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Methods of Diagnosing and Treating Cancer

CLAIM OF PRIORITY
This application claims the benefit of ULS, Provisional Patent Application Sexial
Now, 00944, 157, filed on June 15, 2007, and 61/039,533, filed on March 28, 20

entire contents of winch are hereby incorporated by reference,
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This inveniton was made with Governunent support under Grant Nos. RO
CATOZT26 awarded by the National Cancer Institeie of the National Institintes of Health
The Government has certain rights in the wvention
TECHNICAL FIELD
10 This nvention relates to methods of dragnosing and treating cancey, .., 5o
sl cel! g carcinoma,
BACKGROUND
Lumg cancer is the most common causs of cancer death in the United States.
Non-small cell img cancor INSCLCY is the most common type of lung cancer,
18 aceinnting for over 0% of Tung cancers. I generally grows and spreads wmore slowly

‘(

than small cell long cancer {SCLCY. There are three major forms of N&CL
adenocarcinmnas, oilen foond in an outer ares of the hung; sqpeamons cell ware
usually found in the center of the hung by a bronchus] and large cell carcinomas, which
can ocour in any part of the lung and tend to grow and sproad faster the
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Recent work has demonstrated that genes invely

DIMNA repair are important determinants of the phenotypic

small-cell lnwe canver (NSCLC). Specifically, Ribonucleotide Re

the regalstory subunit of ribonuclectide reductase, and ERCCE, a comporent of the

88 nuclease invelved in nucleotide excision repair, are prognostic of patients | gutcomes

{Beplar ¢t al., J Clin Uneol22:1878-1885 (2004), Stmon ot al., Chest 12703 978-83
1
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{2003y, Claussen et al,, N EnglJ Med 355:983-991 (2006}, Zheng et al, N Bagl ¥ Med
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FGBO0-808 20073, High levels of mRNA and protein expression of these gones are
assoctated with long survival in pationts and reduced metastasiz formation o animal
models {Gautam et al., Uncogene 22:2135-2142 (2003, In addition, high RRM U levels

3 m fransgenic animals were found to be protective of varcinogen-induced long tumor

formation {Gautam et al, Cancer Res HOO49T-0502 (2006,

SUMMARY

The presewt invention 15 based on the discovery that expression levels of

thyiidylate synthase (T8} are prognostic of outcome in subjects with NSCLC, e.g., ewdy
10 stage (atage [ NBSCLC, o addition, the level of expression of TS and RRMI is

correlated with response to pre-operative trealment with a non-platinum docbist, namely
gemotiabine wwl pemetrexed, in patients with swrgleatly reseciable KRCLO,
Thus, in one aspeet, the invention provides methods of predicting outcome in
sabiscls with NSCLC, e.g., early stage {stage [} NSCLC.
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ather aspect, the invention provides methods of selecting patients for pert-
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operstive treatent, €8, pre- or post-operalive treatment, with a non-platinam
antunetabolite agent, e.g., one or both of gemcitabine and pemetrexad. The method

mcludes de cimmng‘s evels of ttratumoral expression of TS, or T8 and RRY

hu.-

, and

sufouting a pstiont based on the expression levels,

28 In another aspect, the invention provides methods for selecting an appropriate
chemwotherapy or a sablect, The methods include obtaining a tumor sampie from the

(,tt

subiect; determining a level of Ribonucleotide Reductase 81 (RRMU) sud thymidylate

ﬁll‘i
¥ / Y

synthase {T5) gone expres sion dn the tamor sample; and selecting &n &;‘pi‘@“im @

chemotherapy based on the RRMI and TS expression levels. Hihe RRMI and T8

3E expression Jovels are loss than or equal to the median RRMI expression lovel ofa
reference cohort, then a chemotherapy comprising gemoitabine and pemetrened
selectad, In some embodiments, the methods farther inclade adminixtoring the seleoted
appropriate chemotherapy to the subject. In some smbuodiments, the methads can also
inchude administering a second chemotherapeutic agent fo the subjedt, e.g., an antitubulin
Ky o platinume-contgining agent.
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In an additional aspect, the nvention provides methods of treating & subject with
caneer, &g, NSCLC, e.g., operable KSCLT The method includes selecting a subiont

based on the presence of low expression levels of TS and RRMI, and adndnistering in

P

o

the subiect a combination of gemucitabine and pemetrexed, e.g., a8 four bi-weekly
tregtments. I some embodiments, the methods further include deterniining lovels of
intratumoral expression of TS, or TS and RRM 1.

In & further aspect, the Invention provides methods of predicting a subjeets
response © & eatment, o8, & pre- or post-operative treatimend, with g non-platinum
antimetabolite agent, e.g., one or both of gemeitalyine and pemotrexed. In & farther

fg

aspect, the tvvention provides methods for predicting a subject’s response o
comprising administration of gomcitabine and pemetrexed. The methods include
obtaining a tumor semple frony the subyect; determining 8 fovel of Ribonucleotide

Redactase M {RRM D) and thymidylate syathase {T3) gene expression in the tumor

sample; and prediciing the subject’s response to the treatment based on the level of
RRMI and TS gene oxpression in the tumor sample. Low lovels of expression of RRMI

and TS indivate that the subject is Hielv to have a positive response 0 the freatmaent,
in vei another aspect, the vention provides methods for providing a prognosis
for @ subjest diagnosed with non-small cell lung cancer. The methods include obtaning ¢

tumor sanple from the subject; determining g level of cyloplasmue N\Y(\;m synthase
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{78} profein in the tumor sample; and comparing the level of evtoplasmug

rrrf'

the sample to 8 reference level of oytoplasmic TS protein, A high fevel of oytoplasme TS

Py

proten i the Sdﬂ‘ip}& as cornpared to the reference tevel ia indicative of a good prognosis,
and & o level of ovtoplasmic TR protein as comparad 1o the reference level is indicative
of 3 poor prognosis. In some embodiments, the level of eyioplasaue TS protein 1
determined using & quantitative in situ analysis method, e.g., AQUA s desertbed herein

¥

In another aspect, the nvention provides methods of determining or monttoring
the effectivencss of @ treatment, £.8., & pre- or post-operative tuatmiant, with & none
plstinum antivmetabolite agent, ©.8., one or both of gemeitabine and perpetrexed. The
methods nchade determining a level of TS and.or RRMU, prior to the reatment ©

Y

sstablish a haseline lovel, and determining one or more levels of TS and/or RRMI, atter

"

e
3

the troatrmeni is initiated. A change in the levels of the measured gene e indicative of the
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o

he wreatment; for example, an Increase in expression of TS anddor RRMI

e

efficacy of

7

indicates that the treatment 15 effective. The method can also include making a treatment
decigion based on changes in lovels of TS andfor RRMLL

i another aspect, the invention provides kits ineluding a reagent for assayving
RRMI and T8 expression g tissue sample from a patient, and an instruction sheet. In
sene embodimonts, the reagents for assaying RRMT and TS expression comprise
premeasured povtions of reagents selected from the group selected from nligo-dT primers,

forward primers that hybridize to RRMY or T8 cDNAs, reverss primers that hybridize ta

RENT or TS ¢DMAs, roverse transeriptases, DNA polymerases, buft
{

in some embodiments, the reagents for assaving RRM and TS expression vomprise

prerneasured portions of anti-RRM U and anti-TH antibedies and buffern
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Westerrs blot or itununohistochemistry assay. In some embodimenty, the kit also
mulvde a reagent for processing a tissue sample from a patient.

A Sroliforative disendes,” 15 & disorder characterized by srrepularities in coll
division, A eancer {e 2., 8 glicama, prostate cancer, melanony, carcinoma, eervical cancer,
hreast cancer, colon cancer, or sareoma) is an example of a profiferative disorder. Cells

characteristic of proliferative disorders (£e., “neoplastic cells™ or “tumor colis”™) have the

[
v

capacity for sutonomous growih, Le., an aboormal state or condition claractaniys
tnappropriste proliferative growth of cell populations. A neoplastic coll or @ humor cell 1§
a el that proliferates at an ghnormally high rate, A new growth comprising neoplastio

cells s & neoplasm, also known as a “lomor”™ A tomor {5 an ebnormal Hague growth,

senerally forming a distinet mass, that grows by cellular profiferation more rapidly than
novosal tssue, A tumor naay show a partiad or total lack of siructural organization and
fanctional coosdination with normal tissue. As vsed herein, 8 tumor 13 intended ©
eneompass hematopoictio tumors as well as solid tumors,

A tumor may be benign (benign tumor) or malignant (malignant fomor of csneer),
Malighant tumors can be broadly classified into three major types. Malignant tamors
avising from epithelial structures are called carcinomas; malignant tumors that riginate

from connective tissues such as muscle, cartifage, fat, or bone are called sarcomnay; and

malignant temors affecting hematopoletic stractures {(structures pevtaining to

.,,M

formation of Tload celly) including components of the fmmune systent are called
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beukendias and lymphomas, Other tumors include, but are not limited to,

neprofilramatoses.

Profiferative disorders include all types of cancerous growths or ougogenic

processes, molastatie hssnes or malignantly ransformed cells, tissues, or vroans

3 = Sy

3

srespective of Tistopathologic type or stage of invasiveness. Cancers inchuids
matignancies of various organ systems, such as the fung, breast, thyroid, Tvmphoid,

. 3 %
3

gastrotniestingl, and genito-urinary tract, as well a3 adenocarcinomas, which include

malignancies such as most colow cancers, renal-cell carcinoma, prostate caneer andfor
testroular tmors, pon-small cell carcinoma of the lung, cancer of the simall intestine and

cancer of the ssophagus. Carcinomas include malignancies of epithelial or endoerine

tissues, such as rospivatory systom carcinemas, gastrointestinal systern carcinomas

“L&‘ih“&f’ﬂ“‘di‘a sysiem CATCIHNTIAR I sticular CdiLlDODhL\ breast carcis DOMES, (GSL fatic

A

caroinomas, endocrine system carcinomas, and melanomas, Other carcinomes include

these forming from tissue of the cervix, lung, head and neck, eolon and pvary. Cancers

tomy include ghomas, (Including sstrooyvtomas, nixed

ot

of the central nervous sys

oligoastrocyiomas, ghoblastoma moluform, ependymoms, and oligodendrogiioma),

meninginmas, piuttary tumors, hemangioblastomas, scoustic neuronas, pines! gland
& & % v &

fumory, spinal cord hunors, hematopoictic tumors, and central nervons system

o

bvaphomas, Cancers affecting connective Hissue, such as faf, muscle, dlood vessels, ¢

w‘,,
-
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werves, bones, and cartiiage are called sarcomas. Sarcemas invlude, for

res

skin Hasues,

example, lposarconas, lelomyosarcomas, rhabdemyossroemas, synovial saroomas,

-

angilosarcomas, fibrosarcomas, nevrefibrosarcomas, Gastrointesting] Stromal Tumors

(GISTY), desmeid tumors, Bwing's sarcomas, ostensareomas, and chondrosgroomas,

P

a3

The methods describied herein are particalarly relevang for the treatment ¢

f
3 13 13 - STa cYuE 3 b osesd
humang having an epithelis! malignancy, such as a tung canver {e.g., non-smail-cel

]

cancer {NSCLOY, breast cancer, colorectal cancer, head and neck cancer, or ovarian
cancer. Bpithelial malignancies are cancers that atfect ¢ pi"hglld“ sues,
A “subjuct” as desoribed heveln can be any sobject having & proliferative disorder
For example, the subject can be any mammal, such as & homan, i_m:}u.d%‘ng g hugman cancer
patient. Bzemplary nonhuman manmals inclode a nonhuman primate (such a3 8 wmonksy
or aped, & mouss, tat, goat, cow, bull, pig, hovse, sheep, wild boar, sex ofter, cad, and dag.

o‘%
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Ly v

The methods described herein can be performed on any subject of any age, tncluding o

P
>4

i

fetus {e.g., in niero), nfand, toddler, adolescent, adult, or elderly human, In some

embodiments, the subject has an epithelial malignancy; & lung canves, e.g, non-small coll

sy A3

fung cancer; breast cancer; colorectal cancer; head and neck caneer; or pvarian cancer,

%:

Ay Pantimstabolite” as used herein is 2 chendes! with a similar struciureto 8

-

Hevent enough

Faa

substance {3 metabolite) required for normal biochentical reactions, vet i

to inferfere with the normal functions of cells. Antimetabolifes include purines and

By

rinnding analogs that taterfore with DNA svnthesis. Exemplary antimetabolites

s

ﬁ.n.s;‘:lia.de, ¢.g., uminoptenn, Z-chiorodeoxvadenosine, cytosine arabinoside fasa €,
cyiarabing, fudarabine, flvorouract! (3-FU) {and #is derivatives, which include
capecitabine and tegafur), gemeitabine, methoptenin, methotrexate, perasirexed,
raltitrexad, trimetrexate, S-mercaptopunne, and O-thioguanine.

.

An “antitubulin” as used herein refirs to a chemotherapeutic agent that blocks cell
division by whibiting the mitotio spindle. Antibulin agents inchude, for example, the
tuxanes paciitaxel and dovetaxel, and the vincs alkaloids vinorelbine, vincristins,
vinblastine, vinflunine, and vindesine.

A “platinum-contammg agent” as used herein includes chemotherapeutic agents

(1/4

that contam platinun. Plalinum-contaiming agenis cross-ink with and alkviate DNA,
which resulls w the inhibition of DNA synthesis and franscription. The platiman-

ciitaining agonts can act in any eell cyele, and consequently kil neoplastic as well as

2

healthy dividing cells. Platinum-containmg agents include, for example, cisplatin,

p p)

3

carboplatin and oxaliplatin,

Uniless otherwise defined, all technical and scientific terms used herel
same meaning as commonly understood by one of ordinary skill in G al to whic
invention belongs, Methods and matertals are deseribed herein for nse m the prosent
invention; other, suitable methods and materials known in the art can also be used. The
materials, moethads, and examples are Slustrative only and not mtended to be miting,
All pulttications, patert applications, patents, sequences, database entries, and other

references memtioned herein are incorporated by reference tn thelr entirety, In cast of

conflict, the present specification, including definitions, will control.
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Other features and advantages of the invention will be spparent from the

¥

oilowing detatied description and figres, and from the claims,

terhn
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FIG. 1 is a Western blot of cell lines showing expression of
nuelest exiracts were prepaved from cell Hines H23-C8 and H23-R1. They were separatod
in ‘peiyac.r}fimm'd‘c gels, transtorred © membranes, and probed with antibodies direoted o
T8, Oet-! {a nuclear protein), and GAPDH (2 cvtosolic protein). A& band of 3R kD
represeniing T8 was found in the evtoplasm.

FiGs 24 and 2B are Kaplan Meier overall survival carves, estimated by T3

expreasion. 24, Survival of 160 puticnts by ia site protein expression. Light grev Hoss

depict patients with marker expression » 57.02 (N=120; median=81.3 months, 85% ¢
62,9 - 996}, and dark grey lines depiat expression < §7.02 {(N=40, median=31.7 months,
05% CI2L.5 - §1.9) The unadjusted povalue was 0.0013, 2B, Survival of the same

group of natients ncorporsting the second best cutpodnt, Light groy lines depiot patients

with marker expression > 12933 (N=181 median not reached), medinm groy depict

a3

pationts with marker expression from 57.58 to 12427 (N=82; median 80.8 mouths), and

v

dark grey lines depioet expression < 57.02 {(N=40; median=31.7 months}. The wnadjusted
pvatue was G002,

FIG. 3A is 3 bar graph showing the response to troatment as measured

radiographically. The response ranged from a 5% increase to a 100% decrease In the

stz of measurable lesions
FIGs. IB-F are bar graphs showing radiographic disease response and mRNA

gone expresston. 38, RRMI; 3G, RRM2; 3D, TS 3E, dibydrofolste reductase {DHFR).

0

FIG. 4 is 2 graph showing the results of Kaplan-Meter overall and disease-free

survival estimates. The black curve (fop Hne) denotes O8 and the grey curve (holtom

line) denotes DES, Tick marks indicate censored cases.
FIG. 8 is a graph Hlustrating pre- and post-trentment mRNA Jevels of the genes

REMI and TR in 10 patients.
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DETAILED DESCRIPTION

A major goal of current research efforts in NSCLC iy to incresse the efficacy of
pevioperative systemic therapy in patients with a complete surgical resevtion through
incorporation of molecular parameters into clinival therapeutio decisions. As deseribed
herem, intratumoral expression fovels of the thymidylate syathase {T5) gene are
covredated with clinicsl outcome, and levels of TS and Ribonucieotide Reductase M1
{RRM 1} are correlated with tumor responsiveness to treatment with non-platimey
anfimetaboiite drugs.

Kon Small Cell Lung Cancer (NSCLLY

M

y'h'

ethads of diagnosing NSCLC are known s the art. Disgnostio procedures
should be personalized for the individual patient and may include:

3

g-sianding bonigs Iosions, or

~ Review of old chest Xerays to exclude long
w0 determing rate of progression of a malignant lesion,
- Sputum cytology
- Bronchoscopy, biopsy of endobronchial lesions, brochings and washings,
post-brogchoscopy sputum eytology.
- Mediastinoscopy to exclude inoperable metastases in mediastingl bymph
nodes
- Percutaneous fine needle biopsy
- Bxeistonal or needle biopsy of readily accessible secondury deposts
Histological or ovtolngical verification of the diagnosis should be obtaned.
an also e performed using methods known in the art, e.g., the
internationalty-accepted UICC {International Union Against Cancer} TRNM
{TamorModeMetastasis) clussification system, as deseribed in Mountain, Chest
TIL7I0-17 (1997, Pisters and Gadl, 1. Thoracte One. 2THER3-384 2007}, Rame-Forta
et al. & Thoracic One, 2{71593-602 (2007); Rusch et al., I Thorscic Ong. 2(TR603-612

{2007 Postmus of al, J. Thoracie One. 2{8R686-693 (2007 ) Groome st al, J. Thoraae

m

Ciae, {8 EES4-TOS (2007, Goldstraw ot al, 1. Therscie One. 2R3:706-714 (2007},

X

Briefly, “T™ dusoribes the size of the tumor and whether it has invaded neachy tissue, "NT

describes any ymph nodes that are involved, and “M” describes met

caneer from one body part to another), According o the TNM scale, stage U & 3

%
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carcinoma ig it which is an early cancer present only in the layer of cells in which it

began. Stages L I 1, and 1V indicate progressively worsening disosse states, Higher

stages indicate more extensive disesse as evidenced by greater fumor size and/or spread
iz

ofthe cancer to nearby fymph nodes andfor organs adjacent to the primary fumor, In

stage 1V, the tomor has spread © at least one other organ,

Methods of Progunosis
As desersbed herein, levels of TS protein, e.p., cvtoplasmic TS protain, can be
used fo deformine 8 prognosis, e.g., o determine Hkelihood of survival over an extended

pertod. In these methods, 2 sumple comprising tumor cells i3 taken from the subject, and

tevels of T8 protein are determined using methods knoven in the art, e.g., as described

heremy For example, TS protein expression fevels can be determinied osing @ method of
quastitative fn sine analysis of protein expression, £.¢., by sutomated gnamtitative analys
{AGQUA), see, o8, Camp et al, Nat. Med, 13231327 (2002}, Comparison of the
fevels of TS i the tamor cells in the sample 1o a referenve level is indioative of'the

s Hkely cwteome. In some embodiments, the comparison is made 1o g cotpoint

. 3

pereentile(s) detenmined by TS protein expression in a reference cobort as desertbed

herern. In some embodiments, the reference cutpotnt 1s a level of expression that s about
the &9th percentile; subjects above that enfpoint, e.g., in the lnghest 1% of expression

fevels, have su mproved chance of survival, and su'bjec;'s botow that cutpoint have a
poorer prognosts. In some embodiments, two refevence cutpoints ave wsed, at & lower

23 group, widdle 64% group, and upper 119% groupy; snbjeets fulling into the lowest

35% Tave the highest risk of adverse cuteome (death), subjects in the middle &4% have &
medinm risk ovel, and subjects in the highest 11% have alower risk. See, e.g.,

Bxample | and fgeres 2A-B. In some embodiments, 8 decision regarding how

pey

i s

aggressively 1 treat a subject is made based upon the progoostie nformation provided by

these methads, e.g., 8 subject with a higher risk of adverse outeome is treated more

aggrossively, or with the administration of additional treatment modalities, £.g., radiation

"

or other chemothorapentic sgents 4s described herein.
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Methads of Determining Cancer Therapy

& ‘ |
N T

Mutheds of determining or selecting an appropriate cancer therapy incla

o~

obtaming or providing a tumor sgmple from a patient, and determining the Tovel of

\

expression of RRMI or TS in the patient. I{ intratumoral levels of RRMT and TS are

~

Jow, it can be determined that a chemotherapy containing a combination of pemcitabine

§,,‘ .

and pemetrexed is appropriate. I intratemorad levels of RRM I andfor are high, it can be

detenmined that 2 chometherapy lacking gema;itabine mnd pemetrored s approprinte.

LYY
i

“Low” and Thigh” expression levels are relative values sud are based cn s
compantson with those of ¢ reforence cohort. A “reforence cohort,™ as used horeln, is s
sample cancer population from which RRMI and/or TS exprossion data s collented.
expressios leved in a reference cohort &y determined by measoring intratumoral gone

gxpression fevels in the sample population (seg, e, Rosell et al, Tlin Cancer Res

i
-
v,
Fas
L4
o
Yo
pos?

A3 I8-35, 2004; Lord et al,, Clin Cancer Res $:2286-2281, 3063 Bepler gt gl,, )

1

Onoeot 22 IRTRKE, 20047 and Stmon et al., Chest 127:978-83, 2005 Tymeally, a tomor

-

b2

~

exhibits “low™ RRM1 loevels if the expression level is equal to or Jess than the median
RRMI expression level in the reference cohort, and the tumor exhibite “high”™ RRMI

fevels if the expression fovel is greater than the median RRMU expression level i

NN

veforence cohort, Similardy, a tumor exhubits “low™ TS lovelds i the oxpression level is

H
ol o or less than the median TS expression level in the reference cobort, “Low” and
“high™ expression levels we relptive and can be estabhshed with cach new referonee
group. In one alternative, the expression level determined to he prodictive of g subject’s
rospodse to s chemotherapy can be equal to or fess than the expression leved of the lowest
third, or lowest quartile of a reference cobort, or the predictive expwession level can be
deterniined to be a level equal to or greater than the expression fovel of thy highest third,

or highest guartile of & reference cohort,

Any method can be used 1o obtain a tumor sample, such 88 a Biopsy {e.g., core
A3, and the tisage can be embedded 1n QT Opumu Fasue Cafting
compoond) for processing. For example, the tissue in OCT  pan e processed as froven

sections. Tumor eells can be collected, such as by laser captare microdissection (LOM},

>
ko)
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and gene expression can be assayed by, for exanple, reverse transeription coupled to
poivmerase chain reaction (RT-PCRY or Northern blot analysis o messare RNA levels, or
by Western blot, fo measure protein levels, In one exemplasy approach, the level of

RRM1 or TS cxpression is assayed by realtime guantiigtive RT-FOR, The level of

o~

expression of these genes can alse be determined by immunchistochemistey, e, in fived

51

spochnans, &g, Hxed with formalin

The samples from a reference cohort are taken from subjects of the same species

3

{£.g., humas subjects), and the tursors of a reference cohort are proferably of the same

&

X

10 type {e.g.. tumors of a NSCLCY. For example, the tasaory of a reforence cohort can gl
be, for example, carcinomas, hematopoietic tumors, brain tomors, or sarcomas. [ some
enbudiments, the tumory of a reference cohort can all be, for example, fom a lung
cancer, 4 breaat cancer, & colorectal cancer, a head and neck cancer, or an ovarian cancer,

The ingdividual members of a reforence cobort may alse share other similarities, such a8

et
k823
s
o
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arities in slage of disease, previous treatment regimens, lilestyle {e g, smokers ov
ansmiokers, overweisht or underwe }{} ar Other d woranhios e o ase. gene
nosmokers, overweight or wnderweight), or other demographics {ag., ags, genetic

disposition). For example, besides having the same type of tumor, patients in g reforence

X

pohiort may nol have received Hy ﬂr\,mm systen e chemaother B Areferance cohont

5

shoudd include gene exprossion analysis data rom tumor samples from at legst 10

>

&

2 subjects, e.g., from 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 1606, 180, or 200

or more sublects.

.

Derermiring Gene Exprossion and Protein Levels
(Gene expression levels in a reference cohort can be determined by any meothad,

such a3 by quantitative RE-PCR, Northern blot analysts, Western blot analysis, or

2% tvrnunchisiochs mi_&tr}: Hxprossion levels in a tumor sample from a test sebject are
deterniined in the same manner ay expression levels i the reference cobort.

Sequences usefid in the present raethods, when practived in humans, include, but

are not Hmited o the following:

o
e
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~RRM1 sequences: GenelD: 6240 - homan RRM1 - WM (010333 and
NP_O01024.1; gene = NC 00001 1.8 Reference assernbly, Range 4072500-4116682;
NT 000237 17, Re ﬂngﬁ“'?GB‘ié*»-?f?fii 347

-8 sequences: GenelD: 7298 - hoan TS NM_O01071.2 and

NP_O0T062. 1 gane=NC_000018.8 Reference assombly - Range 647651663442,
NT 01083014, Range 647651663492,
Where i i8 desirable to determine protein levels, e.g., using Western Blotting, the

following antibodies can be used; others may also be useful.

~ant-RRM1 commercially available from Santa Craz Bistechnology, Ine.,

Los

Novas Biologieals, Proteintech Group, Inc., and Abnova Corporation, infer afic
~artt TH commercially available from Abcam, Serotec, Aoris Antibodies

GmbH, Invitrogen, Lab Vision, Millipore Corporation, Novas Biclogieals, PreSe, Ine.,

Rockiand mmunochemicals, Ine. and Santa Cruz Biotechmology, Inn. futer

¥

The tumor can be sampled for expression levels of RRMT ov TS or batly, and an
appropriate chemo ii\empy can he determined based on the observed expression lovels,
The chemotherspy can include s uingle agent or multiple chemotherapotiiv agents
{en., two, three, or nuwe chemotherapeutic agents).

¢

In one example, infratumoral expression levely of both RRMI and

determined, and an appropriste chemotherapeutic agent 5 determined based on

£

o

ession level of both genes. For exanple, if RRM U and TS expression Tovels are both

[
e

determined o be low, an appropriate chemotherapy can be selected that wlades &
combination of gemcitabine and pemetrexed, I RRM1 lovels are determined o be low
and TS levels are determined to be high, an appropriste chemotherapy can be determine
to include gemeitabine and to exclude pometrexed, aud an optional second agent, suel as
an antitubulin or alkvlating agent may be fncluded. Roch @ chemotherapeutic
composition could include a platimun-containing agest. W RRMY levels are dotermined
to be high and T8 lovels are determined to be low, an sppropriate chemotherepy should

ot include pemeitabine but muay include pemetrexed, and an optionad secoud agent, such

o

gs an antiiubulin or an alkyvlating agent. HTRRM1 and TS levels are hoth detarmined o
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be high, an appropriate chemotherapy can be determined to includs an antitobolin, The

chemotherapy should sot include an antimetabolite.

4 AeIET ~

Oncologst 1 Suppl.2123-29 (2005}, The current standard of vare for treating NSCLC

2

18 surgical reseetion, when feasible, ollowed by adjuvant chemotherapy in stages I

<

,",
bini
=
:’..V‘
b
Foi
A
‘.

and HY see Allen and Jahanzeb, 1. Natl. Compr. Cane. Wetw. ${31:285-283 {2

used are trimodal approaches wvolving the concorrent or sequential addition of

o

-]

=N
el
;”

radiotherapy,

T

frus, the methods deseribed herein can include the use of any additional
freatment modatity, o, surgical resection and/or radiation,

{ther chomotherapeutic agents can also be adminidersd with the antimetabolite

A

combination, v, antitubulin or platinum-containing agents, Other chometherapeutic

agents include, for example, L-asparaginase, bicalatamide, bleomydin, camptothecin

N

Py
5y

{CFI11, camminomyoin, oyclophosphantde, cytosine arabinoside, dacarbavine,
dactinomyein, doxorebicin, daunorubicin, eeteinascidin 743, cstramusting, gtoposide,
stoposide phosphate, epothilone, flutamide, FKS06, hexamethyl mielaming, idatrexate,
feflanimide, § ‘uprcfiida, lewrosiding, lewrosine, melphalan, mitomyein £, mycophenolate

wofatil, pllcamyein, podophyllotoxin, porfiremyein, ranpimase, rapamycn, topetecan,

30 temposide, and thiotepa.

Dosing and Adminisration
A chemnotherapy, .1, the pemetrexed/gemeitabine combination therapy selecied for
the subject based on RRM1 andfor TS expression levels as deseribed hevein, can b
administered o a subject using conventional dosing regimens
. O v bvean 11-\15 it 11 >t b b T «{i mq{} 0 »31\; Tine aratby Qn_r\%} as iil
25 k.:ﬂ\:n},'\‘){i}h? et 37\ Miti] 84 11‘3‘{}11\?{,‘{'@ €2 .} Sy Xlad THRCL  CEFCIAERIEE W LY ¢ SRR Y L

Sd

the form of & pill, infravencusty, by injection into a body cavity {such as the bladder),
intramusentarly, or intrathecally, A chemotherapy regimen can be delivered as o continuous
mgémam .., intravenocusly, orally, of in a bady cavity. A chemotherapy regimen ¢an b
delivered in w ovele including the day or days the drug Is administered followed by a restand
30 recovery period. The recovery period can last for one, two, three, or four we oks or more, and

13
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then the cyele can be repeated. A course of chemotherapy can invlude at least two o

3
e

2 eveles {ag., three, four, fve, six, soven, ten or twelve oveles),

oy

(iene expression data obtained from the methods featured herein can be combingd
with information from o patient’s medical records, Including demographic data; vital
status; education; history of aleohol, tobaces and drug abose; medical history; and
documented treatment to adjust conclusions relating o the pro gng}sis af'a ?I'f_ﬂifc ative
dizorder fedlowing adimintstration of o chemotherapy designed as desertbed above,

ot the intrainmorgd BRMT o

&=

Upon adminisiration of a chemotherapy accordin

2

¢ expression levels, a patient can be monttored for a vesponse o the therapy, For

ord
-

example, fumor measuwrements can be aken betore and after adminisirgtion of the

chemotherapy © monitor discase progression. 1 tamor size decreases, the discase canthe

delermined to be in romission, or regressing towards romussion. A partial deorease in

Py

tumor size can mdicate a disease i partial remussion, and # the tamor compiotely

o

disappears, the dissase can be said 1o be in complete vemission. [ hinnoy size inoreases,

<

the disease van be deterdned 1o be progressing, I tumor size doos not change following

Las

n

adminisiration of the chemotherapy, the disease can be categorized as stable

iton

rr-e-

A sabject can also be assessed according to his phivsical condition, with afte
to factors sueh as weight loss, plewral offusion, and other symploms related 1o the cancern
For n\dfz‘;‘»‘s e, sympitoms of Tung cancer, including small-cell and nop-amall cell lung
caveinoms include persistent cough, sputum streaked with blood, chest pain, snd
recurting poeomonia or bronchits, The assewsment can be nsed o fatlor the dosage and
administration regisien of the combination therapy according to methods known in the

art,

Muethods of Predicting Efficacy and Screening Methads

The invention also features methods of assessing or predicting the efficacy of 8
compusition contalning a chemotherapeatic agent. The methods employ at least two call
Hues and a composition containing one or more chemotherapeatic agents. The cell hines

differ in their level of expression of RRMI andlor TS, For example, one gell line

expresses a fower level of RRM1 thaw a standard control ecll line, v onex gedl line
expresses & Mgher fevel of RRMIT than a standard control eell Hine. The higher

id
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cxpreasion vell line preferably expresses at least about 20%, 40%, 60%, R8%, 100%,
200% or 30H% more RRMI andior TS than one lower-cxpression gell Hie,

.-&m}.-' manner of causing increased or decreased oxpression of RRM I andéor TS
van be utlized. For example, a coll Hae expressing a Jower lovel of RRMI andfor T8 can

1
¢ o

be engincered o express an siRNA or antisense RNA that causes the lower fovel of

expression. Alternatively, RRM1 andfor TS expression can be placed ander eontrol of &

veguiatable promoter, such as a

o

wetracyeline-, PTG, or ecdysone-responsive promoter,
KRMI and/or TS expression may be lower than expression in a pavert strain, or
expression may be completely absent prior to induction. Cells expressing high lovels of
RRMI andfor TS con contain an RRM1 andfor TS gene under control of a constitutive
pronwier that expresses BRMY andfor T8 at a higher level than the endogenous RRM1

and/or TN promoter, or RRMI andfor TS can be expressed from an inducible promoter,

such a3 a tefracycline- or IPTG-responsive promuter, such that indection drives
CRPICSSIoN to A greater tovel than that in the parent strain, An exogeonons seguence that
drives z higher level of RRMUT andfor TS expression, or directs & lower level
expression can be stably integrated into the genome of the parent siraln, or can be
sransiontly transtected into the parent strain.

|

Cells that express high and fow levels of RRMT andfor TS wey contactad with e
candidate chemotherapeutic agent or a combination of chemeotherapeutic agents {e.g., 2,

3, or 4 chemotherapeutic agents), and the cells are monitored for an increased senstlivity

or resistance © the chemotherapeatic agent or agents as compared to 8 controf strain, An
agent, or combimation of agents, that causes an increased sensttivity {o one cell bne overa
control cell Hine can be identified a3 a candidate therapeutic agent for a patient who has a

tumor expressing the corresponding level of RRMI andior T8

't

it another example, if colls expressing low levels of TS (e, lower lovels than a

u‘;
L&

corntrol parent strain} ave more sensitive {o a chemotherapentic agent than the cells of 8

conitrol sirain, then the agent is 8 candidate therapeutic agent for the treatment of a patient

with a tumor expressing Jow lovels of TS, I colls expressing high levels o' TS {Le,

higher levels than & control pavent strain) are move sensitive to & chemotherapeutic agent

than the vells of the control strain, then the agent is & candidate therapeutic agent for the

treatraent of g patient with a tumor expressing high levels of TS

Jemdy
Lo
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The methods desortbed herein can be used 10 sereening assays o identity agents

that are candidates for the treatment of tumors expressing high or low levels of RRMI

=

ardfor TS, Cull Bues such as those deseribed above can be contacted with & panel ¢

gt

agents {e.g., small molecule drugs, nueleic acids, or polypeptides) to identify agents that

cause mereaved sensitivity of vells expressing low or high levels of RRMY andior TS

Agents identified in the above screening mothods, of ggents or combinations of
agents ilentified by the above methods as candidate chemotherapies can be fested in

antmal models before being tested in humans, For example, the therapies can be tested

for the abilily to reduce tumor size in mice or primaie models, before festing i humans.

ity

ey

Reagenis, tools, andfor instructions for performing the methods described herein

g e

can be provided ina kit, For example, the kit can contain reagents, tools, and instractions
for determining an appropriate therapy for @ cancer patient. Such a kit can melude
reagents for collecting o Hssue spraple from 8 patient, such as by biopsy, and reagents far

processing the Hssue. The kit can alse include one or more reagents or performing 8

-

N

geue expression analysis, such as reagents for perfornmng RU-PCR, Northern bet,

Western hlot analyss, or immunohistochemistry to detorniine REM1 andfor TS

oxprossion fevels in o tumor sample of a buman, For example, primers for performing

W~

VISRCR, probes for performing Northern blot analyses, andfor antibodies fur performing

.

Western blot and immunohistochemistey aualyses can be meladed in such kits,

ek

Appropriate buffers for the assays can also be incladed. Detection reagents reguived oy
any of these assays can alse be included.

The kits featured herein can also include an instruction sheet deseribing bow to

50 tcinde

perform the assays for measuring gene expression, The instruction shee

P
o
Gt

cat a

ES

£

instructions for how to determing a reference cohort, Including how to detenmine RRMI
andior TS sxpression lovels in the reference cohort and how to assenble the expression
data to estallish a reforence for comparison 1o a test subject. The fnstraction sheet ou

also include Instractions for assaying gene expression in a fest subject and for comparing

the expression level with the expression in the reference cohort o subsequent! v deterpring

the appropriate chemotherapy for the test patfent. Methods for delenmining the
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a;ﬁ;:n“apﬁat{s chemotherapy are described above and can be described i detail in the
instroction shest,

{u another example, a kit featured in the invention can contain reagents, tools, and
mstractions for predivting the efficacy of g candidate chemotherapeutic agent based on
REMI or' TS expression levels. Such a kit can include vectors for modulating RRM1 or
TS expression levels i o cell, and reagents for monitoring cell phenetype, such as
reagents for detecting apoplogis. Reagents for delermining the exprossion levels of

REMI sang

TS in the tssue samples can also be inclnded as descrtbed above

yon

aformational matenal included 1 the kits can be deseriptive, instructional,
marketing of other material that relates to the methods described herein snslior the use of
the reagents for the methods deseribed herein. For example, the informational material of
the kit cant contain contact indb mation, e.g., & physical address, emuil address, website,

of telephone number, where a user of the kit can oblain sobstantive information sbout

i

performing a gene expression zm,aif,«‘sis and interpreting the vesults, parbioularly sy tey

apply to & human's likelihood of having a positive response ta a speeific chemothorapy,

A kit can contain separate confainers, dividers or compartments for the reagents

and informational material, A container can be labeled for use for the deferminstion of

¥

REMI and TS gone expression levels and the subsequent defermination of an appropriate
chemotherapy for the human.

The informational material of the kits is not Hmited 1n #ts form. Do many cases,
the informational material, e.g., Mstructions, I8 provided in privted matter, o.g., a printed
test, drawing, and/or photograph, e.g., a label or printed sheet, However, the
infonmational material can also be provided in other formats, such gs Braille, computer

readable material, video recording, or audio recording. Of course, the informational

material can alse be provided tn any combination of formats.

FXAMPLES
s £ WP SN v Rrrtee i ‘i k f i o axamnies, whi ol Ci"‘ Y }_%nﬁ‘."
3RS INVE sption 35 further desony hed in the follow \ﬁ,., CRAMWPIAS, WHILE G0 {38 3R

the scope of the fnvention deseribed in the clayms.
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P24

Example 1 - fn ot Thymidviate Svathase (T8 Protein Expression

]

Thynudylate synthase {T8) catalyzes the conversion of denxyoriding nrono-
phosphate (dUMPY to (deoxyithymidine mono-phosphate {TMPY, which reguoires
oxidatation of teimhydrofolute to dilivdrofolate. TMP iy subsequently phosphoryvlated to

TTP, which is roquired for DNA synthesis and repair, S~flucrcurset! (SFUY inhibits TMP

synthesis and s an effective chen‘mﬂ‘;fzrapeutic agent {Washtien, Mol Pharmaco]
1984:25:171-77 Moortel et al,, N Engl J Med 1990,322:332-38; Hewdelberger et al,
Nature 1987, 179(4361 3:663-0). High tumoral levels of TS have been assoviated with

resistance o SFU-based chomotherapy, particularly in paticnts with colorecial carcinoma
{ORC) and gastric carcinoma (Johnston ef al, Cancer Res 1998, 55(71 1407-12; Lochman

et ab., § Chin Oneol 1997 15(1013223-9; Shirota ot al., J Clin Oneoel 2000182334208~

Since TR i down-siream of ribonucleotide reductase and orucial for the formation
of one of the desxynucleotides required for DNA synthests and repair, the present stady

R expression al the protoin and mefNA levels s

t
S

was conducted o determine whether”

N

progaostie of cutcome in patients with completely resected stage I NSCLC whe did nol
recelive additional chemotherapy or vadiation and 1f {n 2ine TS expression is correlated
with REMT and ERCCY expression,

The two populations used in these studies consisted of patients that underwent 2
complete resection of NSCLT at the Moffitt Cancer Center from 1981 1o 2001 sud has
been described eisewhere (Zheng et al, N Bngl § Med 2007;356:800-08). In brief,
patients had to have pathological stage TA or IB disease; adenocarcinoma, siquumous gell
carcinenna, of large cell cavcinoma; no perioperative chemotherapy or radiation; no prioy
fung canver; and no prior radiation to the chest. 187 were identified patients with
sufficient tumor Hesue for construction of tissue microarrays that comprised the
population for assessment of gene expression at the protein level (Table 1} B patizats

with frosh frozen tumor tissue conprised the population for sssessment of gene

expression at the mRNA levels (Table 2), Thirty-two patients with gene CRPrOSsion

s
P

values at the protein and mRNA fevels overlapped between the two populations. Follow-

up was recommended as three-monthly visits for two years, six-monthly vists for three

Yass
b
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years, and then annual visits. For overall survival, the time from dingnosis to dosth was
recorded and verified using vital statistics records.

The monoclonal TS antibody used for the stady was corwnercially available
through LabVistos Corporation {crder #MS-471-P, lot #471PS4R). §t was generated in
mice using recombinant haman TS as the antigen, The antibody detected a dominant
baml of approximataly 38 kI, the expected molecular mass of T8, with evtoplasmic

TN
1

Incatization on Western blots of Tysates of tung cancer celi Hine H23 (Fig. 1), Wostemn
blotting was performed as follows. Cyioplasimic and nuclear extracts from permanent
genetically modified cultures of cell line NCH-H23 were prepared asing & nuclear’oytosal
fractionation kit (BioVision, Mountata View, CA). Protein extracts (30 pg) were
separaied ihrough 10% Novex tris-plveine gels (Invitrogen, Carlshad, CA)Y sud blotted
onto pore nitroceliulose membranes {Bio-Rad Laboratories, Hercules, €AY The blots
wers incubated with TS antibody {mouse clone TS-106, 1200, Lab Viston Corp), Out-d
antisorpm (F3342-HH, 13000, BioVision, Mountain View, CA), and GAPDH antiserum
G357, 11000, Santa Cruz Biotechnology, Santa Crue, CA} at 470 overnight,
Protein hands were visuplized with anti-rabbit, anli-mouse, or anti-goat 1g(s horseradish
peroxsidase secondary antibody (1:1000; Santa Cruz} and SuperSignal West Pico
chsmnihuminescenee substrate {Pioree, Rocklord, 1) The hoose-Kooping gone QAFDR

By &

wasused as —'\‘3{1\331 i« k.d?ﬁﬁ control.

\

Contoeal microscopy way used to determine sobeeliular ocalization of TS
protein, as follows. Long adenocarcnoma cell Bines (H23, HI125, HES2, HA2Z, A549)
and colon carcinoma eell lines (H498, HA0S, H747, SNUCZA, SNU-C4 ) were grown

o]

directly on Lab-Tek chamber slides. Adherent cels were washed in phosphate buffered

%

saline (PBR), fxed by incubation for 20 min. in 49 epar;siammid chyde iy PR, and

washed in PBS. They were permeshilized for 1 hr, wr 0.25% Triron-XTHYPHES and
waghed in PBS. TS (1:100) antibodies wers diluted in binding buffer

{1%BSAA I SNP4U/PBS), added to the chambers, and incubated for T hr, After washing
in PBY, the siides were tncobated for 45 min. with 1:500 dilutions of Alexa Floor 555

anti-mouse 190 (Molecular Frobes, InVitrogen, Bugens, OR). The stides were washed

with PRS and covered nsing ProLong Geld antifede roagent with DAPE (Molscular

>4

Probes, InVitrogen), As nepative contrels, the same procedure was performed withowt

.
18
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primary antibvody. Samples were viewed with an inverted Zeiss LSM 310 confoesl
microseope with a 63x /LI0NA water imumersion chiective, Nuoclel were visealized with
DAPL Images were produced with dual photomaltiplior detectors and the L8M § version
320,118 software suite,

The resalts imdicated that the predominant umphwmzc localization of TS n &
hang cancer coll Hoes was confirmed (Fig. 2A); however, muclear TS exprossion was
observed i all, ad i was lowest in H23 and highest in A549, In contrast, in 3 cell nes
dertved from colon carcinoma, TS expression was predominantly nuclesr.

Torcroate Hssue Micto s, umor specimens were collected prospectively, fixed
in peutral-buffered formalin {10% \f‘va and completely embedded o paraffin wax.
Whole tissue sectiony were H & E statned, and representative tmuor areas wers marked,
Tissue cores with a diameter of 0.6 mm were punched and arrayed into s rogipient hlock
using a tissue arrayer { Beecher Instrament, Silver Spring, MIJ) Sections of § um
thickness were cul, ransforred o 4x adhesive coated shdes (nstrumedics, X}, and

exposed to UV Hght for 30 seconds to enhance adhersnce.

lig
In site TS protein expression was determined by AQUA n the tomer eytoplasm
in two repiicale tssne microarrays that encompassed a fotal of 187 pattents with
completely resected NSCLC that had not received penioperative chemotherapy or
radiation,
T histochemisiry (IHC) based on immunofluorescence combined with
atomated guantitative analysis {AQUA) was nsed to assess in sile expression of the

target molecules I3 Antigens were refrieved by micrewave oven treatment for t5

B

minutes i (.01 molL of Na-citrate at pH 6.0, The shides were blocked for 30 mivutes
with ©.3% RSA and then incubated overnight at room temperature with the primary
anitbody {mous:, femie TR-106, 1:30, #MS-471-P, Lab Viston Corp, Fremout, TA) For

identification of carcinomuatous cells, an antiserum 0 oytoheratin was ust:d{ abbit anti-

human paneytokeratin AB/AR3, 1200, #20622, Dake Cytomation). Slides werg
wasked and ncnbated with two different secondary antibodies for U hr. (Envision®

beled polvmer-HRP anti-monse, # K4007, and Alexa 335 goat an gii-rabbat, #A21439,
12260, Deako Cytomation). For floorescence amplifivation, slides were exposed te {y3-
Tyeanside {1501 for 10 minutes at room temperature. They were moanted with Frelong

2
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Gold antifade reagent with DAPL (47-6-dianidino-2-phenvlindole) mound solution. The
fingl tissue microarray shides were scanned with SpotGrabber, and image data were
analyzed with AQUA (PM-2000, HistoRx, New Haven, Connecticat). The lowest
possible ACUA seore 15 0 and the highest iy 255.

The results are shown in Fig 2B, TS expression data were obtained on 1607187
{86%) patients. Duplicale expression data were not avatlable for 27 specimens because
the spots were absent on the section or had washed off during the processing. Average
vatues ranged from 5.8 to 238.6 {on a scale from ¢ — 235 with s medlan of 984 and &

mgan o' s

v)

Y {standard deviation of 530}, The data were noar normally diswributed, and
& dafa transformation for normalization was not performed. There was & significant
covrelation in TS expression between replicate arvays (v = $.399, p <O

There was no Matistically significant sssociation between TS protein expression

pg

and tenor stage, hstology, performance status, absence or prosence of weight loss,
smoking status, or gender (Table 1), The unidimensional tumor diameters in this patient

cohort ranged fom .5 to 10.8 envand did not correlate significantly with TS expression
{r = (0051, p=10.523 There was no significant correlation with the previcusdy reported
BRM! and BRCC protein levels (= 013 and ~0.07 respectivaly, p > 313 (Zheag et al,
N Engld Med 2007,356:800-08).

Pro

]
i
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Table 11 Patient Characieristics, TS Protein Expression, and Sarvival

Patient Characteristics TS by AGUA
Meddian :
Overal Kruska!
N Survival | oy rank N Wallis
(187) | {months] | pvalee | Median T {180 | pvalus
- Stage

‘ A 25 3.5 8%, 1
- g2 .10 o510 18 i 218

B 102 62.2 o813 88

Histoogy Lol -

Adeng | 78 720 88.4 av

BAG | £ 7, . 8485 17
e BNC L 38 8TA L ey L5 T

Sguamous g8 101.8 015 83

 iwmrgelell 23 41.8 83.3 21

Performance Status

} 128 790 848.8 108
¢ 128 ;'Q‘E} 034 aa.8 g 101

1 48 52.7 904 41

Welght Loss, »8% in 3 months
ahsent 158 74.9 593 84.3 132 578
present L TR 1 1088 L S,
Smoking Status :

Naver 1 NR” el &
quti 113 778 077 24,4 | a8 328

Agtive 49 81.4 1080 41

Gander o

Women &6 81.3 443 ‘%(}>8 “f’f ey

Men 1 §9.4 | 81.8 | 87

NR, sot reached

isﬁg the maximal log-rank method for optimal cotpoint detenmination, the most

£5

sigrdficant overall survival difference was seen if patients with levels of <57.01 were

th

separated from those with levels »37.02, which was the 25 percentile (40/160 patients)

of TS oxpression (Fig. 34A). The median survival i the low TS growp was 51.7 months,

TR

el

angd i was 81.3 months for those inthe high TS group (p = 00013} This suwvival

difference remained significant after adjusting the p-value for maltiple looks {p = 0.034}
In the final multivariate model, which included TS protein exprossion and funor

stage {Table 2}, T8 remained significantly associated with overall survival {p= 00013,

-

bog

adiusted p = 0.032). The hazard ratio for death was 0,45 for high versus low T8 protein

EXprossion

]
5
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Table 2: Cox Regression Model

Multivariate
Urivariate Hazard |
o Hazard Ratic | Univarists Ratio™ | Multivariate
Variable N {95% O prvaiue (95% CH | povalue
T8 group 3 0.46 8.45
{fow = reference) 168 {0.28 -0.75} 00407 {0.28 - .75 2.g327
. Btags 1,72 1.78
{1A = refevancel 180 1 {186-2.78) QL20 {1.08 - 2.87} §.022
Gander 1.23
female = refevence} | 180 1 {0.77 - 1.96) 0,303
0.99-4
ERCCT sxpression 180 | {0,988 - 1.002) 3,138
0268
REM1{ exprassion 180§ {0,975 - 1.00%) {3.065
Parformance Status 1.48
{§ = refarance} 150 {067 - 2 443 0.158

*CL confidencs ~qtefvai
** hased on 6% s
analysix

- since performance states was sliminated from the final maltivariale

S} > adjusied prvalue o account for optimal culpoint selection
in addition to the planned survival snalysis, exploratory examinations of the
association of TS expression and survival were conducted. TS expression was ncluded
in a Cox regression analysis as a continuous variable and vielded ow prvalues both
10 anadiasted {p = 0.006} and adjusted for tumor stage {p = 0.002). A sscond cutpomt for
TS protein exprossion was glse found, with an AQUA scove of 128,33 {831k percentile).
inclusion of this cutpoint in the survival analysis vielded a classification of patients it
three survival groups (Fig 38). The median survival in the highest TS group was »120
months, it was 80,9 months in the medium TS growp snd 51.7 mouths i the lowest TS
18 group {p = 00U}
A dichotomization of the TS expression data using the sample median of 884 &5
cuipoing, revealed a median OF of 81.3 months for patients with high TS expressien and
622 months for those with low TS expression {p = 0.071}.
Statistical snalvsis in this example was performed as follows, The average values
20 for AQUA scores from two replicate readings were caleulated and treatod as independent

contipuous variables, The average of TS mRNA expression was caiculated from
iripticate readings and way treated as an independent continuous van; able. The primary

w1
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objective was to assess the association batween in sity TS protein expression md overall
survival. For this TS expression was not classified into high and low categories @ prioes.
Instead, the marimal fog-rank method was used for optimal cutpoint determination and
LIRS

16; Hilsenbeck and Clark, Stat Med 1996:15(11103-12) Cutpoints within the central

peek

adiusted the p-values for mubtiple looks (Miller and Siegrmmd, Biometrics 198238

’C/.

SU% of erdered TN protein expression were considered, The association between
survival and fow and high TS expression was then summarnized in g Kaplan-Meier

survival curve using the cotpoiut pf:wcmxim) determained by TS protein expression, &

muhiivariate Cox regression wualysis using backward elimination with & significance

tevel-to-stay of 015 wys performed to assess the impact of TS protein expression i

ival while adjusting for the potential covariates tumor stage, porformance studus,

iy a

o
e

sender, RRMU protels expression, and ERCCH protem expression. RRMUT angd ERCC)
protain expression were included as continnous variables, Sincw the dichotomived split
for TS protom expression was obtained by optimal selection, #18 Cox regression pevalue
was adjusted, The maximal log-rank method for optimal cutpoint determination was slso
used to examine the assoctation of T8 mRNA expression and overall survival,

Assouiations between continuous vaniables were analyzed using Spoarman’s

ovrelation coefficient, Associations between continuous and diserate varialdes were

analyvzed using the Wilcoxon rank sum test or the Kruskal-Wallis tess depending on the
number of discrete groups. The log-rank test was used to assess survival differences
hetween demographic snd chintead group

Using a rigorous statistieal dppmduh to acconnt Yor multiple testing, the results
demonstrate that increased cvtoplasmic TS expression was associated with prolonged

.

survival, Two exploratory analyses supperted this finding, Firstly,

.
foscag
&4
o
‘
=
bed
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j
‘::"’;
72
€
3
o~
fout

seiot 1o ook for a decrogse in the risk of death with increasing TS levels by sy
repression sualysis, a statistically significant result (= 0.006} would have been ablained.

Secondly, the risk of death shifts dramatically at two distinet levels oF TS exprossion,

5702 and 12933, This survival medel divided the patients into g lower 25% group,

A

niddie 64% group, sud upper 115G group.
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Example 2~ TS mBNA expression

,l

S mRNA expression was determined in fresh-froren tumor specimens from 82
paticnts with sompletely resected stage I NSCLC, as follows. Fresh-frozen temor
specimens had been prospectively collected on B2 pasients that fulfilled the same
selection oriteria as desoribed in Example 1 {Table 3}

Tahle 3: Patient Characteristics, T8 mRNA Expression, and Sarvivsl

_Patient Characteristics | 18 by RTPCR
Median
Overall Kruskal
N Survival | logrank Wallis
,,,,,,,,,,,,,,, 84y | Dmonths} | pvalue | Median {85 S-value
Stage
& 38 NRY .y 3.44 37 .
s e : ReEa il
i3 53 748 : 3.88 S8
Histology ‘
822 235 38
o N "
: SLE R R Y B oo
Sau ammm 33 NR 473 30
targeCelt | 11 £9.4 5.08 J&
Porformance Status _—
‘\\ "‘\‘ .‘2 & - \"2 .
vvvvvvvvv 0 521 804 71 347 5 53
1-2 33 62.1 A 26
Weightloss »0%indmonths 4 &
&Y 5 0.4 ,, 52 g9 -
,,,,, shsent] TS o2 I VLY - B s
progant g 4.1 &850 ¥
BSmuoking Status
Never 3 31.2 4.53 § 4
quit 55 749 898 2.28 51 057
Active 27 882 516 26
Gender 7
VVVV  Women 38 8.2 &5 4.04 33 a5z
Man 53 74.9 , 2.33 B0

RNA was isolated from tumer specimens with »60% of cells consisting of tumor,
and cONA was generated using olige-DT and random primers with reverse transugiplase
{QuantiToct Reverse Transeription Kit, Qlagen, Valenoia, CA). Approximately 3 0 of
sample cIINA was ysed in triplicate for TS expression analysis by resi-time technology

BI TOO0HT, Foster City, CA). The relfative smount of T8 mRNA in 2 sumple was

1
]

determined by comparing the threshold cyele with the standard carve, and the

25
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standardized amount was then determined by dividing the TS amoont (AR

HS0042659 -m1, amplicon size 87 bp) by the 185rRNA amount (ABI, #

Dats were obtaned from 85 patients (92%:, and expression ranged from 0.7 o
104.3 with a median of 3.5 and a mean of 6.7 (standard deviation of 12.9). mENA levels
were not sigriticantly associated with tumor stage, performance status, absenoe ot
presence of weight loss, smoking status, or gender (Table 33 They wers, however,
significantly different among the listological sabtypes; the levels were lower in
adenoearcinomas compared to squamons and Jarge cell carcinomuas (Table 31 The
anidimensional tamor dlameters in this pationt cohort ranged from 1.4 {0 10.8 o, and
they did not correlate with 725 expression {r= 0135, p = 0218)

The maxinal log-rank method was used for optimal cutpoint determination, and
a0 stutistically signtficant cutpoint for 78 mRNA exprossion way found affer adpsting for
muitiple looks {adjusted p=1.0}

'.S‘}';,i;:i}f-iw@ patients were common to both datasets and thus had TS expression
valnes at both the proteln and mRNA levels, There was a near zero corvelution between
the levels (r= 0.0 285 n= 08771

Statistical analysis was performed as deseribed in Example 1.

These results, which failed to detect aun association between T8 protein and
mRNA expression nsing methods specifically developed for quantitative analysis, are
consistent with a move recent report demonstrating a lack of correlation between profein
arel mRNA levels in lung cancers for the majority of genes {Chen of al, Mol Cell

Proteomics 200201{43:304-13),

Bxample 3 - Clinicsl Efficacy and Prediciive Molecular Markers of Neoadiuvant

Clerpoitahine and Pemetrexed in Resectable Non-Nmall-Cell Luns Canger

Incorporation of platinam-containing chomotherapy tnto the management of

resoetable non-smalb-cell fung cancer (NSCLE) has become the standard of care for

fents with metastatic discase in N or N2 lymph nodes {The Internabional Adjuvan

Lang Cancer Trial Collaborative Group. N Engl J Med 2004, 3530:351-36(; Winton et

al.. N Eagl ¥ Med 20035, 352:2589-2597; Douillard et al,, Lancet Gueol 2006, 77197273

Neoadhavant treatment results in response rates of approximately 33-64% {Deplarre et ¢l

26
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F Chin Qoool 2002; 200247-253; Scagliofti, Proc Am Soc Clin Oncod 2008; 238286,
("iiiigi tal, Lancet 2007; 369119291937, Pisters et al,, Proc Am Soc Cln Oneol 2007,

25:389s3, and adjuvant therapy increases absolute overall survival by approximately 3-

15% {The International Adjuvant Lung Cancer Trial Collaborative Grovp, N Bl § Med
2004; 3S:351-360; Winton of ab., N Engl ] Med 2008; 352:2588-2397: Doaillard ¢ gt al,,
Lancet Dncod 2006, 7:7T19-727). However, the approach of treating all patients with ¢
platimum-containing regimen may have reached & plateau in teoms of efficacy. In
addition, there s significant toxieity assoclated with this approach inclading 2 treatmens-
related mortality of approximately 1-2% (The International Adjovant Lung Cancer Triad
Collaborative Group. N Hngl I Med 2004; 350:351-360; Pisters et al., Proc Am Soe Clin
Oncol 2007, 25388, The incorporation of nuclecular tumor characiristios into
therapontic decisions may tmprove efficacy and redisce toxicity,

This example describes a single~institution trial of neoadjuvant gemehiabine and
pemueirexed m palients with resectable NSCLO with the goal 1o describe the clineal
efficacy and tolevability of the chosen regimien and 10 Investipate the prodictive ntility of
mRNA expression of genes involved in the melabolism of thege drugs on therapeutic
aificacy ‘

Induction shemotherapy and toxicity: A total of 52 cligible patienty, 26 wen and

x5

26 women, between the ages 41 and 83 vears (‘met fan 67 years), reccived at izast one

pa td

3 Es 73

dose of chemuotherapy. They were enrolled between Aprll 2004 and Apeil 2006, and the

characteristios are desertbed in Table 4.
Clindal staging was determined by physical examination, computed tomography

o

of the chest and upper abdomen {TT), whole body FDG positron emission tomography
(PETY, magnetic resonance imaging of the brain (MRI}, bronchoscopy, and

mes;ii_as'i.mes»::{';;w Histological confinmation of NSCLC: stage IB-HHA and selected THE

n,»

2 Jesiony in one lobe, "}”‘s-’i}; age »18 years; a performance status (P8} of §-1; megsurable
disease by RECIST; and no prior therapy for tung canzer were required for ehigibility.
These oriteria were met by 52 patients.

Prenperative chemotherapy with gemeitabine 1,500 mg/m2 followed by
pemetrexed 300 mg/m?2 was administered on days 1, 15,28, and 43, Sebsequent doses of
chemotherapy were delayed or reduced for toxicity if appropriste. Patients received oral

1
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350-1,000 ug daily and subcutaneous vitanin B12 al a doss of

folnte st a dose o

ities were

Soron.

00 ug every ¥ weeks starting one week before chemotherapy. AN toxd

graded according to the common toxicity oriteria (CTC, version 3.0).

P

Following chemotherapy, CT and PET seans were repeated betwenn days §9 and
63, Radiographic response was expressed as a continuous variable by calenlating the

percontage of change in the suw of all greatest tumor diameters mmgm‘iﬁ g the posi-
satrnent and pre-treatment CT seans (1-sum post lestons/sumy pre lestons] x100) and
also by RECIST as best overall response,

Patients with rescotable disease had thoracotomy between days 64 and 77, The
recommended surgery was {obectomy or preumonccionty with medisstinal lvimph node
dissection. Segmertectomy or wedge resection was discouraged. Patienty with
anresectable disease and those with incomplete resections were treated o the discretion

of their physictan, Al pationts were followed at 3-monthly intervals for 2 vears with a

ik

.
Forty=bwo patients recetved all planned chemotherapy on fimpe and witheat dose
redoction. Thres patients had dose delays without dose reductions. The reasons were &
grade 3 lower sxtremity celhdditis, a grade 2 thrombocytopenia, and a grade 3 livey
enzyme clevation. Seven pationts had less than the intended 4 bi-weekly theraples.
Three patients had only the first cycle becuuse of grade 3 nentropenic fover with renal
fuilore, a grade 3 {ebrile drug reaction, and one patient reguested tmmediate surgery
without having experisnced treatment-related side effocts. Three patients osly had cycles
P and 2. The reasons were a grade 3 lower exiremity phiebitls in one patient and grade 3

fatigue in two. One patient died after eyele 3 from pnewmonitis of » tkely viral etiology;

howsver, a possidly treatment-related ctiology could not be excluded.
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Table 4

Patient Characierstics, Disease Response, and Survivael

Radiographic Response

Pathologic Response
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Legend to Table 4
f

ot assessed in throe um(,m “not assessed in nine patients; “in the 40 pationts
with complete timor resection; “equal to or greater than 5% during the three months prior
tos dlagnosiy; “a Hfe-time never smoker was defined as a person that had smoked less than
5 a total of 100 elgareties: NA, not apphmhia 21 pationts had adenecarcinema including

3 with bronchiolvalveolsr featares, 12 had other \fb{l’-L(,.- subtypes including 2
sdenosquanous carcinomas, 2 mixed adeno- and squm}mu‘s carcinontas, and 1 large cell
carcinoma with suggestive neuroendogrine fc:am:ss “two TANG, T4 because of two
separate tmm%‘ nodules in a single lobe of the hung; “the :;i}mmgm d SCASC TESPONSL

categories pPR and pNR were not significantly associated with {}‘\ { ‘} warst vatio for pPR
¥ pNR = LA p 080) or DFS (hazard vatio for pPR vs, pRR = 0.87, g 0.

e
oo]

Radiographiz response to chemotherapy: A radiographic rasponse evaloation was

he best overall response was a con }‘Bit}‘i@ renyiaston {CR} in
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o3, stable discase (S} in 29 {*‘»fl}% Q8% Ch 44.2-73.0%), and progressive
disease (PD} in 3 (6% 85% CL 1.3-16.9%) patients. The response ranged from a 98%
inorease jo a 100% decrease in the size of measurable lesions (Figure 3% There were
no statistically siguificant sssociations between radiographic disease response and the

3

26 climical parameters age {p = (.62}, gender {» = 0.96), performance status {p = (94},

fee

welght loss (= .88, smoking status {p = 0.83), tumor histology (p = G935}, and stage {p

S a ﬁ on

Pathologic responss o chemotherapy: A pathologic response evaluation was

porformed by determination of the proportion of necrotic and/or fibrotic material on Hght
25 nicroseecnl evaluation of surgical resection specimens sfained with H & B, This was
possible i 43 patients, and # ranged from O - 90%. Nune of the patients had a

pathological OR (93% necrosi/fibrosis), 13 (30%) had a pathologioal PR {(50-94%%

necrosis/fibrosisy, and 30 {70%) had no pathological response (pNR). There were no

statistically significant associations between pathalogio disease response and the chinteal
30 pavameters age {p o= 0.39), pender {7 = 0.65), performance status {p = 0.1}, xxuut fass
{p = 0.65), smoking status {p = 0.96), tumor histology (p = 0.43), and stage (p = 0,66}

Although there was a correlation between radingraphic and pathologic resposse

\
L

{Spearman’s tho = (.23); {.c, better elinical response way associated with a highe

s

proportion of necrosis and fibrosis, it vas not statistically significant (p = 8144
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Surgicul reatment: A thoracotomy was performed in 46 patients, and it resulted

it a complete resection in 30 patients. Thirty-two patients had & lobectomy, 2 had o
bitobectomy, § had 1 preumonectomy, 2 had a wedge reseciion, and 2 had no tumor
resection. At the surgical resection, 17 patients were downestaged, 17 hast ne change, and
12 were ap-staged compared to the nitial staging, One patient died 2.7 mouths afier g
complete right vpper and middle lobectomy for & T2NT squamoss cell carcinoma of &
bronchopiewral fistula,

Survival: As of Pebruary 8, 2008, 20 cvents bad occurred and 32 pationts were

alive {5 with @ recurrence, and 3 with an incomplete resection). The median OF was

=280 months, and the moedian DFS for patients with a complete surgic

=2E

P

months (Figure 4}, The 12-month and 24-month OF rates were $4.6% (95%
T1O - SL.0%) and 7T10% (95% (L 36,5 ~ 81.4%), and the corresponding DFS rates wers

OF 3% {958 U8 307 - 79.7%%) and 53.0% (95% CL 36,0 ~ 67.4%) respectively. The

radtographic ar pathologic response to chemotherapy was net signifieantly associated
with O8 or DEX {Table 4},

Pharmaccsenomic vagables predictive of disease response: Prefreatonent tumor

specimens of sufficient quantity and quality for gene expression analvsis by real-time
RTPCR wore gvailoble on 10 and posi-treatinent spectmens on 35 patienta. ftwas

evaluated if gemcitabine and pemetroved therapy would alter the mRNA levels of RR&S
aned 7S,

Tumor samples were collecied prior to and aller therapy as froven specimans.
The standard operating proceduore for collection included a revording of the time from
biopsy or resection to freezing, and the time clapsed was 30 mn o loss in all cases.
Frozen specimens were embedded in OCT and cut i 3-7 pum sections.

Tumor vells weore collected by laser capture wiicrodissection {LOM) ustng the
Arctorus syst Total RNA was extracted using g commercial method {Archurus,
Mountain View, CA), and cDNA was generated with oligo-dT and random prime;:&
Real-time quantitzﬁiw PCR analvsis was performed in wiplicate per sample (7900H1T
ARI Faster City, CA). The probe and primers for RRMI were those praviousty
deseribed (Bepler et ab, I Clin Oncol 2004; 22:1878-1885). Commercially available

fa4hY

primers and probes were used for expression analysis of all other target genes {Tabie 55
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¥

determined by comparing

the threshold cycle with a standard curve as deseribed (Bepler ot al., § Clin Oneol 2004;

221878-1888), For the remaning genes, refative quantification was pevformed by

comparison of the test samples

LYo a single calibrator sample o a fhuld

o cand assay.

Negative controls without a cDNA template were included in all experiments.

Thete was a significant correlation between pre- and post-ireatment lovels for

hoth gones {Spewrman’s #fie = 0.786, p =

expression fevels are representative of pretreatment

levels appear © inerease with treatment {Figure 53,

poriormed on the 335 post-treatment specimens. The ranges of expressh

b

4 F

o

Wy

All suhsequent analyses wer

N

mavker characterisiics for all 14 genes are summarized in Table 5.

REME were significantly correlated with disease resp

fow levels were predicti

rgure 381 Offthe 18 pabients with RRMT oxpres

b@ }'{{z a

= {3,025} snpgesting that post chemaotherapy gene

levels, However, gene expression

€

o mBRNA levelaof

(649, p=<0001 ) L,

¥

v of tunor size reduction and high levels of tumor growth

1 eguat to or below the median of

1.68, 10 had a PR or CR, while ondy 2 of the 17 with high RRMT «

expression rosponded.

The mRNA lovels of 78 were likewize correlated with disease response {#nig = {3.45& p

(3.006) (Figore 3C); however, after using 8 Bonferrond adjustment for multipHeity of data

anabysis, the p-valpe was above the e

axprassion equal 0 or

T

Surprisingly, the expression levels of all other pones were no

17 with high 8 expression responded.

*

vel of D.0036.

Of the 18 patients

below the median of 3.40, Thad s PR or CR

covrelated with disease response (Figures 30 & B}, thoagh they

are al

with Bi¥

.

while only § of the

t sigmificantly

so consdered 1o be

targets of the administered therapentics; the top seven genes listed in Table 5 are in the

gemeitabine metabolic pathway, while the bottom seven in Table

=

5

re invelved n

penetrexed metabolism, and onaly RRMI and T8 showed s signtlicant corvelation {see

the rightmost column of Table 5}
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Table 8: mRNA Gene Expression Characteristics and Association with Radiographic Disease Response
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Results
The pre-operative efficacy of a non-platinum doublet, namely gemcitabine and
penteivexed, was investigated i patients with surgically resectable NSCLC, The

rationale for this combination was that both sgents are antimetabolites with velatively
well known mechanisms of action, both we well tolerated, and both we efficacions and
X

already integrated into pationt vare. Prior randoniized phase I neondiuvant studies that

utitized pmi:nu -based chemotherapy had reporied response rates of 338,53 41947

w

A5%,0 and 64%.4 Approximately 73% of patients received all planned chemotharapy,
and the chemotherapy-related mortality was approximately 2%, These response rates
appear higher than the response rate of 35%; however, 18/57 pationts in this study had

el

stage HY disease, while two of the referenced trials did pot mclade stage T patients, 3,7

4

and the proportion of stage HI paticnts in the other two trials was 7966 and 47844
i‘tf:éépﬂcii‘@"ﬂi}-' in two carlier randomized neoadjuvant trials with platinpmi-based therspy
o pationts with stage 11 disease, the reponied response rates were 33% (1630116 and
3% {9263 (Roth et al., J Natl Cancer Inst 1994 86:673-680), The cxpected response
rate was set g priord at S0%; 8 goal, which was not achieved. Therefore, the combination
blets

of genwitaline and pemetrexed ix unkikely to be superior to platinum-containing doub

£ &3
i givert to an wonselesied grovp of pationts with resectable NSCLC,

Eighty-seven percent (45/52) of patients in the trial recetved the planned 4 eyeley

ed

1

of therapy, Five pationts had loss than 4 oveles becguse of treatment-related grade 3
toxiciiies, and of these foor had surgery with a complete resection. One pationt died prioy
o surgery from a presumed viral pucumonitis. Thus, the combination of gemeiiabine and
pemetrexed is well tolerated and is deliverable as four bi-weekly trestimends to @
proportion of patients that is at least equal to the proportion of patients that can receive 8
platinum-contsining doablet.

These pharmacogenomic studics indicate that the magnitude of twmor response fo
gemcitabing and pemetrexed is assoclated with tumoral expression of the genes RRMI
amd TS, Patients whose tumors express these gones at low levels are more likely to

experience a reduction in tumor size compared to those with high levels of gene

ov

gene RRMI, bt failed 1o reach the

o

expression. This assoctation was significant for the

significanice lovel of 0.0036 for TS, Since & total of 14 genes were evalunied in these

3%
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paticnts, the significance level was adjusted according to Bonferr Thintea

conservative approach to adjustment for multipheity of data analvsis, and meost
correlative investigations ave conducted under less siringent conditions. Thus the
correlation voefficient of {(-)0.454 seen for the association between TS exprossion and
response fo reatment 1s remarkable and requires further exploration.

i summary, the clinical correlative investigations desoribed extend thy previously
knows relationship betweon REM1T expression and gemcitabine efficacy to the
combination of gemcitabine and pemetrexed. They also provide reasonable evidenee for
an association between TS expression and efficacy of this combination, In an wnsefected
group of patients with resectable NSCLC, gemeitabine snd pemetrexed provide an

oijective radiographic response rate of 33% with good folerabilisy
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OTHER EMBODIMENTS

it iy 1o be understood that while the Inveniion has been described iy conjunction
with the detaiied deseription thereof, the foregoing description is inlended o iilustrate
amd not Hipit the scope of the invention, which is defined by the seope of the appended
claims. Other aspeets, advantages, and wodifications are within the seo

one ot the

X

LN T DUNE SR Y S
following clatms,
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WHAT IS CLAIMED IS:
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A method for selecting an appropriate chemotherapy for a subject, the method

COmMpPLising:

a  obtaintng a tumor samiple from the subject;

b, determining a level of Ribonucleotide Reductase M1 (RRM1) and
thymidylate synthase (TS} gene expression in the tumor sszmzpie; and

¢ selecting an appropriate chemotherapy based on the RRMI and

expression levels, wherein if the RRM1 and TR expression levels are loss
than or equal to the median RRMU oxpression level of a refirence cohon,

then a chemotherapy comprising gomcitabine and pemetrexed is selested,

The method of claim 1, further comprising adminstering e appropriate

3

chematherapy to the subject.

1

The method of claim 1, further comprising administenng a second

chemotherapontic agent to the subject.

The method of claim 3, wherein the second chemotherapeutic agent 18 an

srtitabolin or platinum-contating agent.

The method of claim 1, wherein the subject has an epithelial matignancy.

The mothoed of claim 1, whersin the subject has a hung cancer, breast cancey,

colovectal cancer, head and neck cancer, or gvarian cancer

The method of claim 6, whereln the lung cancer is non-smaldl coll lung cancer.

A method for predicting a subject’s response 1o a trestment comprising

administration of gemeitabine and pemetrexed, the method comprising:

a. obtaining & tumor sample from the subject;

S
L
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b, determining a level of Ribonueleotide Reductase M1 (RRM 1) and

thymidylate synthase {TS) gene expression in the tumor sample; and

¢ predicting the subject’s response (o the treatment based on the level of
ERMT and T8 gene expression in the tumor sample, whereln fow lovels of
expression of RRM1 and TS indicate that the sulject is likely to have n
positive response © the treatment.
The method of claim 8, wherein the subject has an epithelial malignaney.

The method of olaim §, wherein the subject has a lung cancer, breast cancen,

volorectal cancer, head and neck cancer, or gvarian cancer,

N

The method of claim 10, wherein the lung cancer is non-small cell hung cancer.

- A method of providing a progaesis for a subject diagnosed with nomesmail cell

hung caneer, the method comprising:

7. obtaining a tumor sample from the subject;

b determining s vl of eytoplasmic thymidviate synthase (T8} protein in
the tumor sample; and

¢ comparing the lovel of eyvtoplasmic TS protein in the samiple to s reference
lovel of eytoplasmic TS protein,

3

wherein a high level of cytoplasmic TS protein in the sample ss compared o

the reference level s mdicative of a good prognosis, and a low lovel of
cytorlasmic TS protein as compared o the reforence level Is indivative of'a

DOOY Prognosis,

&

. The method of claim 12, wherein the level of cytoplassue TS protemn i3

determined using a quantitative In situ analysis method.

Akt comprising:
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& 2 veagent for assaying RRMI and TS exprossion in a tissue sample fom a
patient, and

b an imstrgeiion sheet

13 The kit of olabm 14, wherein the reagents for assayving RRMI and TE expression

comprise prameasured portions of reagents selected from the grouy selected from

o,

cligo-dT primers, forward primers that hybridize to RRMY or T8 ¢INAs, roverse

primers that hybridize 0 RRMU or TS ¢DNAg, reverse franseripisses, DNA

polynierases, buffers, and nucleotides.

16, The kit of claim 14, wherein the reagents for sssaying RRMI and TS expressron

comiprise promeasured portions of anti-REM1T and anti-T8 antibodies and uflers

for performing a Western blot ov imprunohistochemistry assay.

17. The kit of claim 14, further comprising ¢ reagent for processing o tissue sample

from a patient.



