Methods of Diagnosing and Treating 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. ROl 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. St larpSabcelklong cancesifNg CEiS the most common type of
iunc cancer, accountino for over 80% of Iung cancers. It generally grows and spreads more slowly
than small cell lung cancer (SCIII). There are three-majerfarms of NSDLC, including
adencoarcincfmas, often found in an outer area of the lung; squamous cell carcinomas, usually found
in the cente][ of the ung 3/ a bronghus and large ¢ell carcinomas, which can occur in any part of the
lung and tend to GfoW and Sprakd fastér thar’the other” Wof%ésaﬁ%S@?_bmé) e"&G., Travis et al,.
Cancer 75(8uppt. IN"19E202 (1095}. Recentwork asidémonstratéer thattcanés involved in nucleotide
metabolism and DNA repair are important determinants of the phenotyplc behavior of early-stage non-
small-cell lung cancer (NS@L:QD: Specificatiy;rRibonucieotide - Reduetase-ME(RRMI), the regulatory
subunit of ribonuciectide reductase, and ERCCI, a component of the nuclease involved in nucleotide
excision repalr are nostic of patients ' outcomes (2005 Qlaussen et at, N gl iMeg

355:983-991 @O i 35%%60@ §J$&Oﬁ9)fgﬁ|gh levalor MRIA FH ptmefﬁﬁéxﬁ re TOSE genes are

aWard r:o t}‘}f‘ the Nationat Cancer institute of the National Institutes of Health, The

Government has carlain rights in the invention.

TECHENICAL FIELD

This invention retates to methods of diagnosing and treating cancer, e.g.. nor- small cell
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BACKGROUND

Lung cancer s the most common cause of cancer death in the United States. Non-smak
cell ung cancer (NSCLC) is the most common type of lung cancer, accouniing for over
80% of lung cancers. it generally grows and spreads more slowly than small cell lung
cancer (GCLLC) There are three major forms of NSCLC, including adenccarcinomas
oftan found i an ouler area of the lung; sauamous cell carcinomas, usually found in the
center of the lung by a bronchus, and large cell carcinomas, which can ocour i any part

of the lung and tend to grow and spread faster than the other two typeas of NBCLD See,

eg., Travis et . Cancer T5{Suppl I 181202 (1695

Recent work has demonstrated that genas involved in nuclestide metabolizm and DA

repai are important determinants of the phenctypic behavior of early-stage non- smalk-
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cell lng cancer (NSCLC) Specifically, Ribonucleotide Reductase M (RRMD, the
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reguigtory subunii of

'
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ribonuciectide reduciase, ang ERO 2 componaent of the 5
nucleass involved in nucleciide excision repair. are prognostic of natients * oulcomes

(Bepler et & 4 Clint OncolZ2) 18781885 (2004 Simon e al, Chest 127(3) §78-83



associated with long survival in pareduced mmastasas term “jatitam at at, Oncogene 2_2:2135-2142
(2003)), In addition, high. RRist | levels founddee- SUMMARY The present disclosure is based on the

discovery thatiexpressiondemals of Eng 1 nodbasednae pysiave: (slags.y.NSCUR sunyis:so ivRIit
response to_gtoottitabthe and pometheised, _ :ic of outcome in .suMetets with thc level ofession arTS
and R.RM.i""'“‘.gs‘ﬁTé‘m‘;}”iiﬁb’aiﬁ@t?é}sﬁ‘gé’i‘: {REFE RIBREVIHRe doil mRthoR Soppreldictinghasubject smesponse to a
treatment comprising.administiation of gemeliabinesand(or. pemetrexed; the, method comprising: a.
determining a level of Ribonucleotide Reductase Ml (RRM1) and thymi yiate ‘synfhase ZKTS) gene
expression 4 tUreRSam ple bbtdirerro m tRESSubjett 3Rd:. predittingths SubjBats response to
the treatment based.on the Jevel of RRM1 and. TS gene expression.in the tumar sample, wherein: i
the level of RRM1 gene expression is less thanor equal to a reference level of RRM1'gene
expression, @ntki the leverofTs genaexpressionds less thamof equal to a reference level of TS gene
expression, then the subject is likely to have a positive response to the treatment.

SUMBMARY

The present disclosure is based on the discovery that expression levels of

thymidelate synthase (T8 are proguostic of cuteome m sublects with KSOLO, g, aady

stage {sage 1 NSOLO o addition, the evel of expression ol TS and BEMT is

correistod With response W pre-operative treatment with » nonenlavinum douldsl namely

semotinbine and pernetrexed, fo pattents with surgreally reseciable NSOLO

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. defermining a level of Ribonucleotide Reductase M1 (RRM!) and thymidylate synthase (T5)
gene expression in a tumor sample obtained from the subject; and b. predicting the subiect’s
response to the treatmeni based on the level of RRMI and TS gene expression in the tumor
sample, wherein; i the level of RRM1 gene expression is less than or egual to a reference level of
RRM1I 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 1o 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-
DRerative troatment, e.g. pre- OF post-oparative treatmient, with a non-platinam
anmetabolite agent, e.g., one or both of gernciiabine and pemetrened. The method
includes detennining fevels of intratumeral expression of T8, or TS and BRMI and

seiecting a pstion based on the expression levels,
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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, théldmlwsm@@imwdemmhGdﬁeqfr%lﬁ@t!ﬁ&}{?é@'?&?@ef&rc REL: %%hatlve treatment, c.ge

pre- or post- @;@@@@{@;@@gmgng hvvgth aon t| bolite ageffisone or th" ofl gerntitabine, and
pemeltexed. lire method s of mtrlamr;;fia el;i(prgs iéﬁ‘“gf “%fﬁﬁd’léiﬁf@w ;sangrselectionexpressionire

levels  In NStHerismoiment e dx§db&we@r@&¢dze§d€ﬁ@m@d§ f@gga}leqtmg« an.approp ate

cnernotlierag.tsyhiect;: qh inc Obtal\[lln arumor sample
2008/157353PCT/USZOO%/06§§B9 z“{n AN BAdohs %Fﬁbﬁ&?ﬁw%‘ﬁ?‘fﬁé@@o@@t}m'me|des methods of

h-eating a stbfEet witrrcarsH éfg pNEafiegoperabledNiSCLG:The method: includes selecting a
suhicet baseg:pa.{he. presence of I%\Qmegvpreﬁlon evels of TS and RRMI, and a&mlnlsterlng to abject
a combination, of gem.eitabme and pcmlas?our E)lwééﬁygitm Ribiieambudisnents ithe methods

further inclUd&E5¢ RtGpheralisRpressiom ity or (Iﬁl@ﬂ@ﬁ&R‘M}){-Jﬂzﬁrﬁ%ﬁh@%@ﬁ@le@ent the disclosure
provides meghods:ofipredicting:a. ,s;gurplgg: %

appropriste chemotherapy to the subject, In some s tdiments, the

ae methods forther inclade adimb mstering the selected

E""ﬁ\)ﬁ"i e san sine

mciude adnd mstering a sooord chamothergpeutic agent 1o the subject, cp, an antitubyl 33H)
et ’—\ Re A

or ‘? ATURER-O AR ‘.sl}‘}}';ﬂg' agoent,
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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 % éIEREommising administration of gemcitabine and peme®€Xed: Mk isettsods
include obtaming a tumor sample from the subject; determining a level Of Ribonueleotide 1.(..tricitase
MI (RRM 1) and #hin kddTSpgemesdxpressiofisiictine: prorigamipdeicandrpradicting:the subject' sbased on
the level of R:RMI and iaexpressionin.the tumer sample. Low.levels of expression of R" (Nill and IS
indicate ihabject iS%kélﬁ?&e é:A{)Logitivetrli\?p*bhh%;én?g!th‘gﬁgggrﬁé”ﬁf( ‘Th“f/% “§h36t%§?béfﬁi§odiment, the
disclosure provities esusferproviding erprodresisaposed Witk hob-smaklicetilungeancer. The
methods Mande,ahlaininga tumeritandhe.sublect dsleimioing a level of. eyioplasmic thymidgiate
synthase 20orsamplei and comparingthe level of cytoplasmic IS protéin inc a refitence level of
cytopfasinie® P& prateinANgheevetisrents, te sathple Asitomparet: t:thetefereneeidevel is indicative
of a good pragnesis..and alow levehef gytgpl%ﬁpﬁ(}:—{_@ jprotein 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 rnethdd zéugthcAQ@UAasede Seribethinrapothéssembedinent;dhendiselosture provides methods of
determining.ar.monitoring. the effectiveness of a treatment. 6.9, 8 pre. of postoperative treatment;
with a non-blé{i?ﬁm tg\nn%n}mpihéﬂlae”ééeﬁﬁ rﬁgg‘%%g{n%é%é%}' 15‘6%%0‘?*5%?’7%11‘5@1{?1%iﬁﬁd*%%%‘é*ﬁéxed. 'The
methods inéltigiectieteifiiraag aciévetiof TS @hdibgRRREN ine and pemetrexed. In & farther

40 . - . N . N s C
v embodiment. the disctosure provides methods for predicting 2 subject’s response o a treatment

b

coanpnsing administration of gameitabine and pemetrexed. The methods include
obisming & turnor sample from the subject; determiining s level of Bibonucisetide
Reguetase M RRM yand thynddylate syathase {T8) gene expression in the tumor

sample; and predicting the snbjecl’s responze te the weabment bassd on the level of

-
5

REMI and T8 gene expression in the tumor sample, Dow {ovels of exprossion of RRMI
and T8 indicate that the subjovt is Hkebv fo have a posttive responss to the freatmont,

. In yet another embodiment, the disclosure provides methods for providing a prognosis
Tor g subjeot diagnosed with non-smell cell lung cancer. The methods nclude obleinine ¢

tmnor sample Trom the sublect; detormining o level of evioplasmic thymidylate synthase

o]

{05} protein in the tumor sample; and comparing the level of evioplasmic TS protein in
the sample 1o @ referenes lovel of eytoplasmic TS protein. A high level of svioplasmic T8
gotd prognosis,

protein inthe sample as compared o the reference Jevel inindicative of g
and & low tovel of ovioplasmic T8 protein as comparad o the reference level s indicative
of 1 poor progaoesis. 1o seme embodiments, the lovel of oytoplasoic TS pretein is

determined using & quantitative in sifu analysis method, e.g., AQUA & desoribed hersin,

£y
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. In another embodiment, the disclosure provides methods of determining or monitoring
the effectiveness of g treatiment, £.g.. & pre- or post-operative restment, with & non-
platmum anfimetaboliie apent, o, one or both of gementabine and pemetresxed. The
methods mchude detenmining a level of TS and.or RRMI, prior to the treatment o

"

3 establish a hascline level, and delormining one or more levels of TS andior RRMY, after

TAF

-

the tregtment s inftiated, A changein the fevels of the messured gene i indicstive of the

-
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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 th WO 2008/157353PCT/US2008/066918 efficacy

offor exampl& Ciki&Fad7873R104. itis effet..tive, The method can s.1i treat-mg@at-HiecRppnRbased on

changes. in levels of TS and/or Itl.P.M1

In another embodiment, the disclosure provides kits

including a reéBtjes forhssayhvpexpressionrii aitt$ae seaudamand.prmer(that vibrigiiac a .Ram or

PCion xpressil 110171 the group achets: s, DNA

TS cDNAs, tgyerse. transe lents, the rea entsfr
G i'i:%:% (QQ _% trESiment 1§ 63 e, eiqm maethod can also include making s Ireatmeny
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devtwion hased on chenges 1o lovels of T8 andfor RRM1

in another embodiment, the disclosure provides Kits including a reagent for assaying
LRMI and TS expression o o tssus swimple from & patiens, aad &n instroction sheet o
seime embedimams, the feagents Ry assaying REMY and TS expression COTRTING
premeasured portions of reagents selested from the group selected from nligo-¢T primers,

sorward primers that hybridize to REMI o T8 cDNAS, revarse primars that hybridize

FEAY e T AT i R S Topmey et i Ay TR < ner :
BERY or TS oDNAs, voverse wanscriptases, DMA polvinerases, buffers, and nucloatides

in scmre simbodiments, the reagents for assaving REMI and TS expression comprise
premeastred portions of ant-RRM1I and ant-T8 antibedies snd buffors for performing s
Western biod orimmonehistochersisty assay. by some embodiments, the ks alse
mednde a s sagent for processing 3 tissue sample from 2 patient,

A prodiferative disorder,” is 2 disorder charaotorized by regularities in cell
diviston. & canoer {e.g. 8 glicms, prostate cancer, melanoma, carciporma, oopeical cancer,
breast cances, colon cancer, or sarcoma) is an example of a profiferative disorder. COolis
chavacienistic of proliforative disorders (1. - “neoplastic cells” or “temor colld™ have the
capracity for swtopomous growih, Le., an sbnormal state or condition characterized by
weppropaste profiferative growth of cell populations. A necplastic coll or & tumor eell is
a ceil that profiferates at an abnormally high rate. A new growsh somprising neoplastie

is & neoplasm, slso knows as & “tamon™ A fumoris au sbnormal Hasue srvwth,

’I‘

celis
generally forming a distinet mass, thel grows by selbular proliferstion mare Tapidhy tha
novoal Hssue, A tumor way show a partial or total Inek of structurs orsenization and
forctional conrdination with normal tssue. Ag need herein, 2 fumor i intendded
eneompass Sematopictic fimars as woll as solid funors,

A tumer may be benign {bomgn tumor) or maﬁg;mm {malignats {mor or cancerl,
Mahghant temors can bo broadly classified into three major types. Malignans tumors
artsing from epithelial structures ave called carcinomas; malignant tumors that erginate
from connective usanes such as muscle, cartilage, fab or bone are calied sarcomas; and
madignant wmors affecting hematopoietic stractures {structures pertaining to the

tormation of blood colls) including components of the hrunume systen are called

)
B



sataing.RRMI andgractssain cc .dies and buffers for per war blot or i.mrmmohasiDdhemijstrv assay In
some embodiments., the bar in ide a reagent |hr processina a tissue sample from a patient. A.
"oroliferariveydisgsgles;3ks a disorder characterized by- i cancer, melanoma, gaf i examgle:or a
pmohfe neoplastict cells" or e growth, rapidly than nizahon and 0/ is intended to hematopifietic tumo A
tumor may hesberign:cMalignamassaliehirats-Qn-armaiaananimaligeant tuax arising from
epithelial laucturcatare called carcinomas; malignant from connective tissues such as muscle,
cartilage, fat=Br e & Ealled swam( malignant tumors affecting hematopoietie structures
(structures pertainingitethe formation of ! QJ@OQ}C&J}&W“«{QHM&Q@%%@Q Lofthe,jmmune system

are called . ) _ . .
Progesses, motasialio tasies of matignantly ransformed cells,

S stopathologic tepe or stage of invasivenoss. Cancers inciuds
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malighascios of variows csgan sysiems, such as the fung, hroast, thyraid, . bvmnphiond
gastrointssiingl, and gendto-uninary tract, a3 well a5 adenocarcinomas, whick molude
malignancies such a8 wmost colon cancers, renal-cell carcinoms, prostate cancer andioy
testioular tmers, nog-small cell carcinoma of the Tany, cencer of the simall fntostine and
18 cancer of the ssophagus, Carcinersas include malignancies of epithelial or endowrine

tissuse, such a8 respirmory systom carcinomas, gastrointestinal svstern carcinon

L

gentinurinary system carcinornas, fostivalar carcinomas, breast carcinomas, prostall

argineings, sndoosine svslom carcinomas, and melanomas, Other carcing
those forming from tssee of the cervix, lung, head and neck, colon and vvary, Cancers
1% of the central norvous svtom include ghomas, (nchuding gstooyviomas, mised
oligoastrocyiomas, ghoblastome multform, ependymoms, aud oligodendroglioms
NI, plulary nmors, hemangiobiastomas, scoustic neuromas, pioesl gland
fumors, sprnal cord tunors, hematopoiete tomors, and central norvouny system

o

byaphomas, Cancers affecting comective tssue, such as B, musche, blood veasely, deep

20 skin Hasues, nerves, bones, and cartiisge are called sarcomas. Sarcemas include, for
example, Hposureomas, liomyosarcmnas, rhebdomyosarcomas, synovial saronmas,

angiessreomas, brosarcomas, neuwredbrosarcomas, Gastrointestns! Svomal Tumors

(TR, desmoid fumnors, Pwing's sarconas, ovteosavoomas, sid chondrosarcomas.
L |

The methods described herpin sre particsdarty relevans for the treatpsent of

a8 homans having an opithelial maliguaoy, such as e hung caneer {2.p, nonesrinibeell g

cancer {NSCLOY), breast cancer, eolorectal cancer, head and negk cancer, or ovavian
cancer. Epithelal mulignancies are caneers that affect epificlial tesues,

A cmubieet” s desoribed herefn can be any subject having o proliferative disorder
For exampie, the subject can be anyvanamnzal, such as a homay, mcluding & hnan cancey

patient. 'ii.:f;am;ﬁar}r upmhuwsnen masnnals inclode & nonheman prinste (sueh a8 & monksy

e
&

: 3 < Ty Q t PRy A e
or apel, & mouse, tat, goat, cow, bl piy, borse, sheep, wild boay, see otter, cat, and dog



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.%%?c’i‘?%ﬂ% iR hBREHAGE S DPefRTthIcOr andoding tisuesEuoh-asirespiratory
system carcitttmas; gastrointestinafsysteynaearcinemass genitpwinancrysiem carcinomas, testicular
carcinomas, fgast,cargin ttjiatic_carcinomas, endocrine system carcinomas, and melanomas.
Other carcinméignclé%é%%i% or%#% r%’rﬁ fg%rﬁg% of the Eix ARG FReBtPardheBRCoIsH and

ovary: Cancéfé Sftfe BaitfalhEvota systam iretirdcblictnass{includingastroadonas,vaixed
oligoastrecylemes, glioblastoma multiform, euendyntema, and oligodentheitlionni), pieningionias,
pituitary rumors, hemanglobiasnimas, acoustic neuromas, pineal gland tumors, spinal card tumors,

hemathuoictic tumayrs, -and.central nervous system. lymphomas. Cancers affecting connective tissue,

_such as fat, muscle, blood vessels, deé’pﬂéﬁ%ﬁi‘ﬁrﬁgsﬁe‘é,(qu?vé“sazé Wé@e@,%&%ﬁ%l&@é’%ﬁ@ Galled
sarcomas, SAROMES ACRIABPIBT esaipieldiprsadditasetaioniyessticomas; dibiakaomvasarcoma.s, -
synovial saromés fargiosarcemas; fibrasasaomas newrolinrsascamas. Gastointstinal Strom.

Tumors (GlgJshidesmeid.iimars, hwing's sarcomas, osteosarcomas, and chendresareamas. The
methods described, herein‘are péﬁ%%%%fﬁé\eg%)%giltsf\g}r{%ﬁgfré“ﬁ”trﬁéﬂfﬂ%’f HUMARCAEG MG @rdepithelial

malignaney” sUci'a8 875G efiE& edep  rstisphiaibe cHigity: carter GBS GLE L)), hreastisancer,
colorectal cinders; fieadfantneck qareey, ehavasianeancalsEpithalialmalignancies arc cancers that
affect epith@éi@éﬁiﬁﬁugeﬁn&;g%_eg;tﬁgoqg%ripnee gggei can he any subject having a proli?erative
disorder For example, the subject can bé any mammar, Sach 58 a AtisaAcint ey ahuman
cancer gepSHBRICEERbFyaErfhtiNeaHawammals 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 describedieérein.cairbesperéermeskan anySubigctah-anuags. Rcluding a.fetys (e.9., in
uterc), infa&g;;%ﬂ@&nw;%ﬁﬁ% adult,. Oﬁjglggggxihugnaﬁg.u%g saometemb}odiménts, the squject has an
epithelial malignancy; a‘&unq cancer, e.g., non-sm§| | gents include, for example, the

taxanss pDaclitaxe! and docefaxe! and the vincs alkaloids vinorelbine, vincristine,

vinbiasiine, vinilunine, and vindesine,

A platinum-containing agent" as used hersin includes chemotherapsutic agents
that contain platinun. Platinum-containing agents cross-link with and alkyiate DNA,
which results in the inhibition of DNA synthesis and transcription. The piatinum-
containing agents can act in any cell cycie, and consequently kit neoptastic as well as
healthy dividing celis. Platinum-containing agents inciude, for example, cisplatin,
carboplatin and oxalipiatin,

Uniess otherwise defined, all technical and scientific terms used hergin 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 ins the present disclosure;
other, suitable methods and materials known in the art can aiso be used. The
materials, methods, and examples are illustrative onty and not intended io be fimiting. in
case of conflict, the present specification, including definitions, will control.



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 NBFA&IBIGEHEmIcal reactions yet different enough to interfere witrdhrersosmakisnetions of
cells, A.ntimetabolites include purine and pyrimidine anaiogs that interfere with DNA synthesis.
Exemplary antintétabtlites includeagages aminopiatn2whieedegxyagdsnasine, cytosine arabinoside
(era 0), cytarabine:fludaabine. digrauracit (:F) (anddis derivatives, which include capecitabine and
tegafur), gemcitabine, methopterinf methotrexate, pemetrexe: f’réﬁl%’éXed, trimetrexate,
6-mercaptopurine, and 6-thioguanine. An "antitubulin” as used herein refers to a
chemotherapeutic agent that blocks @eildivisien;byinbibiting, the.pitotic spindle. Antibuiin agents
include, for examplg,i the taxanes paclitaxe| and docetaxet and the vinca alkaloids vinorelbine,
vincristine, vinblastiné’ vinilGniie Shdihtlesine nes shavpiatingmseontaiiiig dgentiasased herein
includes chemotherapestic:agenisthal.copain.platiaums Plafinumseentaining agents cross-link with
and aIkyIate_.[QN{\ _Wwhich results in the inhibition of DNA synthesis and tr'_ainé‘c‘r”'rptlohf'ﬁ*ﬁé T
platinum-containing Xgants can adt i aRiFEch ByeIe ARt comsanlentiyikilnsoplastic aswelbas
healthy dividitig Gells. [Platincmeontaining auentarinclude,dor example, cispiatin,.carhoplafir, and
oxaliplatin. _ Unless otherwise defined, all technical’and scientific terms Used hersin have the same
meaning as'ComMOoniy Und&rstiBtFbYohRe G ereiary skill in the art to which this disclosure belongs.
Methods and materiais are desciined herein faruse.in the present disclosure: other, suitable methods

and materials known in the art can also he used. The materials, methods, ana'{éf(amp’rés are
illustrative only and Fot inteHdst 16 Be Rtriig Hin akeser conttict, sthepresent. specificatien; including
definitions, withicoptiols: Other feateres and.advantages eLihe disclosure will he apparent from the
-following dej_sa{i\!ediggs\c[ipyon‘:;anq fig_u_r%;g and fromg%hz%ag?‘rﬁéc%%égg%lgpﬁﬁﬁ%%%FQ‘A\NINGS
FIG. 1 is a Wasters DoroF SolMissy Srswig ek praseionot TS, Orbsslic andinucidar extrdets were
prepared fromcell fnes 15123 0addgadeh Theywere sepralod npolyastyiamide gets
transferred to mempranes, and probed with antibodies directed to TS. ot-Ha 'nué"reﬁa“?hpgrotein), and

GAPDH (a ESER SN Brotein A PRt 38 HETepRst Aty TS Was foundinthéspitoptasms

15 with marker expression » 129,33 (Ne=18: median not reached), mediom orev dopict

pationts with marker eapression from S7.58 to 124.27 (N=82; median 808 morthsl, and
dark grey lings depiotexpression < 57.02 (N=40; median=51.7 monthsl The wnadtusted
s-vatue was G002,
FRE 3A 33 2 bar graph showing the response fo treatment o8 messtrad
20 radiographically. The response ranged Fom 8 U5% increase to a 100% docresse in the
size of measurable lesions
FIGs. 3B-E are bar graphs showing radiographic discase response sud mBNA
gene expression. 3B, RRME, 3C, RRM2; 3D, T8 3R, diliydrofolate reductase (DHFRY.
FIG. 4 88 o graph showing the results of Kaplan-Meder overall snd discase-frve
a5 sarvival estimates. The black curve (op ling) denotes OS and the proy aurve (hottom
fie) denetes DFS, Tiek marks indicate censored cases,
FiG, 5 is-a graph Hustrating pre- aod posi-restment mRRNA lovels of the genes

KEM! and T8 in 10 pationts.



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 (ND14Q; mesgliani331,3 months, IN% 01 62,9-- 99,61, and dark grey lipes GapiskSspygssion
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' patientgipcarpormting:thersgepndrbest eutpoint. Light grey lines depict |
patients with marker expression.129.33 (N-IS; median not reached), medium gpv depict patients with

marker expression Tom 5 F 58 1 195D FIREE SUHEHIANS6. Bimid fhayrard Baigreyives depict
expression A:57:02:(N=40:-medianzslid menibs)the unadivstedayvatoewas 8.002; FIG. 35is a
bar graph showing the response to treatment as measured 20radiographically. The response ranged
from a 95% THLTBASETE & 10055 U CraHEa T tha'Sis e b SRSUPAHI [REIHEEIG$ S30E fe bar graphs
showing radiegraphie:disease:fespenseiand-apENALgene expression. 315 RRNILt 30. REM2; 3D.
TS, 3E, dihydrofolate reductase (DHER). = FIG, 4 is a graph showing the results of Kaplan-Meier
overall and '*Eﬂ*‘i%'féa%“é‘?f‘r“éé‘i%@iﬁéﬁ%"éﬁﬁaék’t’é‘é?f‘rﬁé fbilgéi(gf?‘éfrgéb&%ﬁ:iﬁi%ﬁﬂé HetEEDS Ahd the pny
curve (bottoriine) seneiesdiRSiTiekmarksipdicale-censered:easesy: roRIGuails.a graph
illustrating pre- and post-treatment mRNA levels of the genes REM: and TS in 10 patients:.
PCT/US2008/586818 TSEEER h efforts in NSCLC is to increase the etheacy )napiete surgical tesc |

therapeutic. decistopg. sAg:8esenibafis Cancer (NSCLO)
0 Metheds of dlagnosing NSCLC wre known s the art. Disgnostic procedurss
shinid be persmalized for the individual patient and may include:
- Beview of old chest Xerays to exclude long-standing honien lnstons, or

tor determing rate of mogression of & malignamt lesion,

- Sputum oviolozy

15 - Bronchoscopy, Diopsy of endobronchial lesions, beushingy and washings,
post-hronchoscopy sputum oviodogy.
- Mediastinosenpy o oxclude inoperable metastases In modinsting! bhmph
node
- Percudaneous e needio blopsy
2 < Excisionat or needie hopsy of readily accosuible secondiry deposits

N 1 3t
i

Histedogical or oviologoal verilication of the diagnosis should e obismed,
Stagmyg can alzo bo porformed vsng methods known in the art, g, the

wternationatiy-socepted UICC {ntemaiional Union Against Caneer} TR

{TamorMNodo/Metastasis) classification system, as deseribed tn Mountain, Chest

e
¢
¢

PRUPTIO-TT (1997 Pisters and Gatl, §L Thoracie Ome, 2(71E85-584 (3007 Rame-Fors

L
A

et b, & Thoracie One. 2{TRI95.6U2 {2007 Rusch et al,, L Thoracio One, 2TR803-612

oy

2G0Ty Posunus of al,, J. Thovasio One. ZERERG-69T (2007 1 Groome ef sl L Thomde

"

oo, ZIRRES4-T08 (2007, Goldstraw et al, | Thoracie One, 2081706-T1a8 (2007}

i

Frigfhy, ¥ desoribes the sive ofthe tamor and whether it has inveded nearby tigsug, “W
30 descritves any vmph nodey that are tovolved, and “M™ describes mctastasts {spread of
cancer from one body pard to mether), According o the TNM seale, stage O indicates

8



tiorreinted with clinical outcome, and levels of IS and Ribonucteofide Reduetase Ml (RR:NM IlIITC
correlated with tumor response.platinum NM) Small C Methca shoo he personalized for the. individual

patient andwiaynbdaiirssReview or mine rate of progressionit Sputum cytologyrIb8mmitaescopy,
biopsy, rcm.ehoseopy sputum cytology di WO 2008/157353PCT/US2008/066918 apy

carcinoma e sife, which 13 an early canver prosent ouly in the laver of cells in which #
began, Steges | 5, 1, and TV indicate progressively worsening Giscsse siafes, Higher

sages indicate maore ertensive disense 2 evidence by greater tumor sive andfer spread

of the caneer 0 nearby ympd nodes andéor organs adiacent s the pelmary fumon I

3

stage 1V, te tnmor has spread o at least one other organ,

Methods of Frognosis

As desoribed herein, levels of T8 protein, e.n., cvioplasmic TS prossin, can be

3aed

used to delermine a prognosis, e.g., to determine Bhelthood of survival over an extended

perind. I these maotheds, 2 swnple comprising tomer cells is taken Som the subiecd, and
0 tevels of T8 protein are defermined using mothods known by the art, e.g., s desoribed
herein, For exampsle, T8 protein oxpression lovels van be determined usig & method of

suastiative in it anabysis of protein exprossion, o, by sutomated grantitstive analbysie

(AGRAY, see, e, Comip et al, Mat, Med, 8113231227 (2002, Comparison of the

e

bevals of TS fnn Hhe tomor cells in the sample w s reference lovel i indiostive of the

14 subtect’s Bhely sutcome. Insome embodiments, the comparison i made w© 8 cotpoin

n

vorpentileds detenmined by TS protein expression 1n a referenes tabort as desoribed

®

heres. I st embodiments, thereference cutpoiat is a level of exprossion that i abont

[
P

the §9h porcendile; subdects above that eufpoint, e in the lghest 1% of expression

ievels, have s vyroved chanee of sorvival, and sabjects betow that outpoint have a

@0 povrer prognosis. In some embodiments, two roferenve cutpoints are weed, 81 8 lower
8% group, middie §3% group, and upper 11% growy subieets Taliing wmin the lowest
5% bave the highest risk of adverse outcome Glestly), subjeeis in the middle §4% Imve a
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Brample | sad fipures 2A-B. I some ombodiments, 2 decigion regarding how

apgrosstvely B treat a subject iy made based upon the progoostic inthmation provided by

np
ih

these methads, o.g., & sabject with a higher risk of adverse outcome is (reafod move
aggressively, or with the administration of additional reatment modalities, 2

B o

r other chemthorapentic agents as describerd herein.



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 10:1318x2b2®@80474s0 Oneol 2 exhii RRMI exnressio and dean-mind atigrit/dfsisattmqtherapy con
ntrarunioral le levelsion are relative non pPOP t. Clin Cancer Res 8;2286-229 2002t.i ii Simon et 1.,

Chest 127978 Methads of Determining Cancer Therapy
Methods of detenmining or selecting an appropriste canver therapy nelnde
abising or providig o tumor semple from a patient, and determining the lovel of

exprassion of REMI or T8 in the patient. Hintraturnoral levels o RRMIT and T8 wro

5 low, if can be determined thet g chemotherapy containing & combination of prmcitabine
and pemeirexed s appropriate. I intratomoral levels of REM 1 sndfor ave high, it can be
determined that o chemotherapy ladkmg gemoitahine and pemetroxed is apprapriat

“Low” snd Thigh” expression levels are relative values snd are based o a

companson with those of g reforence oohort. & “roference cohorl,” o wsed hereln, Iv g
19 signpie cancer population rom which RRMI andior TS exprossion dafa is collected, The

expression vl In o reference eohort is detenmined by measuring intretamoral gose
exprossion fovels in the saaple population {seg, e.g., Rosell el al., Thin Canger Res

P P
FA

et

x

T THIBES, 3004 Lond et all, Clin Cancer Res $WG-220 1, 0T Bepder e gl

Onont 22 IRTRAEE, 20047 and Stmon et al, Chest 12797883, 20057 Typioally, atumor
{3 extbiis “low™ KRM1 lovels if the expression fevel is egual to or less than the median
REM! expresson level in the reference cobort, and the fumor exhibity “high™ BRMI
tevels ¥ the expression fovel is greater than the median REMI expression fovel in the
referonce eohort. Sunilardy, 2 tumer exhibits “low™ TH lovels i the expression lovel iw
ot 1o or less than the medign TS expression lovel in the reference cohort, “Low™ and
28 “high"” expression levels werelative and can be estabhshed with vach now roforonce
group. In one alternative, te expression level determined to be prodicgve of @ subjeet’s
response to o chomotherapy oan be equal W or less than the expressivn level of the lowest
third, or lowest guartile of a reforence cohort, or the predictive expression level can be
determsined o be o lovel egoal toror greaster than the expression fovel of dhe highest third,
38 or highest quartife of & roforence cohort.
Tiwnor Sasgley
Any method can deosed 1o obtain a {vmor sempie, such as.a biopsy {
noedle WMopsy), and the dsane oan be onbedded GeT® {Optimal Hasue Cotting
compound for processing. For example, the tissue in OCT™ can be processed o frozen
10 sections. Tumeor ells can be colleoted, such as by laser capture microdisseciion (LOM),



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/ {358k T4832008/066918 and gene exores.sionexample, reversg inngdsimspagymerase
chain(RT-PGR) or Northern blot analysis to measure RNA 'levels, or in levels, In one
exemplary approsehsthedtovelof issionis-assagedyicaltime guantitative:RT-RGIR! :The level of
_§3{?§}"ﬂ'ﬁﬁi‘ﬁi§t’- chats reaction (RT-PURY or MNorthern blot analvaizs 0 measive BRA lovels, or

by Wes HoL 1 meastre protein levels. In one exemplary approach, the level of

REMor T ’Cf?iw?ii‘-‘**’«i{}"’\ 5 assaved by real-time guantiiative RT-POR. The lovel of

T
=

expraession of these genes can also be detenmined by immunchistochemsst try, e, i fined

s, 8.2, fred with formaling

feterence Cohort
The sumpies frow a reference cohort are taken from subjocts of the same species
{ongr, Buman subjects), and the fomoes of a rolorence cohort are preferably of the same
e type e g, fumors of 8 NBULCL For example, the tamnors of a relirence cohart can all
be, for cxample, carcinomay, hematopoietio tumors, brain fomors, or sareomas, To some
embodiments, the fumors of o reference cobort can all be, Ror example, fron e lung
canver, & bresst canver, 8 colorecial cancer, a head and neck cancsy, or a pyvanan canoer

~ o - oy

The mdividual members of a reforence cobortmay also share other shadlaideos, vuch as

.
(531

sumilaritios in stage of discase, previous troatment regimens, lifestvle fop, snxokers
nepsniokers, overwelight or waderweight), or other demographics {v.g., age, genetic
dispusition}. Fer example, besides having the same type of fimor, pritents in g reference
color may not heve reoeived any pfm-‘imt:‘; systemic chemothaiapy, A relerance ophoy
should weiude gone mg essicnt gnalvsis data from tumor samples from at loast 1

3G subtects, e, from 13, 20, 25, 30, 48, 50, 60, 70, 84, 56, 104, 120, 140, 188, 180, vy 200

OF e subiects,

Dreroensining Oene Exprassion and Froveln Lovels

¥

Dene expression lovels in g referenve cohort can be dotormined by any method,

3

e

such g9 by quaniitetive RT-POR, Northern blot anabysis, Westera blot analysis, o

in‘.zmz.is}{rshiS.‘iz‘ﬁs;;}it:mi:&hiv. Fxprossion levels i 2 tumor sample roms » iost sabject are

P
[y

determined o the same manner ag exprossion levels i the refirence cobort.
Sequences usefid in the prosent methods, when practived tn humans, inchude,

arg nod Thwsited to the fellowing:



2030, 40, 50, 60, 70. 80, 90, 100,120, 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, ®64usraE3137test sal levelscohort, ds. when macneed in hugeanssasesaRksRR..esD:
6240NM

~RRMI sequences: GenelDn 6240 - human REMI - KM 0010332 and

NP 0010240 gene = G001 1.8 Reforence assembly, Range 40735004

T (0823717, Range 2003185-0647347

a;\;\

<P sequences: Genelbh 7208 - huran T8 WM 001071 3 aud

5 NE_G0T062. 11 gone=NC Q000188 Reference ansombly - Rangs 647651083457
NT OH0850 14, Range 647651-663402.
Where i is desivable to determine protein lovels, e, using Wostors Blotting, the

following antibodies can be used; others may also be asefol,

~grtt-RRMT commercially available from Sants Cruz Biotechnolngy, Inc.,
10 Nowvos Bislogionls, Protelutech Group, ne., and Abnovs Corporaton, nfer afie.
- TR commercistly available rom Abcarn, Seroter, Aoris Antibodies

GrrbH, Invitrogen, Lab Vision, Millipore Corporation, Novas Bislogiosls, PraSat, Ine.,

Rockiasd bnmanochomicals, Inv. and Sents Crar Brotechnology, inn., fnder alia,

Serfeetion R N T2 A LT re
QLSRN GF 4 L ACFRPEIG REQUNeR

&

18 The tumior dan be sampied for expression levely of RRMT or T8 or hotly, and an
gppropriate chemotherapy can be determined based on the observed expression lovels,
The chemotherspy can inglude s wngle agont or mudtiple chemotherapentic sgents
fop., o, these, or more chernothorapeutio agenis).

I ong example, intratumoral expression levels of both BRMI and T8 are

26 determined, and an appropniate chemotherapeutio agent 13 deternuned based on the
axprossion level of both genes. For exanple, IFRRMT wad TS expression lovels are both
determined 1o be low, an appropriate chomotherapy can be selecisd thet twlodes &
combination of gemoitabine and permetrexed. IFRREMI fovels are detormined {o be low
and TS levels sre dotermined fo be high, an appropriate chemotherapy can be determined

25 1o inchuds pemcitabine and o exclude pemetrexed, and an optional second agent, such as
an aniitubulin or alkvialing sgent may be included. Boch s chemothergpeutic
compisiion could inchide 2 platinum-containing spent, ITREMT lovels sre determiped
to be high and T8 levels ars deternained to be lovw, an appropriate shemotherapy showld
not inglude pemeitabine but nyay include pomoteered, and an optional seooud agent, sueh

a0 s an untitabulin alkylating agent. HRRMI and T levels are both determined ©

12

=



- 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@tesclainotherapeunc intent is determined based on. the pegiom:i@¥asishoth
a,example. IfRRMI and IS expression levels are both determined to be low, an appropriate
Chemotherapy:iganbe:selestad-thatinciudes a.cambinatiomef gemiediif.Tarsakigyels axe determined

to he N . . s
chemotherapy shonld not melade an antimerabolite,

-k .

B generdl, subjects dingnosed with NSCLO are treatod with surgios] resection;
sadiation; and adpevant andfor neoadpevant chemotheraples, seg, o, Kris ofal,
Oueeloge! HSuppl.2323-29 (2005}, The current standard of care for reaiing NAC
wosurgical reseotion, when feasible, bilowed by adjovant chemotherapy in sigges I
v 1Y, Yilen and Jahanzeb, J. Matl Compr Cane, Wetw, §{31:383.297
used are wimodal approaches wrveliving the concurrent or segpentiad additdon of

‘

the use of suy additional

B

10 vadtotherapy, Thus, the methods desorthed horeln car fncloade

freadment modality, o, surgival resecon andfor radiation.
{her chamotheranoutiz sgents can also be administored with the sntimetabaliz
combination, 2.2, antitubulm or platinum-containing agents. Dther chamothemapeutiv

raragingse, bicaluiamide, bleomyoin, canynothooin

apents inchude, for exampie, L-ay

CPT-11), canminomyvon, eyciophosphamide, oviosine arabinoside, dacarbazine,

e
I
A

dactinormyoin, doxornbicin, deunorubichy, ecteinaseichn 743, estramuostine, ctoposide,

sioposide phosphaty, epothilons, futamide, PRS0, hexametind melanmine, wairexate,
feflunimade, leuprolide, lowrosidine, lewrosing, wciphalan, mitemvein ) sovoophenolste
wofeii], slcamvein, podephyiiotoniy, porfiromyeln, ranpimass, rapanyyein, 0polecan,

30 teniposide, and thioteps

Dasing and Adednisirarion
A chemotherapy, 8.3 the pemetrexed/gemcitabine combinstion therapy selectad for

the subiect based on REMI andfor TS expression lovels as desoribed hevein, oan be

administerad & & ubiect using scapventional dosing regimens

25 Chemotharapy can be sdminisrered by standard methods, including orally, such asin
the form of & pill, ntrevencusly, by injection o @ body cavity (such as the bladder),
huramusenkinly, or infrathecally, A chemotherapy regimen can be debivered as & zoutinvous
reghmen, o.g. infravencusly, orally, or in a bedy eavity. & chewotherapy vegimen can be
delivered i n ovels including the day or days the drog fs administered foliowed by a restand

36 recorvery period. The recovery period can fast for one, two, three, or four weeks oy more, and

id



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 Adéen:
penietrexedigemngtiabingscombulation therap s WO 2008/157353 then 12 eyelasstats/tarea Gene
expression data oh  .ornerapv s or twelve ¢ e methods featured herein can be cot

then the eyele can be repeated. A course of chemotherapy car include at least two

2 eveles (g, throe, four, five, six, soven, ten or twelve cveles),

"
H
(3

Cene expression data obtained fron: the methods featured herein can be contbined

with information fom o pationt’s medical records, including de rgraphic dala; viial
& status; edueation; histary of aleobol, tobaceo and deug shose; modien] history, and

documented eatient to adjust conchusions relsting 1o the prognosis of & praliferative
disorder fodlowmg sdministration of 8 chemothorspy designed as desoribed ahove,

Upon adminisiration of 2 chemothergpy according to the intratumorsl RRMI e
1S exprowsion levels, 8 patient can be mondtered for & responiscto the thorapy, For

B oxample, tamor measwraments can be taken before wid after admintsiration of the

"-.-..~.-. 3 ~".- 3 . A.»\‘
jee georeases, the disegse can he

.J;

chemotherapy to monitor discase progression. 1 tumor

detormined © be i remission, or regrossing towards romission. A partial dovrense in

tarmtor stze can indicate & disease it pariial rernission, and ¥ the temor completsdy

disappenrs, the disoase con be said 1o be in complete verdssion, 1 hwnor sve ncrenses,
15 the disease san b detenmined 1o be progressing, I temor size does not chasge following

administration of the chemotherapy, the diseage can be categorized as stable.

& gabject can alse be assessed according (o his phvsical condition, with afteation
o factors such ax woight boss, plewral offusion, and other syvmpioms refated 1o the canoer,

For example, symploms of lung concer, including smallcell and nop-anadi el

20 surcinoma inchude porsistent cough, sputem swoaked with blood, chest pain, snd
sepyrTing pnonnonta of bronclutiy, The assessment cap be used o tador the dosage and
adevindstration reglmen of the combination therapy dccording o mathods known in the
art

Mathods of Predicling Efficacy and Sorcening Methads

25 The nvention also features methods of assessing or predicting the efficacy of &
cormnposition containing a chemotherapeatio agent. The methods empley af least two ceil
Hnes and 8 pomposition containing one or more chemotherapestic sgents. The oell line
Gitter in thelr level of expressioneof REMT andfor TS, For example, one cell line
cxprosses ¢ lower love] of REMI than a standard control eoll Hue, o one eel] Hne

30 exprasses & higher level of RRMI than a standard control cell Hne, The higher-

i



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
administratie obi@akersotherapy designed as describe,: Upon administratippofiscGls@amtlkerapy
accordiulT ils, a patient can be monitored for a response to the theta; mats can be taken before and
after administratiomofithieltt hottdisbase Rict e ssiomu v size;desteases, thexdisease can be
tumor size cggm Qalgq J,f the. '{Ig compt%t%eéé ase can be determlned t(g be procressing. If armor

t

size does nots tiration of t 1éé“chemothﬁeﬂr%py SEAsE AN P EATE Yoz ed s stable. A subject can

alsoassessed according:toshis:physical canditiahgswithrattert atas:weightiang:other:symptoms related
tothecan | . . .. o . . .
can b uhilized. For example, a eoll line expressing & fower lovel of RRMY aadéor TR can
5 hy enpinecred o a\p;m an i RNA o7 afisenme RMNA that sauses the lower lavel of
expwession, Allematively, RRM andior T8 sxpression can be placed noder controd of
veguintable prowoter, such as s tetracyeline, PTG, or eodvsone-responsive promuoter
REMI andior TR spression may be lower than expression i & parest stradn, or
{:rx;;tems:@ia;m may begompletsly absent prior to induetion. Cells exprossing gh jovels of
i REM andior T8 can contain an RRMT andior TS pene under cortre! of a constiugive
prometer that expresses ERMI and/or T8 a1 » higher level than the endogenous REM !

and/or T8 promoter, or BRMT andior TS can be expressed fom an induoible promoter,

»

Y, kY

sush g3 & wirseveling or IPTGoresponsive promates, such that indoction drives
cxpression 1o a greater fovel than that i the perent siraln. A SROEoROnS sequence that
13 drives g higher loved of RRMI andior TS atxpmﬁsmng or divecte & lower tevel of
oxprosyion can be stably ntegrated info the genome of the parent sirai, ov can be
ansently wansteeted into the parent strain
Cledls that express high and fow levels of REMI anddor T8 are congacted with a

4

condidate chemptherspeutic agentor a combination of chemotherapoutic agonts {eg., 2,

3 ¥z

20 3, or 4 chemotherapeatio agentsy, and the cells are monttored for sy incressed sensitivity
oF resistance 0 the chomotherapoutic agent or agents sscompared to 8 control stram. An
agent, o eombination of agents, that censes an incrpased sensitivity 1o one oall lne ovay g
control cell line can be wdentificd a8 a candidate thergpoutic agent for o patient who has a
tumnor ox prossing the corresponding level of RRMI andior TS,

25 In another example, Hoclls sopressing low levels of TS (e, lower lovels than g
conttrol parent stradn} are more sensifive to a chemotherapentic agent tan the ealls of the
comra sivain, then the sgent is a condidate therapeutic agont for the treatment of a patient
with a tumor expressing tow lovels of TS, I colls exprossing bigh levels of TS (Lo,

higher levels than a control parentsirain) a0 move sensitive © 2 chemotherapsutic agent

30 than the vells of the control strain, then the agent i3 & candideie therapeutis agow for the
treatment of & pelient with & bwnor sxpressing high levels o TS

15
i3



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 Predictingr&fficacyane S expresses a lower level of Mil | than a standardcontheelidaues or one
cell line expresses a higher level of RRMI than a standard control cell ii control cell line can be

identified ati a. candidateitherapeutic-tanean.cxpressisgitheseairesponding devekefiRIZMAcand/or TS,
25In anotnet example if cells ex ressmglevels than aio a ehematherapeatlthan the cells of the control

strain, then'thie’ %ﬁéﬁfﬁ’sﬁg hhﬁl&é’(g U RS IR 2 &St 8T 57 8XpredsiHy bW levei.s of
TS, if cells expressinglevels.of sLOuws"those deseribed above can be contacted with & paned of

agents {e.g., small molecule dougs, nucleic acids, or polypeptides) to ideniify agers that

5 causs nerensed scasitrvity of polls expressing low or high fevels of REMI andior TS
Agents idemtified in the above soreening mothods, of agents ot combinations of

apents wentified by the above methods as candidate chemotherapies con b tested in
animal models bofre being tested in humans, For example, the therapies can be tested

for the ability o reduce tnby sive I mice or primaie models, before teating in humens,

1 fity
Reagents, tnols, and/or mstructions for porfwaning the methods described heretn
can be provided in x ot For example, the kat can contaty reageats, woals, mnd lnstructions
for determimng an sppropriate thevapy for @ canceer pationt. Such a ki can nelade

reagonts for collocting v Ussue sample from 2 pationt, such as by biopsy, and reagenis for

b
it

sty the tesue, The kit can alse melude one or more reagents for porforming 8

gene expreasion apalysis, such as resgents for performuing RUPUR, Nerthers bog,

Wastern blot analysis, or immmusohistochemsiry (0 determine RRMI andfor TS
sxpresston lovels in o tumor sample of' 2 wnan, For example, privosrs for performamg
RE-BOR, probes for performing Northern blot analyses, andior wtibodies for performing

v

o in o such ki

20 Western bot and rmmanohistochemistry analyses can be inchud
Apnropsiate buflers for the assays can also be included. Detection reagents reguived foy
arry of these gssays can alse beanchuded.

The kits featurad horedn can also include m instruction shesl deseribing how to
porforn the assays for measuring gene expression, The instruction sheet oy alse nclede

25 instructions for bow to determing a reference cohort, nclading how to detemmine RRMI

andfor TS sxpression levels in the reference cohort and how to assemible the expression

data o cxtablish a reforence for compartson to 8 test subjest, The instruction sheet can

alsn include instractions Rur assaying gene oxpressien in atest subjeot and for comparing

L».A..

the expression level with the exprassion in the refereace cohort to subssquently determing

30 the appropriate chemotherapy Tor the test patient. Methods for detenmining the

i



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 ofitumeegiexpressing high or low levels of REM | and/or TS. Cell ngsisi6izasdh@se
described. above Can he contacted with a panel of agents (e.g, small mole:rink drugs, nucleic acids,
or polyneptides)iadendricyiagentathatcalise inereasedsensitivity-of.aalissexpressging low or high
levels of REM.: and/or.IS = Agents identified in the above screening methods, of agenM or
combinatioﬁ%ﬁgi‘“é{t(‘;‘\éﬁhfg‘ﬁj‘entified by the above methods as candidate chemotherapies can be tested.
in animal models beforgi-beingiestedin humans.Ror example, dhedherapies.can bedested for the
ability to mince tumor size in mice or primate models, before testing in humans. Kits ~ Reagents,
fools, and/of THStrictiong 1S PErSHTTRG tHE M &bt HeetribET REPSTHTEEH D HTOVHBA A a kit. For
example, theskit can tostgingeagants:toplshand:instruetions far determining.an appropriate therapy
for a cancer,\Ba“\ti‘eg'g§gcnnq_.ﬂlgitucap_;gpcv_lu_ gxre_agggts_ for collecting a tissue sample from a patient:,
such as by biop&y BHA réAGEnTs ToF rite SSRGS SR “FHEKT C AR HISsHRciige Bhe or more
reagents forepgstimminéa-geRe:SXPEESSION-analysis; sueh-asieagentsferpertwiningRTsPCR.,
Northern bl%ng}egqp!otﬁapal_xﬁsi.s,__Oﬁl ipmggg&igs{gthgmi%g{tp determine REM1 and/or Ts
expression 18vels i tinor Sampie R A For e REMPIY, Britmsrs 1o Pedérming RT-pcR, probes
for performing Nosttrermiietainalyseds; aptiesantibediesdos pedemaina20Westernblot and
umandohistochemisty alialyses can e indluded In sugh Kis, Aepropriate bufters for the gssays can
also Be incilidet "Betdcta rBagerits eqtifad torny Of tese sskiys Caraist Be'iioltingd.  The
kits featuredhhergin.canalse inglude ansinstructiomshest deserbinghowte.pefils theiassays for
measuring gene expression. The instruction sheet can also include 25 instructions for how to
determine & feferEHtE EoRDHOHRIUEIHG RN o eterRiing REMPER/EHIS Bxprassiviiavels :in the
reference ceheltand:howin-asseribletheexprassion daiata.asiablish arelerencefercomparison to
a test subject. The instruction sheet can also include instructions for assaying, gene expression in a
test sukfeel SN FOF EonTRHIG tHe SXprEL & HEVEI TN HHE BRorseSbmiR teFaterehics cohort to
subsequently.determing. sothe: appiepraie-chemetharapy.fenthe testpatient - Metheds:far determining
the.

A Rt can contain separate containers, dividers or compartreents for the reagents
andd informations! material, A contamer can be labelad foruse for the defermunation of
REMI and T gene cxpression levels and the subsequent detenmmation of an appropriate

chemetherapy for the humen.

e The wformationad material of the kits s nof mited m ity Form, In many.oases,
the informations] material, g, mstructions, 18 provided in privted matien, e.g., & winted
text, drawing, andior photograph, eg., 2 label or printed sheet. Howaver, the
informational material can also be provided in other formats, suchas Brailie, computer
readabie material, video recording, or audio rocording. O course, the informations!

25 maturial can wse be wovided tn any combination of formaty.

EXAMPLES
The fnvention is further deseribed i the ollowing examples, which do not Hmat

the scope of the nvenmion deseribed in the clams.



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 theyeffimacyraha candidate chemotherapeutic agent based on SRyt ofedsiexpEession
levels. Such a kit can include vectors for modulating kil0,11 or TS expression levels in a cell, and
reagents for monitézing:éell phenotyiie: Asmhgasﬁeagﬁmts Tor detepting apoplesis. Reagents for
determining the exfpreSSlQ{j Ievelﬁ}aof RR | and %1‘ n the tlSSUEﬂS ples can also be included as
described above. * < TAfoHHALO f‘%étéﬁéﬁ ﬁc?lﬂ%fe G REKIHSE5h é%é@%ﬁﬁtlié Hhstructional,
marketing @ﬂ\@ﬁbﬁﬁlﬁﬂi&i@ﬂﬁr1%16&5&&6&1%@&%51&&@11@@@@65%&@ Wereinrandierdhesirse of the reagents
ter the method descrihed her |n For ex E the inthr atlonal material o;f the krt can contain
contact infoftia i"‘cifﬁ“%{\g,“a{‘b‘ﬁy3|&§f i@ é%i%lr%ﬁid nis WEBTERBY G R RPHBRY Hieliib&t, Where a
user of the Kit taniobtain &ubﬁiamtvﬁmmrmait@m aboutrperf mmmgmag@ne EXpression: gnalysis and
interpreting_ th rg§ults parycglg\rgi\i as, th\e& yto a Qumagh Ilkellh % having.a positive response
to a specific’ chemothera“' VSRR GAR SRR R “E%‘ﬁ}féf's dﬁll &FE8FEompartments for the
reagents anaqnfafmatudﬁawmateﬁlat A coritainendan s laleled for use-forthedetermination of RRNE
and Ts ge e e; sio vel,s I bsequent detga min; tIQ n appropri chemotherapv for
the human. “[1)’ ?5 ‘InfOrr‘ﬁﬁfJ or T) éﬁ}z'risg 'R tHERIE 187t 1 E%"? ‘fbn’ﬁ"’”‘?ﬁ%@ﬁ;}{cases the
informationakinateral €4 tinsiuttionahispravidednar nine;&;mttem@gfma; primakiexddrawing,
and/ar photy aph e.g.,.a label.or printed sheet H Wever the infl mathn erial can also be
provided in‘other ﬁaﬁﬁéig”“sﬁ\éhia‘s Faille ¥ Sputer rERHALIE” atéria1 VI(?e(r)D ?écor%?ﬁ‘é”é‘f audio
recording. @ftoursgxtbedaformationsl2ZBmateritiican alsh, helprovided imany ombination of formats.
EXAMPLESJ 0 The invention is further described in the following examples, which do not limn the
scope of the" JRvention described in the claims. int Svnthase (TS) Prot isith RPM: and ERCC1 ex

Since T8 is downe-stream of ribonucleotide reduciass and orucial for the formation

of pne of the deoxynucleotides rt::quéz‘cd tor DWNA svithesis and ropair, e present study

was copducind o detormine whether TR expression al the protein end mBNA levaly is
mrognisto of culcome n patients with completely resected stage I NECLO who did not
raceive additional chemaotherapy o radiation and 18 i sfne TS expression s eorrstated
with REMT and BRCCT gxpression.

The two populations used in these stdies consisted of patisnts that undersent &

20 complete resection of NSCLO at the Mofhitt Cancer Clamter fromy 1991 10 2007 gud hag
boen doeseribed elsewhere (Fheng et al, N gl § Med 2007 356:500-08). In briet,

patients had 1o have pathological stage 1A or 1B disease; adenocarcinoma, syuamous cell
sarcinoma, of large cell carcinoma; no perioperatiee chemotherapy or radistion; oo prior
fag cancen; and no prim‘ radiation to the chest. 187 wore identified patients with

@5 suificient funor Hesue for construction of tssue microarrayy thad comprised {he
population for sssessment of pene expressionat the protein fevel (Table 11 %2 patiesty
with frosh frozen umor Hssue comprised the populaticn for sssessment of gene
expression at the mRNA lovels (Table 2). Thirty-two patients with gene sxpression

dues st the protein and mEMNA Tevels overlapped between the two populations. Follma-

30 iy was recommended as three-monthly visiss for bwo years, suemonthly vigits for three



The to nonuiaoons used in these stu  rlo resection tiIINSCIC 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 havexzathotogicalsstage IA or ID disease; atienticancinorsia, Num/it'ss¢gllgateinemasor large
cell carcinoma; no periopek -sidiation to the chest. 187 were ide sufficient truer tissue fbi construedon
of tissue migroasrays that camg kNiiul alien terassesament ahgensrexpressian.axdhg prgtein level
(Table 1), 9wat|ergts\\</y|\th f ershEorLfor stessment ot ta, in.RNA leiTable 2. two natteut between the
two pop monthly Visits for two yEars: SR SH 5% Slides were incubated for 45 min. with 1:500

Mi The monoclonal TS cih{ﬁ}{}{i}r’ used for the study was commerciaily available
through LabVidoen Corporation {order #MS-471-P, lot #4371 PEOARY. ¥owas pensraied &
§ siee ushog recombinent human TS as the antigen, The antibody detected 2 dominan

i

band of approximately 33 KD, the expected molecular mass of T8, with oyvtoplasmic
Iopatization on Western blots of tysates of ung cancer cell Hne HI2 ¢ {Fig T Wastern
blotuing was performed as follows. Cytoplasinie and nuclear extracts from permanent

genevendly modilied cultures of cell line NCI-HZY were prepared osing o nuclear/oviosel

o

fractionation kit (BioVision, Moustain View, CA} Protain axtracts (30 g ware
separted trough 1% Novex iris-givolae gols (Invitrogen, Carlshad, CA) aad blotied
ato pure pitrocetitlose membranes (Bio-Rad Laborstodies, Hercules, CAL The blots
wers instubated with T8 antibody {(mouse clone TS-106, 1200, Lab Visinn Cong), Ootd

anbtisermm (F3342-100, 101000, BioVision, Mountein View, CA), sud GAPDE anfiserun

MOV

1% (Hac-20357 111000, Santa O Blotechunolegy, Santa Cruz, CA) &1 4°C overmight,

Protem bands wore visunhized with anti-rabbit, anti-mouse, or anti-goat Igl horseradish

¥

perusidase secondary antfhody (1 10060; Sants Cruzy and SuperSignal West Pluo

k4

chemiluminescence substrate (Ploree, Rockford, I} The honse-keeping gone GAPDR
was nsed a3 egual loading control,

0

20 Contdoeal micrascopy was used to detornune subceliulay localization of TS

ws. Lung adenocarcinoms cell lnes (23, HI28 M

protedi, a8
and colon carcimorma cedl lines (H4O%, BISUE, H747, SNUC2A, SNU-C4) ware growsn

divestly en Lab-Tek chamber shides. Adherent cells were washed 1o phosghste buffered

washed in PBE, They were permenbilized for Thr, oy 0.23% Triton-XT00PER and

3
O

waghed in FBE TS (1100) argibodies wers diluted m binding buffe
{19EBEAMN NP PES), added to the chambers, and soubated for 1hr, Afler washing

in PRY, the stides weze incubated for 435 min, with 1500 dllutions of Adexs Fluor 538

anti-mnouse 1803 (Molecular Frobes, InVitrogen, Bugens, OR) The shdes were washed

3

30 with PRS and covered using ProLong Gold antifide reagent with DAP] (Molsonlar

a}?- ng\\

h—

I Vitrogen), As pegative controls, the samie procedure was performed withowt

3G
18



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 for80 psrastemswith 0..3% BSA and then incubated overnight at roorgtemparatiysewith the on
andbody (mouse chino TS-106, LOU., P, Lab identification otcarcinomatous cells, an antiser human
uaneytokeratim:AR <7706y washed-andineitlvatd wif:Yia differdabinlad LpolymerdiRY.anti- 0 1;200,
‘Dako Cytoanation). 10 minutes af ggg Xcl‘colqwantlfqge reagent with, DAE (4" -6-diamidino-2 final Ussue
inanmuny stdes were Scanned with Sp analyz8a-hith So00 - Ristortx New Bis pSL&sie AOUA score251
The resultsiase’ Shovuein Fige 28duced with diwl photomultiplicr deteotors and the LIM § version

R T
RIS

18 sesftyeare suite,

o

fre

i
g

eanits indicated that the prodominant ovioplasmic localization of T8 in 5

g canver cell hoes was comfirmed (Fig, 24% however, suclear TS expression was

observesd in all, and 2 was lowest o H23 and highest in 349, In contrast, in 5 el B

dertved from colon carcinoma, TS expresston was prodominantly nuclenr.

Vo orato Hesue MUCHomITays, tumor specimens ware collected prospectively, fixed

gy i sural-taflered formalin {109 v, aad completely embedded o paraffin wax,
Whole tissue seotions were H & E statned, and representative tamor arsas wers masked,
Tissur cores with & diameter of 0.6 vam were punched and sraved mito g recipiest block
using @ tesue arwyer {Beechar Instrument, Silver Spring, MU Sections of 3 pm

thickness cut, ransferred o 4 adhesive coated shdes (Instrumaedicos, B, and

e
523

expagsed to UV bght for 30 seconds 1o enhance adherance.

Bsine TS protein exprossion was detormined by AQUA In the fumar evieplasm
i two replicats teane microarrays that encompassed & otid of 187 patlents with
completely resected WEULT that had not reeoived perioperative chemotherapy or
radigtion,
20 Imrunchistechemisivy (THCY based on immusefluorescence combined with

auwtomated guantiative analysis (ACQUAY was psed {0 assess in Sio expresaion of the

LA

targed molocules I3 Antigens were refrioved by microwave oven treatment for 1
nuinutes i G071 mol/l of Na-oitrate ar pH 6.8 The shidoy wers bosked for 30 muinutes

v BSA and then mouhate

with (. vernight &t room fempersturs with the primary

it o
28 anttbody {mouse clone TS106, T30, #MS8-471-F, Lab Vision Corp, Fromont, L4, Bor
identification of carcinomatous oolls, an sntiserim to oviokoratin was ysed {rabbil sab-
human panovicheratin ABARS, 1200, #20622, Dake Cylomation) Slhides wers

NIy

washed and inenbated with two different secondary antibodies for 1 be (Bovisionp®

fabeled pedymer-HEP antiomonse, # K4007, and Alexa 335 poat antl-rablnt,

30 1300, Do Cyiomation), For fluorescence amphifivation, shides were exposed o Uy5-

Tyesnside {1503 for 10 minutes gt room temperature. They were mounted with Frolong

a0



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
Regressiornw ¢ 1wt Hazard Ratio 195% CIY) BCT/US2008/066918

Crold antifude reagent with DARL (4" -6-dhamidino-2-phenvlindole) wound sotution. The
frrad tissoe microarsyy shides wors scanned with SpotGrabber, and Image dats werg
anabyred with AQUA {(PM-2000, Histolx, New Haven, Connecticety, The kowvest
possible ACIA soore is § and the bighest i3 25

5 The resulis are shown in Fig. 28, TS exprossion data were ebtmined on 1867387

{B6% Y pattents. Duplicate expression data were aot available fr 27 specimens because

the spots were absent on the section or bad washed off during the mrocessing,. Average

vaiues ranged Trom 5.8 1o 238.8 {on a scale from € — 235) with 3 modlan of 98,4 and 2

menn o 8.3 {standard dovintion o 33,0, The data were near normally disgibuted, and
s w data transformation for normelizaton was not perfovmed. There was @ signiBoant

coveslation in TS expression between replicate arrays (r= 0598, p 0001

There was no statistically sigraficant assoctation between T8 proteit SRprossion
andd wnor stgge, istology, performanes status, sbeence or presence ol weight loss,

smcking stetus, or gender {Table 1), The unidimensional tumor diameters in this pattent
15 cohort ranged from 0.5 to 108 om and did not correlate significanty with TS expression

{(r= 0081, o= 0.525 There was no significant correlation with the previcusly reported

RRM and BROC protein levels (7w 0012 and -0.07 respectively, p > 31 {Zheag et al,
¥ Engl§ Med 2007:356:800-08}



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 -
073)
WO 2008/157353 PCT/US2008/066918

Tabie It Patient Characievisties, TS Proteln Expression, and Survival

Patient Characteristios TS by AQUA

Median | : : :

Ovarall | j C¥rusd
Y Survival | logmank | R YWalle

(187) fmonthal | peaiue | Median L 80 ovaly

Stage :
iA 85 190.8 998
1848, : o010 Q4.8 | 2ig
e W02 .2 7.3
Adeno TH FEAL : o84 ¥
BAD 18 87.4 o | S48 17 o
R o B s ‘ A%
SHUamous S - 1018 DS ) |
Large Dell 5 418 83,3 24
Performance $ta€:m ‘ : :
1 -y L 5 P

Wemh& &as;‘ G i 3 months ! ;
ahaent 158 748 4
pragent | 14 81.3

| Smoking Status ‘

5 _ Nawer i
quf 1

Aptive | i

Yomen | 88 81.3
Men | 104 894

NR, notresehod

Ustng the masimal logrank method for optimal culpoint determnation, the most

£ofd ]

ifeant overall survival Gfference was seen i pationts wath levels of <3707 wore

. i it P A LT ot
separgted from those with levels »57.02, which was the 257 pereentiie (407 160 pationty)

TFY
iy

of TS expression {(Fig, 34 The median survieal s e low T8 grovp was 51.7 montas,
vl #owas 81,3 months for those wn the high T8 group {p= 00013 This suvvival
4

difforenve remained stgnificant after adjnsting the p-value for maliiple fooks (p = 0034}

I the final mmultivarisie model, winch incluaded T8 protein sxprassion and nanor

stage (Table ), TS remained significantty associaled with overall survival {p = 00013,

Frang

adiusted po= 00323 The hazard ratio for death was 845 for high versus fow T8 profein

e

SXPRAOn.

[
3



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 agcomntfaraptimal/ cutpoint selection in adult to the plum) of ' peT/US2008/066918

Table 2: Cox Regression Mueodel

- Whdtivariate
- Unbeariate . Hazard
- Hazard p\:-z%%o C Univarigte | Ratio™ | Multheariate
Varlable {G8% C L opevaius L BENCHE | povalge |
1S group DAE o aes :
| low = reference) 028-0.5) | 0040 | (028073 | ooape
Stage CoTe a7
; 34 = roferance! L 80 0 (108-298) 1 0028 {10B-2.87 ER LS
Gender 128 :
{fermale = refevance} | 180 ¢ {07V - 188 2.2a3
| . Do
CERCTY swpression W0 TMBEE 100 L 13
 pueg
| RRMY exprassion TEG (DG5S - 1000 3008
Enﬁﬁmrmanae Status 1,46 ’
o= reforance) LABE G s zAd | 0986

01 norfidence interval
v beewd on TR petlents, sinos performancs shates was elimingted froen he fing! multivarials
analysis

3 v adfusted prvaius o aonoun for optimal culpoint setection

in addition to the planned siwvival analyas, explovatory esaminations of the
gssouigtion of TS exprossion and sivvival were condusied. TS exprescion was incloded

o U regrossion anal veis a8 2 continuous variable and vielded lose povalnes heth

it unndiasted (e 0006 and adiusted oy tumor ssge (p = G002). A second cutpoint for
TS protom oxpression was aise ound, with an fﬁi}'{,}ﬁ seore of 129,33 {8 percentile),
Inclusion of this cutpoint i the survival analysis vielded a classsfication of pabionts ints

three survival mroups (Fig 381 The median survival in the highest TS group was » 126

monfhs, itwas 80,9 months in the medium TS group and 51.7 months m the lowest TH

8 groug {z = 000
A dichotomizafion of the TS expression data using the samplo median of 88 4 as s
cuipoin, revealed a median 08 of 81.3 months for putionts with high TS expression and
§2.2 mouths for those with low TS exprossion {p = G071
Siatistical analyvsis in this example was performed as follows, The average vatues
20 for AQUA ox from two replicate readings were caloolated and treated as mdependent

covttipuous vasiables, The average of TS mBRNA exprossion was exloulied from
iriplicate readings and was weated as an independent continuous variable, The primry

o



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 metlusmsBS group and 51.7 months in the Mwest IS WO  pPCT/US2008/066918
2008/157353PCT/US2008/066918 a bttweenpression and over this IS expression was not classified
into highowsategmitiogranksnethodWas:ise tfix optinabustehtheesdarmpillipleSiegia:g.6;
Hilsenbeek and &g! agk, %au\/ﬁle\dgl))%lc3 J2. cut Ar\lgﬁ? within 80% of rdered IS proteln expression

LY WEHR 3}1 &
were considered. The association a survivar aﬁd ow and ﬁlighh SeX Sélbﬂt\ﬁﬁz Sthef'$timmarized in

a Kaplan [ledagigtitynaximal log-rank method was used for optimal u;s@@ma determmation and

adtusted the pevalues for muliiple looks (Miller and Stegmund, Biometric
& 1o Hidsonbeck and Clark, Stat Med 1996151110312 Cuipoints within the contrad
3% of erderved TS proteln exprestion were considered, The sssocistion hatweey
survival and low and high T8 expression was then sumenarized in s Kaplan-bois
survival vurve using the cotpoiwt percentilels) determined by TS protein expression, A
sditvarigte Cox regression aalysis using backward slfmination with a significance
10 tovebtorstay of 0.15 wis performed 1o assess the tmpact of TS proicin expression on
survival while sdivsting fo the ;‘scsium al covariates fumor stage, performanee status,
sender, REMI protein expression, and ERCCH protoin expression. KRMT aned BEROCH
profein expressiogr wore inchuded as contionous varisbles, Rincs the dichotombred split
for TS protewm oxpression was obtgingd by optimal selection, g Cox regression pvalue
5 wiss adjusted. The maximal tog-rank method for optimal cutpomnt determination wag sisn

1

overail survival

?‘m

used o examing the aseociation of TS mENA expressron &
Associations behwesn continucus variables were anahyzed ssing Speanman’s

corelation coctiicionl. Assoviations betwesn continucus and disorsie variables were

anahyved using the Wicoxon rank sum test or thy Kruskal-Wallis tess depending on the
24 munber of discrete proups. The log-rank test was used 0 assess swrvival diffvrences

ngdwenn demographic and clinieal groups.

Using 2 rigorous statistical approach to accom for multiple testing, the resuls

demonstrate that increased cvioplasmic TS exprossion was associaled with peolonged

1

survival, Two exploratory spalvses supported tlne finding, Firstly, had we chosen ¢
38 priost to ook Tor a decroase in the risk of deathy with incredsing TS hevels by Cox

regression andlysis, & statistically significant result (= 0,006} would have been oblatned,

Secondly; the risk of death shifls dramatically st two distined lovels of TH expragsion,

5702 and 12933 This survibval meded divided the patients info a fower 229% group,

4

middie 64% group, and upper 117




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 tawBossage;Performance status, gender, RRMI protein expressiBOr/asehBREGA protein
expression. RPM | and Mail protein expressmn were included as continuous viz:dab:Ms, Since the
dichotomized for TS prgtein eXpradsioh syassaitained by optima; selection, its Cox'onPry was
adjusted. The maximal logAank method for optlmal eutpeint determination vas also used to examine
the association of T5: niﬁ%&A*expmsmmm&m@Iismrmvaﬁasz & As&mmﬁs:glaemgemcontmuous

variables we1g ARAYERdSiNG SPATLIA Sipn qelisient, AQnumber 0, Fain file 2 TS RNA antes

spocimens had boen prospectively collected on 97 patients that fulfilied the same

-
I

& selection oriterta ss deseribed in Bxample 1 {Table 31

Table 30 Potient Chavacteristics, TN mBNA ?éixpx#@ﬁﬁiﬁm and hurvival

Patiant Q‘hﬁfa‘ﬁt&%ﬁéiim

Median |
P Overall |
PN Burvival |
| P8y ! Tmonths] |
. Btage ]
’ i 3G | MR b 34F 37 psn
i g Re A " ik
g i 53 748 i 385 48
. Histolagy : ;
’ Adeng 4% 2.3 g 3G
3 ) ey - f
BAC LBl s SN
Sguamous L NR : N 3
: Large Call it £0.4 ¢ O G
- Performance Status '
o PRk B S RO 1% .- % Y ¥
1.2 350 694 BT 26 |
| Waight Loss, *8% @ 3 monthe :
’ abrsent ¢ TH . 804 o L 352 g% .
g - ; = IR0 - : i TN
; wresad & | 341 § &80 ¢ 1
| Bmoking Btatus !
i P | 312 L ABR 4 i
gt & 740 | Be8 | 3o %4 Kol
qui 5 g . 20 3 ;
j Aptive a7 8.2 foBE 28 :
. Gendar :
; Women 30 AE.E o~ 454 380 -
A T F4.8 i 233 50

SNER, nob roached

““5

BMA was tsolated from tumor specimens with >60% of cells conststing of umor,
0 and cDNA was generated using olige-DT and random primers with reverse ransuriptase
{QuantiTect Reverse Transeription Kit, Qlagen, Valenoia, CA). Approxbuately 3 ag ol
sample cDMNA was used in triplicate for TS expression analysis by resl-time technology
(ARD TR00HT, Foster City, CAL The relative amourt of T8 ;mRNA i a saropie was
determined by comparing the threshold cvele with the standard curve, and the

ne
iy



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 ganesasadnising align-DT and (QmantiTeet Reverse Transcriptied Kai)jirgossaunple . was
used in triplicate for TS ex (A131 790 IF. Foster City, CA), detennir Data were obtained

standardieed amount was then detormined by dividing the TS amount (AR,

wf

HSO042630 L ant, amplivon size 87 bp) by the TASrRNA amount (ABL #83194138)
Data were obtained from 83 pationts (92%, and expression ranped from 003
O S with 2 median 0f 3.5 and amean of 6.7 (slandard deviation of 12,9, miRNA levels
8 were not sigeificantly associated with tuoor stage, performance siaius, ahsence or
presence of weight loss, smoking status, or gender {Table 33 Thoy were, howeves,
significantty diiforent anong the Hstological subtypes; the levels wore lower in
adenorarcinotnas compared to squamons aud large eell carcinomas {Table 33 The
snidinensional fumer Gameters In thds patient cohort canged from 1.4 10 18 am, anyd
10 they did not correlate with 5 expression {r = 0135, p = 218
The magimad fogqrank wrethod was used for opiimal a:m:pf}im deternunation, and
no statistically sigmcant cutpoint for T8 mBRNA oxprossion was fbhund after adiusting #

multiple looks {adpusted ps1.0)

Thutystwo patients were commoen to both datasets and thus bad TS expression
15 vaines at both the proteim and mRNA Ievels, Thers was g pear #ero correlation hetween
the lovels {r = $.028 » = 0877}
Statistical analvsis was performed ax desoribed iy Bxample 1

These results, which filed 1o detent au associnbion between TS protein and
mRMA cxpression nsng methods spevifically developed for quantitative analvsis, we
24 conststent with o more recem ropor! dernonstrating & lack of corrsladion bétwesnn protedy
ansl mBRNA fevels o lung cancers for the myjority of genes {Chen of al,, Mol Cell

Proteomies 0021641 304-13)

Sxammle 3 - CHndeg! Efficaey sud Predicive Moleoudar Markert of Neeadivvant

Cemcitabing and Femetexed i Resectable Mon-Rmall-Cell Pang Cancer

Incorporation of platinam-cortaining chematherapy ot e management of
resoctable non-stall-vell ung cancer (INSCLOY has become the standand of care for
pationts with metagtatic disease tn N1 or N2 ymph nodes {The Imemabionad Adjuvent
Lang Canecer Trial Cpllabongive Grovp, N Engl § Med 2004 330350360 Winten ¢

S0 3l N Engl F Med 2003, 352:2588-2507, Doudllard et ab, Lancet Ongol 2008, TIF19-727)

ap ey

Neoadigvant ireatmoent results in response rates of approximately 35-64%

26



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
unidimensiornel Zeppesraameiers In this patient cohort rang they did not corrgtate; withslEexpression -
0135 The maximal log-rank method was used for o0, no statisticaiw siguificant cutpoint for 1S:in NA exp
multiple looks {4 Timirty240z patigntsivere.commeorvtabath hataxpression xgeroeryshelve gi as
described ‘

3 sy
Fl

Gilligan ot g, Lancst 2007, 36910201937, Pisters of al, Proc Am Soc Ohn Oneel 2007
25:3895), and adjuvant therapy increases shsolute overal] survival by approwinately 5
L3% {The Internationad Adjavant Lung Cancer Tried Collaborative Group, N Bagd § Med

G

5 B I5MIS 360, Windon ef al, W Bngl § Med 2 S-2307, Doutlland ot 2l

Laneet Oneo! 2006, 17187271 However, the approach of treating all patients with «

&

phatinum-contanmg regimen may have reached a plateay in tog

addition, there is significant toxicity sssoclated with this approach incloding & treatmens-

1 "\

elated mortality of approximately 1-2% (The Infernational Adivvant Lung Cancer Trial

W Collaborative Group, N Engl § Med 2004; 330:351-3640; Pisters ¢t al., Pros Am Soe Clin
Omeod 2007, 25:38%¢), The ntormeration of malecniar sumor characioristion inio
therapsnbie decistons may tmprove efficacy and reduce toxdoity,

This exampie desceribes aosinglednstitution trig] of neoadivvant gemoiiabine and

pernstresed in palienty with reseciabie NSCLC with the gosd to desceribe the dlintes]

(34

efficacy and tolerability of the chosen roghmen and 0 investigate the predictive prility of
mEMA expression of genes involved in the metabolism of these drugs ou th erapestic
officacy

induction cherotheorapy and foxicityy A total of 52 elipible pationts, 26 mon and

2éwomen, between the ages 41 and 83 vears {median 67 vears), recobvzd at foast one

dose of chemotharapy, They were corolled between Aprll 2004 and Apcil 2006, and fhewr

£
pa)

charactonisiios sre desortbed i Tabje 4.
Clivdeal staging was detormined by physicad exammation, computed tvmography
of the chest and upper sbdomen {CT), whole body FRIO positron coission omography

{PETY, magnetic resonance inaging of the bratn (MRE), hz‘mmﬁha}saa}p}i? ang

b
Py

&

me.&iam.im}s_.:g{};&y. Histelogical confirmation of NSCLC, stage 1B-1114 and selected HHE

an._

2 lestons in one lobe, T4y age »18 years, a performanee status (PS5 of iﬁ??-»i; meastrable
digease by RECIST, and no prior therapy for hig canver were required for oligibility,
Thsse eritens wore met by 52 patients,

Preoperative chomatherapy with gemoettabine 1,300 meind followed by

a0 pemetrexed 300 mean was admintstered on days 1, 15,29, and 43, Soebsequent duses

g

chemotherapy wers delaved or reduced for toxicity i appropriate. Patlents recsived oral

et



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;
350:351-36@pPisteasmtal, Prc )1 0'5.5incorporation of molecular tumor charactes pegkiesdecisions
may This example des. perneticxed in patients withJCSCLC with the ps. efficacy and
tolerabilitynititmersiand:te [WRINA expragsinil vhgenas-invalved indhe-rpetabolismohthese efficacy.

LA00 ug every ¥ weeks starting one week before chemotherapy, Al toxfoities were

»

graded aceording o the common toxicity eriteria (CTC, version 3.0
Following chematherapy, CT and PET soans were reprated boteonn days 39 and
63, Radiograplne response was expressed 83 a continuous variable by caleslating the

pereontage-of change in the sum of all grestest fumor diameters comparing Hhe posi-
trentment and pre-ireatment CT seans (1w post lesions/simn pre fosinng) 1007 and
also by RECINT as best overall response,
Patients with resectable dissase bad thoracotony between days 84 and 77, The
0 recommended surgery wes lobestomy or prewmonecionny with medisstinal anph node
digsection. Sepmemectomy or wedye resection was discouraged, Pattonts with
gnresectable discase snd those with mcomplete resections were treaed w the thaoration

of their phvsician. Al patients were followed af 3anonthly intervals for 7 vears with &

Y
15 Farty-tan patients recetved all plenned chemothorapy on time and whhoot dose

reduction. Three pattergs had dose delavs without dosereductions. The reasons ware 8
) 5
grade 3 Jower exiremiy celhelifis, 2 grade 2 thromboeyiopenta, and 2 grade 3 Hver

enzyme olevation. Soven patients had loss than the miended 4 %:Msf;zﬁ%;;?j; tharapies,

Three patients had only the Bt oyele becanse of grade 3 nentropenic fover with venal
0 fittare, 2 grade 3 febrile drup reaction, amd ore pationt reguesied munedinte surgery

3

withouot It*.-aving_-&xpeﬁ.mmeﬁ srestment-relaled side effvcts, Three patisnts only had oyeley
fand 2. The reasons were ¢ grade 3 lower exirenity phiebits i one pationt and gragde 3
fatiowe i two. One patent died after cvele 3 from pnesmonitia of g tkely viral etislogy:

however, 8 possibly woatmentrelated eii.{.simgj;-‘ conid nod be excluded.



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 480 Suisseqsent doses elayed or sedum,npropriate. Patients receiwedioreds/066918

letion ¢ patients, 26 men a
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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 incladingdsiamseatures, 12 had other NSCLO subtypes inci adenosquansoiseasegsomas,
nixed adenos and squamous carcinomas, and t. ." carcinoma with suggestive neuroendocrmc
features; 'itwi.a TANQyTUbEsalsE of t ingielebe of the lung; the prititolo OR an tiNR were net
significantly associatedswithcOR (;ma?mltimmw:)ﬁ PpRisLN wike }Q[iﬁl&ﬁ (hegardratiofar pPilt vs. pNR
=0.87.P -»0 7 com }Z}“’R. tmnr resection) egual to or preater than 5% during the three months prior

=i

o diagnosis "o Hfe-time never smoker was defined as a pex somt tiat had smoked logs t
5 5 'ifmﬁ of 100 clpmretios; "NA, not anpih:aﬂim 3 patients had sdenecarcinesna inchuding

5 with bronchioloabveolir features, 12 had m}m;i\i’;udf subitvpes inchuding 2
a{wm‘a-*quﬂzwm'& careimomas, T nuxed adeno- ad squamous sareinomes, and 1 larp
carcinoma with suggestive nenroendouring features; “two TAND, T4 beoause of bwo
separare wmor nodules in a single lobe of the kg, “the pathologie disense response

1 CHISROTHER JF }. and pNR were not signthicantly associeted with ¢ }‘x a“mrzsm ratic for pPR
v pRR = L, pe (.80 or DFS (hazard ratio for pPR ve. phR = )

Badwgraphic response o chomotherapy: A radiograghic response svalustion was

A

possible in 49 p i-a'-:sili{?“{m:. The best overall response was & complate renviasion {CR in 1

L% patient] 10 was a pavtie! remission (PRY 1y 36 (339 984 OF

be disense (S0 0 29 (5099%; 98% CI 44, 2.73.0%), and progressive

P

ey,

hsgave (P i 3 (0% 959 CL 1.3-16.9%4) pati &&5 The response ranged from 2 95%

mereass fon 100% devrease i the size of measurable lesions (Piguwre 34Y There were

e stabispeally sigraticant essociations between radiographic dissase respange and the
24 chmical parametsrs age {p= {?.:?’3'3_}, gender {p = 0961, perfonnanes smtu {_};* s t‘*‘m

weight foss {p = (.88), smoking status {p = 0.85), tumor nstology {p = O

Pathologic response o chemotherapy: A pathologic response svaluation wag

porformed by determination of the proportion of necrotic andi/or Sbvotic matertal on Hahl

e

28 sicroseomionl ovahution of surgical resection spockmons stafeed with & B This was

Iy

possible fn 43 pationts, and 't ranged frons O - 80%. Nene of the patiends had g

N

Abrosigy, 13 030%) had & pathological PR {30049

pathologieal TR (2953% necros
neorosis fibrosis), snd 30 {70%) hed no pathological response (pNR). Thers were 16

statistically significant assoctations between pathologie disease response and the chintoal
239 { i& it

30 grametors pge (s 039 geader {p = .63}, performance statug {p o~ 818, m,m 1 o

.
e
o
13
24

<

{;‘} = G5, smoking status {p = U.96), tomor lustadogy (= 0043}, and stage (3= G.66),

Although thore was & correlabion between radiographic and pathologic response
{Spewman’ s the = {23% e, botler clinical respomse way assotiated with a Togher

proporiion of aecrosis and fibrosls, # was not statstically significant (= 8141

3G



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 .Tiow ior, gone expression All sok:ogee he 35
postdreatnment specimens,of express ctoristics for | 14 genes are &unman2ayiisRaisioverss
significantly correlate low levells were predictive of (Figure 3B). Of the 18 patientsexpression eq 1.68,
.10 had a PR or c&agi@ﬁmm@gf them;mmmighﬁpﬁ-@am%-teazegﬁ;@éﬂ& wefe:likewise correlated
with diseas ngu ure 3C); however, afte usm 1Bonferro Lgn )iSIS the pscaiue was above the

level of 0.0 3é mmma HIFty-To pabents rectomy, £ had g
sioheotomy, § had a prewnoneciomy, 2 had & wedge ressction, and 2 had no tumor
resection. AL the surgioal resection, 17 patiaits were downestaged, 17 had no chas s, and

& 12 were up-staged oompaued o the inital staging, One ;m?iie:;m died 2.7 months afior g
complete rght sppor and widdle lobectomy for 2 T2NY squamons cell carcinoma of a
bronchopiewral Gendda,

Sarvivall As of Pebruary 8, 2008 20 svents had acoured snd 32 patignts were
adrve {5 with @ recurrenee, and § with an incomplete vesection). The medisn OF was

10 =280 months, and the median DIFS for pationts with ¢ complete suraieal rosection was
U months {(Migre 43 The 1 2emonth and Zd-month OF rates were 38.6% (9% CF

o~

T1LO - 90%) and THO% (059 CL 36.5 ~ 81.4%), and the corresponding DFS rates wers

{L

OF 3 (953% O8 507 - 70.7%) and 53.0% (95% CL 360 - 67.4%) respectively. The
raciopraphie of pathologic response to chemotherapy was nob sigatficandy associated
15 with O8 or DEFS (Table 4) 3

Phammusogenomic variables predictive of disease resonnses Prefreatorent tamor

spechimens of sufficient guentity and quality for gene expragsion m-z:-.i’%:«*aia'; by voal-thne

RTPCUR were available on 10 and posi-treatinent specimens on 25 pations, Ihwas

¥

eeatoated if gemeitabune and pemetrexed therapy woald atter the mRNA lovels af &Y

N
LS

Tumor smiples were collecied prior to and sfier therapy wy foven specimens,
b H

The standard operating procedare for onllection meladed a rocording of the fime from

et

-\

blopsy or resection to frocsing, and the tme elapsed was 30 wn or less in all cases.
Frosen spocimens were embedded in OCT and cut i 5-7 pim sootions.

s Tumar cells wore collected by laser capture nucrodissotion { LOMY using the
Aretorus svstern. Totad RNA was exiracted using a comunercigh method {Arctorus,
Meoumtain View, CAY and oDNA was ponerated with oligo-dTand tandom prisens,
Hesbtme quantitative PCR anabyais was performed w wiplicate per sample (7S00HT,
ABRL Faster City, CaA). Theprobe and primers for RRM T weve those praviousty

a0 described (Bepler et al, § Clin Oneol 2004, 2218781883} Commercially avaiiable

privpers and probes were used Tor expression analysis of all other tarpet genes (Table 53

33



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 {sesthe rigstatost column of Table  Resyqgs The nreoperatpyadficacyetas
perm:muted, was invesfigatet, on-platinum doublet, vith surgically eeseetable

The ralative smoust of RRAT and 75 mRNA in # sample was determined by COMRPATIRG
the threthold cyle with @ standard purve gs deseribed (Repler ot gl 4 Clrp Omeol 2004,
LIAETE-LEREL For the remaining genes, relative quaniification was performed by

comparison of the test samples to a single calibrator sample f 2 Huddie card assay,

5 Negative controls without o ¢ONA mplate were included in all oxperiments.

Thers was a significant correlation between pre~ and post-treniment levels for
both genes (Spearman’s rhie = 0.786, p = 0.025) sugpesting that post chemnotherspy gone
expression evels are representative of protreatiment levels. Howsver, gene expression
fevelsappear W increase with treatment (Figure 53 Al sebsequent anabvsos wore

i porivrmed on the 35 post-trostment specimens. The ranges of expression and other
marker charactosistios for all 14 genes are summarized in Table 5. The m8N
AR were significantly sorrelnted with discase response (r}é'} s (LG e 0000 e
ow levels were predistive of twmor size reduction and high levels of wmor groedh
(Figure 3B). OFthe 18 pationts with ZRM! expression egugt 1o or below the median of

15 163, 10 had a PB or CR, while only 2 of the 17 with high RRM7 cxprossion responded.
The mRNA levels of T8 were likewise correlated with disease rosponse {#he = (454, p=
{006 Fgure 30Y however, after using & Bonferrond adiustment for mvdtipBeity of duta
analysiy, the p-valne was above the lovel of 00036, O the 1€ paticnts with Y
exprossion oqual © or below the median of 3,40, 7 had & PR or OF, while caly § of the

a0 PP owith high T expression respondad.

Surprisingly, the expression levels of all other penes wore not significantly
covretated with disease response (Figures 30 & B}, though they are also considered to be
targets of e admmimstered therapentios; the top seven genes Bsted fn Table § are i the
gomcitatiie metsbohic pathway, whilte the bottom seven in Table 5 oo imvelved in

28 pometrered metabolism, and coly RRMT and TS showed s signilicant corvelation {see
the rightmost colums of Table 55



and pemetrexed is unlikely to be superior to platimem-contenenn an mselected group of

studies indicate that the in' sociated with turners! s express these genes

ly tg.or

iy

Oungsnd

zrmniendy

SEI

ComagE

T

S

(@)

(¥

[Ce]

™

~

o]

2

m‘mm,m -

H)

Vl|»\ b rrsna e

Diry7; AR ]

ATHBIGE WOEIGiads |
4] rmzﬁmb TQ\ T -

HE G .
9915 e

Y mmrodinyy
s gopuaypnbs

SO BAT

SARUTHIESD SuIpTAe

{ w.xqm.;o o

RN aPHOaIaRTDaLT
T DA RIE BN CL g

G

CERLLSG

BERINFAY
AR

i

1

OB HTG G
A waﬁ

PIPHEY

Foe)

patients with rased:able NiSCLCL1. at (45/52) of patients in the trial received the plannedis 4 cycles
because ofweatmgmreted :grade 3 surgecomplete resection. one patient@lep atisns/ 066918

s, the combination of gemeitabine and is deliverable as rime ‘least .equal to the pintion of
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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 comsyeatims 1 silitesanout mr multiplicityana correlative mvestinauyongakegenducted under
Itsi;s stringent coral 1.454 seen 'for the association between IS expressl response to treatment is
remarkable and m¥g¢heielinical corralative liwestigaffions deset between n citahiie d pemetrex.ed. They
also provide reasa gb 10group of patients with resectabk NSCI"C" gemeitabine and pemetrexed
provide an e rate o‘? 3595 With %get{)‘(‘)“d"tfgl‘é?a‘ﬂbﬂ}/’[vﬁ.%%‘? BRAPRERIB RS T v a5t 2bg: 9711878-85.
2006; 24:4731#4% 342002+ 32 CaneefiZ006k i ens wilh surgically reseciabls NSOLO, The

rabonale for his canbination was {het both sgents are antimetabolites with relutively

<

well knovwn mechanigns of action, both are well tolormed, and both are efficssions and

already integrated into patient vare, Prior randomized phase I nooadiuvant studies St

e
i

S S SO TS ST SR S 5 s [ N R " AL Lo o s SR AT
utilized platinure-based chemotherapy had reported response tates of 33% 3 41847

LR ILTNE Aot B A 1 T T S by adar TTEGS T il : et ] " T -
A8%,0 and 63%4 Approximately T5% of patients recedved all planmed chemadiorapy,

By

gt the chemotherapy-related morality was approximately 2%, These response rates

Fin

0 appesr higher than the response tate of 35%: however, 18757 patlents in fhis study had
stage [ disease, while two of the referenced ials did not mchade stage T pationss 5.7

and the proportion of stage 1 patients in the other two trials was 7856 and 47904

vespectively. o two earlier randomized peoadhuvant winds with platingni-based therapy

i patiends with siuge 11 disease, the roponied response rates were 3396 (163018 aud

3

15 Ve (W20 (Roth et al., ¥ Natl Cancer Inst 1994 §6:673-680). The expected responas
L priord sl SUM: a goal, whach was not achieved. Therefire. the combination
of gemertaldne and pemetrexed ts unfikely to be superior to plalinum-containing doublets

i giversfo an unselesied growy of pationts with reseciable NSCLO,

&

Highty-seven percent {45752} of patients in the winl recetved the plarmed 4 evoles

a0
ol

of therapy, Five pationts had less than 4 ovcles beasuse of treatmentrelated grade 3
taxniciies, and of these four had surgery with a complete resection. Une patient died prior
w suygery from a presumed viral pnoumonitis, Thus, the combinasion of gumoliabine and
pomnefrexed 13 well tolomted and s deliverable as four bweekly roatments o a

=

provoriion of patients that 1s @ least egeal to the proportion of patients that can recetve ¢

]
431

platingn-contsining doublet,
These pharmacogenomic studioy indicate that the magnitude of tumor response o
pemcitabine and pometroxned 15 associated with tumoral expression of the genes RRMI

genses af tow lovels are more lkelv i

ot

and TS, Patients whose lumors express these
experience  reduction i tumor swe compared to those with high levels of gene

30 exprossion. Thiz sssostation was sigaificant for the gene KRMI, but falled o rosch the

significance lovel of G003 for T8, Since s total of 14 penes weore evaluated in these

T



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 Pettietaks;satsd.2.006; .12:1294-1.300 Ritmo, Nat Biotechnol 2)Ufn24i8)&idxmekaseli et al..,
N Eng 994; 330:153458 Simon et al,, Chest fa,2):978-83, Thou eta!,, Cancer Research
995t55(6): 17828:83 /:80:: DT HEREMBOBIMENTS acedtdtfabeungderstoatthatawhile the invention
has been described in conjunction with the detaile jHcil\«?scri|otic>l:1 thereof, the foregping description is
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a. determining a level of Ribonucleotide Reductase MI (RRM ) and thymidylate synthase (TS) gene
expression in a tumor sample obtained from the subjéect; and b, predicting the subject's response
to the treatwentdaasetken the level of RRM1 and TS gene expression in thetumgpsamopeisvherein:

if the level of RRM | gene expression is less than or equal to a reference level of RRM | gene
expression, and if the level of TS gangixgressionisdessithan 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 |, ifusthers:condprising selecting theitreatmertpredisted tathave apgsitivesesponse in
the subject, .. . 3. Tpei ethod qfcl?é{ﬁpr 1, wherein the _s%bjgc_t has an epithelial malignancy. 4.
The method BF d&iHF T Wharain tHas TSEHHHS HITHG Eah ST IBIRASH CAHEEE EolorstiFcancer, head
and neck canter: o gvatianeanceic invelidhevmethodat.claim 4. vbefeinithe lig'ﬂ%@z&@z@.cer is
non-small cell lung.cancer. 6. The method of claim I, wherein the reference level of RRM | gene
expréssion i€ A¥hedian BTEFor BRITGHe 8 prEEEIBHITS 475 g hBINGERSFEIiM 1, wherein the
reference lévRl-at:S:gane 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,
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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 | or TS cDNAs, reverse primers that hybridize to RRM | 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.

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 M1 (RRMT1) 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

il 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 1, 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 1, wherein the reference level of RRMI gene expression is a

median level of RRM1 gene expression.
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7. The method of claim 1, wherein the reference level of TS gene expression is a median

ievel of TS gene expression.

8. A kit comprising:
a. reagent for assaying RRM1 and 'T'S 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 reagenis 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 RRMI or TS ¢DNAs, reverse primers that hybridize

to RRM1 or TS cDNAs, reverse transcriptases, DNA polymerases, buffers, and nucleotides.

10. The kit of claim 8, wherein the reagents for assaying RRMI and TS expression
comprise premeasured portions of anti-RRM1 and anti-TS antibodies and buffers for performing

a Western blot or immunohistochemistry assay.

11. The kit of claim 8, further comprising a reagent for processing a tissue sample

obtained from a patient.
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