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CLAIM OF PRlORlTY 

This application claims the benefit oft.LS, Prnvisiona1 Patent Application Seria! 

Nos. 60/944,157, filed on June 15, 2007, and 6l/039p555; filed on March 26, 2008, the 

entire contents of\vbch are hereby incorporated by reforcncc. 

5 FEDERALLY Sl)ONSORED RESEARCH OR llE\tELOPl\HtNT 

This invention \Vas made •vith Government support under Grant Nos. RO 1 

Ci\102726 1.nvankd hy the Nabonal Cancer Institute 1Jfthe National Institutes of Health. 

The Governinent has certain rights in the invention. 

TECHNICAL FlELU 

Th1i> .invent1on. relates to rnct11ods of diagnosin!! and treatirn~ cancer, l.'.~.lt .• non-..... _..,... ...... ......... 

sma!J c:d! hmg carcinoma. 

BACKGROUND 

Non~s.nrnl! cell lung cancer (NSCLC) .is the most common t)1x~ ofltmg cancer, 

15 accounting fbr over 80~{. of lung cancers. It genern!ly gro\vs and spreads mon:.'. shnvJy 

tha.n s.rnan cdl km_g cancer rscLC). Then.~ arc three maJ:or fr.im1s of NSCLC\ indudim~ - \ . . ~ 

adenocarcinomas, often found in an outer arnu of the lung; squarncus cd1 card no mas, 

usually found in the center of the lung by a bronchus: and large cell carcinom.as, \Vbich 

can occur in any part of the lung and tend to grow and spread :fo.stcr than the other hvo 

?O types ofNSCLC See, e.g,, Travis et al., Cancer 75(St1ppl. 1):191-"202 (1995). 

Rt~cent 'Nork has demonstrated. that genes :in.,..-oived in nudeoti.dt rn>::'.tabolism and 

DNA repair arc: impo1iant determinants of the phenotypic bchuvior of early-stage: non-

th<: rci:rnlatorv subunit of ribonuck-otidc rcductast\ and ERCCt a cornponent of the 51 

" < ...... •• .• ~- •• 

2ci nuckasc invoh'l;d in nucleotide excision repair, are prognostic of patients' outcmnes 



WO 2008/157353 PCT/US2008/066918 

(2005}; Olausscn et aL, N Engl J Med 355:983-99! (2006); Zheng et aL, N Engl J f\·fod 

as(~ociated v . .r.Hh long survival in patients am1 reduced metastasis fzmnation in ~mirnal 

· d ! i(., t ·t l .--. . ... , ., ,.,.- ·1 14" ("(l( .. 3)" ~ -.11··· ', l tJRi-.-1·' l ' mo·' es'· :iau mn c a., l.Jncngenc l.;,: .. '. i:J>:.,;., ·..:... :.:.. . } . _.1, 1n am nmn, rng 1 J'- _tv J evc:ts 

5 1n tnmsgenic anirnals \Vere fi.mnd to be ixotective of carcinogen-induced fom~ t.urnor r '-·' ?;,-

fr.innation (Gautam et aL Cancer Res 66:6497-6502 (2006)). 

SUMMARY 

The present invention is based on the discovery that expression !n-'<:~ls of 

rn stage (stage l} NSCLC. ln addition, the kvd of expression ofTS and RRJvU is 

2(\ ,, 

correlated. \'vi th rcspm1se to pre-operah've treatment \Vith a non-platinum doublet, namely 

Thus, in one aspect, the invention provides methods of predicting outcmne in 

h1 another aspect, the invention provides rncthods of sckx:ting patients for peri-

operative treatnwnt .. e.g., pre- or posl-operaiivc trcatrn.;.mt, with a non-platinum 

;.mtirnctabolite ngent, e.g., one or bofh of gcmcitab.ine and pemetrexC'.(L The method 

includes dcttrmining kvds of intrarnmoral expression of ·-.r·s, or TS and RRJv11, ami 

sdccting a patient l:ntscd on the expression levels. 

ln unoHwr aspccl, the invention provides methods for selecting an appropriate 

che1nothcrapy frir a subject The methods inchide obtaining a tumor sample frorn the 

i · · ., , · ·1 · .... ).. · 1 'd ·1) d r-1·· ··i)l)' r·i\ 'il ·' l · sui.iJect; uetcrnunmg a . eve! or h.tt:ionuc cot1 c ."-c uctase lv' ! ( -.. :-.N i. l 1.mo ,11ynm1yia:.e 

synthase (TS) gene expression in the tumor sample; and selecting an a:p:propriak~ 

' ·1 1 ~ l ·1>1'' 1 ·l i 'r'S" , ' l ·1·" ·' I'I>"" 1·1 '··rs cncrnm 1erapy i.n~set1 on t K ...... «.JV1 an( i. ,_ cxpress1on 1eve s. .·i UH.~ . <.. "-"". and i., 

z:;, expression kvcls arc less than or equal to the median RRMJ expression kvel of a 

rcterencc cohort, then a chemotherapy comprising gemcitahinc and pemetrext'ld is 

sdected. l:n so1nc emhndin1ents, the rnethods fort.ht.~r include ad.ministering the scki:..:ted 

apnroiYriate che.rnothcrai:iv to the subject In so1ne errihndiments, the u-icthods can aJso • } . .t.,... .. . 

i.ndude administering a second chernothc.ra:peutic agc:nt to the subject, (\g,, an antitubulin 
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In an additional as1)ect, the invention pn..r\lidcs methods of treafow. a sub1'cct \vrth 
- - w • 

NS( ... ! C' 1-l -N···· -,l C" 1" 1 l . 1 • cancer, t;.!.g,, - ,_ -- _, ,, e.g., opera J e :;st_ .. - ___ ne metnm mduccs st~tecting a subject 

1- - - ' -~ ;·~ • l l "'1--' - i- Rl)~1-1 . 1 . - . ,xi:seo on bie presence Oi iO\V expression eve s 01 0 arn: ,1v· _ , m1c1 H( n11.mstenng tn 

the subject a combination of gerncitabine and pcmetrcxed, e.g., as four h-\veekly 

:> treatnKnts. hl sorne embodiments,. the rnethods further include detcr:minfrH~ levels of - ~ 

intratumoral expression of TS, or TS and RRM l. 

In a further aspect, the invention provides methods of predicting a subject's 

response to a treatment, e.g., a pre- nr post-operative treatment, '\Vith a non-11latinum 

antirnctaholite agent~ e.g., one or both of gemdtahine and pcmetrnxed. In a Iirrtht~r 

iO asped, the invention provides methods for predicting a subject's r{~sponse to a tn:.~atnu:.:nt 

eornp.r.ising administration of gerncitabfoe and pem_etrex.ed. The n1etlmds im:1ude 

I 1 - , . i' tl l . d . . l < ,, '") - • ' • ' O,J annng a tumor sample rnm :1c su JJect; eten:rnnmg a _evei. ot K1bomicleotioe 

Red~ictasc \fl {RRtvil) and thv:n-1idv1atc svnthasc 1,"Ts;· gene expression in the tumor 
, .. ... , .. ,! ... • i....:· . 

sample; and pre(.hding tbe s11bjcct's response to the tJeatment based on the !evel of 

RIUvn and TS gene expression in the tumor sample. Lmv levels of expression of RR\fl 

fn yet another aspect, the invention provides methods fhr providing a prognosis 

frlr a subject diagnosed \Vith non~small cell lung cancer. The methods inclmk obtuining a 

tmnor sarnpk from the subject; dctcnnining a level of cytoplasm.ic thymidyl.ate synthase 

20 (TS) protein in the tumor sample; and comparing the level of cytoplasrnic TS proh.:in in 
' . ,-- -· , t' 1 - . 'l'S - . " -k. ·1 ' ., " ' ' . "<'c' tric sample to a rercrencc level. o. cytop asmic , _protem. :" ll1g1 te\-Ti or cyropH1s1mc s;:, 

protein in the sanrpk as compared to the reference 1e\'e1 is indicative of a good prognosis, 

and a io\V level of >;.'.ytopiasmic TS protein as compared to the rcfurens:.:e level. is indicative 

of a poor prognosis. ln some e.mbodiments, the fovd of cyfoplasm_ic TS protein is 

25 determined using a quantitative in situ analysis n1ctbod, e.g., AQU!\ as described herein. 

In another aspect, the in-vcntion provides methods of dctcnninhg or monitoring 

the effectiveness of a lreat.rnent, e.g., a pre- or post-operative tn:.'.atment, \vith a non­

pkitinum anhrnetahol ite agent, e.g., one or both of gemcitabinc a:nd pemetrexed. The 

1 l . ' ~ . - - l 1 t''I-,s· d •:. '='"' l 1 • - ' ~ - t t rnetnor s mcmoc determrnmg a eve o - an .or h .. 1"-d .1, prwr to tne ~rcatmen .o 

:m establish a baseline level, and detennining one or rnore levels of TS m-1d/or RRT\.-fl, after 

the trcatJnent is initiated .. A change in the levels of the measured gem.~ is indicative of the 

3 
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efficacy of the trnatnwnt; frff example, an increase in expression of TS and/zn· RR?vll 

indicates tlwt the treatmc11t is effective, The method can also include Jnaking a ireahncnt 

decision based on changes in levels of TS <.md/or RR.f\.·11. 

In another asp1..~ti the invention provides kits including a reagent for assaying 

~,lJ>, ·.~ ... i-__ 1 . '<'t' . ' . ·1 -!-' • l ' ' 1 E~ ~' ,,\j and ~ ;:'} expressm111n a tissue sm11p c .irorn a patient, anc an mstrnd.m.n s.1cet. In 

sornc e1nbodiments, the reagents for assaying RR~fl <.md TS expression comprise 

pre:mea.surcd portions of rcagtmts selected from the group sdect'i..xl from oligo-dT primers~ 

-t · · 1 . ' ., b ·:i, . RR~1·' '!''' I)N' · . ·1 • '·1· ,_orwau.i prrrners t.nat ny ,rn.11zc to ,1v · 1 or t -~ c .l 'i-\S, reverse pn:mers t ·mt rrynn( 1ze to 

RR1v1 l or TS cDNAs, reverse tnmscriptases, DNA polym.erases~ huffors, and nudcotides. 

10 l:n some t~mbodinwnts, the reagents for assaying RRM1 and TS expn.~::;sion cornprisc 

' , ic· • "'R"-Al l . "I'S'' " d. dl f::i.' ~ ,, , prcmeasureo portions oi: antH, J.v1. am anti- ,.; ammo les an·· n1 lC!'S tor pcrtorrnmg a 

\\\:stern blot or irnrnunohistochemistry assay. In sonw embodiments, the kits also 

/\ "pro!ifen1tive disorder," is a disorder charactedzed by irrnguia:rities in cell 

breast cancer, colon cancer, or sarcoma) is an exa:rnple of a proliferative disorder, Cd1s 

characteristic of wolifcrat1ve disorders (Le .. "neoolastic cells'' or ''tumor cells"! have the .... . .. " .• 

capacity frx autonomous growth; i.e., an abnormal state or condition charactc:rizcd by 

inappropriate proliforntive grmvth ofce11 populations, A neoplastk cd.l or a tumor cdl is 

.2D a ceH that proliferates at an abnonnally high rate, 1\ new growth con1prising neop!astic 

l. · , ·i ' ,. ,, At · 1 . , i· . ,, ce .!s .is a necpiasrn, a.1so KnO\Vn as a 'tumor. .: mnor is an twnonrn.il .rnsu:e gn:s\\·'ln, 

generally fonning a distind mass, tJmt grows by cellular pro!iforntion more wpidly than 

nonnal tissue. A tmnor may sho'N a partial or total Jack of structural. orguniza.tion and 

fonctional ,:.oordination \V.ith normal tissue. As used herein, a turnor is intended to 

2~; nwornpass hc.matopoiehc tumors as wdl as solid tmnors, 

A tumor may be benign (henig11 tumor) or malignant (malignant tum.or or cancer). 

Malignant tmnors can be broad1y dassHlc<l intQ three m:.~jor types. 1\laEgnam tumors. 

arising fhnn t.~pithdial structures are c~alled carcinomas; :malig11fmt tmnors that originate 

from co1mectivc tissues such a.s muscle, cartilage, fi.tt, or bone arc called san:::ornas; and. 

30 malignant tumors affecting hcmatopoidic strnctures (structures pertam1ng to the 

H.m1'lat.ion of blood cells) including components of tb.~ immune system are called 

4 
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lcuken1h:is and 1yinphom;rn, Other tumors includei but arc not limited to, 

neurofihromatoses. 

'} '"' , ~- 1 . l J 11 ' l: rnritcrattvc c11sorr ers mcimic a_ 1 l)'JJCS of cancerous gro\.vtbs or oncogcnic 

processes, rnctastatic tissues or maHgnantJy transformed cells, tissues, or organs, 

5 irrespective ofhfatopathologic type or stage of 1nvas1vencss. Cancen:; include 

malignancies of various organ systerns, such as th: hmg, breast, thyroid, ly1nphoid, 

gastrointestinal, and gcnito-urinary tract, as ·well as adcnocarcinonms, \Vhich include 

rnabg,nancies such (ls rnost colon ccu1ccrs, renal-cell carcinoma, prnstnk cancer and/or 

testicular tumors, non-small ceE carcinoma of the Jung, cancer of the srnal ! intestine and 

10 cancer of the est'Jphagus, Carcinorn.as include malignancies of epithelial or endocrine 

gcnitourina1)' system carcinomas, testicular carcinomas, breast carcinornas, prostafa: 

cardnomas, endocrine system carcinomas, <'md nwlanomas. Other i;,:.arcinornas indude 

those for.ming from tissue of the cervix, lllng, bead and neck, colon and uviff:y. Cancers 

·15 of the central nervous systcrn include gliomas, (including astrocytomas, mixed 

'' l' b' l . f' l l •t' . ' '. ). 011~wastrocvtomas, gi,m iastoma mu tu.m11, e1nemivrnoma, arw o 1ic~odenoro~~nom<~1. 
:!-..~ v • ,I • ..... ...... • ' 

tumors; spinal cord tumors, hcmatopoietic tumors, and central nervous system 

lymphomas. Cancers affecting ;;,,:mmective tissue, such as fat, muscle., blood vessels. deep 

20 skin tissues, ncrv:::s, hones, and cartilage are ca1kd sarc()mas. Sarcor11as im.~hdc, frn· 

example, 1iposarcomas, leiomyosarcomas, rhabdomyosarcomas, synovial sanxnmrn, 

angiosarcomas, fibrosarcomas, neurofibrosarcoma:;;, Gastrointestinal Stromal Tumors 
~ . . , 

(GISTs), dcsmoid tumors, Ewing's sarcomas, osteosarcomas, and chondrosr.rcomas. 

'I" ! ' 1 ., d . . ' l 1 1 f' ' " . « . ne rnehwas oescrm(~ . herem arc particu ar y re evant or trK'. tri:.:atrncnt ot 

2s hmnans having an epithelial ma1i!;,'11<mcy, such as a hmg cancer (e.J(, non~srnaH-cdl lung 

30 

cancer (NSCLC)), breast cancer, colorecta1 cancer, head and neck curn.:cr, or ovarian 

canct~r. Epithelial malignancies are cam.:crn that affect cpithdia1 tissues. 

/\"'subject" as dt~sclibed herein can be any subject having a proliferative disonkr. 

For cxarnplc, the subject can be any mammal, such as a hunmn, including a hmnan cancer 

i)atient Exemn1arv nonhwnan rnammals include a nonhmmm primate (snch a::::i a monkey 
1 x y ' 

or apt~). a rnouse, rat, goat, co1;v, bull, p1g, horse, sheep, \vild boar, se<~ otter, cat, and clog. 

5 
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''"l . t1 l ' 'b ' l . .b ., ,J , • ' 1 K~ me· 10( .s ztcscn: eo K~rem can e pcr1om1et) on any sUDJtx:t ot any age~ inciud.ing a 

f' ; .. . . . . \ . ., . ' '] l 1 ·• ' . ' . ' c.us !_e,g., in wero.,, mtant, toad er, a< o esccnt, admt or ek1crly huma11. 1n some 

b " . ' 1. t . ! 1· l 1' ' eni. iX1m1cms, tt1c su :i_1ect 1u1s an qJ1h1e w. nm 1gnancy; a itmg cance-i~ e.g,, t.Kln-sniall cell 

h:mg cancer; breast c:anccr; colorccta11,.:a:nct'T; head and neck c:anccr; or 1)varia11 canc(~L 

1\n "anfanetabo!ite" as used herein ]s a chemic~ll \\ti.th a sirn.ibr structure to a 

substance (a metabolite) required for nonrml biochemicill reactions, vet di!Terent enomih . ~ ~ 

tu intcrfon.~ with the normal functions of cells. Antimda:lx>litcs inc1ud.e purine and 

pyTirnidine analogs Hrnt intcrfore with DNA s111thesis. Exemplary antimetabolitcs 

indndc, e,g., aminoptcrin; 2·chlorodeoxyadenosine, cytosine arahinosidc (a.ra C), 

10 cytarnhine~ t1udarabine, ifoorouradl (5·FU) (Rnd its derivatives~ 'Nhich include 

z:apcc1tabi.nc and tegafur), gemcitabini:.\ mcfhoptcrin, rnetbotrexate, pt~n1etrexed, 

ralthrcxcd, iTlmt:~trnxak, 6-r.ncrcaptopurine, and 6-thioguanirn.~. 

An "'antitububn" as used herein refers to a chernotherapeutic agent that blocks cell 

" • ' < ' ·1 •t . ' ' . . . '1 \ ·i. il". . . l . ' . " ' . ! <11 vHwn t)y ll11l 11tmg tne nntohc spm(i e. 1 ntwt in agents me tRtc, tor examp1e, ti1c 

i5 taxanes paelitaxd and doeetaxd, and the vinca alkaloids vinordbinc, vincristine, 
, h' . . '1 . , . l . vm .. 1astrne, v·nu um1K~, am~ vm( csme. 

thal contain platinum. P1atinum·containing agents 1..:rns~Aink 1vith and alkylatc DNA~ 

which results in the inhjhition of DNi\ synthesis and transcription. The p!atinLHTJ-

:?o containing ag(;:nts can act in any cdl cyck, and consequently kill neoplastic as '>Vell as 

healthy dividing cd1s. Platinum-containing agents indude, thr e.:>;:ample, dsplatin, 

carboplatin and oxa.lipla.tin. 

Unless ot1u:.:nvise defrncd, all technica:! and scientific terms used herein htrve the 

. 1 . ' b " i. '! ·11 . ' ' ' ' l . sa.rne xnea.rnng as commoniy understooa y one ot on.nu1I7 s <.1 rn me a.rt to \vmcn t iJS 

25 invention belongs. !Viethods and rnatenals arc described herein for use in the present 

invention; oth(~r, suitable methods and materials known in the art can also be used. The 

nrnterials, rnct.h.ods, and cxmnpk~s are illustrative only and not intcm.h.~d to be limiting. 

AH publications, patent appl.ications, patents, sequences, database entries, and other 

reforcnces nientioncd herein arc incorporated b)-' reference in t11cir cntin.~ty, fo cuse of 

30 conflict, the present specification, induding definitions, wm control. 

6 
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Other features and advantages of the invention will he apparent from, the 

f;JHo\ving detaihx1 description and figmes, and from the claims, 

DESCRIPTION OF DRA\VINGS 

FIG. 1 is a Western blot of cd1 lines sho\ving expression of TS. Cytosolic and 

5 nuckar extracts 'Here prep;1red from cell lines H23-Ct and H23--R l, They \.\·ere separated 

in poly,1c.ry1am1de gels, transferred to mcmhranc.s, and probed with antibodies directed to 

TS; Oct--l (a nuclear pr<)tdn), and GAPDH (a cyiosoHc protein). A bimd of38 kD 

representing TS \Vas found in the cytoplasm. 

FIGs. 2A. and 2B arc Ka1Jlan \'icier overall survival curves, estimated bv TS . ·' ... 

rn expression. 2i\, Survival of 160 patients by in situ protein expression. Light grey lines 

depict patients 'Nith marker expression> 57.02 (N°'-'120; 1nedian"081.3 months, 95'hi C1 

62,9---· 99.6}, and dark grey lines depict ex.pression S 57.02 (N00'40.; median,,51.7 n1onths, 

95'}!) CI 2 LS --- 8 l .9). The unadjusted p-value \Vas 0.0013, 2B, Survival of the same 

group of patients inc0111cmi.ting the second best cutpoint. Light ,trrcy lines depict patients 

15 with marker expression~?~ 12933 (N"'i8; median not reached), mcditnn gxcy depict 

patknts t,vith marker expression from 57.58 to 124.27 (N=82; median 80.8 rnonths), and 

dark grey lines dcp.ict i..~xprnssion _~ 57.02 (N=40; rnedfaiF51.7 1non1hs), The unadjustixi 

p-vahie \Vas 0.002. 

FlG. 3A, is a bar graph sho\ving the response to treatlnent as rncasnrcd 

20 rndiogra:phically._ The response ranged from a 95%1 increase to a 1 OO'Vii decrease in the 

size ofl'ncasu.rable lesions 

FJGs. 3B-E are bai· graphs showing radiographic disease response and rnRNA 

gene expression, 3B, RRJvn; 3C, RR:rvl2; 30, TS; 3E, dihydrofrs!ate reductase (DHFR,}. 

FJG. 4 is a graph showing the results ofKapkm-Meier uve.rnll and disca.sc~frc:e 

smvh•<.d estimates. The black curve (top line) denotes OS and the gTcy curve (bottom 

line) denotes DFS. Tick marks indicate censored cases. 

FlO. 5 is a graph illustrating pre., and post-treatment mRNA kvcls of the g(~.nes 

RRfv11 and TS in l 0 patients, 

7 
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DETAILED DESCRIPTION 

.!\ i.rn.~jnr goal of current rest:.~arch efl<.)ftS in NSCLC is to increase tbc efficacy of 

pcrioperntive systemic therapy in patients 1-viih a complete surgical n::~section through 

incorporatirm ofrno1ecular parameters into dmical therapeutic decisions. As described 

5 hen:.n\ intratmnorai expression levels of the thymidylate synthase (TS} gt~.B() are 

comJated \Vith clinical outcorne, and l_evels of TS and Ribonucleotitlc Rctluctase I'vil 

(RRMI) are correlated 1,vith tumor responsiveness to txeatrn.cnt \Vi th non-platinum 

i.m!.iln etabolitc (lrugs. 

iO 

15 

20 

Nou Small Cell Lung Cancer (NSCLC) 
~ ~- ' ' " 1 · - - • -- N"''C"-[ (' k . 1 ,.). , . ,nctnons ot <.i1agnosmg. , Li . _. .. are. ··.ncnvn m ue art Lrngnoshc procedures 

should be personalized frsr the individual patient and may Include.: 

- Rcvic<...v of old chest X-rnvs to exc!ude lor.w:-standing bcnkn lesions. or .,. - - - u - ...... - J..;..• . ~ 

to detennine rate of progression of a malignant lesion, 

· Sputum cytology 

- Broi:H,:hoscopy, biopsy of cndobronchia1 lesions, brushings and washings,. 

post-bronchoscopy sputum cytology. 

l\ ! . . . ' ~ . 1 ·1 . ~. . ' ·1 ' 
y i1ett1astmrrncopy to exc-ILKic mopcraJ c metastases m ffH.:(iu.i.stmar y1npn 

- Percutaneous fine needle biopsy· 

- Exc:isional or needle biopsy of n.i<~d.iiy accessible seumdi1ry deposits 

11 · l · ~ ' · ' .,. •' f'tl r · - · - 1' ' t ' ' nrnto o~ical or cvto10£1.ca1 vcn11c<h1on o -le rna~rnosis ~mou o ne ooHunctL 
i.;; .. - - - ... • ,;,.-,/ ol..,.' 

Staging can ah_m be perfonned using methods known in the <fft, e.g., the 

internationally-accepted tncc {International Union Against Cancer} TNlv1 

(Tmnor!Node/\ifctastasis) classification system. as described in Jviolmtain~ Chest 
< • ' ,.,_ ' 

25 11i:l710-17 ( 1997); Pfatcrs and Ciail, J. Thoracic One. 2(7):583-58-'1 (2007); Ra.mi-Porta 

(2007); Postmus ct al.,, J. Thoracic One, 2(8):686-693 (2007;; Groome et aL, J.. Thoracic 

One. 2{8):694-705 (2007)~ Gotdstrnw ct al., J, Thoracic One. 2(8):70(1~714 (2007). 

Briefly~ "T" di:.~scribcs the size of the tumor and whether it has invaded nearby tissue, '"N'' 

1 ., . 1 ~ ! . ! <l 3 "~1" 3 't. . - i . - ' ' '1 ,f 30 (. c~>ennes any 1ymp l noi.ies ttlat are mvn vc , an<.i ,..,. ·· ocsCDl)CS lTlctasta:_;;-is tsprca(. (,. 

cancer from one body part to a.nothcr}. According to the TNrvr sca:te, stage G indicate;,; 

8 
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can::inoma in sin1, which is an cadv cancer IJrcscnt onlv in thi .. ~ lavcr of cells in 1:vhkh 1t . . , 

b ''t' !' ,-, fl' l .-, ' ' 1' ' ' 1 ., ., cgan. 0 ages i, u, 1 I, arn.1 i . ..; mt.icate progress.ivc y worsenmg fl1~K~ase states. Higher 

stages indicate more extensi1/e disease as cvidcnct.'.d by greater tumor size and/or spread 

of the cancer to nearby- lymph nodes and/or organs ~idjacent to the prfrn<1ry tumor, ln 

Methods of Prognosis 

As described herein, levels of TS protein, e.g.., cytoplasmic TS prowini can be 

\.lscd to deknnine a prognosis, e.g., to determine hhdihood of survival over an extendi.:x1 

period. In these rnethods, a sa1nple comprising tumor cells is taken from the subject, and 

·10 ievels of TS protdn are dc~tem1ined using methods known in foe mt, e.g., as ckscrib<:~d 

herein. For example, TS protein expression levels can be detcrn1incd using a method of 

lcvds of TS in the tumor cells in the smnple to a reference level is indicative of the 

subject's llkdy outcome. f11 some embodimi.:mts., the comparison is rnade to ;:t cutpoint 

pen::cntik(s) determined by TS protein expression in a reference cohort a~; dcsi:.:ribed 

herein .. 1n some embodirneni.s, the reforcnt.~e cutpoint is a level of expn,$sion that is about 

the 89th percentile; subjects abo\re that cutpoint,. e.g., in the highest 11 ~;.~ of expressi{)H 

20 poorer prog11osis. in some embodiments, two reforcn.ce cutpoints arc used, at a knver 

25~h} group, middle 64% group, and upper 11~ .. ~i group; subjects falling mto the kw ... 1est 

2SVii have the highest dsk of adverse outcome (death), subjects in Lhe middle 64'}(, have a 

rnedhnn. xisk level, and suhit~cts in the highest 11 % have a lower risk. See, e.g,, . .._. ....... . .... ' 

Example l and figures 2/\.-B .. Jn some embodiments~ a decision regarding how 

25 ag._~ressi vdy to treat a subject is made based upon the prognostic inthrrnation providtx1 by 

these rnethods, c,g., a subject \vith a higher risk of adverse <)Utcomc is treated more 

aggressivcl_y, or '<vith the administration of additional treatment rn.rn:.fo.1it1cs, e.g., radiation 

or other chemotherapeutic agents as dcs(ribed herein. 
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l\'h~thods of Determining Cancer Thenlpy 
;\ ' •' ' ,. ' . . . . 1 . . . ,,, ' . ., 
i.v'H~dKH.1s or aewn11mmg or sc ccnng an appropnate cancer therapy i.ncluae 

obtaining or providing a tun1or sample from a patient, and deten.nining the kvd of 

expression of RRiv11 or TS in the patient If intnitumornl kvcls of RRrA1 and TS are 

s knv, it can be deter.mined that a chemotherapy cnntaining a cornbination of gemcita.bine 

·
1 t ' · · · t ··" · · 11 1 t' r~r-· 1' 1 , ~ , , ·· · · • ano peme rcxca is apprnpna :e. it mtrarurnora eves o -... :<-.>v' I anwnr are lugh, it can be 

deterrriined that a chemotherapy lacking gemc1tabine and pemetrcxed is appropr1ate. 

"Low'' and ":high'' expression levels are rdathc values and are based on a 

10 smnple cancer population from \Vhich RR1vil and/or TS expression data is collected. The 

expression li;;vc:l in a reference cohort is determined hy- rneasuring intrnturnoral gene 

expression kvc:is in the sample population (see, e,g., Rosell et aL, Clin Ca.nc.er Res 

10:1318-25, 2004; t.Jxd ct aL, Clin Cancer Res 8:2286-2291, 2002; Be~pkr ct aL, J Cfrn 

Oncol 22: 1878-85, 2004; and Simon et al, Chest 127:978-83, 2005). Typically, a tumor 

·i 5 exhibits "lov/' RRJ'.A 1 levels if the expression level is equal to or 1css than the median 

RRl\ll expression level in the reference cohort, and the tumor exhibits ';high~' RRlVH 

levels ifthc expn.~ssion lev·el is greater than the nH.~djan RRivn expression kvd in the 

refen::ncc cohort Similarly, a tnmor exhibits "low" TS kvds if the ::;~xpression kvd is 

etrua! to or less than the median TS expression level in the reference cohort. ''Low" and 

20 '"high" expression levels a.re relative and can he established vvith C'.ach nc\v rcforcnce 

group. In one alternative, the expression level deh.~rrnined to he prctb:.:tivc of a subject's 

·• l b 1 1 •l 1 ' ' ' " '.' l' respnnse to a chcmot 1erapy c~m e cqua. to or ess ti.um hrn expressmn reve1 n-1 tne <.nvest 

third, or kr\vest quai-hle of a reference cohort, or the predictive expression kvd can he 

1 t. , ' l i' .. ' . ! l ' ' dctennincd to be a ievel equal to or greater t lan h1c expressKm ;eve. ot the niwwst t 11n1, 

25 or hid:Kst quartile of a. reference cohort 
"" ' 

Anv nwthod can be used lO obtain a tumor sample, such as a biopsy (cg,, 1.:;on.'. 

HC<.':d!e biopsy)~ and the tissue can be cmbei:.kk'XJ in ocr'l!:' (Optimal Tlssue Cutting 
~ . ' , , . . "'it ' ' f;. 

compound) tor processing. For example, the tissue m OCI '· can be processeG as i •. ozen 

30 sections. Tumor cell.scan be collected, such as by laser capture rnicrodjsscction (LCM), 

iO 
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and gene z~xpressfon can be: assayed by, for examp!e~ reverse tmnsctiption coupled to 

polymerase chain reaction (RT-PCR) or Northern blot a:nalysis to rneasure RN/\ levels, or 

by \\r,~stcrn h!ot, to rneasure protein levels. In one exemplary approach, the kvd of 

RRMl or TS expression is assayed hy real-ti1ne quuntitative RT-PCit The level of 

5 expression of these genes can also he determined by imrnunohistoche1nistry, e.g .. , in fixed 

spedrnens, e.g .. , fixi..x1 \Nith formalin. 

The smrroles frorn a reference cohort are taken from subJ'ects nfthe same snecies ,f- .. >.. 

(e.g.., human subjects), and the ti..nnors of a rei'erence cohort arc pn::Jcrably of the same 

10 type (e.g., tumors of a NSCLC\ For exampk, the tmnors of a reference cohort can all 

be, fi)r example, carcinomas, hematopoietic tumors, brain tumors, or snrcomas.. In sorne 

emhodirnenl:~, the tumors nf n reference cohort ca11 aU b~\ for exarnple, frorn a hmg 

cancer, a breast c;:mcer, a colorec.tal cancer, a head and neck cancer, or a11 ovarian \..:ancer, 

The individual menibers of a reforence c.:oh01t may also share other similarities, such as 

15 sirnibritics in stage of disease, previous treatment regimens, lifrstyk (<q~ .. , smokers or 

disposition). For exmnple, besides having the same type of tumor, patients in a reference 

cohort may not have received any previous systemk d1cmothcrapy ... A refr.'.ft:'.nce cohort 

' 1 • . ' ., . ! . d fr . •' • . ·1 ., snou G m.cnwe t~ene ext1resston arn11vsts ata om tumor smm:iies rron1 at teast O ~ t ~ 1 

~~o subjects, e.g., from 15, 20, 25, 30, 40~ 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, or 200 

or rnore subjects. 

Gene expn.~ssion 1e\tds in a reference cobort cm.1 he dctcrrnirnxl by ~my method, 

such as by qm.u1dtutivc RT-PCR, Northern blot analysis, Western blot m1alysis, nr 

25 frnmrn1oh1stod·iemistry. Expression levels in a tumor sample from a test subjz~et aic 

determined in the same manner as expression levels in the refi..~rence coho.rt 

Sii~qucrn.x~s usefhl in the preSt!nt methods, \.vbeu practiced in humans) indude, but 

are not 1lrnitcd to the follo'Nln!!: - - - 1.,,-• 
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-R1Uvl1 sequences; GeneID: 6240-humanRRJvtl. Nlvt 001033.3 and 

NP __ OO 1024. l; gene'"' N·c ___ 00001 L8 Reference aEiscrnbly, Range -4072500--4116682; 

-TS sequences: GeneID: 7298 - hunw11 TS N\.·1 0010712 <md 

5 NP_001062, l; gene:::NC___(JOOOl 8.S Reforence assembly- Rm1gc 64765! ~663492; 

\\:'here it i8 desirable to deternfrne protein levds, e.g., using Western Blotting, the 

fo!lmving amihodics can be used; others may also be nsefoL 

-anti-RR!vfl commcrciu1lv available from Santa Cruz Biokchnofog)v Inc 
,,.. ~ ...... ~" ~ ~ :i:-

·rn Nnvus Biologicals, Proteintech Group, Inc., and Abrn.Yva Corporation, inter alia. 

-anti TS connncrciaHy a\...-uilablc frotn Ahearn, Serotec, Acris Antibodies 

GmbH, lnvitrogen, Lab Vision. rvlillipore Corporation, Novus Biologicals, ProSci, Inc,, 

Rockland lmmtmochcmicais, Inc. and Santa Cruz Biotcdmology, Inc., inter alia, 

(> l , • ,, ,.,.,I . . • . r; • 
,>etection. l?} a l 11erai"'Jeul1c l\e,g·i1nen_ 

The turnor can bo sampled for expression levels ofRRM1 or TS or both, and an 

appropliate chemothernpy can be detennined based on the observed expression k~·.,,els. 

The chcrnotherapy can include a single agent or multiple chemotherapeutic agents 

(cg,, t\vo, l.hret:\ or rnore chemotherapeutic agents). 

In one cx~m1ple, intratumornl expression levels of both R1Uv11 nn<l TS are 

20 detennined, and an appropriate chemotherapeutic agent is detem1i.ned based on the 

determined to be Io\V, an appropriate chemotherapy cm1 be selected that iwJu.des a 

cornbination of rrcmc1tabi.ne and JJemctrcxed. If RRM1 levels are .:k~tennin;;.:d to be 1mv 
"-•' 

and TS levels arc determined to he h1gh, an appropriate chemotherapy can be determined 

25 to .include gcrncitabine and to exclude pemetrexed, and an optional second agt~nt, such as 

• < ·1· ,. l ' b ' l l ' ., i ' 'l. ', an ant!tlmu m or a1Ky ating agent rnay e mc.U( ec.L Suell a cnen1otiXTapcutic: 

, • ' 1 > l , 1 . • . , . lf ·1'1" ~1 '' l ' ' . , composihon colll<J rnc m.ic a piatm.um-contmmng agent.. · ..,,. '..rv i evc1s are uetenrnnea 

to be high and TS lcv·d.s are detennine.d to be lo'w, an appmpriate chemotherapy should 

not include gemcitahine hut may include pemctrexed, and an optional second agent, such 

as an untitubulin or an alkvlatirrn: m,~enL ff RRiVl l and TS le:vTb arc both dett~rn1int..~d to 
.. . ~ ~ -

12 
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be high~ an appropriate chemotherapy can be dete1111ined tn include an antihibuhn, The 

c.bernothernpy should not include an antimetabolite, 

ln genera!, subjects diagnosed with NSCLC arc treated \Vith rnrgica1 resection; 

is surg1ciil n.~section, vihen foasibk, followed by adjuvant chemotherapy in stages n 

and rn; see /Ulen m1(1 Jahanzeb, J. Natl. Compr, Cane. Netw. 6(3):285-293 (2008), Also 

used are trlnmda1 approaches involving the concurrent or sequential addition of 

10 radiotherapy, Thus, the methods described herein can indnde the use of any additional 

treatment rnodality, e.g., surgical resection and/or radiation. 

Other chernotherapeutic agents can also be adxnlnbtered ~"'Ith the antimetahoEtt:.~ 

combination, e.g., a.ntirnbu!in or platinum-containing agents, Other chemotherapeutic 

agents include, for example, L-asparaginase, bicalutmnide, bkomycin, camptothec1n 

l ~i (CPT-1 l ), carminomycin, cyclophosphamfrk\ cytosine arabinoside, dac<.rrhazine, 

<.facfrnomydn, doxornbicin, daunorubicin, ecteinascidin 743, estranrnstinc, ctoposidc, 

etoposide phosphate, cpothi!ont:, t1utamide, FK506, bcxar.nd.hyl n1elamine, idatrexate, 

!efh.mimide, k:uprolide, leu .. rosidine, leurosine, melplrnian, rnitomycin C, mycophenolatc 

mofoti1, piicarnycin, podopbyllotoxin, podirmnycin, ranpim.a.sc, rapamycin, topoteca..n, 

~?O tenipos~de, and thiotepa. 

[)oslng and Administration 

A chemotherapy, e.g., the pemdrexed/gemcitabine co1nbination thernpy· selected f<.n· 

the subject based on RRL\.-11 amt/or TS expression levels as described herein, can be 

administered to a subject using conventional dosing regimens .. 
. 1 l ' ' ' ' • d ;l, d . ! ,, ". h < Chemotherapy can "!e atin11mstere<1 t1y stanaar met.no s, me urnng onuiy, sucn as tn 

the form of a pHI, intravt~:nously, by injection into a body cavity (such as the bladder), 

intranmsculariy, or intrathecally. A chcrnothcrapy regimen ;;.:an be deliv1:~red as a continum1:,; 

regirnen, e.g.. intn.ivenousl:/, orally, or in a hody cavity. } .• cherrwthcrapy regimen can hi;,'. 

delivered in a cycle indudiug the day or days the drug is administt~red fr.ll.1(nved by a rest and 

30 recovery period. The reco\.'ery period can last f()r one, two, three, or four 1Nccks or rnorc, and 

l3 
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then the cycle can he repeated, A course of chemotherapy can indude at least hvo to 

12 cycles (e,g., three, frmr, five, six, seven, ten or twelve cycles), 

Gene expression data obtairn::d from the metfaxls featured hen:.~in can be: combined 

vrith inJbmntion from a patient's medicu1 records, in,;.'.luding demogrnphic:. data; vital 

3 · ' · t t r t 1 ' l · ' ' c ''f' · <.iocurnemccr trna inent o a<-iJUS com: us10ns re atmg to tnc ixoimos.is ch a vro11 crat1v'c 
·' ........ .... 

disorder foUo\:ving administration ofa chemotherapy designed as described above. 

Upon aziministration of a chemotherapy according to the intnmnnornJ RR!'vi 1 or 

TS expression ievds, a patient can be monitored for a response to thf.~ therapy. For 

10 e:rnmp!e, twnor measurements can be taken befbrc and afrer administration of the 

dckrminz~<l to bt~ in remission, or regressing to\vards rernission. A partial decrease in 

tumor size can indicate a dis1;.iasc in partial remission, and if the turnor ;:,:ompktdy 

disappears, the disease can be said t() be in comp!etc rem.issior.L Wtmnor size .increases, 

ad.ininistration of the chemotherapy; the disease can be categorized as stable. 

/\ subject can aJso be assessed according to his physical condition, 'Nith attention 

to factors such as \Vcig.hUoss, plcunil effusion, ~md other sy1nptoms rdated to the carn.:;ec 

., ' , ... 1 . 1 1· ll l I · · ' ·i• '' ' h:ir exarnpte, syrnpwrns or ung cancer, me m mg srna Yee amt non-·sintHl cell rung 

, .. '1 ' ' k < ·1 1 1 d 1 . ' 20 carcinoma mduc e pcrsrn.tent cough, sputum strca. ea wit 1 o oo·, z~i1est pm.n, ann 

25 

30 

. . l . l . . . 'l'l < l . ., <·' ' ~ rccun1m~ pncmni.rrn.a or ·n-onc lihs. .. "le assessment can tx: usei:., to tau.or t"De aosage arKi 
"-•' 

nLhninistra.tirm .regimen of the co1nbination theratn·' according to methods known in t1w 
-..~· t .... ..,... 

art 

l\.':Ieth.ods of Predicting Efficacy and Screening lVlethods 

The .invention also foatures methods of assessing or pred.icting the cfiicacy of a 

corn position containing a <.:hcmotherapeutic agent The methods employ at lem>t t\vo ceH 

lines and a composition containing one or more chemotherapeutic agents. The cd1 ljncs 

diffn in their k·vel of expre.ssion of RRYvl 1 and/or TS. For exampk:~ one i:.:di 1inc 

expresses a k.i'vver level of RR~dl th<m a standard control <.:ell line, or one cell line 

cxnresses a hhiher kvt:l of RR!v11 than a standard control cen li.i.1e. 
} ...... 

!4 
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express.ion t.'.ell line pwfornbl.y expresses at least about 20%, 41YVi1~ 60'%~ 80~··;), l 00%, 

200~ ... ;i or 301Y~·'; rnore IUUv11 and/or TS than one kiwcr-expression cdl line, 

i\ny manner of causing increased or decreased t.~xpression of RR\,.i 1 and/or TS 

·<::Un he utilized. For exampk\ a cell line expressing a lo\ver le\'el of RRM l and/or TS can 

5 he engineered to express an siRNA. or antisem;e RNA that causes the lower kvel of 

expri;.!ssforL Alternatively~ RRM l andior TS expression can be piaec:<l under control of a 

regu!atahle nrornoter, such as a tetracyc.line-, IPTG~,. or ecdvsone-rcsnonsive r)ro:inokr. r . .. , .,. ;.i;; " 

RRJVl 1 and/or TS expression may be 1mver than expression in a parent strain, or 

exprcssfrm rnay h''. completely absent prior to induction. Cells "~.xpressmg high levels of 

1G RRlVH and/or TS can contain an RRM 1 amt/or TS gene under control of a constitutive 

pronwter that expresses RR~fl and/or TS at a higher kvel than the endogenous RRlvr l 

and/or TS prorn.oter, or RR!'v1 l and/or TS can be expressz~d from an indudb1e promoter, 

such as a tctrac:yclinc- or !PTO-responsive promoter, such tfalt induction drives 

expression to a greater k~vcl than that in the parent strain .. An exogenous sequence that 

i~5 drives a highl .. ~r level ofRR~-11 and/or TS expression~ or (hn.~cts a krwcr 1cvd of 
. 1 1.' . J . ' tl f' .. . b expression canoe stalHY rntegrateo mm 1e ge:norne O; me parent stn.i.m, ot can e 

transiently transfec:ted into the parent strain .. 

Cells tbut express high and lo\v levels of RRtv11 and/or TS are contacted \Vi th a 

camiidate chenKitherapeut1c agent or a combination of chemotherapeutic agents (e.g., 2, 

20 3, {)f 4 chernotbcrapcutic agents), and the cells are monitored fi.)r an increased sensitivity 

25 

or n.~sistance to the chemotherapeutic agent or agents as compared tn a control strain. An 

mwnL or combination of auents, that causes an increased sensitivity to one cell line over a - . ~ . . 
contrnl cell Ene can be identified as a candidate thcrnpeutic agent for a patient \Vho has a 

tumor exprc:ssing the concsponding level ofRIUv11 andiorTS .. 

In another exnmpk~ if cells expressing loi.v levels of TS {i.e., tower Ievds than a 

control parent strain) are more sensitive to .a chcmotht~rapeutJc agent than the cells of the 

control strain, then the agent is a candidate therapeutic agent fix th.;.~ treatnwnt of a patient 

. . , . 1 J "'1'S If' · l1 . .. . I ~ · . "'I'"'-~ (" v.nU1 a tumor expressing low eve s ot ,_. · · ce s cxprcssmg rng .1 ievel.s 01 c) t. e .. , 

higher levels than a control parent strain) am rnore st:nsitive to a chemothernpeutic agent 

30 than foe ccl!s of the control strain, then the agent is a candidate therapeutic agent fbr the 

treatment of a patient \.vith a tumor expressing high levels of TS .. 

15 
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'fh,~ 111etbods descrih~~d herein can he used in screening assa '/S to ident1fv agents 
!!.,... .... ..· ...... 

that are candidates frn the treatment of tumors expressing high or lo¥v levels of RR!vl 1 

. '·l' . '<'<' ,.., ·ll ,. . . ' ' J i "b J b b ' ' ' ' , •' a.m tOl i .::>. '~-·t'. 1mi:s sw.:.n as t 1ose c. escn ,et1 a ove can .e comactea w1tn a panel or 

agents (e.g., small molecule drugs, nucleic acids, or polypeptides) to kbntiJ}' agents that 

e.; cause increased sensitivit;,.1 of cells expressing hnv or high Je-...-cls of R.RM1 and/or TS 

Agents identified in the above scTeening methods, or agents or combinations of 

agents identified by the above methods as candidate chemotherapies can be tested in 

animal models befi:ire bdng tested in humans. For cxampk\ the therapies can be tested 

for the ability to reduce tumor size in mice or primatt~ models, before h.~sting in hrnmms, 

Kits 

'!) ' t ] " . '. f' ;> .. .. l' 1 ' ' "1. 11 ' ,..eagems, oo s, amvor mstrnctmns or penonnmg r 1e met 1.Nis ncsi:.:noe'- . rnrem 

can he provided in a kit For exarnple, the kit can contain reagents, tools, and instmctiom; 

for deterrnining an appror}riate therapy fix a cancer patient Such a kit cm1 inclrn .. k 

reagents for collecting a tissue smnpk from a pat1cnt,. such as by biopsy; and re.a.gents for 

·i5 processing the tiss11e .. The kit can also include one or more reagents for perfrmning a 

gene exprnsskm analysis, such as rcag,~nts H.)r performing RT-PCR, Northern blot~ 

Western blot analysis, or immunohistochemistry tc df~termine RRJ'v1 l and/or TS 

expression levels in a tumor sample of a hurn<.m. For example, primers .fo.r perti:.mning 

RF PCR, probes for performing Northern blot analyses, and/or antibodies for perfon11ing 

20 Western blot and innmmohistochemistry rmalyses can be .included in snch kits. 

Appropriate huffi:..~rs frir the assays can also be included. Dt~tection reagents required for 

The kits fr~atured he.rein 1;.:an also include an instruction sheet describing hrnv to 

perfrmn the assays for measuring gene expression. The instmction sheet can also include 

25 instructions for Jmw to determine a reforencc cohort, indnding how to dete.rrnim.~ RR!vU 

an&ior TS exnression levels in the reference cohort m1Cl hovv to assernhle the cx1,'.lression . ' . 

data to establish a reference fiff comparison to a test subject The instruction sheet can 

also .include instructions for assaying gene expression in a test subject and for compur1ng 

the express] on lcvd with the expression in the reference cohort to subsequently detennine 

3fl the appropriate chemotherapy for the test patknt !Vlethods for determining the 

l6 



WO 2008/157353 PCT/US2008/066918 

appropriate chemotherapy a:re described above and can bt~ described in detail in the 

instruction sheet 

ln un<Jt.hcr example, a kit fr~ahlfed in the invention can contain reagents, tools, and 

. t. ., '. . . . 1 'I" t' "d · 1 ' . i l rnstruc mns tor prewcnng ri.1e er Icacy o . a canc11~ .ate cm .. ~motherapeutic agent \Jasef on 

~'.> RR~·i l or TS expression levels. Such a kit ca.n. indude vectors for modulating R.R\.11 or 

TS expression levels in a cell, and reagents for nmnitorlng c.ell phenotype, such ;,1s 

reagents for detecting apoptosis. Reagents frir determining the expression levt:'.ls of 

RR"&-!' l ' ""'' , ' . '! ·1 l . . 1· ' 1 ' ., ' ' Iv.1. ano l::) m tne tlssue samp cs can a so )C me tW:e{ as nescn nM m;ove. 

Inforrm~tional matt~rial irnJuded in Lhc kits can be descriptive, instructional, 

1 o maxketing or other Inateria1 that .rel.ates to the methods described herein and/or the use of 

the kit can contain contact irdlxmation, e.g., a physical addressj email address, ;;vebsite, 

<>r tekphone number, \Vhere ~l ust~r oftllc kit can obtain substm1frve information ;.1bout 

pe:rhm11ing a gene expression analysis a.nd interpreting the resdts, purt1rnlarly as the_y 

i~i apply· to a hunrnn's likelihood ofhaving a positive n:.~sponse to a specific chemotherapy 

?(i ............ 

/\kit can contain stvarnte containers, dividers or compaitrnents for the reagents 

and infonnational material A container can be labeled for use for the dcienninatim1 of 

RRJVD and TS gene expression k~v,~ls and HK~ subsequent detennination of an appropriate 

chenwthera1-rv for the human. ,. 

The informationa1 rnaforial of the kits is not limited in its fbrrn, tn many cases, 

the inJbnnational. :material, e.g., instructions, is provided in printed nrntter, e.g., a print(."<.} 

text, t.kawing, and/or photograph, e.g., u lubd or printed sheet. Hovvever, the 

informational rnatcrial can also be provided in other fonnats, such as Braille, co1n1mter 

~· 1· 1' '}r' . j' .• ·f' .. ' readabk matcria1, video recoromg, or auc io n .. 0'con. ing. t i. course_, t 1e m orma\1011a; 

25 i:nateria1 can also be provided in any cornbinmion of formats. 

EXAMPLES 

The invention is further described in the following examples, \Vhich do not limit 

thii.'. :;cope of th~ invention described in the cluirns. 

17 
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Thyrnidy!atl! synthase (TS) catalyzes the con-version of dcoxyuridim.'. rrmno­

phosphate (dUi'vJP} to (dcoxy)thyn1idine mono-phisphate (TMP), 'Nhich requires 

oxid.atation of tetrnhydroDAate to dihydrofolate. Tl'vIP is subsequ>:'.ntly phosphorybted to 

5 TTP, \Vhic.h is required for DNA. synthesis and repair, 5-t1uorourncil (SFU) inhibits '17v1P 

ti . ' . ''" . ' ·1 . ..n.· ' , \1 ' ·p· 1 syn J{$JS anu lS an cttect1ve cnemot 1erapeutic agent\ vv'asnhen, , /iol . l1a.nnaco1 

1984;25: !71-77~ Moertel et aL N Engl J Med 1990:322:352-58: He1dclben2er et aL, . - . . ~ . 

Nature 1957; 179(4561 ):663·6), High tumora! levels of TS have been associated \Vi th 
. · --rt·' ' l ' · · , I l . , . ' 1 · 1 . n.~srntance to :w J-r:ias1...~n c 1emotnernpy, particu ar y m patrnnts w1tn {,.:oiorccta can.:moma 

~'"' rl'"'R .-,, ' ' . . '' 1 t $ l r, R i ·"1 - - - ... ,, l '·J,--r ' ') ,. . ' , ~' \ •.• < l..) and gas,nc ca.rcnioma ~.io ms on ei a·~ .... ancer cs . ~"\ .J;.J.)(; }'.. 4V1 -i ~~; Le1ctm.u.m 

et al., J Chn Oncol 1997;15{10):3223··9; Shirota et aLi J Clin Onco12001;19(23):4298-

304). 

Since TS is dmvn-strea.rn of r.ibonuckotidc rezluctase ~md crucial fl::ir the formation 

of one of the deo.ty1mcleotides required for DNA .. synthesis and repair, the present study 

15 wa.s conducted to dctem1inc \·Vhdhcr TS expression al the protein and rnRNA levels fa 

prognostic of outcome in patients \vith completely resected stage I NSCLC who did not 

receive additional chemotherapy or radiation and if in situ TS expression is conelated 

"""':itb RR.t\·11 und ER CC 1 expn:~ssion, 

The t\VO popu!abons used in tfa~se studies consisted of patients Hrnt undenvent n 

?Ci complete resection ofNSCLC at the lVloffitt Cancer Center fro1n 1991 to 2001 and has 

been described dse\vhere (Zheng et aL, N Engl. J 1-led 2007;356:800-08). Jn brief 

patients bad to have p~!frmlog1cal stage I.A or IB disca::K:; adenocarcinoma, squamous cd1 

carcinoma, or large cdl carcinoma; 110 perioperntlve <:;hemothen.tpy or n.idiatkm; no prior 

lung cancer; and no pr1or radiation to the chest 187 wc:rc identified patients v,rith 

25 sufficient tumor tissue for constrnction of tissue microarrays that co1.npriscd the 

population for assessment ofgene expression at the protein level (Table 1), 92 patients 

·with fresh frozen tun1or tissue comprised the population fr1r asscs:;;nwnt of gene 

l~xpression at the mRNA levels (Table 2). Thirty-hvo patients 1-vith gene expression 

vah.JC:S at tl:w protein and mRNA Ie·vels overlapped betv/een the hvo popuiations.. FoHmv-

30 up \.Vas recomrnended as three-monthly visits for l\vo years, six-monthly visits ib:r three 

18 
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years, <.md then annual visits. For overall survival, the time from diagnosis to zkuth \'l/~1s 
' "-~· 

recorded and verified using vital statistics records. 

'The monoclonal TS antibodv used fin· the studv \Vas cornme.rcia.Uv <.wailabk ... ..... ... 

through Lab Vision CoIJJorntion (order #1v1S-471-P, lot M7 lP504B). It 1,vas gent.'.rated in 

5 mice using recombinant hmrnm TS as the antigen. The'. antibody detected a dominant 

bund of apprnximatdy 38 kD, the expcck~d mokcu!m mass of TS, with cytoplasrnic 

localizatkm on Western blots oflvsates of lung cancer cell line H23 {Fig. 1 t Western ..,. ....... . ........ .. 

blotting \Vas fK:rformtxl as follmvs. Cytoplasmic and nuclear extrach~ fi:om permanent 

genetically .rnodified ndtures of cell line NCI-H23 v/ere prepared using a rrnclcar/cytoso1 

·io fractionation kit (Bio Vision, i.vlountain Vie\v,, CA). Protein extracts (50 p.g) were 

. . ., • 1 n('' N· . ' . l . ' . · ·~ J ' ' .,,., ) d. ' 1 " separnti~~<l tnrough v/i:t ·ovex tns-g1ycme ge s { 1rivnrogen, Car siJao, Ci\.,. an ti ottco 

onto pure nitrocdlu!ose me1nbrnnes (Bio-Rad Laboratories, 1-fon:.'.ules. CA). The blots 

wen:'. incubated with TS antibodv !mouse done TS-106, 1 :200, Lab ·vision Corn.11• Oct-1 
,,,., \ ' ~ '" 

<.mtisennn (#3342-100, 1:1000, BioVision, \fountain \lievv'~ CA), and GAPDH antiserum 

i5 (#;:>e.-20357, ! ; 1000, Santa Cruz Biotechnologv, Santa Cn1z, CA) at 4'-'C overnkJ1t 
' . - ~ ..... .,I . ' ... (,..,. 

20 

peroxidase secondary antibody (1: 1000; Santa Cruz) and SuperSigna.1 \Vest Pko 

cht~nxilurninesccncc substrnk~ (Pien.:e, Rockfbrd~ IL). Thi;.~ house-keeping gene GA.PDH 

\vus used as equal loading control. 

,., " l . . cl d . ' l' l 1 <. • f' ..•. (' comoca1 nucroscopy \Vas use · to · etcnmne s1.mce n1 ar . ocauzation o. L::> 

· .. ,1 ' d · !'I' ··f:P)" ··1r·-,- '!"_.,,.,I'""'') ~~4c' protem, as kH ows. Ltmg a· enocarcrnoma ce 1 mes t 1,,,,i, · i 4.J~ .r i~1.::, .,_1:.:,, .. , h'J" )} 

and colon q:ircinorna cell lines (H498, H508, H747, SNlJ .. C2A, SNU-C4) \-Vere grown 

dirzx:tly on Lab-Tek drnxnber slides. /\dhcre11t cells were \Vasbcd in phosphate bufft~red 

saline (PBS), fixed hy incubation for 20 inin. in 4% parnfbnnakichyd.c in PBS, and 

} <'~Jn· •ri ·b"' d" 1t.. , ''/"U'.1'' X1{l{.''ll"S ' 25 'N8.S. lCG rn i oS. i ncy 1vere pcnnca .1i1ze. tor . .ur. l11 u."''.'.l /o . tlton-J . Vt ::i. arm 

"'f' .,).;) 

"vashcd in PBS. TS (l :100) antibodies were diluted in binding buffer 

(1 'ViJ3SA/OJ';.:~)l\JT40/PBS), added to the chambers, and incubated for 1 hr. Afi:t~r \V<.u;bing 

in PBS, the slid.cs ·~vere incubated for 45 rnin. \Vith 1:500 dilutions of Alexa Fluor 555 

anti-rnnuse !gG (I'viokcular Probes, InViirngen, Eugene, ORJ. The slides \:Vere \vashcd 

\Vith PBS and covered using ProLong Gold antifade reagent \Vith DAP l (J\:lolecul.ar 

Probes,. !nVitrogcn). As negative controls, the same proct~dun.~ 1vas perfhrrned ;,:dthou:t 
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prirnary antibody. Sampks were vie\ved ·with an inverted Zeiss LSrvJ 510 conJ()cal 

microscope \vi th a 63x /L20NA vvatcr immersion obiective, Nuclei i;vere visualized vvith . ~ . .. 

DA.PL hnagi:..>cS \vere produced \vith dual photomultipht'.r detectors and d-1e LSrv1 5 version 

3.2.0. i 15 sofrware suite. 

'The results indicated that the predornimmi cytoplasm.ic localization of TS in 5 

lung cancer cell lines \Vas confirmed (Fig. 2A); hmv(:~Ver, nuclear TS expression was 

observed in all, and it \Vas lowest in 023 and highest in A.549, In contrast, in 5 cdl lines 

derived lrom colon carcinoma, TS expression was predominantly nudeaL 

To create tissue microarrays, tumor specimens Wi.m.~ colkctcd pmspccti vdy, fixed 

• . • 11 '°/; d jC 1' ·1 i)C>' . ' j · j •. . l J • {. "t-1 D rn neutra .. nm 1 ere... i:orma. m ( . \. 10 v/v), anu comp etei y ern .,et;(Jefa m. pann m. wax. 

20 

Whok tissue sections \Vere H & E stained, and representative tum.or Jreas \Vere Inarked. 

Tissue cores v,dth a diameter of 0.6 nun \Ven.! punched and arrayed into a f(.X~ipient block 

using a tissue arrnyer (Beecher Instrument, Silver Spring, J:v1D). Sections of 5 ,wn 

thickness \Vere cut; transkffed to 4x adhesive coated shdes (Instrnmedics, NJ), and 

exnosed to UV Hd1t frrr 30 seconds to enhance adhert'.nce. ,, ......,, 

In situ TS protein expression \Vas detennincd by AQUA. in the tumor c:;Aoplasrn 

in two replicate tissue rnicroarrnys that cncornpassed a tota1of187 patients \Vith 

co1npletely rcscctcd NSCLC that had not received pcriopcrnfrvc chemotherapy or 

radiation. 

Imrnunohistochcmistry ( !HC} based on immunot1uorcsce1Ke combim~d 'With 

automated qua.ntitativ"ti analysis {AQUA) \Vas used to assess fa situ expression oftlx~ 

target inolecu1es, 13 /\,ntigcns \Vere retrieved by microwave oven treatment fr1r 15 .:....; ... ___ .,. 

minutes in OJ)l rnol!L of Ni.H..:ltrnte at pU 6.(L The slides \·vcre blocked for 30 minutes 

with 0.3%1 BSA ~md then incubated overnight at room temperniure \Vith the pdrnary 

2~3 antibody (rnouse done TS--106, 1 JO, #MS-471-P, Lab Vision Corp., Fremont, CA). For 

identification of carcinomatous cells, an antiserum to cytokeratin \Vf!$ used (rabbit anti-

human pimcytokerntin AE1/AE3, 1:200, #Z0622, Dako Cytomation}. Slides ·were 

v1·«~shed and incubated \Vith two difforent sec.ondary antibodies tbr 1 hr. {Envisitm(ir: 

labeled riolvmcr-HRP anti-rnm.1se .. # K4007, and AJexa 555 goat anti--rabbit, #A21429, 
. $' '..... .. . .· 

30 1 :200, Dako Cytornation ). For fluorescence amplification, slides were exposed to Cy5~ 

Tynnnidc ( 1 :50) thr 1 O minutes at mom temperature. They wen..~ mounted Viith Prolong 

20 
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Gold antifadc reagent with DAPI (4'-6-diarn1dino-2-phc11y1indole) mound sniution, The 

f, t • • " i ' ·tl s ·c~ i. i. l , 1 . -rnm tissue nncroarray slK cs were scannco \Vl l por iralh)er, arKi unage r._ ata were 

analyzed wjtb /\.QUA (Pl\'1-2000, HistoR.x, Ne\·V Havt:n, Connecticut), The kt\Ve::>t 

i)ossibk AOUA score is 0 and the highest is 255. 
t - ~ 

The results are shcn-vn in Fig, 2B. TS expression duia 'Nern obtained on 160/187 

(86(hi) patients, Duplicate expression data 1verc not avai1abk~ for 27 spcchm.~ns because 

the sn .. ots wwe absent on fhe section or had \.1rashed uff du.rim~ the nnHx:ssirw. Avenwe -~·~ ..... ..'- >:..7 ;)..,.,'-

values ranged from 5.8 to 238.6 (on a scale from 0 - 255) \vith a rnedian of 98.4 and a 

m"an of98.3 (standard d1..!viation of 53.0), Tht~ data \Vere near normally tEstributcd, and 

1Q a data tnmsfrrrm.ation for normalization was not perfr.inmxL There \V,]S a significa:nt 

Them \Vas no statisticaHy significant association between TS protein expressio11 

' i . I f' l ., . ' ' ano tu.mor stagi.:.;, 11isto ogy, per.-onrnmce status, a 1sence or presence ot \Ve1gnt wss, 

smoldng status, or gender (Table 1). The unidimensional tumor dimnetern in this patient 

' l - (' ~ 10 {) l d' i l ' ' 'V ' ' l ·~·~ . . . ·is conort nmgea from L) to ·'"'cm arn.1 · 1( not cone ah.~ s1gn1hcanJ.ty w1t1. r;-; exprcssi.on 

(r '" (HJ5 i, p = 0. 52). There \;~ms no significant correlation \Vhh fhe previously reported 

RRtvll and ERCC1 protein levels (r '" 0.13 ;md ~OJ)7 respectivdy,p >CU) (Zheng ct aL) 

N Engl J ~'k'd 2007;356;800--08). 
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Using the inaxhnal log~rank method for oplim.a1 cutpoint dekrmination, the most 

~:; si~·.nificant <)veraH ~-;urvival difii'..!rcnce \Vas seen if nntients \Vith levels of <57.02 were .....,... f ,,,.,.,..., 

10 

separated from those w·ith levds >57.02, which \Vns the 25th pcrc{;~ntile (401160 patknts) 

of TS e,;;.pression (Fig, 3A). The median survival 1n the kr<N TS group v,:as 5 I. 7 months~ 

and it \Vas 81.3 months for those 111 the high TS grnup (p = (}0013). This survival 

,-<; ft'i'l"'''1"''' 1·~·1n·-~1·r0 c•rl si m1;-1-:,.--~1·'t· ,:-ft"1' "<3J. <1S·t~•1g; th" >J-'··<11m:' fo1· 11rnlti nle 1,,,,h~ f ,-; '" 1) Cn4 I '\.!.: ... ..>.. ....... , •• -:. ,..,..,.. ~· .'!. t..;; .~_<. ..... -... .... 0 ;.. .i.l ... va,.. ""· ,.. . ...,. .... u-.~ \.~ .. ,$_~ . ..._. ...., f1 v( ~ - •••• ,,.. --. l::;" . '-..i'-.-X'{.."- \!-• 'I...· - ... • 1·-

In the final multiv<u·iatc modd, \Vhicb included TS protein cx.pression and tumor 

stage (Table 2), TS remained significantly associaH.~d \Vi th overall survival (p ' 0.0013, 

adjusb:.~d p '" 0.032). The hazard ratio fi.Jr death vvas 0.45 i()r high versus 1ow TS protein 

expression. 
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Table 2: Cox Regression l\'fodel 

0.988 
RRM1 expression 160 (0.975 .. 1.002) 0.095 

. p rf. S I i : e ormance · tatus 1 .45 I , ! 
l {!J::::: reference) 150 {O.trr .. 2.44) I 0:156 ! ! 
~-----•-••••••••••••-••••••••••••••••••••••••• ••••••••••••••••••• •••••••••••••••••••••••••••••••• ........ •••-b-,.•••••••••~~•~•••••~~•~•~•••••~••••••••••'>• ••••••••••••'n•'>...,,,...,'>~•~ 

'"CL confidence! interval 
.... , based on ·mo pati.ents. since performance states \.Vas eUminated from the fina! multivariate 
ana!ysis 

5 **", adjusted p~va!ue to account for optima! cutpo!rit selection 

.In addition to the planmxl survival analysis, exploratory exa.n1mations of the 

asSO(.'.lution of TS expression and survival were condnch.~d. TS '~xpn.~ssion \Vas included 

. ...., . . . . . bl ~ . 11 l 1 ' ' ' m a '·ox rcgressmn analysrn as a C·ontmuous vmrn '· c anti y1c. '- cci mv p-vaJues notJ:1 

iO llnadjustcd (p "" 0.006) and adjusted for tnmor stage (o ""0.002) .. A second cutpoint for 

TS protein expression '.Vas also found, with an AQUA score of 12933 (89th pen:.x~ntilc). 

1m:::lusi<.m of this eutpoint 1n the survival analysis yielded a chwsification of patients intn 

three survival gmups (Fig.. 3B), The median survival in the highest TS group \vas >120 

rn.onths, it \Vas 80.9 rnonths in the medium TS group and 51.7 month':::. in the lowest TS 

·15 group (p '" 0.002). 

/\. diebotmnizaiion of lhc TS t~xpression data using the sample mei..fom of98A as a 

CL!ipoint) rcvtmkd a i.ncdian OS of 81 . .3 months for patients \Vith b.igh TS expression ~md 

62.2 rnnnths for those with lo\v TS expression (p "' 0.071.). 

Statistical analysis in this example \Vas performed as folkwvs, The average value;,.; 

20 for AQth\ scores from t\vo replicate readings \Ven.~ (~akulated and treated a;,.; independent 

continunus \..-adabks. The average of TS mRNA expression \Vas caku!ated .frorn 

triplicate readings and \Vas treated as <m independent continuous variable. The primary 
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objective i;vas to assess the association between in situ TS protein expression and overall 

survival. For this TS expression \.vas not dassified into high and. low cater.(orics a orfort. 
. "-" ..... -·· 

Instead, the mu:dmal log-rank method \vas used frff optima! cutpoint dctt.nnination and 

adjusted fhc p-vaiucs fix multiple looks (rvhller and Siegmund, Bionietrics 1982;38:1011 ·· 

tl 16;. Hilsenbeck and Clark~ Stat .fvled. 1996;15(1):103--12). Cutpoints within the ccnlra! 
.. , '1:) .. f' , .. ''J'<) . • , ' , TI . . • (:<;l,y(, o · ora.ii.:~rcd ,., protcrn expression \Vere c{ms1ocnx1. .'nc assoc1at1on ciet,,vcen 

sun.:·ival and h\v and high TS expression was then sun:11narizcd in a Kaplan-.J> •. foicr 

survjva.1 curve using the cutpoint perccntik(s) dctcnnined by TS protein expression. A 

multivariate Cox regression analvsis using bacbvard dimination \Vith a simrit1cancc - . ~ ~ 

'lD kvd-to~sta_y ofCU 5 \Vas perforrned to assess the impact of TS protein expression on 

survival ·while adjusting for the potential covariates tunwr stage, perfr)nnance status, 

g~.nder, RR~.,ll protein expression, and ERCCl protein expression. RR.\·U and ERCCl 

protein expressfrn1 \Vl'..'.re included as continuous variables. Since fhe did1otorniztxl. split 

for TS protein expression \Vas obtained by optimal selection, its Cox regression p-value 

15 vnts adjusted. Tbe maximal log-rank method fr1r optimal cutpoint determination wi1s also 

used to examine the association Gf'fS mRN.A expression and overall su:rvivaL 

Associations bet\veen continuous variables \-Vere analyzed using Spcamrnn's 

correlation coefficient Associations between continuous and discrete variables \Vere 

aiwlvzed using the \Vikoxnn nmk smn test or the Krushi!~Wallis tcsI depending on th(.~ 
~ ~· -~ -

20 nurnber of discrete groups. The log-rank test ·was used to assess survival difft.'.rences 

bc.:t\vccn dc-mographk and chnical groups. 

Using a rigorous statistical approach to account for multiple testing., the resu!ts 

dcmonstrnk that increased cytoplas1nic TS expression ».vas associated with prolnnged 

smvivaL T\vo exploratory analyses supported this finding. Firstl:/, had \Ve chosen a 

orion' to look for a decrease .in the risk of death \.Vi th increasing TS levels by Cox 
' 
rcrrression anal vsis, a statistically shrnificant rt'•sult fr;"" 0.006) would have ht~cn obt.aim~d . 

.; ... :.;: - - .,I . • ~ ..... \1 

. , ' • i ! . C'· , • '1 , , . . . I , '"!'>:.' . . Sccomi!y, the nsK of (ieath sJnts dramatical y at t\VO d1stmct .eve.ls th ,:1 e.xpressrnn, 

57.02 and 129.33. Tfos survival tnodd divided the patients into a lower 25~i(: gToup, 

rniddle 64}(, group, and upper 11 (~/(;, group. 

2.4 
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TS rnRNA t'.Xpression i;:vas determined in fresh-frozen tunwr specimens from 92 

patients with completely rcsectcd stage I NSCLC, <:1s fr)lfo\vs . .Fresh-iiG?en tumor 

specirnens had been prospec11vely coHec:ted on 92 patients that fulfilled the same 

5 selection criteria as dc~K~ribed in Exarnple 1 (Table 3), 

-~ D 

Tahk 3: Patient Cltaracteristics~ 7~S mRNA Expression, ;md Survival 

RNA \Vas isolated fro.n: tumor specimens \Vi th >60'% of cell10 consisting of tumor, 

and cDNA was k~enerated using oligo-DT and rnndmn iJ.rimers \.Vlth reverse transcriptase 
....._. ftw-.• .t: 

(QuantiTect Reverse Transcripilon Kit, Qiagen, Valencia, CA). i\ppmxinwtely 5 ng of 

sample cDNA \Vas usz~d in triplicate _for TS expression analysis by real-time technology 

(A.Bl 7900HT, Foster City, CA). The relative amount of TS 1nRNA in<~ smnp!e \Vas 

determined bv comrxtring the threshold cvdc with the standard curve, and the 
~ ' ~ ~ 
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standardized axnount \vas then determined by div1ding the TS amount (Am, 

HS0042659I-rnl, amplicon size 87 bp) by the l8SrRNA amount (ABl, N4319413E). 

r) . t . '. ' c: (: .. ~ • {'"'){$ . ' 1 • < ' 
A~ta \Vere OlHamcG 1.rom 6) pat1ents -:.t:.. /ii.J,. ami expresswn nmgec from \Ll to 

l (' ' ·~ • · 1 < • f .., ~ d ,. t:. ry ( . l J ' • . " .. ' ' 
i }"+ . .J w1u1 a rncoHm o · .">.) an a rnean or o. _, stan(~a:r<.1 tH..~vmnon or 12.91. mRN/\ wvels 

s \vere not s1gn1fican.tly associated with tumor stage, perfr.irrn.ance status, absence or 

presence of\veight ·ioss, smoking status, or genck~r (Ta.bk 3). Th<:~y were, ho\vevt.'.r, 

signifieantlv dHicrent arnong the histo!o~dcal subtv1:ies; the k!vcis \Vere lmvcr in 
..._. ... Y.• ;;..,.; •' • 

adenocarcin0111as compared to squamous and large cell caic1nornas (Table 3). The 

unidimensizmal tumor diameters in this patient cohort ranged fror:n ! A to i 0.8 cm, antl 

HJ they did not cnrrdatc \Vi.fa TS expression (r "' 0.135,p ···· 0.218). 

The .maximal log-rank method 'was used fr):r optimal cutpoint determination, aad 

no statistically sip1ificant cutpoint for J~"i mRNA expression •vas found aJler a'-l:il::.;;t1ng fix 

nrnltipfo looks (m.ljusted P"'] .0)., 

Thirty .. f\.vo patients \Vere common to both datasets and thus had TS expression 

15 values at both the protein ~md mRN.A. Ievds. Then~ ivas a near zero correlation hetwecn 

the kve!s (r '" 0.028, p '" 0.877). 

Statistical mBlys.is \Vas performed as described in Example l, 

These results~ vvhich foiled to tktcet an association bi,~hvzicn TS protein mid 

niRNA expression using methods spccifical1y developed for qmmbtafrve analysis, are 

20 consistent '>vi th a nwre recent report dernonstrating a lack of correlation bct\vcen protein 

and n-iRNA. le'/ds in lung cancers for the majority of genes (Chen et nl.; .tvioi Cell 

Protcomics 2002; 1(4):304-13). 

25 

Incorporation ofp1a.tinmn-containing chemotherapy· into the management of 

rc-S(.x:t~~bk non-sr:naH--cdl hmg cancer (NSCLC) has become the standard of care fi)r 

patients \vith metastatic disease in NI or N2 lymph nodes (The Intcrnatlona1 Adjuvant 

Lung Cancer Trial Collaborative Group. N Engl J l'vfod 2004; 350:351·,360; Winton ct 

30 aL,N Engl. J :Vfcd 2005; 352:2589~2597; Douil1ard et aL, Lancet Oncol 2006; 7:719-727). 

N '. ! , t .1.~ • * ' . .., "' "4(' / "'.) ,,...,.; ,, · · ·• .,t "' , ·coaJlJUvant treatment rcsu ts m response ra es t"h approxnna,.cry :u-w .>"ti ti. t1,,tHt:· t. ,,.t, 

26 
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Gilligan ct aL, Lancet 2007; 369: 1929-1937: Pfoters et aL Proc .Arn Soc Clin Oncol 2007: • • .• •• . . ·, - » 

25:389s), and. adjuvant therapy increases absolute overall sur1,:iva1 by approximately 5-

15~'0 (The Internahona1 Adjuv~mt Lung Cancer Tria.1 Collaborative Gnmr\ N Engl J tvkd 

Lancet Oncol 2006; 7:719-727). HO"wevcr., the approach of treating aI! patients 'with a 

p!atinunH.xmtaining rcg.imen. may have reached a plateau in terms of efficacy. Jn 

addition, then:~ is significant toxicity associated i.vith this approach induding a trcahncnt .. 

related mortality of approximatdy l-2~1h (The International Adjuvant Lung Cane.er Trial 

·w Collaborative Grou:p. N Engl J 1vlc.,'tl 2004; 350:351-360; Pisters et aL, Pnx~ Am Soc Clin 

011col 2007; 25:389s), The int'.orporation of molecular tumor characteristics into 

HK~rapeutic decisions may improve efficacy and reduce toxicity. 

This €..~xampki describes a single-institution trial ofncoadjuvunt. gerncir.abine a;nd 

pernctrexcd in patlents \vlth resectable NSCLC with the goal to describe foe din1ca1 

15 efficacy and tolerability of the chosen regimen and to investigate the predictive utility of 

RN. ~ ' " ' 1 d . .h . .b l' ,. ; ' ' ' m l 'h.. ex1)rcsswn ot 0cn€..~s mv\) ve mt c meta o ism or tnese (lrU!!:s on tneraneut.tc t b . ~ ~ 

ofi:icacy, 

Inductio11 d1nns!ll1911UTI.':..ltnd to&citv: A total of 52 eligible patientsi 26 tnen and 

26 \Vo1nc:n; bet\.veen the ages 41 and 83 years (median 67 years), receivc:d at kast one 

20 dose of chernothernpy. They \Vere enrolled betv»t~cn April 2004 and Apd 2006, a.nd fheir 

characterishcs are described in Table 4. 

Chnica1 staging \n!S dctennined by physica1 exan1inatkm, computed tomography 

t.lf the chest arid upper abdomen (CT), ·whole body FDG positron emission tomography 

(PET), magnetic resonance iinaging of the brain (J\.'!RI), bronchosc.opy, arni 

2tl mcdiastinoscopy. Histologjca! confinn.ation of NSCLC; stage m--lffA .. a11d selected rnB 

(2 lesions in <:>ne lobe, T4); age> 18 years; a performance status (PS) of O~ 1; measurable 

disease by RECIST;. and no prior therapy fr>r h.mg cancer \Vere required for digib.llity. 

These criteria \Vere met by 52 patients. 

Preoperative chemotherapy with gcrndtabine 10500 mcg/m2 foUo,.vetl by 

30 pemctrexed 500 mg/m2 was adrninistercd on days 1, 15, 29, and 43. Subsequent doses of 

chernotherapy 1,vere delayed or n~duced fi>r toxicity if appropriate, Pafo~nts received oral 
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fo1atc at a dose of 350-1,000 ug dai1y and subcutaneous vitar.nin Bl 2 at a dose of 

1,000 ug every 9 •veeks stmting one \Vcck before chcrnothernpy. A-11 toxicitks \Vere 

graded according to the rnmm.on toxicity criteria (CTC, version 3.0).. 

Following chemotherapy, CT and PET scans \Ven.~ rcpeakd benvccn days 50 amt 

5 63. Radiographic response was expressed as a continuous variable by calc1.llating the 

percentage of change in the sum of all greatest turnor 'h<1metcrs ctimparing the post­

trcatr.ncnt and pn.Hreat.rnent CT sca:ns ( 1-f.sum post ksions/surn pre k:sions] x 100) and 

'1l<~n hv I:.> q(-~I~T ,w lv~d r<\i''l'''ll r'~'"ncv1s<• (.: ~ •o;.. -... • ._.' :'\..t... . ~.~ ... ..~~J \...,..,..,_ .... ....,..1.. a . -~~v_f'" . J. ,, ~. 

Patients \vith resectab1e disease had thoracotmny behveen days 64 and 77. The 

10 recornmemkd surgery v.tas lobectomy or pneumo.rmctomy 1.vith mcdias!lnal lymph node: 

15 

dissection. Segmentectomv or \vc<lue resection was discouraged. Patients '<vith .._, "" ...... ~-

unresectabk disease and those \Vi th incornplct1..~ resections \Vere treated at the discretion 

of their physician. Al! patients were frJHowed at 3-monthly intervals for 2 y1.,~ars \<.'ith a 

Forty-two patients received aH planned chcrnotherapy on time and \.vithout dose 

reduction. Three piatients had dose delav-s v~"ithout dose reductions. The reasons were a 
•' 

grnde 3 lower extremity cellulitis, a grade 2 thrnmhocytopenia, and a grade 3 liver 

enzyrn.e dcvation, S(:ven patients had less than the intended 4 bi-\,\ti..:(ikly th~rapies. 

Three patients had only the first eyck because of grade 3 neutropenic. fever \Vith renal 

20 faihm~, a grnde 3 fohri1e drug reaction, and one patient req nested immediat'~ surgery 

without having experienced treatment-related side ei-Jects. Three patients only had cycles 

l ' ,, "!'' l ·'t 1 . ' hl •. ;" . t" t ' < " and L ne reasons were a grac~e ;) o\ver extremity p .. enrns m one pa 1cn ·. ann gnwe ~) 

fatigue in t\vo. One patient died atter cycle 3 from pncumonitis of a likely vim! etiology; 

however. a Dossih1v treatment-rdati...xl ctiolot~V could not he excluded, . x ~ ~~ 
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Legend to Table 4: 
! ' . . , •:> . , ' • ·~. . 
not asscsse(1 m three patient; .. not assessed m nmc patients; ··m UH.~ 40 patients 

\vith compk~te tumor resection; '\.'qual to or greater than 5%1 during foe three months nrior 
to diagnosis; -'\~ Liic-tirnc never smoker 1.vas defined as a person that had srnokcd kss than 

5 a total of 100 cigan.~ttes; 6NA, not appllcable; 721 patJents had adenocarci.norna includinR 
5 'Ni th bronchioloa1veolur features, 12 had other NSCLC subtypes in duding 2 -
ad.:;_:nosquamous carcinomas, 2 mixed adeno- and squamons carcinomas, and 1 large cell 
carcinoma \Vit11 suggesti 1-le ncmoem1oc1ine features; ''t\vo T4NO, T4 because of hvo 
sepanrt.;.~ tunwr nodules in a single lobe of the hmg; 9thc pathologic disease response 

iO categories pPR and pNR '<Vere not significantly associated '.vith OS (hazard ratio for pPR 
y.;.: 1>NR '" 1 1 •i ::: n 90) o-r DFS (haz·mi nJio for pPR V'-< 1·1\p~> '"' n ;;;7 n "" !) '11.'' ... ~ .t' ._ .. ~ j~· ... ,__ . . - . ].., . ..(. it_ ~ ' - - :...,.. ~ ... ..: x, , .. ~-c... , -~ :.··' \)·~ /· (~'l 

't l ' .< .-, , . ..,.,, l 11 l ' , . '"'l . , . puss11J e 1.n ~i~" patlents. 1 ne oest uvera. response was a comp cte re1mss10n (C .<) m 1 

15 (2~~/c; 95%i Ci: 0.1-l0.9'J..'fi) patient; it \vas apmtia] remission (PR) in I 6 (33%: 9SM, CI: 

dis.;.~ase (PD) 1113 (6'~,{i; 95% CJ: 1.3-16.9~0 patients. The response ranged Jh)n1 a 9YYo 

increase to a 1 Om-;J dccreast~ in the size of measurable lesions (Figure 3A). There were 

no statistically significant associations bet\vt.,~cn radiographic d.is(.~asc n.~sponsc and tht~ 

20 din1cal parameters age (p ''' 0.62), gender (p :::: 0.96), performance status (o "' {L94), 

weight loss (p '" (U38), smoking status (j) "' 0_85), tumor histology (p "' 0 .. 95}, and stage (p 

,, 0.31) (Tabk~ 4). 

E&tJJ9Jgz.tkIQ~_po11§e 19. chemotherapv: A pathologic response evaluation \vas 

perHm:ned by tk~ten:nination of the proportion of necrotic and/or fihrotic rmrkrial on light 

25 mir...'.roscopical evaluation of surgical resection spec.imens t-itained witl-1 H & E .. This w·as 

possible in 43 patients, and it rangt'-d from 0 --- 90~ ... o. None of the patients had a 

necrosis/fibrosis), and 30 (70~·h) had 110 patho1ogica1 response (pNR), There '.vcre no 

statistically sip1iika11t associations bet\vcen pathologic. disease response and the din.ka1 

30 parnrneters age (p "" 0.39), gender {p "' (}65)~ pcrfomrnnce status (j; '" 0. 18), ·weight loss 

(p ,,, 0.69), smoking status {j; '" 0.96)~ t"mnor histology (p "' OAJ}, <md stage fr1 "" 0.66). 

A1thongi1 there was a correlation bet\:vcen radiographic and pathologic response 

(Sprnmnan's rho,,, {UJ); i.<::_~ beth.:r dinica.l response was associated \Vith a higher 

prnprntion of necrosis and fibrosis, it ;;vas not statistically significant (p '":OJ 4), 
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Surn:i~:@;1 trn.~1~Jl1&111: A .. thorucotomy ;vas pcrforn1ed in 46 patients, and it resulted 

in a complete resection in 40 patients. Thirty-tvv'o patients had a lohec:tomy, 2 had a 

bi!obectorny, 8 had a pnctm1:onectomy, 2 had a \vcdge resection, and 2 had !Kl turnor 

resc;;.'.tion. At the surg,ical resection, 17 patients \Vere down-staged, 17 had no change, and 

5 12 were up-staged compared to the in1tial staging, One patient died 2.7 rnonths after a 

it ''• .i ·1~1 'b ., 'f'lN'l 'l . ., cmnpie e ngn •. upper ami nm u cw ectmny tor a·_ L.3. ~, squamous cu can.::..mon1;1 ot a 

l ' ' ... ·• .f' ·1 )foncnopwura.! i.1stu a. 

Survi\JJl As of February 8, 2008, 20 events had occurred and 32 patients i,vcre 

l' {t". 't} i·~ ·1 . ' . ) 1" " {''" <htvc , :; v.n · 1 a recurrence, anc ) Wlt 1 an mcornpiete resectwnr . ne mecna.n Jb \Vas 

10 >28.0 months, and the mi.x!ia:n DFS for patients \\"ith a complete surgfr;al resection ;vas 

>21.1 Jnonths (Figure 4). 'Ille 12-month and 24-·month OS rates \Vere 84.6'% (951}:h CL 

·"'j (. ("1 ')('· .. ' .1 7 ' ''0 ' 'C: i:'O' (~I ~6 5 °1 4° .... i , d. ··)rS i .. .l ... . h.b /o) ams , 1 .u /o V,1-~ /o .. ; _, , --· <) , ' /o), anc Uw cor:resp<>n .mg Lr, rates \Vete 

radiographic or pathologic response to chemotherapy •.vas not significantly associated 

·15 with OS or DFS (Table 4). 

specilnens of sufficient quantity and quality for gene expression analysis by real-time 

RTPCR \ven.i avuilubte on 10 and post-treatment specimens on 35 patients. lt 'Nas 

evaluated jf gemcitabinc and pemetrexed thera1w would alter the mRNA levels of RRA:fl 
~ . ~ 

Tumor sanmles ~;vere collected prior to and aHcr therap, '' as frozen snccimens. - - . j; - - ,- - . ) .,. 

The standard oneratin~~ nrrn:.:txlure for coUection included a recording of the ti.me from . -· -
biopsy or resection to freezing, and the t:imt~ elaps(:d 'Nas 30 min or kss .in a11 cases. 

Frozen spcc]mcns 'NCn..~ embedded in OCT and cut in 5.7 pn1 sections. 

Tumor cells were collected by laser capture in1croclissection (LCM) using the 

;\returns system. Total RNA '\Vas extracted using a commercial method (A .. rGi.urus, 

!\fountain \liew, CA), and cDNA \Vas generated with oligcHlT and rnndorn primers. 
· · · "('l} ' · · r · 1 • · · 1' l ,.. . ..,.O{)QJ !.,,, Realytrme quantitative l _:A anmyms was per.1ormec1 u1 tnp icate per samp c ~ ! -~ ... ·. 1 , 

ABI, Foster City, CA). The probe and primers for RRM.l •vere those previously 

30 dcs{.Tibed (Bepler ct aL, J Clin One<>! 2004; 22: 1878-1885). Com.mercially available 

· 1 1 ~ ·· ' l · r ll · · + ··1' t' _, pnrncrs ant pro ">es \verc use<.i tor cxprcsswn ana ys1s o~ a, other mrgc\ genes t. now J}. 

3l 
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The relative amount of RRM! and :7S mRNA in a sample was detennim~d by con1pnring 

t1ic threshold cycle with a standard cun.'t:'. as describi..>i:J (Bcpler et a!., J Cb1 Onc.ol 2004; 
•")•"'\ 1.-,~~, 18"~'1 "<'- tl . , 1 .. . ·'ty , ' . "'..::.: _ 0 /('J. .. , >'l':Jl. t'or l1e rer.nmnmg genes, re atlve quant1 1catton \Vas performed hy 

comparison of the test san.11_ )ks to a single cahbrntor smn1i1!c .in a fiuklic card assav. 
~ ~ ~ 

5 Negative controls without a cDNA template \Vere included in a11 cxperimt:'.nts. 

There ~Nus a significant correlation bchveen pre~ and posHreatn1e11t kvds for 

both genes (Spearman's rho= 0.786, p '" 0.025) suggesting that post chemothcrnpy gene 

expression !cvds are representative of prctn.~atment levels. Howe\>er, gene expression 

levels appear to increase \vith treatment (Figure 5). All subsequent analyses were 

10 perfr_irn1ed m.1 t11e 35 post-treatment specimens. The ranges of expression and other 

marker chanlCt(Tistics fbr all 14 genes are summarinid in Tabl.e 5. The mRNA levels of ,_, 

RRAf 1 were significantly correlated with disease response (rho'" 0.649; p = <0.001); i.e., 

fo\v levds -were predictive of tumor size reduction. and high k~\'c1s of turnor gro'Nth 

'1'' "'P'• O", '., . ··1 j)f? 1 fl . 1 t , • d' •' t- 'Igure ;) i::>,L . r tne l ~ patwnts 'Wlt 1 .. A: . express1011 equa to or tx:Jo'>v tne me' rnn 01 

!5 1Ji8, 10 had a PR or CR,. \..vhile only2 of the 17 with high RR.AL! (.Wprcssion responded. 

T, RN' ~ ! l t' ''{T' l'k , ' d . . ' " . . " ' ., .l ~-4 ne rn J. '.rs .. cve1s o :. ;.} \Vere 1 ··ew1se correlate· \-VItn urnease resronse trlw "'tut)", p '" 

0.006) (Figure 3C); ho\.vever, after using a Bonfemmi adjustment t(n· n1nltiplkity of data 

analvsis, the u-value \Vas above the level of 0,0036, Ofthe 18 patients with TS 
..... • :.>.. :.>.. 

exprc:ssion equal to or below the median of 3.40, 7 had a PR or CR, '.Vhile only· 5 of the 

~~o 17 witli high z:S' express1on responded, 

Surpri~ingly, tlle expression levels of aU other genes '>Vere not significantly 

correlated '.Vith disease response (Figures 3D & E), though they arc also (~onsidered to be 

targets of the adminisk~red therapeutics; the top seven genes hstcd in Table 5 are in the 

gcmcitabine metabolic. patlnvay, \vhjle the hotton1 seven in Table 5 arc involved in 

d T ' h d . ·;.• ., . ( 
2~3 pcmetrexed inctahoLism, and onl:y RR~.,,n an . _ S s .owe·. a s1gmnca.nt c<irrern11011 ~see 

the ri11:bhnost column of Table 5). 
~ ~ 
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Table 5: mR.NA Gene Expression Characteristics and Association 1vith Radiographic Disease Response 
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The pre-operative efficacy of a non-platinum doublet, namely g<:~mc:itabine and 

pemt'.trexcd, was in'/estigated in patients 'Ni th surgically resedable NSCLC. 'Tfa:.'. 

rat1onaJe fbr this combination \vas that both agents are antimctaholites ·with relatively 

5 wdl kno'NTl rnechanisim of action, both (tre \Veil tolerated, and both m·e effica(~ions and 

already integrated into patient care. Prior randomized phase III ncoadjuvant studies that 

utilized platinum-based chemotherapy had reported response rates of 33'Vii,54!1i.·~i~7 

49%,6 <md 640.1!L4 Approximately 75'%1 ofpatknts receivt.'ll an planned chcrnothcrapy, 

and the chemofoerapy--rclated mortality was approx:imatdy 2%. These response rates 

JO appear higher than the response rate of 35~··;); however, 18/52 patients in this study had 

Stage fl! disease, ·while t\llO of fht~ referenced trials did not include stage rn patients,5,7 

and the proportion of stage m pahents in the other f\vo trials \Vas 7%i6 and 47%A 

n;~{K!cUvely. In t\vo earlier randomized neoadjuvant trials 'vith platimnn··hased therapy 

in patients »vith stage III disease, the reported response rates \Vere 53% (l 6/30)16 and 

35'~··S (9/26) (Roth et a!., J Natl Cancer Inst 1994~ 86:673-·680), '111c expected response 

rate \'Vas set a priori at 501Y~; a goal, which \Yas not achie\.'ed. Therefrn·e, the cornhination 

of gemcitahine and pemctrexe<l is unlikely to he superior to platim.m1-containing doublets 

if given to an 1msekcte<l group of patients i,vith rcscctab1c NSCLC 

Eighty-seven percent (45/52) of patients .in tJ1c trial received the planned 4 cy{'.teS 

20 ofthernpy, Fi've patients had less tha:n 4 cycles because of treatmcnt--rdateJ grade 3 

toxici!ks, and of these frmr had surgery with u complete resection. f)ne patient died prior 

to surgery from a presunHx1 viral pneumonitis. Thus, the combination of gerncitabine and 

pe1netrexed is \vell tolerated and is deliverable as four bi-weekly tTeatments to a 

proportion of patients that is at least equal to tb\~ proportion of patienJs that can receive a 

25 p1at1mi:rn-conta1ning doublet 

These phannacogenomic studies indicate that the magnitude of tumor response to 

gcmcitabine and pemelrt~xcd is associated \Vi th tumoral expression of the gcn<:;s IUUv:n 

and TS. Patients whose tunKffS express these genes at lmv kvds are JY1ore likdv to .. . - ... ...... .. 

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

30 expression. This association 1-vas significant tor the gene RRJ\fl, but failed to reach Hw 

significance kvd of0.0036 fr1r TS. Since a total of 14 genes 1verc evaJuated in these 
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patients, the significance level was adjusted according to Bonforn.mL This is a 

conserv~itive approach to adjustment fix multiplicity of data an.al:ysis~ and most 

corrtlaUve investigations are conducted under less stringent conditions. Thns the ~· ... 

correlation 1..:ocfficicnt of (-)0.454 seen ·for the association benveer: TS expression ~md 

5 response to treatment is remmkable and requires further exploration. 

In stmmuffy, the clinical corrdative investigations descriht:d extend t:!u.'. previously 

known relationship hetw~xm RKMl expression and gemcitabinc efficacy to the 

l'.t°)n1bi.natimi of gcmcitabine and pemetrexed, They also provide reasonable evidence tbr 

an assi>ciation between TS expression and efficacy of this cornhination. In an unsdcct\.-'l:J 

10 group of patients \Vi th resedable NSCLC~ gemcitabim.: and pcm(~tTexe.d provide an 

objective radiogrnpb.jc: response rate of 35'J...-;i with good. tolerability. 

30 
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OTHER EJ\'lBODJ:MENTS 

It is to be understood that \Vhile the invention has been described in corrjunction 

w1th the detailed \.ksi..:dption thereof, the foregoing descripth.m is intended to i!hrntrnte 

and not lirnii the sco11e of the invention., which is defined bv the scor-1e of the an1x~ndcd l ~ . A. 

5 clairns, Other aspects, advantages, and modifications arc ;,vithin the scope of the 

follo\ving claims, 
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\VHAT JS CLAJJ\:lED IS: 

1. A rnethod for selecting an appropriate chemotherapy for a suhjed, th!.'.: method 

comprising: 

a. obtaining a tumor sample from the subject; 

b, determining a 1eve1 of Ribonncleotkk RcdllCtase \.fl (RRlVll) and 

thy,midylatc synthase (TS) gene expression in the tumor sample: a.nd 

c. st~lccting an appropriate chemotherapy bas(;Xl on the RI-tl\·fi and TS 

expression levels, \vhercin if the RRM 1 and TS expre;,.;sion kvds are kss 

than or equal to the median RR.Ml expression level of a n::forerKe <.:ohort, 

2, The .rnefaod of daim 1, fuTther cornprising administering the appropriate 

cJ10motJ~crapy to the subject 

3, The rndhod of claim 1, further comprising ad.ministering a sc.~cond 

chcinotherapeutic agent to the subject. 

4. The rn1:.'.thod of dairn 3, \Vhcrein foe second chcmofherapcutic agent is an 

antituhtilin or platinum-containing agent 

), The method of claim ! , wh1..~rcin the subJcct ha.<> an epithelial lnaUgnancy. 

6. The rndhod of cla.irn 1, 'Nherein the subject has a lung cm.Ker, breast cancer, 

co1m:ccta1 cancer. head and neck cancer, or ovarian cancer. 

7, The method of dairn 6, \vhercin the lung cane.er is non-s1rn1!1 cell lung cancer. 

8, A mct11od for predicting a subject's response to a treatrnent coinprising 

administration of ge1ncitabine and pcn1etrexcd, the method c01nprising: 

a. obtaining a tumor sample from the subject; 
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b. dett~nnining a level ofRibonudeotide Reductase \.fl (RRMJ) und 

thymidylatc synthase (TS) gene expression in the tumor sainple; mid 

c. predicting the suqjt~ct 's response to the tn.iatment based on the level of 

R!Uv11 and TS gene expression in the tumot sa1npfo, 1:vhen:.:in hnv kvds of 

expression of RRlV! 1 and TS indicate that the subject is Likely to have a 

positi vc response to the treatrnent 

9. The method of Claim 8, \.vherein the subject has an epithelial matigrn1ncy, 

1 f' ''" ·1 1 !' ! . " ·1 . . l . l" l b J. tL .! ne mel:lo(.i o- c mm tS, w 1crcm me su '.lJCCt ms a ung c.anccr, .reasi cancer, 

colorectal cancer, head and neck canec1~ or o\·a.rian cancer, 

l L The method of claim Ht \vherein the lung cancer is no:n-snmll ccH lum! cancer. . ~ .. ~ 

12. A md.hod of.providing a prognosis for a subject (tlagnosed \Vith non .. ~m1aH cell 

hmg cancer, the method comprising: 

a. obtaining a tumor sample frorn the subject; 

h. dctcm1ining a level of cytoplasmic thymidyiate synthase (TS) protein in 

the tumor sampk; and 

c. comparing the kve! of cytoplasmic TS protein in the sump le tn a reh.>.rencc 

level of cytopl.asmk TS protein, 

' . ' • l I l f' 1 ' cps· - • 1 ' 1· \Vl1erern. a nu.w 1eve. o_ cvto11 asrn1c i, - l'.1.rotem .mt 1C samDK: as COlYJ:lMrec to ...... .; t l -~ ~ 

the reference level is indicative of a good prognosis, ;;md ~\ lovv level of 

G·ytop1asrnk: TS protein as compared to the reference kvd is indicative of a 

poor prognosts. 

13. The mdhod of claim 12, wherein the level of cytoplasmic TS protein is 

dckn.nined using a quantitative: in situ analysis mdhcxL 

14. /\kit con1prising: 
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a. a reagent frx assaying RRMI and TS expression in a hssue sample from a 

pat1ent, and 

b. an instn.K'.tion shc~t 

15. The kit of clairn 14, \Vherein the reagents for assaying RR}vll and TS expn.:~ssion 

cornprise prcrne;1sured portions of reagents sekcted from the group selected frorn 

oEgo·dT primers, forwaxd prirners that hybridize to RR1vfl or TS cDN/\s, reverse 

primers t.hat hybri<lizi:) to RRM 1 or TS cDNAs, reverse trans1.~riptases, DNA 

polymerases; buffers, and nucleotides. 

16. The kit of daim 14, \Vhcrcin the reagents for assaying RRJvl 1 and TS expression 

cornprise premeasured portions of anh¥RRl'v11 and anti-TS antibodies and buffers 

tbr performing a \Vestern blot or in1munohistochemistry assay. 

17 .. The kit of claim 14, further comprising a rcag;:,.~nt for processing a tissue sample 

from a patient 
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