
Methods of Diagnosing and Treatinq Cancer CLAIM OF PRIORITY This application claims the benefit
of U.S. Provisional Patent fAppiication, Serial f4c 60/944,157, filed on June fiR 2007, and 61/039,555,
filed on March 26, 2008, FEDERALLY SPONSORED RESEARCH ORDEVELOPMENT This invention
was made with Government support under Grant Nos. ROI CA 102726 awarded by the National
Cancer Institute of the National institutes of Health. The Government has certain rights in the
invention. TECHNICAL HELL This invention reiate,s to methods of diagnosing and treating cancer,
e.g., non- small cell lung carcinoma. BACKGROUND Lung cancer is the most common cause of
cancer death in the United. States, Nan-smal cell lung cancer (NSOLC) is the most common type of
iunc cancer, accountino for over 80% of lung cancers. It generally grows and spreads more slowly
than small cell lung cancer (SCIII). There are three major forms of NSDLC, including
adencoarcIncfmas, often found in an outer area of the lung; squamous cell carcinomas, usually found
in the center of the lung by a bronchus and large cell carcinomas, which can occur in any part of the
lung and tend to grow and spread faster than the other two types of NSOLC. See, e.g., Travis et al,.
Cancer 75(Suppl. IN 191-202 (1995). Recent work has demonstrated that canes involved in nucleotide
metabolism and DNA repair are important determinants of the. phenotypic behavior of early-stage non-
small-cell lung cancer (NSOLOD. Specifically, Ribonucieotide Reductase Ml (RRMI), the regulatory
subunit of ribonuciectide reductase, and ERCCI, a component of the nuclease involved in nucleotide
excision repair, are prognostic of patients ' outcomes  (2005); Olaussen et at, N Engl. I Med
355:983-991 (2006): 1 356:800-S0S (2007)). High levels of mRNA and protein expre  rose genes are 



associated with long survival in pareduced mmastasas term  "jatitam at at, Oncogene 22:2135-2142
(2003)), In addition, high. RRist I levels founddee-  SUMMARY The present disclosure is based on the
discovery that expression levels of                  base m are p: stave: (stags ty NSCUR sum:is:so ivRtit
response to gtoottitabthe and pometheised,   :ic of outcome in .suMetets with thc level ofession arTS
and R.RM.i .is         In a first aspect, there is provided a method for predicting a subject's response to a
treatment comprising administration of gemcitabine and/or pemetrexed, the method comprising: a.
determining a level of Ribonucleotide Reductase MI (RRM1) and thymidylate synthase (TS) gene
expression in a tumor sample obtained from the subject; and b. predicting the subject's response to
the treatment based on the level of RRM1 and TS gene expression in the tumor sample, wherein: if
the level of RRM1 gene expression is less than or equal to a reference level of RRM1 gene
expression, and if the level of TS gene expression is less than or equal to a reference level of TS gene
expression, then the subject is likely to have a positive response to the treatment. 



In a second aspect, there is provided a kit comprising: a. reagent for assaying RRM1 and TS
expression in a tissue sample obtained from a patient, and b. an instruction sheet for use in the
methods as defined above.      Thus, in one embodiment, the disclosure provides methods of
predicting outcome in subjects with NSCLC, e.g., early stage (stage 1) NSCLC. In another
embodiment, the disclosure provides methods of selecting patients for peri- op hative treatment, c.ge
pre- or post-operative treatment, with a non-platinum etabolite ageffisone or both of gerntitabine, and
pemeltexed. lire method s of intrammoral expression ofTS, orand 161CM1, and selectionexpressionire
levels      In another embodiment, the disclosure provides methods for selecting an approp ate
cnernot}ieran.itsubject, The methods include obtaining a rumor sample  WO
2008/157353PCT/US2008/066918     In an additional embodiment the disclosure provides methods of
h-eating a subject with caned, e.g., Naafi eg., operable iNiSCL.C. The method includes selecting a
suhicet based on the presence of. low expression levels of TS and RRMI, and administering to abject
a combination of gem.eitabme and pcmias four biweekly         In some embodiments, the methods
further include ciof itumoral sxpression ailS, or TS and FIRM). In a further embodiment, the disclosure
provides methods of predicting a subject's 



C to a treatment, e.g., a pre- or postoperative treatment,with a. DOE-Di 11Q Or both of gemcgabrile
and Pernoirexed. In a further embodiment, the disclosure provides methods for predicting a subject's
response to a treatment commising administration of gemcitabine and pemetrexed. The methods
include obtaming a tumor sample from the subject; determining a level Of Ribonueleotide 1.(..tricitase
MI (RRM I) and thy:1e (TS) gene expression in the =tor sample; and predicting the subject'sbased on
the level of R.RMI and ISexpression in the tumor sample. Low levels of expression of R",(Nill and IS
indicate ihabject is likely to have a positive response to the treatment I In yet another embodiment, the
disclosure provides methods for providing a prognosis ;posed with nob-small cell lung cancer. The
methods Mande obtaining a tumorfrom the subject; determining a level of cytoplasmic thymidgiate
synthase 20orsamplei and comparing the level of cytoplasmic IS protein in c a reflirence level of
cytoplasinie TS protein. A high level or          le sample as compared to the reference level is indicative
of a good prognosis. and a low level of cytoplasmic IS protein as compared to the reference level, is
inch cati vs of a poor propesis. in some embodiments, flu determined using a quantitative in situ
analysis rnethed, e.g.. AQUA as described In another embodiment, the disclosure provides methods of
determining or monitoring the effectiveness of a treatment, e.g., a pre- or post-operative treatment:,
with a non-platinum a.nnmetahoiae agent, mg., one or both of gemehabine and pemetrexed. 'The
methods include determining a level of TS and.or RRN 



noestablish a baseline ley:.l, and determining one or more levels o the treatment is initiated. A change
in the levels of the measured gene is indicative of tn  WO 2008/157353PCT/US2008/066918 efficacy
offor example,  iNIofad/or R104l. itis effet..tive, The method can s.1i treat-mg:at Ctccnnon based on
changes. in levels of TS and/or Itl.P.M1      In another embodiment, the disclosure provides kits
including a reagent for assaying expression in a ttss  es "asu forward primer( that lyibricijac a .Ram or
TS cDNAs, reverse transc lents, the reagents f red PC ion  xpressi I 110171 the group achets: s, DNA
.p 



sataing.RRMI andgractssain cc .dies and buffers for per  war blot or i.mrmmohaslDdhemjstrv assay In
some embodiments., the bar in ide a reagent lhr processina a tissue sample from a patient.              A.
"oroliferarive disorder," is a disorder characterized by- i cancer, melanoma, car tn example or a
pmohfe neoplastict cells" or e growth, rapidly than nizahon and 0/ is intended to  hematopifietic tumo A
tumor may be benign ( Malignamn solid tumors. or) or maiagnant(malignant tuax  arising from
epithelial laucturcatare called carcinomas; malignant from connective tissues such as muscle,
cartilage, fat, or Ihme are called swam( malignant tumors affecting hematopoietie structures
(structures pertaining to the formation of 'blood cells) including components t of the immune system
are called 



leukemias and lymphomas. Other tumors include, but are not limited to, mitirolibtomatoses.
Proliferative disorders include all types of cancerous growths or or:cop:mid processes, metastatie
tissues or malignantly transformed cells, tissues, or organs, irrespective of hi stopatholoble type or
stage of invasiveness. Cancers include malignancies of various organ systems, such as the limb,
breast, thyroid, lymitimid, gastrointestinal, and genito-urinary tract, as well as adenocarcitromas, which
include malignancies such. as most colon cancers, renal-cell carcinoma, prostate cancer anther
testicular tamers, non-small cell carcinoma of the lung, cancer of the small intestine and cancer of the
esophagus. Carcinomas include malignancies of epithelial or endocrine tissues, such as respiratory
system carcinomas, gastrointestinal system carcinomas, genitourinary system carcinomas, testicular
carcinomas, breast carcinomas, prottiatic carcinomas, endocrine system carcinomas, and melanomas.
Other carcinomas include those forming from tissue of the cervix, lung, head and neck, colon and
ovary: Cancers of the central nervous system include bliornas, (including astrocvlomas, mixed
oligoastrecylomas, glioblastoma multiform, euendyntema, and oligodentheitlionni), pieningionias,
pituitary rumors, hemanglobiasnimas, acoustic neuromas, pineal gland tumors, spinal card tumors,
hemathuoictic tumors, and central nervous system. lymphomas. Cancers affecting connective tissue,
such as fat, muscle, blood vessels, deep 20 skin tissues, nerves., bones, and cartilage are called
sarcomas, Sarcomas include, IOT example, liposarcomas, leioniyosarcomas, ribabdoravosarcoma.s,
synovial sarcomas, angiosarcomas, fibrosarcomas, neurolibrosarcomas, Gastrointestinal Strom.'
Tumors (GISTs), desmoid tumors, hwing's sarcomas, osteosarcomas, and chendresareamas.        The
methods described, herein are particularly relevant for the treatment of humans having an epithelial
malignaney, such as a lung etincer e, g., nen-smalbeell lung cancer CSISCLC1), breast cancer,
colorectal cancer, head and neck cancer, or ovarian cancer Epithelial malignancies arc cancers that
affect epithelial tissues. A "subject" as described herein can he any subject having a proliferative
disorder         For example, the subject can be any mammal, such as a human, including a human
cancer gepatient. Exemplary nonhuman mammals includes nonhuman primate (such as a monkey or
ape), a mouse, rat, goat, cow; inill." pig, horse, sheep, wild boar, sea otter, eat, and dog. 5  The
methods described herein can be performed on any subject of any age, including a fetus (e.g., in
uterc), infant, toddler, adolescent, adult, or elderly human. In some embodiments, the subject has an
epithelial malignancy; a lung cancer, e.g., non-small 



cell lung cancer: breast cancer; colorectal cancer; head and neck cancer, or ovarian cancer.         An
"a timetabolite" as used herein is a chemical with a similar structure to a substance (a metabolite)
required for normal biochemical reactions yet different enough to interfere with the normal functions of
cells, A.ntimetabolites include purine and pyrimidine anaiogs that interfere with DNA synthesis.
Exemplary antimetabolites include, e.g., aminopterin, 2-chlorodeoxyadenosine, cytosine arabinoside
(era 0), cytarabine, fludarabine, fiuorouracil (5-FU) (and its derivatives, which include capecitabine and
tegafur), gemcitabine, methopterin, methotrexate, pemetrexed, raltitrexed, trimetrexate,
6-mercaptopurine, and 6-thioguanine.         An "antitubulin" as used herein refers to a
chemotherapeutic agent that blocks Ceii division by inhibiting the mitotic spindle. Antibuiin agents
include, for example, the taxanes paclitaxel and docetaxet and the vinca alkaloids vinorelbine,
vincristine, vinblastine, vinilunine, and vindesine.         A "platinum-containing agent" as used herein
includes chemotherapeutic agents that contain platinum. Platinum-containing agents cross-link with
and alkylate DNA, which results in the inhibition of DNA synthesis and transcription. The
platinum-containing agents can act in any cell cycle, and consequently kill neoplastic as well as
healthy dividing cells. Platinum-containing agents include, for example, cispiatin, carboplafir, and
oxaliplatin.         Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure belongs.
Methods and materials are described herein for use in the present disclosure; other, suitable methods
and materials known in the art can also he used. The  materials, methods, and examples are
illustrative only and not intended to be hmiting. In case of conflict, the present specification, including
definitions, will control,  Other features and advantages of the disclosure will he apparent from the
-following detailed description and figures, and from the claims, DESCRIPTION OF DRAWINGS
FIG. 1 is a Wasters blot of cell lines showing expression of Ts. Onosolic and nuclear extracts were
prepared from cell lines 1-123-01 and 323-El. They were separated in polyactryiamide gels,
transferred to membranes, and probed with antibodies directed to TS. Oct-Ha nuclear protein), and
GAPDH (a eytosolic protein). A band of 38 LE representing TS was found in the cytoplasm. 



FiGs.2.A and 23 are Kaplan Meier overall survival curves, estimated by TS expression_ 25, Survival of
160 patients by in situ protein expression, Light grey lines depict patients with marker expression >
57D2 (ND120; medianD31,3 months, IN% 01 62,9-- 99,61, and dark grey lines depict expression
5,37,02 (ND40: medlars-51D months, 95% CI 21.5 81.9). The unadjusted p-value was 0,0013. 211,
Survival of the same group of' patients incorporating the second best eutpoint. Light grey lines depict
patients with marker expression 129.33 (N-IS; median not reached), medium gpv depict patients with
marker expression from 57.58 to 1221,27 (N=82; median 80,8 months), and dark grey lines depict
expression A 57.02 (N=40., median=51.7montbs). The unadjusted p-vat oe was 0.002. FIG. 35 is a
bar graph showing the response to treatment as measured 20radiographically. The response ranged
from a 95% increase to a 100% decrease in the size ofmeasurable lesions EIGs. $3-E are bar graphs
showing radiographic disease response and apENA gene expression. 315. RRNI1 t 30. REM2; 3D.
TS, 3E, dihydrofolate reductase (DHER).             FIG. 4 is a graph showing the results of Kaplan-Meier
overall and disease-free 25survival estimates. The black curve (top line) denotes DS and the pny
curve (bottom line) denotes LIPS. Tick marks indicate censored cases.       RIG. 5 is a graph
illustrating pre- and post-treatment mRNA levels of the genes REM: and TS in 10 patients:.
PCT/US2008/066918 DESCR h efforts in NSCLC is to increase the etheacy )napiete surgical tesc I
therapeutic. decisions. As described 



tiorreinted with clinical outcome, and levels of IS and Ribonucteofide Reduetase MI (RR:NM IIITC
correlated with tumor response.platinum NM) Small C Methca shoo he personalized for the. individual
patient and may Motu - Review or mine rate of progressionit Sputum cytology 15Bronithoscopy,
biopsy, rcm.ehoseopy sputum cytology. di    WO 2008/157353PCT/US2008/066918 apy 



Methods of detent in rig or selecting an appropriate cancer then;  g or previdi RRIA:1 and deterrnimx
"Low comparison with those sample cancer pi-Titian expression level in a Tel expression levels in the
sat 10:1318-25, 2004; Lo Oneol 2 exhii RRMI exnressio  and dean-mind atierit. If inirat tmotherapy con
ntrarunioral le levelsion are relative non pPOP t. Clin Cancer Res 8;2286-229 2002t.i ii Simon et 1.,
Chest 127978 



if the expression level is equal to or less r"1, trio trrnA    Callapdti  sod to obtain a tumor sample, such
as a le can be embedded in OCT* (Optima/ tg. For example, the tissue, in OCT* can bow  50100 SUC
WO 2008/157353PCT/U32008/066918 and gene exores.sionexample, reverse inn-Ism, pcqymerase
chain(RT-PGR) or Northern blot analysis to measure RNA 'levels, or               in levels, In one
exemplary approach, the level of tssion is assayed by rcaltime quantitative RT-PC:R" The level of 



2030, 40, 50, 60, 70. 80, 90, I00,120, 140, 160, 180, or 200  Gene Expressi e expression levels M. a
tative RT-PCR, Northern b. 25immm.mohistochcmistr Expression levels:   ohort can be d.etet neci Y
any tnt cidysis, or tumor3137test sal levelscohort, ds. when macneed in humans  are not  -RR.:esD:
6240NM 



_900011,8 Reference acserobie 4072500-8 ..90155               :OLD: 7798 iNC10000111.8 Reference
assent . 64765t-663492. ' le to deterimn    In one example, intramural expression levels of both RP.M1
and IS are propn ate cheinotherapeunc intent is determined based on. the      sion leve, if both
a,example. IfRRMI and IS expression levels are both determined to be low, an appropriate
Chemotherapy can be selected that includes a combination of gemied. if Tarsal levels are determined
to he 



and IS levels are determined to be h to include genie:dahlia and to esoludeperne isition octal in:chide
a tote high and TS level not malone eemcjtahme as an  teraposide hid tin and Aden:
penietrexedigeinettabine combulatlon tnerap s  WO 2008/157353  then 12 cycles (at., three, Gene
expression data oh      .ornerapv s or twelve c e methods featured herein can be cot 



xix including demegraphi status; education; history of alcohol, tobacco and dragse; middies; 1
documented treatment to adjust conclusions relating to the prognosis of a disorder following
administration of a chemotherapy designed as describe,: Upon administration of a Chemotherapy
accordiuIT ils, a patient can be monitored for a response to the theta; mats can be taken before and
after administration of the 11 hot" disease Pict&Itession. If tumor size decreases, the disease can be
tumor size canin paidd if the. UflItC r comptetely ase can be determined to be procressing. If armor
size does nots tiration of the chemotherapy, the disease can be categorized as stable. A subject can
alsoassessed according to his physical condition, with attent at as weightiand other symptoms related
to the can 



mole. swnotomsoflunu cancer. ineludirus smalheell and non-small cell lung . exFL  sputum streaked
with blood, chest assessment can be used to tailor  adirrinistration regimen of the comomatto Methods
of Predicting Efficacy and S expresses a lower level of Mil I than a standard control cell hue, or one
cell line expresses a higher level of RRMI than a standard control cell ii  control cell line can be
identified ati a. candidate therapeutic tamor expressing the corresponding level of RIZMA and/or TS,
25In anotnet example, if cells expressinglevels than a io a ehematherapeatithan the cells of the control
strain, then the agent is a candidate therapeutic agent fbr the treatment of expressing low levei.s of
TS, if cells expressinglevels of TS w." 



nore sensitiv dothan the eel Is if the control,strain,is a. candid, " htghievels ofTS,        The inethods
described herein can be used in screening assays to identify agents that are candidates for the
treatment of tumors expressing high or low levels of REM I and/or TS. Cell lines such as those
described. above Can he contacted with a panel of agents (e.g, small mole:rink drugs, nucleic acids,
or polyneptides) to Mend-icy agents that cause increased sensitivity of cells expressing low or high
levels of REM.: and/or IS       Agents identified in the above screening methods, of agenM or
combinations of agents identified by the above methods as candidate chemotherapies can be tested.
in animal models before -being tested in humans. For example, the therapies can be tested for the
ability to mince tumor size in mice or primate models, before testing in humans. Kits       Reagents,
fools, and/or instructions for performing the methods described herein can be provided in a kit. For
example, the kit can contain reagents, tools, and instructions for determining an appropriate therapy
for a cancer patient Such a. kit. can include reagents for collecting a tissue sample from a patient:,
such as by biopsy, and reagents for processing the tissue. The kit can also include one or more
reagents for pertimmine a gene expression analysis, such as reagents for perthrining RTsPC:R.,
Northern blot, Western blot analysis, 01 immunclinstethemishy to determine REM1 and/or Ts
expression levels in a tumor sample of a human. For example, primers for performing RT-pcR, probes
for performing Northern blot analyses, and/or antibodies for perfemaina 20Western blot and
iumandohistochemistry analyses can he included in such kits. Appropriate buffers for the assays can
also be included. Detect en reagents required for any of these assays can also be included.      The
kits featured herein can also include an instruction sheet describing how to peril= the assays for
measuring gene expression. The instruction sheet can also include 25 instructions for how to
determine a reference cohort, including how to determine REM] and/or IS expression levels :in the
reference cohort and how to assertible the expression data to establish a reference for comparison to
a test subject. The instruction sheet can also include instructions for assaying gene expression in a
test sukfeet and for comparing the expression, level with the expression in the reference cohort to
subsequently determine sothe appropriate chemotherapy for the test patient. Methods for determining
the. 



appropriate chemotherapy are described above and can he described in detail in the instruction sheet,
in another example, a kit featured in the invention can contain reagents, tools, and instructions for
predicting the efficacy of a candidate chemotherapeutic agent based on 5RiEvi I or TS expression
levels. Such a kit can include vectors for modulating kil0,11 or TS expression levels in a cell, and
reagents for monitoring cell phenotype, such as reagents for detecting apoplosis. Reagents for
determining the expression levels of RRM I and TS in the tissue samples can also be included as
described above.        informational material included in the kits can be descriptive, instructional,
marketing or other material that relates to the methods described herein and/or the irse of the reagents
ter the methods described herein. For example, the inthrmational material of the krt can contain
contact information, e,g, a physical address, email address, web:site, or telephone number, Where a
user of the kit can obtain substantive information about performing a gene expression analysis and
interpreting the results, particularly as they apply to a human's likelihood of having a positive response
to a specific chemotherapy       A kit can contain separate containers, dividers or compartments for the
reagents and informational material. A container can be labeled for use for the determination of RRNE
and Ts gene expression levels and the subsequent determination of an appropriate chemotherapv for
the human.       The informational material of the kits is not limited in its form.. In many cases, the
informational material, e.g., instructions, is provided in printed matter, egf., a primal text, drawing,
and/or photograph, e.g., a label or printed sheet However, the influmational material can also be
provided in other flannats, such as Braille, computer readable material, video recording, or audio
recording. Of course, the informational 25material can also be provided in any combination of formats.
EXAMPLES       The invention is further described in the following examples, which do not limn the
scope of the invention described in the claims.  int Svnthase  (TS) Prot isith RPM: and ERCC1 ex 



The to nonuiaoons used in these stu      rIo resection tilNSCIC at the Moffitt Cancer Center aim 1991
to 2001 and has been described elsewhere (lheng et al N PugH Med 200iiS00-08), in brief, patients
had to have pathological stage IA or ID disease; atienticancinorsia, Num/it's cell carcinoma, or large
cell carcinoma; no periopek -sidiation to the chest. 187 were ide sufficient truer tissue fbi construedon
of tissue microarrays that comp I Ntiul alien tIer assessment of gene expression ax the protein level
(Table 1), 92 patients with freshEon for assessment ot ta,  in.RNA leiTable 2.  two natteut  between the
two pop monthly visits for two years, six-monthly  $8. the slides were incubated for 45 min. with 1:500
MI  



WO 2008/157353   PCT/US2008/066918 510 canfocal die 1,8M 5 vend    target motenuies.13
Antigens were retrieved by microwave oven trea ininutes in (1,01 meld, ot.at pli 6.f.L The Slides were
blocked for 30 minutes with 0..3% BSA and then incubated overnight at room temperature with the on
andbody (mouse chino TS-106, LOU., P, Lab identification otcarcinomatous cells, an antiser human
uaneytokeratin AP, 77.06. washed and ineithatd wit Yo differ labeled .polymer-FIRY anti- 0 1;200,
Dako Cytoanation). 10 minutes at coo  Ciold antifade reagent with .DAP (4"-6-diamidino-2 final Ussue
inanmuny stdes were scanned with Sp analyzed with 2000, Histortx, New Ha possible AQUA score251
The results are shown in Fig. 28. 



is Duplicate expression data we the spotsabsent on the section or had values ranged from .S to 238.6
(on a scale fron mean of 08.3 ktandard deviation of 53,0). The dam were e    (    Table 2: C:ox
Regression      nwanate Hazard Ratio 195% CI")  



0A6 (028 - 0.75) 1.72 (1,06 - 2.78) 1,23 ' .77 - 1.98) 0.988 (0.975- 1,002)  iv   azard Ratio' 0,45 28 -
0,73)   



Muftivariate 0.03r" 9.022  Performance Status1,46 = reference)150(0.87 - 2,44)0.156 *CI confidence
interval    based on 160 patients, since performance states was eliminated from analyx";:s adjusted
p-value to account for optima/ cutpoint selection  in adult to the plum) of '   



awash in a Cox regression atiah unadjusted Co = 0,0061 and a ession was also found,  he survival,
analysis yielded a classification of patients inn 313), The median survival in The highest IS group was
>12t, bs in the medium TS group and 51.7 months in the Mwest IS  WO
2008/157353PCT/US2008/066918 a bttweenpression and over  this IS expression was not classified
into highow categ ni iogrank method Was used fix optir a busted thees far multipleSiegia 1.6;
Hilsenbeek and Ci ark, Stat Ivied(1 ): lC3-l2. Cutpoints within 80% of ordered IS protein expression
were considered. The association a survival and low and high IS expression was then summarized in
a Kaplan   ItivelAgistity  



point percentile (s) determined by TS protein ex: ssion analysis using backward elimination with a.
signi bnned to assess the impact of IS protein expressia  survive: while aciusung ror nie potential
infuriate:5 tumor stage, performance status, gender, RRMI protein expression.. and BROCA protein
expression. RPM l and Mail protein expression were included as continuous viz:dab:Ms, Since the
dichotomized for TS protein expression was obtained by optima; selection, its Cox'onPry  was
adjusted. The maximal logAank method for optimal eutpeint determination vas also used to examine
the association of TS niRN.A expression. and overall survival,        Associations between continuous
variables were analyzed using Spam-ma dion coefficient    20number 0  :Fain  tile 2 TS RNA antes 



as determined in fit<z  patients with cc specimens had been. prost selection criteria as described i
Table 3: Patient Characteristics, TS niRNA Expressie    RNA was solated from tumor spec n sy and
cDNA was generated using align-DT and (QmantiTeet Reverse Transcription Ku ()jingo sample . was
used in triplicate for TS ex (A131 790 IF. Foster City, CA), detennir  Data were obtained 



an of 3,5 an  a mean of 6,7 (titan  st:Me2 or presence 0 significant y diiirent among the histoiogwai
subtypes; the levels were lostaitt adenocareinomas compared to squamous and tail,The
unidimensional tumo.r aiameiers In this patient cohort rang they did not correlate with IS expression -
0135 The maximal log-rank method was used for o, no statisticaiw siguificant cutpoint for IS:in NA exp
multiple looks (.4 1'hirty-4w patients were common to both hatexpression - zero crY.helve gi as
described 



results,These Which expression using me consist and mRNA levels ni lung cancers fort Protecamics
2007;1 ' ).  addition, there is sgnil]cant toxicity associated , sem;InInternati Group_ngl J Med 2004;
350:351-360; Pistess et al, Prc )1 0'5.5incorporation of molecular tumor character pectic decisions
may This example des. perneticxed in patients withJCSCLC with the ps. efficacy and
tolerabilitymtimen and to luRNA expression of genes involved in the metabolism of these efficacy. 



ietion c patients, 26 men a      e lobe, ):a performance status (P by"1ST; and. no prior therapy se
criteria were met by 52 patients:, Preoperative chemotherapy with gemeitabine I. minisiered on dais
1,2.9, and 43. Subsequent doses elayed or sedum,npropriate. Patients received oral   



Legend to Table 4: threenot assessed in rime patients;patients :, n. nal to or greater than 5% during
the three months z  smoker was defined as in smoked less than not applicable; '21 patietus had.imia
cinema including toLar reatures, 12 had other NSCLO subtypes inci adenosquamous carcinomas,
nixed adenos and squamous carcinomas, and t. ." carcinoma with suggestive neuroendocrmc
features; 'itwi.a T4NO, T4 because of t ingielebe of the lung; the prititolo OR an tiNR were net
significantly associated with OR (jcia7.4th aim ):r pPils I 1 n r 1 ' or DES (hazard ratio for pPilt vs. pNR
= 0.87. P := 0.7   



The relative amount of RBA the threshold iiycle with a. standard curve as el e renamIng genes. teat le
tithoui a of sianificani 0,786, p = 0,0' lent levels .i'iow ior, gone expression All sok:ogee he 35
post4reatment specimens,of express ctoristics for I 14 genes are &unman?I no ii Raiff were
significantly correlate low levells were predictive of (Figure 3B). Of the 18 patientsexpression eq 1.68,
.10 had a PR or CR, -while on .2 of the 17 with. high The paRNA levels of IS were likewise correlated
with disease 0.006) (Figure 3C); however, after using 1Bonferroni analysis, the pscaiue was above the
level of 0,0036, 



of $,40, 7 had. evets of all other g-t  so (Figures 3.1) &though they are a ci'apeuties; the top seven ecu
.etabolic pathway, wt.ile the bo tipwavoi pemetrexed meuboh.sm,RRMI and. TS showed a significant
correlation (see the rigutatost column of Table     Resyqs       The nreoperatrve Jficacy of a:
perm:muted, was invesfigatet, on-platinum doublet, vith surgically eeseetable 



tebine and      and pemetrexed is unlikely to be superior to platimem-contenenn an mselected group of
patients with rased:able NiSCLC1. at (45/52) of patients in the trial received the plannedis 4 cycles
because of treatmemreiated :grade 3 surgecomplete resection. one patient oleo prim
s, the combination of gemeitabine and is deliverable as rime 'least .equal to the pintion of
,latinuni-contaning doublet      studies indicate that the in' sociated with turners! s express these genes
at low levels are more likely to or size compared to those with high levels  -dance level ofU.O{}36 for T 



gnificant for the gene RPM!, hut failed it readi the 4 genes were evaluated in these  WO
2008/157353PCT/US2008/066918 patients the significance level was adjusted according to Banferroil.
This is a consrvatianis to silitesanout mr multiplicityana correlative mvestinauons are conducted under
ltsi;s stringent coral 1.454 seen 'for the association between IS expressl   response to treatment is
remarkable and my the clinical corralative liwestigaffions deset between n citahiie d pemetrex.ed. They
also provide reasonab  10group of patients with resectabk NSCI"C" gemeitabine and pemetrexed
provide an e rate of 35% with good tolerability. Additional Rekreneets Chit 0 col 2004;27:1878-85.
2006; 24:4731-4737 2002-sz Cancer 2006; 



Chen et al., N Engl. J Med 2007; 356:11-0 CooNat Mod. 2007;. 13:1276-1278             'Ether D et al.,
Clip Cancer Res 2000;6(2):48-97. 20Gautarn and &pier, Cancer Res 2006;66:6497-507. Putt: et rd.,
N70-580 Pottiet al., Nat d.2.006; .12:1294-1.300 Ritmo, Nat Biotechnol 2)U(n24t8):9i4-6. koseli et al..,
N Eng 994; 330:153458 Simon et al,, Chest  fa,2):978-83, Thou eta!,, Cancer Research
995t55(6):1.328-33., 30  OTHER EMBODIMENTS       it is To be understood that while the invention
has been described in conjunction with the detailed description thereof, the foregping description is
intended to illustrate :tent not limn the scope of the invention, which is defined by the scope of the
appended claims, Other aspects, advantages, and modifications are within the scope rif the -following
claims,  WHAT IS CLAIMED IS:         1. A method for predicting a subject's response to a treatment
comprising administration of gemcitabine and/or pemetrexed, the method comprising: 



a. determining a level of Ribonucleotide Reductase Ml (RRM I) and thymidylate synthase (TS) gene
expression in a tumor sample obtained from the subject; and         b, predicting the subject's response
to the treatment based on the level of RRM1 and TS gene expression in the tumor sample, wherein:
if the level of RRM I gene expression is less than or equal to a reference level of RRM I gene
expression, and         if the level of TS gene expression is less than or equal to a reference level of TS
gene expression, then the subject is likely to have a positive response to the treatment.         2. The
method of claim I, further comprising selecting the treatment predicted to have a positive response in
the subject.         3. The method of claim 1, wherein the subject has an epithelial malignancy.         4.
The method of claim 1, wherein the subject has a lung cancer, breast cancer, colorectal cancer, head
and neck cancer, or ovarian cancer.         5. The method of claim 4, wherein the lung cancer is
non-small cell lung cancer.         6. The method of claim I, wherein the reference level of RRM I gene
expression is a median level of RRMI gene expression.         7. The method of claim 1, wherein the
reference level of TS gene expression is a median level of TS gene expression. 8. A kit comprising:
a. reagent for assaying RRM1 and IS expression in a tissue sample obtained from a patient, and
b. an instruction sheet for use in the methods of any of claims 1-7, 



9. The kit of claim 8, wherein the reagents for assaying RRM1 and TS expression comprise
premeasured portions of reagents selected from the group selected from oligo-dT primers, forward
primers that hybridize to RRM I or TS cDNAs, reverse primers that hybridize to RRM I or IS cDNAs,
reverse transcriptases, DNA polymerases, buffers, and nucleotides.        10. The kit of claim 8, wherein
the reagents for assaying RRMI and IS expression comprise premeasured portions of anti-RRMI and
anti-TS antibodies and buffers for performing a Western blot or immunohistochemistry assay.       D.
The kit of claim 8, further comprising a reagent for processing a tissue sample obtained from a patient.




