 
carried out using commercially available kits. 

[0030] In one embodiment, the subject invention provides 
methods for predicting colon cancer patient outcomes using 
a SAM selected set of genes derived from a genome Wide 
analysis of gene expression. Those patients With good and 
bad prognoses are ?rst clustered into groups that suggest 
outcome-rich information that is likely present in the gene 
expression dataset. Subsequently, a supervised SVM analy 
sis identi?es a core set of genes that appears in a majority 
(i.e., 50% or greater, including for example, 55%, 60%, 
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65%, 70%, 75%, 80%, 85%, 90% or 95%) of the cross 
validation folds and accurately predicts colon cancer sur 
vival. Preferably, a core set of genes that appears in 75% of 
the cross validation folds is identi?ed by an SVM to be used 
in predicting colon cancer survival. 

[0031] In one embodiment, a gene core set is derived from 
a cDNA microarray that includes both named and unnamed 
genes. The resultant gene set is highly accurate in predicting 
cancer survival When compared With Dukes staging data 
from the same patients. To validate a cDNA-based classi?er 
of the subject invention, a normaliZed and scaled oligonucle 
otide-based cancer database is evaluated against a com 
pletely independent set of test data derived from a different 
microarray platform. 
[0032] Accordingly, the subject invention provides a sys 
tem for predicting clinical outcome in a patient diagnosed 
With cancer, Wherein the system is useful in offering suppor‘t/ 
advice in making treatment decisions. The system comprises 
(1) a data storage device for collecting data (i.e., gene data); 
and (3) a computing means for receiving and analyZing data 
to accurately determine genes associated With poor or good 
patient prognosis. A graphical user interface can be included 
With the systems of the invention to display clinical data as 
Well as enable user-interaction. 

[0033] In one embodiment, the system of the invention 
further includes an intelligence system that can use the 
analyZed clinical data to classify gene samples and offer 
support/advice for making clinical decisions (i.e., to inter 
pret predicted clinical outcome and provide appropriate 
treatment). An intelligence system of the subject invention 
can include, but is not limited to, arti?cial neural netWorks, 
fuZZy logic, evolutionary computation, knoWledge-based 
systems, and arti?cial intelligence. 

[0034] In accordance With the subject invention, the com 
puting means is preferably a digital signal processor, Which 
can automatically and accurately analyZe gene data and 
determine those genes that strongly correlate to clinical 
outcome. 

[0035] In one embodiment, the system of the subject 
invention is stationary. For example, the system of the 
invention can be used Within a healthcare setting (i.e., 
hospital, physician’s o?ice). 
De?nitions 

[0036] As used herein, the term “patient” refers to humans 
as Well as non-human animals including, and not limited to, 
mammals, birds, reptiles, amphibians, and ?sh. Preferred 
non-human animals include mammals (i.e., mouse, rat, 
rabbit, monkey, dog, cat, primate, pig). A patient may also 
include transgenic animals. In certain embodiments, a 
patient may be a laboratory animal raised by humans in a 
controlled environment other than its natural habitat. 

[0037] The term “cancer,” as used herein, refers to a 
malignant tumor (i.e., colon or prostate cancer) or groWth of 
cells (i.e., leukaemia). Cancers tend to be less differentiated 
than benign tumors, groW more rapidly, shoW in?ltration, 
invasion, and destruction, and may metastasiZe. Cancer 
include, and are not limited to, colon and rectal cancers, 
?brosarcoma, myxosarcoma, antiosarcoma, leukaemia, 
squamous cell carcinoma, basal cell carcinoma, malignant 
melanoma, renal cell carcinoma, and hepatocellular carci 
noma. 
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[0038] A “marker gene,” as used herein, refers to any gene 
or gene product (i.e., protein, peptide, mRNA) that indicates 
a particular clinicopathological state (i.e., carcinoma, nor 
mal dysplasia and outcomes) or indicates a particular cell 
type, tissue type, or origin. The expression or lack of 
expression of a marker gene may indicate a particular 
physiological and/or diseased state of a patient, organ, 
tissue, or cell. Preferably, the expression or lack of expres 
sion may be determined using standard techniques such as 
RT-PCR, sequencing, immunochemistry, gene chip analysis, 
etc. In certain particular embodiments, the level of expres 
sion of a marker gene is quanti?able. 

[0039] The term “polynucleotide” or “oligonucleotide,” as 
used herein, refers to a polymer of nucleotides. Typically, a 
polynucleotide comprises at least three nucleotides. The 
polymer may include natural nucleosides (i.e., adenosine, 
thymidine, guanosine, cytidine, uridine, deoxyadenosine, 
deoxythymidine, deoxyguanosine, and deoxycytidine), 
nucleoside analogs (i.e., 2-aminoadensoine, 2-thio-thymi 
dine, inosine, pyrrolo-pyrimidine, 3-methyl adenosine, 
C5 -propynylcytidine, C5 -propynyluridine, C5 -bromouri - 
dine, C5-?uorouridine, C5-iodouridine, C5-methylcytidine, 
7-deaZaadenosine, 7-deaZaguanosine, 8-oxoadenosine, 
8-oxoguanosine, O(6)-methylguanine, and 2-thiocytidine), 
chemically modi?ed bases, biologically modi?ed bases (i.e., 
methylated bases), intercalated bases, modi?ed sugars (i.e., 
2'-?uororibose, ribose, 2'-deoxyribose, arabinose, and hex 
ose), or modi?ed phosphate groups (i.e., phosphorothioates 
and 5'-N-phosphoramidite linkages). 

[0040] As used herein, the term “tumor” refers to an 
abnormal groWth of cells. The groWth of the cells of a tumor 
typically exceeds the groWth of normal tissue and tends to be 
uncoordinated. The tumor may be benign (i.e., lipoma, 
?broma, myxoma, lymphangioma, meningioma, nevus, 
adenoma, leiomyoma, mature teratoma, etc.) or malignant 
(i.e., malignant melanoma, ovarian cancer, carcinoma in 
situ, carcinoma, adenocarcinoma, liposarcoma, mesothe 
lioma, squamous cell carcinoma, basal cell carcinoma, colon 
cancer, lung cancer, etc.). 

[0041] The term “bodily ?uid,” as used herein, refers to a 
mixture of molecules obtained from a patient. Bodily ?uids 
include, but are not limited to, exhaled breath, Whole blood, 
blood plasma, urine, semen, saliva, lymph ?uid, meningal 
?uid, amniotic ?uid, glandular ?uid, sputum, feces, sWeat, 
mucous, and cerebrospinal ?uid. Bodily ?uid also includes 
experimentally separated fractions of all of the preceding 
solutions or mixtures containing homogeniZed solid mate 
rial, such as feces, tissues, and biopsy samples. 

Computing Means 

[0042] Correlating genes to clinical outcomes in accor 
dance With the subject invention can be performed using 
softWare on a computing means. The computing means can 
also be responsible for maintenance of acquired data as Well 
as the maintenance of the classi?er system itself. The 
computing means can also detect and act upon user input via 
user interface means knoWn to the skilled artisan (i.e., 
keyboard, interactive graphical monitors) for entering data 
to the computing system. 

[0043] In one embodiment, the computing means further 
comprises means for storing and means for outputting 
processed data. The computing means includes any digital 
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instrumentation capable of processing data input from the 
user. Such digital instrumentation, as understood by the 
skilled artisan, can process communicated data by applying 
algorithm and ?lter operations of the subject invention. 
Preferably, the digital instrumentation is a microprocessor, a 
personal desktop computer, a laptop, and/or a portable palm 
device. The computing means can be general purpose or 
application speci?c. 

[0044] The subject invention can be practiced in a variety 
of situations. The computing means can directly or remotely 
connect to a central of?ce or health care center. In one 

embodiment, the subject invention is practiced directly in an 
of?ce or hospital. In another embodiment, the subject inven 
tion is practiced in a remote setting, for example, personal 
residences, mobile clinics, vessels at sea, rural villages and 
toWns Without direct access to healthcare, and ambulances, 
Wherein the patient is located some distance from the 
physician. 

[0045] In a related embodiment, the computing means is a 
custom, portable design and can be carried or attached to the 
health care provider in a manner similar to other portable 
electronic devices such as a portable radio pr computer. 

[0046] The computing means used in accordance With the 
subject invention can contain at least one user-interface 
device including, but not limited to, a keyboard, stylus, 
microphone, mouse, speaker, monitor, and printer. Addi 
tional user-interface devices contemplated herein include 
touch screens, strip recorders, joysticks, and rollerballs. 

[0047] Preferably, the computing means comprises a cen 
tral processing unit (CPU) having suf?cient processing 
poWer to perform algorithm operations in accordance With 
the subject invention. The algorithm operations, including 
the microarray analysis operations (such as SAM or binary 
classi?cation), can be embodied in the form of computer 
processor usable media, such as ?oppy diskettes, 
CD-ROMS, Zip drives, non-volatile memory, or any other 
computer-readable storage medium, Wherein the computer 
program code is loaded into and executed by the computing 
means. Optionally, the operational algorithms of the subject 
invention can be programmed directly onto the CPU using 
any appropriate programming language, preferably using the 
C programming language. 

[0048] In certain embodiments, the computing means 
comprises a memory capacity suf?ciently large to perform 
algorithm operations in accordance With the subject inven 
tion. The memory capacity of the invention can support 
loading a computer program code via a computer-readable 
storage media, Wherein the program contains the source 
code to perform the operational algorithms of the subject 
invention. Optionally, the memory capacity can support 
directly programming the CPU to perform the operational 
algorithms of the subject invention. A standard bus con?gu 
ration can transmit data betWeen the CPU, memory, ports 
and any communication devices. 

[0049] In addition, as understood by the skilled artisan, the 
memory capacity of the computing means can be expanded 
With additional hardWare and With saving data directly onto 
external mediums including, for example, Without limita 
tion, ?oppy diskettes, Zip drives, non-volatile memory and 
CD-ROMs. 
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[0050] Further, the computing means can also include the 
necessary softWare and hardWare to receive, route and 
transfer data to a remote location. 

[0051] In one embodiment, the patient is hospitaliZed, and 
clinical data generated by a computing means is transmitted 
to a central location, for example, a monitoring station or to 
a specialiZed physician located in a different locale. 

[0052] In another embodiment, the patient is in remote 
communication With the health care provider. For example, 
patients can be located at personal residences, mobile clin 
ics, vessels at sea, rural villages and toWns Without direct 
access to healthcare, and ambulances, and by using the 
classi?er system of the invention, still provide clinical data 
to the health care provider. Advantageously, mobile stations, 
such as ambulances, and mobile clinics, can monitor patient 
health by using a portable computing means of the subject 
invention When transporting and/or treating a patient. 

[0053] To ensure patient privacy, security measures, such 
as encryption softWare and ?reWalls, can be employed. 
Optionally, clinical data can be transmitted as unprocessed 
or “raW” signal(s) and/or as processed signal(s). Advanta 
geously, transmitting raW signals alloWs any softWare 
upgrades to occur at the remote location Where a computing 
means is located. In addition, both historical clinical data 
and real-time clinical data can be transmitted. 

[0054] Communication devices such as Wireless inter 
faces, cable modems, satellite links, microWave relays, and 
traditional telephonic modems can transfer clinical data 
from a computing means to a healthcare provider via a 
netWork. NetWorks available for transmission of clinical 
data include, but are not limited to, local area netWorks, 
intranets and the open internet. A broWser interface, for 
example, NETSCAPE NAVIGATOR or INTERNET 
EXPLORER, can be incorporated into communications soft 
Ware to vieW the transmitted data. 

[0055] Advantageously, a broWser or netWork interface is 
incorporated into the processing device to alloW the user to 
vieW the processed data in a graphical user interface device, 
for example, a monitor. The results of algorithm operations 
of the subject invention can be displayed in the form of 
interactive graphics. 

Dukes’ Staging as a Classi?er 

[0056] Since Dukes’ staging describes the survival of a 
population of patients, rather than an individual, any indi 
vidual patient can be classi?ed as alive or dead using the 
survivorship of the population to predict that of the indi 
vidual. In other Words, if the survival of a Dukes C popu 
lation is 55% at 36 months of folloW up, the Dukes C 
individual patient Would be classi?ed as alive at 36 months 
but With only a 55% accuracy rate. By making these 
assumptions, the accuracy of a staging by a microarray 
classi?er of the subject invention to that of a clinical staging 
system can be compared. 

Identi?cation of Prognosis-Related Genes 

[0057] As a ?rst step in the survival analysis of microarray 
data, genes that best separate cancer patients With poor and 
good prognosis Were identi?ed. Censored-survival analysis 
using signi?cance analysis of microarrays (SAM) or any 
other microarray analysis (i.e., clustering methods such as 
those disclosed by Eisen et al., “Cluster analysis and display 
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of genome-Wide expression pattems,”Proc. Natl. Acad. Sci. 
USA, 95:14863-14868 (1998); Alon et al., “Broad patterns 
of gene expression revealed by clustering analysis of tumor 
and normal colon tissues probed by oligonucleotide arrays, 
”Proc. Natl. Acad. Sci. USA, 96:6745-6750 (1999); and 
Ben-Dor et al., “Tissue classi?cation With gene expression 
pro?les,”J. Compul. Biol, 7:559-583 (2000); classi?cation 
trees such those disclosed by DubitZky et al., “A database 
system for comparative genomic hybridization analysis, 
”IEEE Eng Med Biol Mag, 20(4):75-83 (2001); genetic 
algorithms such as those disclosed by L1 et al., “Computa 
tional analysis of leukemia microarray expression data using 
the GA/KNN,” in Methods of Microarray Data Analysis, 
KluWer Academic Publishers (2001); neural netWorks such 
as those disclosed by HWang et al., “Applying machine 
learning techniques to analysis of gene expression data: 
cancer diagnosis,” in Methods of Microarray Data Analysis, 
KluWer Academic Publishers (2001); and the “Neighbor 
hood Analysis” (a Weighted correlation method) as disclosed 
by Golub et al., “Molecular classi?cation of cancer: class 
discovery and class prediction by gene expression monitor 
ing,”Science, 286:531-537 (1999)) can be used to select 
genes correlated With prognosis in accordance With the 
subject invention. 

[0058] Using SAM or any other microarray analysis, 
genes can be selected that most closely correlate With 
selected survival times. Permutation analysis can then used 
to estimate the false discovery rate (FDR). The resultant 
mean-centered gene expression vectors can then be clustered 
and visualiZed using knoWn computer software (i.e., Cluster 
3.0 and Java TreeV1eW 1.03, both of Which are provided by 
Hoon MJLd, et al., “Open Source Clustering Software, 
”Bioinformalics 2003, in press). 
Classi?er Construction and Evaluation 

[0059] According to the present invention, a gene classi 
?er can be constructed to predict a set time of outcome 
among a set number of patients using microarray data 
produced on a cDNA platform. In one embodiment, the 
classi?er of the subject invention is produced on a comput 
ing means that using SAM tWo-class gene selection and a 
support vector machine classi?cation. In one embodiment, 
the SAM procedure is empirically set to select enough genes 
to satisfy a set FDR. Such selected genes can then be used 
in a linear support vector machine to classify the samples as 
having poor or good prognosis. 

[0060] Leave-one-out cross-validation (LOOCV) opera 
tion can also be utiliZed to construct a classi?er (i.e., neural 
netWork-based classi?er) as Well as to estimate the predic 
tion accuracy of the classi?er of the subject invention. In one 
embodiment, the classi?cation process includes both gene 
selection and SVM classi?cation creation; therefore, both 
steps can be performed on each training set after the test 
example is removed. According to the subject invention, 
samples can be classi?ed as having “good” or “poor” 
prognosis based on survival for a certain set amount of time. 
In a preferred embodiment, “good” or “poor” prognosis is 
based on more or less than 36 months, respectively. 

[0061] By using the leave-one-out cross validation 
approach, the subject invention provides a means for rank 
ing the genes selected. The number of times a particular gene 
is chosen can be an indicator of the usefulness of that gene 
for general classi?cation and may imply biological signi? 
cance. 
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[0062] In a preferred embodiment, the classi?er of the 
subject invention is prepared by (1) SAM gene selection 
using a t-test and (2) classi?cation using a neural netWork. 
The classi?er is prepared after a test sample is left out (from 
the LOOCV) to avoid bias from the gene selection step. 
Since the classi?cation problem is a binary decision, a t-test 
Was used for gene selection. 

[0063] Preferably, once a gene set is selected, a feed 
forWard back-propogation neural netWork system (see 
Rumelhart, D. E. and J . L. McClelland, “Parallel Distributed 
Processing: Exploration in the Microstructure of Cognition,” 
Cambridge, Mass.: MIT Press (1986); and Fahlman, S. E., 
“Faster-Leaming Variations on Back-Propogation: An 
Empirical Study,”Proceedings of the 1988 Connectionisl 
Models Summer School, Los Altos, Calif.: Morgan-Kauf 
mann (1988)) is used. In one embodiment, a feed-forWard 
back-propogation neural netWork With a single layer of 10 
units is used. Neural netWork systems are extremely robust 
to both the number of genes selected and the level of noise 
in these genes. 

Statistical Signi?cance 

[0064] Differences betWeen Kaplan-Meier curves can be 
evaluated using the log-rank test, Which is Well knoWn to the 
skilled statistician. This can be performed both for the initial 
survival analysis and for the classi?er results. In accordance 
With the present invention, the classi?er can split the 
samples into various groups (i.e., tWo groups: those pre 
dicted as good or poor prognosis). Classi?er accuracy can be 
reported to the user both as overall accuracy and as speci 
?city/sensitivity. In one embodiment, a McNemar’s Chi 
Squared test is used to compare the molecular classi?er With 
the use of a Dukes’ staging classi?er. In a related embodi 
ment, several permutations of the dataset (i.e., 1,000 per 
mutations) are used to measure the signi?cance of the 
classi?er results as compared to chance. 

EXAMPLE 1 

Human Colon Cancer Survival Classi?er 

Training Set Tumor Samples 

[0065] In one embodiment of the subject invention, a 
colon cancer survival classi?er Was developed using 78 
tumor samples, including 3 adenomas and 75 cancers. 
Informative froZen colorectal cancer samples Were selected 
from the Mof?tt Cancer Center Tumor Bank (Tampa, Fla.) 
based on evidence for good (survival >36 mo) or poor 
prognosis (survival <36 mo) from the Tumor Registry. 
Dukes’ stages can include B, C, and D. In this particular 
embodiment, survival Was measured as last contact minus 
collection date for living patients, or date of death minus 
collection date for patients Who have died. 

[0066] In this embodiment, the number of samples per 
Dukes’ stage Was as folloWs: 23 patients With stage B, 22 
patients With stage C and 30 patients With stage D disease. 
Just as adenomas can be included to help train the classi?er 
to recogniZe good prognosis patients, Dukes D patients With 
synchronous metastatic disease can be used to train the 
classi?er to recogniZe poor prognosis patients. 

[0067] In a related embodiment, all samples Were selected 
to have at least 36 months of folloW-up. The folloW-up 
results in this embodiment shoWed that thirty-tWo of the 
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patients survived more than 36 months, While 46 patients 
died Within 36 months. With this particular embodiment, the 
median folloW-up time for all 78 patients Was 27.9 months. 
The median folloW-up for the poor prognosis cases (<36 
months survival) Was 11.7 months and for the good prog 
nosis cases (>36 months survival) it Was 64.2 months. 

[0068] Since the NIH consensus conference in 1990, che 
motherapeutic application in the United States has been 
relatively homogeneous, With nearly all Dukes stage B 
avoiding chemotherapy, and nearly all Dukes stage C receiv 
ing 6 months of adjuvant 5-?uorouracil (5-FU) and leuco 
vorrn. 

Test Set Tumor Samples (Denmark) 

[0069] In another embodiment, eighty-eight patients With 
Dukes’ stage B and C colorectal cancer and a minimum 
folloW-up time of 60 months Were selected for array hybrid 
ization. Ten micrograms of total RNA Were used as starting 
material for the cDNA preparation and hybridized to 
Alfymetrix U133A GeneChips (Santa Clara, Calif.) by stan 
dard protocols supplied by the manufacturer. The U133A 
gene chip is disclosed in US. Pat. Nos. 5,445,934; 5,700, 
637; 5,744,305; 5,945,334; 6,054,270; 6,140,044; 6,261, 
776; 6,291,183; 6,346,413; 6,399,365; 6,420,169; 6,551, 
817; 6,610,482; and 6,733,977; and in European Patent Nos. 
619,321 and 373,203, all of Which are hereby incorporated 
in their entirety, including all ?gures and tables, to the extent 
they are not inconsistent With the explicit teachings of this 
speci?cation. 
[0070] With this particular embodiment, there Were 28 
patients With stage B and 60 patients With stage C colorectal 
cancers. All Dukes’ stage B patients Were treated by surgical 
resection alone Whereas all C patients received 5-FU/leuco 
vorin adjuvant chemotherapy in addition to surgery. Col 
orectal tumor samples Were obtained fresh from surgery and 
Were immediately snap-frozen in ?uid nitrogen but Were not 
microdissected, With the potential for inclusion of samples 
With <80% purity. Total RNA Was isolated from 50-150 mg 
tumor sample using RNAzol (WAK-Chemie Medical) or 
using spin column technology (Sigma) according to the 
manufacturer’s instructions. Results Were noted (i.e., ?fty 
seven of the patients survived more than 36 months, While 
31 died Within 36 months). 

32K cDNA Array Hybridization and Scanning 

[0071] According to the subject invention, samples can be 
microdissected (>80% tumor cells) by frozen section guid 
ance and RNA extraction performed using Trizol folloWed 
by secondary puri?cation on RNAEasy columns. The 
samples can then be pro?led on cDNA arrays (i.e., TIGR’s 
32,488-element spotted cDNA arrays, containing 31,872 
human cDNAs representing 30,849 distinct transcriptsi23, 
936 unique TIGR TCs and 6,913 ESTs, 10 exogenous 
controls printed 36 times, and 4 negative controls printed 
36-72 times). 

[0072] In one embodiment, tumor samples are co-hybrid 
ized With a common reference pool in the Cy5 channel for 
normalization purposes. cDNA synthesis, aminoallyl label 
ing and hybridizations can be performed according to pre 
viously published protocols (see Hegde, P. et al., “A concise 
guide to cDNA microarray analysis,”Bi0lechniques; 29:552 
562 (2000) and Yang, I. V, et al., “Within the fold: assessing 
differential expression measures and reproducibility in 
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microarray assays,”Gen0me Biol; 3:research0062 (2002)). 
For example, labeled ?rst-strand cDNA is prepared, and 
co-hybridized With labeled samples are prepared, from a 
universal reference RNA consisting of equimolar quantities 
of total RNA derived from three cell lines, CaCO2 (colon), 
KM12L4A (colon), and U118MG (brain). Detailed proto 
cols and description of the array are available at <http:// 
cancer.tigr.org>. Array probes are identi?ed and local back 
ground can be subtracted in Spot?nder (Saeed, A. I. et al., 
“TM4: a free, open-source system for microarray data 
management and analysis,”Bi0lechniques; 34:374-8 
(2003)). Individual arrays can be normalized in MIDAS (see 
Saeed, A.I. ibid.) using LOWESS (an algorithm knoWn to 
the skilled artisan for use in normalizing data) With smooth 
ing parameter set to 0.33. 

Microarray Hybridization and Scanning of Denmark 
Samples 

[0073] The ?rst and second strand cDNA synthesis can be 
performed using the SuperScript II System (Invitrogen) 
according to the manufacturer’s instructions except using an 
oligodT primer containing a T7 RNA polymerase promoter 
site. Labeled cRNA is prepared using the BioArray High 
Yield RNA Transcript Labeling Kit (Enzo). Biotin labeled 
CTP and UTP (Enzo) are used in the reaction together With 
unlabeled NTP’s. Following the IVT reaction, the unincor 
porated nucleotides are removed using RNeasy columns 
(Qiagen). Fifteen micrograms of cRNA are fragmented at 
940 C for 35 min in a fragmentation buffer containing 40 
mM Tris-acetate pH 8.1, 100 mM KOAc, 30 mM MgOAc. 
Prior to hybridization, the fragmented cRNA in a 6><SSPE-T 
hybridization buffer (1 M NaCl, 10 mM Tris pH 7.6, 0.005% 
Triton) is heated to 95° C. for 5 min and subsequently to 45° 
C. for 5 min before loading onto the A?fymetrix HG_U133A 
probe array cartridge. The probe array is then incubated for 
16 h at 45° C. at constant rotation (60 rpm). The Washing and 
staining procedure can be performed in an A?fymetrix Flu 
idics Station. 

[0074] The probe array can be exposed to several Washes 
(i.e., 10 Washes in 6><SSPE-T at 25° C. folloWed by 4 Washes 
in 0.5><SSPE-T at 50° C.). The biotinylated cRNA can then 
be stained With a streptavidinphycoerythrin conjugate, ?nal 
concentration 2 mg/ml (Molecular Probes, Eugene, Oreg.) in 
6><SSPE-T for 30 min at 25° C. folloWed by 10 Washes in 
6><SSPE-T at 25° C. An antibody ampli?cation step can then 
folloW, using normal goat IgG as blocking reagent, ?nal 
concentration 0.1 mg/ml (Sigma) and biotinylated anti 
streptavidin antibody (goat), ?nal concentration 3 mg/ml 
(Vector Laboratories). This can be folloWed by a staining 
step With a streptavidin-phycoerythrin conjugate, ?nal con 
centration 2 mg/ml (Molecular Probes, Eugene, Oreg.) in 
6><SSPE-T for 30 min at 25° C. and 10 Washes in 6><SSPE-T 
at 25° C. The probe arrays are scanned (i.e., at 560 nm using 
a confocal laser-scanning microscope (HeWlett Packard 
GeneArray Scanner G2500A)). The readings from the quan 
titative scanning can then be analyzed by the Alfymetrix 
Gene Expression Analysis SoftWare (MAS 5.0) and normal 
ized to a common mean expression value of 150. 

Survival Analysis 

[0075] The ?rst analysis of the colon cancer survival data 
can be performed using censored survival time (in months) 
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and 500 permutations. Signi?cance analysis of microarrays 
(SAM) can then be used to select genes most closely 
correlated to survival. The subset of genes that correspond to 
an empirically derived, estimated false discovery rate (FDR) 
is then chosen. This subset of genes can then be used in 
subsequent analyses. In one embodiment, Cluster 3.0 and 
Java TreeVieW 1.03 are used to cluster and visualiZe the 
SAM-selected genes. 

[0076] A hierarchical clustering algorithm can be chosen, 
With complete linkage and the correlation coef?cient (i.e., 
Pearson correlation coe?‘icient) as the similarity metric. In 
another embodiment, the Dukes’ staging clusters are manu 
ally created in the appropriate format. Clustering software 
produces heatmap (see FIGS. 1A and 1B) and dendrograms. 
The highest level partition of the SAM-selected genes can 
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then be chosen as a survival grouping. Given tWo clusters of 
survival times, Kaplan-Meier curves can be plotted (see 
FIGS. 2A and 2B). 
Identi?cation of Prognosis-Related Genes 

[0077] According to the subject invention, SAM survival 
analysis can be used to identify a set of genes most corre 
lated With censored survival time using the training set 
tumor samples. In one embodiment, a set of 53 genes Was 
found, corresponding to a median expected false discovery 
rate (FDR) of 28%. These genes are listed in the folloWing 
Table 1, Wherein genes denoted With (+) indicate a positive 
correlation to survival time and genes Without the (+) 
notation indicate a negative correlation in survival time 
(over expression in poor prognosis cases). Included in this 
list of genes in Table 1 are several genes believed to be 
biologically signi?cant, such as osteopontin and neuregulin. 

TABLE 1 

Censored survival analysis using SAM, resultant 53 genes selected With median 
28% FDR 

Description 
UniGene 

GeneBank ID ID 

N36176 Hs.108636 
AA149253 Hs.107987 

AA425320 Hs.250461 

AA775616 Hs.313 

N72847 Hs.125221 

AA706226 Hs.113264 
AA976642 Hs.42116 
AA133215 Hs.32989 

AA45 72 67 Hs.70669 
N50073 Hs.84926 

168360 Hs.145567 
AA450205 Hs.8146 

AA148578 Hs.110956 
168640 Hs.89584 
AA487274 Hs.48950 

N53172 Hs.23016 
AA045308 Hs.7089 
AA045075 Hs.62751 

N63366 Hs.161488 
R22340 null 
AA437223 Hs.46640 

AA481250 Hs.154138 
AA045793 Hs.6790 

H87795 Hs.233502 

AA121806 Hs.84564 
AA284172 Hs.89385 

R68106 Hs.233450 

AA479270 Hs.250802 

AA432030 Hs.179972 

R10545 Hs.148877 

membrane protein CH1 

hypothetical protein; MDGl; similar to putative microvascular 
endothelial differentiation gene 1; similar to X98993 (PID: g1771560) 
OPN-b; osteopontin; secreted phosphoprotein l (osteopontin, bone 
sialoprotein I, early T-lymphocyte activation 1) 
Alu subfamily SP sequence contamination Warning entry. [Human] 
{Homo sapiens} 
neuregulin 2 isoform 4 
axin 2 (conductin, aXil) 
Receptor activity-modifying protein 1 precursor (CRLR activity 
modifyingprotein 1) 
P19 protein; HMP19 protein 
hypothetical protein 
Unknown {Homo sapients} 
translocation protein-1; Sec62; Dtrpl protein; membrane protein 
SEC62, S. cerevisiae, homolog of [Homo sapiens]; 
KOX 13 protein (56 AA) 
insulinoma-associated 1; bA470C13.2 (insulinoma-associated protein 1) 
heptacellular carcinoma novel gene-3 protein; DAPPERI 
orphan receptor; orphan G protein-coupled receptor RDCl 
insulin induced protein 2; INSIG-2 membrane protein 
syntaxin 7 
N/A 
chr2 synaptotagmin; KIAA1228 protein 
Adult retina protein 
chitinase precursor; chitinase 3-like 2; chondrocyte protein 39 
hypothetical protein; MDGl; similar to putative microvascular 
endothelial differentiation gene 1; similar to X98993 (PID: gl771560); 
microvascular endothelial differentiation gene 1 product; microvascular 
endothelial differentiation gene 1; DKFZP564F1862 p 
N/A 
Rab3c; hypothetical protein BC013033 
NPAT; predicted amino acids have three regions Which share similarity 
to annotated domains of transcriptional factor oct-l, nucleolus 
cytoplasm shuttle phosphoprotein and protein kinases; NPAT; nuclear 
protein, ataxiatelangiectasia locus; Similar to nuc 
Fc-gamma-RIIb2; precursor polypeptide (AA —42 to 249); IgG Fc 
receptor; IgG Fc receptor; IgG Fc receptor beta-Fc-gamma-RII; IgG Fc 
fragment receptor precursor; Fc gamma RIIB [Homo sapiens]; Fc 
gamma RIIB [Ho 
Diff33 protein homolog; KIAA1253 protein [Homo sapiens]; 
KIAAl253protein [Homo sapiens] 
Interferon-induced protein 6*l6 precursor (I?-6il6). [Human] {Homo 
sapiens} 
dJ425C14.2 (Placental protein 
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TABLE l-continued 
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Censored survival analysis using SAM, resultant 53 genes selected with median 
28% FDR 

UniGene 
GeneBank ID ID Description 

AA453508 Hs.168075 transportin; karyopherin (importin) beta 2 [Homo sapiens]; karyopherin 
beta 2; importin beta 2; transportin; M9 region interaction protein [Homo 
sapiens] 

AI149393 Hs.9302 phosducin-like protein; phosducin-like protein; phosducin-like protein; 
phosducin-like protein; hypothetical protein; phosducin-like; Unknown 
(proteinfor MGC: 14088) [Homo sapiens] 

AA883496 Hs.125778 Null 
AA167823 Hs.112058 CD27BP {Homo sapiens} 
AI203139 Hs.180370 hypothetical protein FLJ30934 [Homo sapiens] 
+H19822 Hs.2450 KIAA0028; leucyl-tRNA synthetase, mitochondrial [Homo sapiens]; 

leucyltRNA synthetase, mitochondrial [Homo sapiens]; leucine-tRNA 
ligase precursor; leucine translase [Homo sapiens] 

+W73732 Hs.83634 Null 
+AA777892 Hs.121939 Null 
+AA885478 Hs.125741 unnamed protein product [Homo sapiens]; hypothetical protein 

FLJ12505 [Homo sapiens]; Unknown (protein for MGC: 39884) [Homo 
sapiens] 

+AA932696 Hs.8022 TU3A protein; TU3A protein [Homo sapiens] 
+AA481507 Hs.159492 unnamed protein product [Homo sapiens] 
+H18953 Hs.15232 Null 
*AA709158 Hs.42853 put. DNA binding protein; put. DNA binding protein; cAMP responsive 

element binding protein-like 1; Creb-related protein [Homo sapiens] 
+AA488652 Hs.4209 HSPC235; ribosomal protein L2; Similar to ribosomal protein, 

mitochondrial, L2 [Homo sapiens]; mitochondrial ribosomal protein 
L37; ribosomal protein, mitochondrial, L2 [Homo sapiens] 

+N39584 Hs.17404 Null 
*H62801 Hs.125059 Unknown (protein for IMAGE: 4309224) [Homo sapiens]; hypothetical 

protein [Homo sapiens] 
*H17638 Hs.17930 dJ1033B10.2.2 (chromosome 6 open reading frame 11 (BING4), 

isoform 2) [Homo sapiens] 
*R43684 Hs.165575 dJ402G11.5 (novel protein similar to yeast and bacterial predicted 

proteins) {Homo sapiens} 
+N21630 Hs.143039 hypothetical protein PRO1942 
+T81317 Hs.189846 Alu subfamily 1 sequence contamination warning entry. {Homosapiens} 

+R45595 Hs.23892 Null 
+T90789 Hs.121586 ray; small GTP binding protein RAB35 [Homo sapiens]; RAB35, 

member RAS oncogene family,; ras-related protein rab-1c (GTP-binding 
protein ray) [Homosapiens] 

*AA283062 Hs.73986 Similar to CDC-like kinase 2 {Homo sapiens} 

Any and all of the nucleotide and/or amino acid sequences associated with the accession numbers listed 
in Table l are hereby incorporated by reference. 

[0078] FIG. 1A presents a graphical representation of the 
53 SAM-selected genes (as described above) as a clustered 
heat map. The red color represents over-expressed genes 
relative to green, under-expressed genes. FIG. 1A shows 
only the Dukes’ stage B and C cases, whose outcome Dukes’ 
staging predicts poorly. Since only genes correlated with 
survival are used in clustering, the distinctly illustrated 
clusters in the heatmap correspond to very di?cerent prog 
nosis groups. 

[0079] The 53 SAM-selected genes were also arranged by 
annotated Dukes’ stage in FIG. 1B. Unlike FIG. 1A, where 
two gene groups were apparent, there was no discernible 
gene expression grouping when arranged by Dukes’ stage. 

[0080] FIG. 2A shows the Kaplan-Meier plot for two 
dominant clusters of genes correlated with stage B and C test 
set tumor samples. Clearly, these genes separated the cases 
into two distinct clusters of patients with good prognosis 
(cluster 2) and poor prognosis (cluster 1) (P<0.001 using a 
log rank test). FIG. 2B presents a Kaplan-Meier plot of the 
survival times of Dukes’ stage B and C tumors grouped by 
stage, showing no statistically signi?cant di?cerence. 

[0081] As illustrated in FIGS. 1A, 1B, 2A, and 2B, gene 
expression pro?les separate good and poor prognosis cases 
better than Dukes’ staging. This suggests that a gene 
expression based classi?er, as provided by the present 
invention, is more accurate at predicting patient prognosis 
than the traditional Dukes’ staging. 

Dukes’ Staging as a Prognosis Classi?er 

[0082] As noted above, Dukes’ staging provides only a 
probability of survival for each member of a population of 
patients, based on historical statistics. Accordingly, the prog 
nosis of an individual patient can be predicted based on 
historical outcome probabilities of the associated Dukes’ 
stage. For example, if a Dukes’ C. survival rate was 55% at 
36 months of follow up, any individual Dukes’ C. patient 
would be classi?ed as having a good prognosis since more 
than 50% of patients would be predicted to be alive. 

Performance of a Colorectal Cancer Survival Classi?er of 
the Present Invention as Compared to Dukes’ Staging 

[0083] In order to determine the value of the human colon 
cancer prognosis/ survival classi?er of the subject invention, 
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a classi?er of the invention Was compared to the Dukes’ 
clinical staging approach currently in Widespread use. In an 
initial set of 78 tumors (from the test set tumor samples 
described above), a classi?er (Classi?er A) of the present 
invention predicted 100%, 69%, 55% and 20% for 
Adenomas, and Dukes’ stages B, C and D cancers, respec 
tively. The overall accuracy Was 77% (63% sensitivity/97% 
speci?city). 

[0084] Using LOOCV, Classi?er A Was evaluated in pre 
dicting prognosis for each patient at 36 months folloW-up as 
compared to Dukes’ staging predictions. The results of 
LOOCV demonstrated that Classi?erA of the subject inven 
tion Was 90% accurate (93% sensitivity/ 84% speci?city) in 
predicting the correct prognosis for each patient at 36 month 
of folloW-up. A log-rank test of the tWo predicted groups 
(good and poor prognosis) Was signi?cant (P<0.001), dem 
onstrating the ability of Classi?er A to distinguish the tWo 
outcomes (FIG. 2A). Permutation analysis demonstrates the 
result is better than possible by chance (P<0.001-1000 
permutations). 

[0085] This result is also signi?cantly higher than that 
observed using Dukes’ staging as a classi?er (77%) for the 
same group of patients (P=0.03878). The results for both 
Dukes’ staging and molecular staging are summariZed in 
Tables 2A-2C beloW. ShoWn ?rst in Table 2A are the relative 
accuracies of Dukes’ staging and the cDNA classi?er 
(molecular staging) for all tumors and then a comparison by 
Dukes’ stage. As shoWn in Table 2B, Dukes’ staging Was 
particularly bad at predicting outcome for patients With poor 
prognosis (70% and 55% for all stages and B and C, 
respectively). In contrast, molecular staging, as provided by 
the present invention, identi?ed the good prognosis cases 
(the “default” classi?cation using Dukes’ staging), but also 
identi?ed poor prognosis cases With a high degree of accu 
racy, Table 2C. Tables 2A-2C also shoW the detailed con 
fusion matrix for all samples in the dataset, shoWing the 
equivalent misclassi?cation rate of both good and poor 
prognosis groups by the classi?er of the subject invention. 

TABLE 2A 

LOOCV Accuracy of Dukes’ vs. Molecular Staging for all 
tumors. 

Classi?cation Method Total Accuracy Sensitivity Speci?city 

Dukes’ Staging 77% 63% 97% 
Molecular Staging *90% 93% 84% 

[0086] 

TABLE 2B 

Comparison of Molecular Staging and Dukes’ Staging 
Accuracy. 

Dukes’ Stage Molecular Staging Dukes’ Staging 

Adenoma 100% 100% 
B 87% 70% 
C 91% 55% 
D 90% 97% 

Aug. 31, 2006 

[0087] 

TABLE 2C 

Confusion Matrix of cDNA Classi?er Results. 

Observed/Predicted Poor Good Totals 

Poor 43 3 46 

Good 5 27 2 

Total 48 30 78 

*Dukes’ staging vs. cDNA Classi?er, P = 0.03878, one-sided McNemar’s 
test. 

Classi?er Construction 

[0088] Leave-one-out cross-validation technique can be 
utiliZed for evaluating the performance of a classi?er con 
struction method of the subject invention. This approach 
tends toWards high variance in accuracy estimates, but With 
loW bias. 

[0089] Within each step of the leave-one-out cross-vali 
dation (or fold), a classi?er of the subject invention can be 
created on all available training data, then tested for accu 
racy by classifying the left-out example. In one embodiment, 
a classi?er Was constructed in tWo steps: ?rst a gene selec 
tion procedure Was performed With SAM and then a support 
vector machine Was constructed. 

[0090] In a related embodiment, the gene selection 
approach used Was a univariate selection. SAM (signi?cance 
analysis of microarrays) Was the method chosen for select 
ing genes. Since gene selected Was to be based on tWo 
classes (good vs. poor prognosis), the tWo-class SAM 
method can be used for selecting genes With the best d 
values. SAM calculates false discovery rates empirically 
through the use of permutation analysis. SAM provides an 
estimate of the false discovery rate (FDR) along With a list 
of genes considered signi?cant relative to censored survival. 
This feature of SAM Was used With this particular embodi 
ment to select the number of genes that resulted in the 
smallest FDR possible. In one embodiment, this FDR Was 
Zero. 

[0091] The set of 53 genes (signi?cant genes, as described 
above) at a FDR of 28% Was used in this particular embodi 
ment. Using this subset of 53 genes, the samples Were 
clustered as a Way of visualiZing the SAM results (see FIGS. 
1A and 1B). Once the genes Were selected using the SAM 
method, a linear support vector machine (SVM) Was con 
structed. The softWare used for this approach can be imple 
mented in a Weka machine learning toolkit. A linear SVM 
Was then chosen to reduce the potential for over?tting the 
data, given the small sample siZes and large dimensionality. 
One further advantage of this approach is the transparency 
of the constructed model, Which is of particular interest 
When comparing the classi?er of the subject invention on 
tWo different platforms (see beloW). 

[0092] In another embodiment, using LOOCV via statis 
tical analytic tools for comparing groups (i.e., parametric 
tests such as t-test/ANOVA; see also Dyrskjot L et al., 
“Identifying distinct classes of bladder carcinoma using 
microarrays,”NaZ. GeneL, 33:90-6 (2003)), a list of 43 genes 
(from the 53 SAM selected genes as described above) Was 
selected for use in constructing a second human colorectal 
cancer survival classi?er, in accordance With the present 
invention. The list of 43 genes is provided in the folloWing 
Table 3. 
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TABLE 3 

Genes used in the cDNA classi?er (selected by t-test) and ranked by selection 
frequency using LOOCV. 

Number 
Times GeneBank UniGene 

Occurred ID ID Description 

M*78 AA045075 Hs.62751 syntaXin 7 
M*78 AA425320 Hs.250461 hypothetical protein; MDG1; similar to putative 

microvascular endothelial differentiation gene 1; similar to 
X98993 (PID: g1771560); 
microvascular endothelial differentiation gene 1 product; 
microvascularendothelial differentiation gene 1; 
DKFZP564F1862 p 

M78 AA437223 Hs.46640 adult retina protein 
M*78 AA479270 Hs.250802 Diff33 protein homolog; KIAA1253 protein 
M*78 AA486233 Hs.2707 G1 to S phase transition 1 
M*78 AA487274 Hs.48950 heptacellular carcinoma novel gene-3 protein; DAPPERI 
M78 AA488652 Hs.4209 HSPC235; ribosomal protein L2; Similar to ribosomal 

protein, mitochondrial, L2 [Homo sapiens]; mitochondrial 
ribosomal protein L37; ribosomal protein, mitochondrial, L2 
[Homo sapiens] 

M78 AA694500 Hs.116328 hypothetical protein MGC33414; Similar to PR domain 
containing 1, With ZNF domain 

M78 AA704270 Hs.189002 Null 
M*78 AA706226 Hs.113264 neuregulin 2 isoform 4 
M*78 AA709158 Hs.42853 put. DNA binding protein; put. DNA binding protein; cAMP 

responsive element binding protein-like 1; Creb-related 
protein 

M*78 AA775616 Hs.313 OPN-b; osteopontin; secreted phosphoprotein 1 (osteopontin, 
bone sialoprotein I, early T-lymphocyte activation 1) 

M78 AA777892 Hs.121939 Null 
M*78 AA873159 Hs.182778 apolipoprotein CI; apolipoprotein C-I variant II; 

apolipoprotein C-I variant I 
M*78 AA969508 Hs.10225 HEYL protein; hairy-related transcription factor 3; 

hairy/enhancer-ofsplit related With YRPW motif-like 
M78 AI203139 Hs.180370 hypothetical protein FLJ30934 
M*78 AI299969 Hs.255798 unnamed protein product; HN1 like; Unknown (protein for 

MGC: 22947) 
M*78 H17364 Hs.80285 CRE-BPI family member; cyclic AMP response element 

DNA-binding protein isoform 1 family; cAMP response 
element binding protein (AA1-505); cyclic AMP response 
element-binding protein (HB16); Similar to activating 
transcription factor 2 [Homo sapiens]; act 

M78 H17627 Hs.83869 unnamed protein 
M*78 H19822 Hs.2450 KIAAO028; leucyl-tRNA synthetase, mitochondrial [Homo 

sapiens]; leucyl-tRNA synthetase, mitochondrial [Homo 
sapiens]; leucine-tRNA ligase precursor; leucine translase 
[Homo sapiens] 

M*78 H23551 Hs.30974 NADH dehydrogenase subunit 4 {Deirochelys rericularia} 
M78 H62801 Hs.125059 Unknown (protein for IMAGE: 4309224) [Homo sapiens]; 

hypothetical protein [Homo sapiens] 
M78 H85015 Hs.138614 null 
M78 N21630 Hs.143039 hypothetical protein PRO1942 
M*78 N36176 Hs.108636 membrane protein CH1; membrane protein CH1 [Homo 

sapiens]; membrane protein CH1 [Homo sapiens]; membrane 
protein CH1 [Homo sapiens] 

M*78 N72847 Hs.125221 Alu subfamily SP sequence contamination Warning entry. 
[Human] {Homo sapiens} 

M78 N92519 Hs.1189 UnknoWn (protein for MGC: 10231) [Homo sapiens] 
M*78 R27767 Hs.79946 thyroid hormone receptor-associated protein, 150 kDa 

subunit; Similar to thyroid hormone receptor-associated 
protein, 150 kDa subunit [Homo sapiens]; 

M*78 164578 Hs.111314 null 
M78 M8360 Hs.145567 unknoWn {Homo sapiens} 
M78 R43597 Hs.137149 trehalase homolog T19F6.30 — Arabidopsis lhaZiana 
M78 R43684 Hs.165575 dJ402G11.5 (novel protein similar to yeast and bacterial 

predicted proteins) 
M*78 W73732 Hs.83634 Null 
M*77 AA450205 Hs.8146 translocation protein-1; Sec62; translocation protein 1; Dt1p1 

protein; membrane protein SEC62, S. cerevisiae, homolog of 
[Homo sapiens]; 

M77 AI081269 Hs.184108 Alu subfamily SX sequence contamination Warning entry. 
M*77 169314 Hs.170056 null 
M*72 AA702174 Hs.75263 pRb-interacting protein RbBP-36 
M*70 AI002566 Hs.81234 immunoglobin superfamily, member 3 
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TABLE 3-c0ntinued 

Genes used in the cDNA classi?er (selected by t-test) and ranked by selection 
frequency using LOOCV. 

Number 
Times GeneBank UniGene 

Occurred ID ID Description 

M*63 AA676797 Hs.1973 cyclin F 
M*62 AA453508 Hs.168075 transportin; karyopherin (importin) beta 2; M9 region 

interaction protein 
M62 W93980 Hs.59511 null 
M*58 AA045308 Hs.7089 insulin induced protein 2; INSIG-Z membrane protein 
M58 AA953396 Hs.127557 null 
M52 AA962236 Hs.124005 hypothetical protein MGC19780 
M*50 AA418726 Hs.47 64 null 
M50 R43713 Hs.22945 null 
M*41 AA664240 Hs.8454 artifact-Waming sequence (translated ALU class C) — human 
M*38 AA477404 Hs.125262 hypothetical protein; unnamed protein product; GL003; 

AAAS protein; adracalin; aladin 
M*37 AA826237 Hs.3426 Era GTPase A protein; conserved ERA-like GTPase [Homo 

sapiens]; ERA-W [Homo sapiens]; Era G-protein-like 1; 
GTPase, human homolog of E. coli essential cell cycle 
protein Era; era (E. coli Gprotein homolog)—like 1 [Homo 
sapiens] 

M*30 AA007421 Hs.113992 candidate tumor suppressor protein {Homo sapiens} 
M*30 AA478952 Hs.91753 unnamed protein product; hypothetical protein [Homo 

sapiens]; unnamed protein product [Homo sapiens]; 
hypothetical protein [Homo sapiens] 

M62 W93980 Hs.59511 Null 
M*58 AA045308 Hs.7089 insulin induced protein 2; INSIG-Z membrane protein 
M58 AA953396 Hs.127557 null 
52 AA962236 Hs.124005 hypothetical protein MGC19780 

*50 AA418726 Hs.47 64 null 
50 R43713 Hs.22945 null 

*41 AA664240 Hs.8454 artifact-Waming sequence (translated ALU class C) — human 
*38 AA477404 Hs.125262 hypothetical protein; unnamed protein product; GL003; 

AAAS protein; adracalin; aladin 
*37 AA826237 Hs.3426 Era GTPase A protein; conserved ERA-like GTPase [Homo 

sapiens]; ERA-W [Homo sapiens]; Era G-protein-like 1; 
GTPase, human homolog of E. coli essential cell cycle 
protein Era; era (E. coli Gprotein homolog)—like 1 [Homo 
sapiens] 

*30 AA007421 Hs.113992 candidate tumor suppressor protein {Homo sapiens} 
*30 AA478952 Hs.91753 unnamed protein product; hypothetical protein [Homo 

sapiens]; unnamed protein product [Homo sapiens]; 
hypothetical protein [Homo sapiens] 

30 AA885096 Hs.43948 Alu subfamily SQ sequence contamination Warning entry. 
28 H29032 Hs.7094 null 

*24 R10545 Hs.148877 dJ425C14.2 (Placental protein 
*22 AA448641 Hs.108371 transcription factor; E2F transcription factor 4; p107/p130 

binding protein 
20 M8266 Hs.12431 Unknown (protein for MGC: 30132) 
19 H17543 Hs.92580 Alu subfamily 1 sequence contamination Warning entry. 
11 T81317 Hs.189846 Alu subfamily 1 sequence contamination Warning entry. 
*9 AA453790 Hs.255585 null 
9 R22340 null unnamed protein product; chr2 synaptotagmin KIAA1228 

protein 
7 AA987675 Hs.176759 null 
7 N51543 Hs.47292 null 

*7 N74527 Hs.5420 unnamed protein product 
*6 AA121778 Hs.95685 null 
*6 AA258031 Hs.125104 unnamed protein product; MUS81 endonuclease 
*6 AA702422 Hs.66521 josephin MJD1; super cysteine rich protein; SCRP 
6 T64924 Hs.220619 null 

*5 R42984 Hs.4863 null 
*5 169360 Hs.12533 null 
*5 R63816 Hs.28445 unnamed protein product 
5 T49061 Hs.8934 HA-70 {Closlridium bolulinum} 
4 AA016210 Hs.24920 null 
4 AA682585 Hs.193822 null 

4 AA705040 Hs.119646 Alu subfamily 1 sequence contamination Warning entry. 
[Human] {Homo sapiens} 

4 AA909959 Hs.130719 NESH; hypothetical protein; NESH protein [Homo sapiens]; 
NESH protein; neW molecule including SH3 [Homo sapiens] 

4 AI240881 Hs.89688 complement receptor type 1-like protein {Homo sapiens} 
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TABLE 3-c0ntinued 

Genes used in the cDNA classi?er (selected by t-test) and ranked by selection 
frequency using LOOCV. 

Number 
Times GeneBank UniGene 

Occurred ID ID Description 

*3 AA133215 Hs.32989 Receptor activity-modifying protein 1 precursor (CRLR 
activity-modifying-protein 1) 

3 AA699408 Hs.168103 prp28, U5 snRNP 100 kd protein; prp28, U5 snRNP 100 kd 
protein [Homo sapiens] 

3 AA910771 Hs.130421 null 
*3 AI362799 Hs.110757 hypothetical protein; NNP3 [Homo sapiens] 
*3 H51549 Hs.21899 UDP-galactose translocator; UDP-galactose transporter 1 

[Homo sapiens] 
3 R06568 Hs.187556 null 
2 AAOO1604 Hs.204840 null 

*2 AA132065 Hs.109144 unknown; SMAP-S; Similar to hypothetical protein 
AF140225 

*2 AA490493 Hs.24340 null 
2 AA633845 Hs.192156 null 

*2 AI261561 Hs.182577 Alu subfamily SQ sequence contamination warning entry. 
*2 H81024 Hs.180655 Aik2; aurora-related kinase 2; serine/threonine kinase 12; 

Unknown (protein for MGC: 11031) [Homo sapiens]; 
Unknown (protein for MGC: 4243) [Homo sapiens] 

2 N75004 Hs.49265 hypothetical protein {Plasmodium falciparum 3D7} 
2 W96216 Hs.110196 NICE-1 protein 
1 AA045793 Hs.6790 hypothetical protein; MDG1; similar to putative microvascular 

endothelial differentiation gene 1; similar to X98993 
(PID: g1771560); microvascular endothelial differentiation gene 1 
product; microvascular endothelial differentiation gene 1; 
DKFZP564F1862 p 

*1 AA284172 Hs.89385 NPAT; predicted amino acids have three regions which share 
similarity to annotated domains of transcriptional factor oct 
1, nucleoluscytoplasm shuttle phosphoprotein and protein 
kinases; NPAT; nuclear protein, ataXia-telangiectasia locus; 
Similar to nuc 

*1 AA411324 Hs.67878 interleukin-13 receptor; interleukin-13 receptor; interleukin 
13 receptor, alpha 1 [Homo sapiens]; Similar to interleukin 13 
receptor, alpha 1[H0m0 sapiens]; bB12804.2.1 (interleukin 
13 receptor, alpha 1) [Homo 
sapiens]; interleukin 13 receptor, alpha 1 

*1 AA448261 Hs.139800 high mobility group AT-hook 1 isoform b; nonhistone 
chromosomal high-mobility group protein HMG-I/HMG-Y 
[Homo sapiens] 

*1 AA479952 Hs.154145 Alu subfamily SX sequence contamination warning entry. 
[Human] {Homo sapiens} 

*1 AA485752 Hs.9573 ATP-binding cassette, sub-family F, member 1; ATP-binding 
cassette 50; ATP-binding cassette, sub-family F (GCN20), 
member 1 [Homo sapiens]; 

*1 AA504266 Hs.8217 nuclear protein SA-2; bA51701.1 (similar to SA2 nuclear 
protein); hypothetical protein [Home sapz'ens]; stromal 
antigen 2 [Homo sapiens] 

*1 AA630376 Hs.8121 null 
*1 AA634261 Hs.25035 null 
1 AA701167 Hs.191919 Alu subfamily SB sequence contamination warning entry. 

[Human] {Homo sapiens} 
*1 AA703019 Hs.114159 small GTP-binding protein; RAB-8b protein; Unknown 

(protein for MGC: 22321) [Homo sapiens] 
*1 AA706041 Hs.170253 unnamed protein product [Homo sapiens]; hypothetical 

protein FLJ23282 [Homo sapiens]; 
1 AA773139 Hs.66103 null 

1 AA776813 Hs.191987 hypothetical protein {Macaca fascicularis} 
*1 AA862465 Hs.71 Zinc—alpha2—glycoprotein precursor; Zn-alpha2-glycoprotein; 

Znalpha2-glycoprotein; alpha-2-glycoprotein 1, Zinc; alpha 
2-glycoprotein 1, Zinc [Homo sapiens]; 

*1 AA977711 Hs.128859 null 
1 AI288845 Hs.105938 putative chemokine receptor; putative chemokine receptor; 

chemokine receptor X; C4C chemokine receptor 6. (CCR6) 
(Evidence is not experimental); chemokine (C4C motif) 
receptor-like 2 [Homo sapiens] 

*1 H15267 Hs.210863 null 
1 H18956 Hs.21035 unnamed protein product [Homo sapiens] 
1 H73 608 Hs.94903 null 
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TABLE 3-continued 

Genes used in the cDNA classi?er (selected by t-test) and ranked by selection 
frequency using LOOCV. 

Number 
Times GeneBank UniGene 

Occurred ID ID Description 

*1 H99544 Hs.153445 unknown; endothelial and smooth muscle cell-derived 
neuropilin-like protein [Homo sapiens]; endothelial and 
smooth muscle cell-derived neuropilin-like protein; 
coagulation factor V/VIII-homology domains protein 1 
[Homo sapiens] 

*1 N45282 Hs.201591 calcitonin receptor-like 
*1 N48270 Hs.45114 Similar to golgi autoantigen, golgin subfamily a, member 6 

[Homo sapiens] 
1 N59451 Hs.48389 null 

*1 N95226 Hs.22039 KIAA0758 protein; 
M7028 Hs.20956 cytochrome bd-type quinol oXidase subunit I related protein 

{Thermoplasma acidophilum} 
1 R66605 Hs.182485 Unknown (protein for IMAGE: 4843317) {Homo sapiens} 

*1 T51004 Hs.167847 null 
T51316 null null 
T72535 Hs.189825 null 

*1 W72103 Hs.236443 beta-spectrin 2 isoform 2 

Mdenotes genes that were used to classify 75% of all tumors, and genes appearing in both the cDNA clas 
si?er and the U133A-limited cDNA classi?er are marked by *. 

Any and all of the nucleotide and/or amino acid sequences 
associated with the accession numbers listed in Table 3 are 
hereby incorporated by reference. 

[0093] In yet another embodiment, a third human colorec 
tal cancer survival classi?er, in accordance with the present 
invention, was prepared using U133A-limited genes 
selected by LOOCV via statistical analytic tools (i.e., t-test). 
The list of U133A-limited genes selected using LOOCV via 
t-test is provided in the following Table 4. The named genes 

common to both the original classi?er (a set of 43 genes) and 
the U133A-limited classi?er are marked with an asterisk. 

Table 5 illustrates seven genes selected by SAM survival 
analysis, where osteopontin and neuregulin are noted to be 
present and in common with the gene lists for all classi?ers. 
In Table 5, genes denoted with (+) indicate a positive 
correlation to survival time and genes without the (+) 
notation indicate a negative correlation in survival time 
(over expression in poor prognosis cases) 

TABLE 4 

Genes used in U133A-limited cDNA classi?er (selected by t-test) and ranked 
by selection frequency using LOOCV. 

Number 
Times GeneBank UniGene 

Occurred ID ID Description 

M*78 AA007421 Hs.113992 candidate tumor suppressor protein 
M*78 AA045075 Hs.62751 syntaXin 7 
M*78 AA045308 Hs.7089 insulin induced protein 2, INSIG-2 membrane protein 
M*78 AA418726 Hs.4764 null 
M*78 AA425320 Hs.250461 hypothetical protein; MDG1; similar to putative 

microvascular endothelial differentiation gene 1; similar to 
X98993 (PID: g1771560); microvascular endothelial 
differentiation gene 1 product; microvascular endothelial 
differentiation gene 1; DKFZP564F1862 p 

M*78 AA450205 Hs.8146 translocation protein-1; Sec62; translocation protein 1; Dtrpl 
protein; membrane protein SEC62, S. cerevisiae, homolog of 
[Homo sapiens]; 

M*78 AA453508 Hs.168075 transportin; karyopherin (importin) beta 2; M9 region 
interaction protein 

M*78 AA453790 Hs.255585 null 
M*78 AA477404 Hs.125262 hypothetical protein; unnamed protein product; GL003; 

AAAS protein; adracalin; aladin; adracalin 
M*78 AA478952 Hs.91753 unnamed protein product 
M*78 AA479270 Hs.250802 Diff33 protein homolog; KIAA1253 protein 
M*78 AA486233 Hs.2707 G1 to S phase transition 1 [Homo sapiens] 
M*78 AA487274 Hs.48950 heptacellular carcinoma novel gene-3 protein; DAPPERI 

[Homo sapiens]; unnamed protein product [Homo sapiens] 
M*78 AA664240 Hs.8454 artifact-warning sequence (translated ALU class C) — human 
M*78 AA676797 Hs.1973 cyclin F 



US 2006/0195266 A1 Aug. 31, 2006 
15 

TABLE 4-c0ntinued 

Genes used in U133A-limited cDNA classi?er (selected by t-test) and ranked 
by selection frequency using LOOCV. 

Number 
Times GeneBank UniGene 

Occurred ID ID Description 

M*78 AA702174 Hs.75263 pRb-interacting protein RbBP-36 
M*78 AA706226 Hs.113264 neuregulin 2 isoform 4 
M*78 AA709158 Hs.42853 put. DNA binding protein; put. DNA binding protein; cAMP 

responsive element binding protein-like 1; Creb-related 
protein [Homo sapiens] 

M*78 AA775616 Hs.313 OPN-b; osteopontin; secreted phosphoprotein 1 (osteopontin, 
bone sialoprotein 1, early T-lymphocyte activation 1); 
secreted phosphoprotein 1 (osteopontin, bone sialoprotein 1, 
early T-lymphocyte activation 1) [Homo sapiens]; secreted 
phosphoprotein 1 (ost 

M*78 AA826237 Hs.3426 Era GTPase A protein; conserved ERA-like GTPase [Homo 
sapiens]; ERA-W [Homo sapiens]; Era G-protein-like 1; 
GTPase, human homolog of E. coli essential cell cycle 
protein Era; era (E. coli G-protein homolog)—like 1 [Homo 
sapiens] 

M*78 AA873159 Hs.182778 apolipoprotein CI; apolipoprotein CI; apolipoprotein C-I; 
apolipoprotein C-I precursor; apolipoprotein C-I variant II; 
apolipoprotein C-I variant 1; Similar to apolipoprotein C-I 
[Homo sapiens] 

M*78 AA969508 Hs.10225 HEYL protein; hairy-related transcription factor 3; 
hairy/enhancer-of-split related With YRPW motif-like [Homo 
sapiens] 

M*78 AI002566 Hs.81234 immunoglobin superfamily, member 3 
M*78 AI299969 Hs.255798 unnamed protein product [Homo sapiens]; HN1 like [Homo 

sapiens]; Unknown (protein for MGC: 22947) [Homo 
sapiens]; HN1 like [Homo sapiens] 

M*78 H17364 Hs.80285 CRE-BP1 family member; cyclic AMP response element 
DNA-binding protein isoform 1 family; cAMP response 
element binding protein (AA 1-505); cyclic AMP response 
element-binding protein (HB16); Similar to activating 
transcription factor 2 [Homo sapiens]; act 

M*78 H19822 Hs.2450 K1AA0028; leucyl-tRNA synthetase, mitochondrial [Homo 
sapiens]; leucyl-tRNA synthetase, mitochondrial [Homo 
sapiens]; leucine-tRNA ligase precursor; leucine translase 
[Homo sapiens] 

M*78 H23551 Hs.30974 NADH dehydrogenase subunit 4 {Deirochelys rericularia} 
M*78 N36176 Hs.108636 membrane protein CH1; membrane protein CH1 [Homo 

sapiens]; membrane protein CH1 [Homo sapiens]; membrane 
protein CH1 [Homo sapiens] 

M*78 N72847 Hs.125221 Alu subfamily SP sequence contamination Warning entry. 
[Human] {Homo sapiens} 

M*78 R10545 Hs.148877 dJ425C14.2 (Placental protein 
M*78 R27767 Hs.79946 thyroid hormone receptor-associated protein, 150 kDa 

subunit; Similar to thyroid hormone receptor-associated 
protein, 150 kDa subunit [Homo sapiens]; 

M*78 M4578 Hs.111314 null 
M*78 K59314 Hs.170056 null 
M*78 W73732 Hs.83634 null 
M*74 AA448641 Hs.108371 transcription factor; E2F transcription factor 4; p107/p130 

binding protein [Homo sapiens]; E2F transcription factor 4, 
p107/p130-binding [Homo sapiens]; E2F transcription factor 
4, p107/p130-binding [Homo sapiens]; 

M*68 M9360 Hs.12533 null 
M*63 AA121778 Hs.95685 null 
M*59 H51549 Hs.21899 UDP-galactose translocator; UDP-galactose transporter 1 

[Homo sapiens] 
*57 H81024 Hs.180655 Aik2; aurora-related kinase 2; serine/threonine kinase 12; 

serine/threonine kinase 12 [Homo sapiens]; UnknoWn 
(protein for MGC: 11031) [Homo sapiens]; UnknoWn (protein 
for MGC: 4243) [Homo sapiens] 

*56 AA490493 Hs.2434O O 
*56 R42984 Hs.4863 null 
*53 AA258031 Hs.125104 unnamed protein product [Homo sapiens]; MUS81 

endonuclease [Homo sapiens]; MUS81 endonuclease [Homo 
sapiens] 

*52 AA133215 Hs.32989 Receptor activity-modifying protein 1 precursor (CRLR 
activity-modifying-protein 1) 

*52 R63816 Hs.28445 unnamed protein product [Homo sapiens] 
*51 N95226 Hs.22039 KIAAO758 protein 
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TABLE 4-c0ntinued 

Numb er 

Times 
Occurred 

Genes used in U133A-limited cDNA classi?er (selected by t-test) and ranked 
by selection frequency using LOOCV. 

GeneBank 
ID 

UniGene 
ID Description 

24 

23 

22 

18 
16 

11 

N74527 
AA702422 
AI2 615 61 

AA132065 

AI3 62799 
AA045793 

AA284172 

N51632 

AA482110 

AA485450 

AA699408 

N70777 
AA993736 

AI139498 

N59721 

AA431885 

AA911661 

AA775865 

M0941 

AA703019 

AA777192 

W72103 
H15267 

Hs.5420 
Hs.66521 
Hs.182577 

Hs.109144 

Hs.110757 
Hs.6790 

Hs.89385 

Hs.75353 

Hs.4900 

Hs.132821 

Hs.168103 

Hs.49927 
Hs.169838 

Hs.151899 

Hs.21858 

Hs.5591 

Hs.2733 

Hs.7579 

Hs.24064 

Hs.114159 

Hs.47062 

Hs.236443 
Hs.210863 

unnamed protein product {Homo sapiens} 
josephin MJDI; super cysteine rich protein; SCRP 
Alu subfamily SQ sequence contamination warning entry. 
[Human] {Homo sapiens} 
unknown; SMAP-5; Similar to hypothetical protein 
AF140225 [Homo sapiens]; Similar to hypothetical protein 
AF140225 [Homo sapiens]; unnamed protein product [Homo 
sapiens]; unknown [Homo sapiens]; hypothetical protein 
AF140225 [Homo sapiens] 
hypothetical protein; NNP3 [Homo sapiens] 
hypothetical protein; MDG1; similar to putative 
microvascular endothelial differentiation gene 1; similar to 
X98993 (PID: g1771560); microvascular endothelial 
differentiation gene 1 product; microvascular endothelial 
differentiation gene 1; DKFZP564F1862 p 
NPAT; predicted amino acids have three regions which share 
similarity to annotated domains of transcriptional factor oct 
1, nucleolus-cytoplasm shuttle phosphoprotein and protein 
kinases; NPAT; nuclear protein, ataxia-telangiectasia locus; 
Similar to nuc 

The KIAAO123 gene product is related to rat general 
mitochondrial matrix processing protease (MPP).; Unknown 
(protein for IMAGE: 3632957) [Homo sapiens]; Unknown 
(protein for IMAGE: 3857242) [Homo sapiens]; inositol 
polyphosphate-5—phosphatase, 72 kDa; KIAAO 
Unknown gene product; PRO0915; CUAOOI; hypothetical 
protein [Homo sapiens]; hypothetical protein [Homo sapiens] 
flavin containing monooxygenase 2; flavin containing 
monooxygenase 2 [Homo sapiens] 
prp28, U5 snRNP 100 kd protein; prp28, U5 snRNP 100 kd 
protein [Homo sapiens] 
BA103J18.1.2 (novel protein, isoform 2) [Homo sapiens] 
hypothetical protein; vesicle-associated membrane protein 4 
[Homo sapiens]; Similar to vesicle-associated membrane 
protein 4 [Homo sapiens] 
delta sarcoglycan; delta-sarcoglycan isoform 2; Sarcoglyan, 
delta (35 kD dystrophin-associated glycoprotein); dystrophin 
associated glycoprotein, delta sarcoglycan; 35 kD dystrophin 
associated glycoprotein [Homo sapiens] 
glia-derived nexin precursor; serine (or cysteine) proteinase 
inhibitor, clade E (nexin, plasminogen activator inhibitor type 
1), member 2; protease inhibitor 7 (protease nexin I); glia 
derived nexin [Homo sapiens]; similar to serine (or cysteine) 
protein 
MAP kinase-interacting serine/threonine kinase 1; MAP 
kinase 
interacting kinase 1 [Homo sapiens] 
Hox2H protein (AA 1-356); K8 homeo protein; HOX2.8 gene 
product; HOXB2 protein; HOX—2.8 protein (77 AA); homeo 
box B2; homeo box 2H; homeobox protein Hox-B2; K8 
home protein [Homo sapiens]; 
KIAA1192 protein; HSPC273; unnamed protein product; 
hypothetical protein FLJ10402 [Homo sapiens]; unnamed 
protein product [Homo sapiens]; hypothetical protein 
FLJ10402 [Homo sapiens]; hypothetical protein [Homo 
sapiens]; unnamed protein product [Homo sapiens] 
signal transducer and activator of transcription Stat5B; 
transcription factorStat5b; STATSBiCDS [Homo sapiens]; 
signal transducer and activator of transcription 5B; signal 
transducer and activator of transcription 5; transcription 
factor STAT5B [Homo sapiens] 
small GTP-binding protein; RAB-8b protein; Unknown 
(protein for MGC: 22321) [Homo sapiens] 
RNA Polymerase II subunit 14.5 kD; DNA directed RNA 
polymerase II polypeptide I; DNA directed RNA polymerase 
II 14.5 kda polypeptide [Homo sapiens]; polymerase (RNA) 
II (DNA directed) polypeptide I (14.5 kD) [Homo sapiens] 
beta-spectrin 2 isoform 2 [Homo sapiens] 
null 


















































































































































