1 METHOD OF DETERM NI NG A CHEMOTHERAPEUTI C REG ME AND SURVI VAL EXPECTANCY
FOR NON SMALL CELL LUNG CANCER BASED ON EGFR/ CSF-1/CA | X EXPRESSI ON 5 FI ELD

OF THE | NVENTI ON The present invention relates to the use of EGFR,
CSF-1 and/or CA I X as prognostic markers for survival of patients suffering
fromnon small cell lung carcinoma (NSCITC) as well as for deciding whether

to apply chenotherapy to NSCLC patients. 10 BACKGROUND OF THE | NVENTI ON
Non-smal | -cel | | ung cancer (NSCLC) accounts for _ i 8Q% of all
lung cancers, N\W‘Tﬂg?. OF HET#WW&&F‘C’%%&E ) w‘.‘ggﬁéﬁﬁ@@%@@c

resul ted i n oL ERPEENENOY FORNOR SMELDURIML NG CANCER BABES t he

| eadi ng cause of cancer-related nortality in both nen and wonen (31% and
25% respectively). ONAGTREAT- 1SS DR ESPREPSEPNnet er ogeneous di seases
grouped toget her because their prognosis and nanagenent is roughly

i dentical. However, the follow ng subtypes 20 based on their histology can
be identi¥ i #ELDIQF SEEHMOVENETEDON carci noma (SCC), accounting for 30%to 40%
of NSCLC, also starts in the larger breathing tubes but grows sl ower

meani ng that the size of these tunors varies on diagnosis, (ii)

i | denocar ci noma The plrsenustentommeaes tbthepascodf BISERCCSEelc andidn 64 POras50% t o
60% of NSCLC, which starts near the _.gas-exchapgi ng surfa of the lung and
ohi ch i nol uieeoS ik PEAvE N BROHE G Ro B BroR SEH AEIPWSE SHFER Ty have
di fferent reSPONSES wéll dsieiededRity viltthel td dpplyl ie@etheRby tCHSCLOPARenksS a
fast-growing formthat grows near the surface of the lung. It is primrily
a di agno]sq s of exclusion, and when nore investigation is done, it is

usual l'y reclpassk&REUND GEYARORSYVERTIORAr ci noma or adenocar ci noma. 2

St age grouping of the NSCLC patients in TNM subsets (T = primary tunour; N
= regional |ynph nodes; M= distant netastases) permts the identification
of patient grou Mt Dy S| gr ¢ e ' % st ages
are defined as ?@P%ﬁﬁgl éélm@gaﬁggﬁqgﬂ@?&?&%Q?%uglrso@g{gg@% f(fr?lrpdt(gér%f&%éngp Illmg and
has not spr émg cecetshevithdj2ao@diiin depnglkesSvorbiiede @ich gerr SNBELE mesultdreintmorSt age

I1: Canc i,s | ocat.ed i ne lung, an | hvol ve | h_nodes on .the sane

i de of fhe U edt B Bad” Rorth el o0  dad i Be dient TRl N el B on T he

l ungs (the mehiagtih Botiinedlan®wosict €3 0hendits trespectivityage |11 1A: Cancer is a

single tumour or mass that is not invading any adjacent organs 10 and

i nvol ves one or nore |ynph nodes away fromthe tunour, but not outside the

chest. Stage |||138Cﬁé%ﬁ{pri5t§-°a &8I EEthdQ@odBRESs [dMRRk O BRUPEERgtRer ltBasREST |
st.

but not outside the che . o .
their prognosis and management is roughly identical. However, the following subtypes

20 based on their histology can be identified: (i) Squamous cell carcinoma (SCC),
accounting for 30% to 40% of NSCLC, also starts in the larger breathing tubes but
grows slower meaning that the size of these tumors varies on diagnosis, (ii)
Adenocarcinoma is the most common subtype of NSCLC, accounting for 50% to 60%
of NSCLC, which starts near the gas-exchanging surface of the lung and which includes

25 a subtype, the bronchioalveolar carcinoma, which may have different responses to
treatment and (iii) large cell carcinoma is a fast-growing form that grows near the
surface of the lung. It is primarily a diagnosis of exclusion, and when more
investigation is done, it is usually reclassified to squamous cell carcinoma or
adenocarcinoma.
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Stage |V: Cancer has spread, or netastasized, to different sites in the
body, which may include the liver, brain or other organs. 15 The
prognosi s of advanced NSCLC is dismal. A recent Eastern Cooperative

Oncol ogy Goup trial of 1155 patients showed no differences anong the
chenot her api es used: cisplatin/paclitaxel, cisplatin/gcntitabine,

ci spl atin/ docet axel and carbopl ati n/ paclFitaxel. Overall nedian tine to
progression was 3,6 nonths, .and di an, 20 .survi val 7,9 nont hs.

The overal | fi vesg?g%lgmé‘ﬁli“%io@gie W@%P?@Hﬁsénws‘%@%ﬁd@ma@h&% Mt 1ess
than 15% f or ﬁetﬁ’%nﬂqzlﬁqugo&@9m= dIONR Rdtastdsl§ phin¥iB- 18 MenBHEMOM Jf pH@Etes
according to the TNM subset of the patient, being around 60% for pathol ogic
stage | A androups whoinilsr pognesit 4vd tisaimeal opdiopyy & he steeespic defjasmas follownn) , 13%
for stage II1A (T3NIMO, T1-2- 3N2MD), and a low 7% for stage I11B

( T4ANO- 1- 2MVD)Staged: Sergge s logater Bt ede ong lmgand hpsnotesnread tfisr ashidcaitt lsmph 409 of
stage 1 patigntS, 80did080plystage 11 NSCLC patients die within five years
of surgery, nal nlry ue to the 30 devel opnent of distant netastases. This
group conpri I : 1 ght j : glng,lgl e ' ]

adj uvant chg%%%%@é‘g&t‘%ﬁ o?df LHn(g{%elP ,Mtd\gge}@nivévgt re@g%t &fg‘lleitsgﬁ glr(%l i ni cal
predi ct or off tcchestehgedoay abt alslvde 1Puph ngdashe thaspacdBetpean sharbuligs dthe

oncol ogi sts ha,}/e.ftr)nc)usedtliot%p%li%i se the 5 outcone of cancer patients and
it is just ASWERHREVSER M eLRiiol ogi es available are allowing to

i nvesti gat e (pol rphi sns, gene. expression,|evels. an ene nutations ai ned
to predret - SREcIRE BsER TRES B B? B g Srtp R § o R Pl
groups of0 cafd@rolped drervh snok©lytph InodesahaytiohethapynouRdnt s entsiicitheechestanpl es
include the relation between the TS nRNA expression and the response and

t he survi valStage TBaChhded had §caliOo (mee tial che 38k 10989 chddgbat hathmkside thel NMRNA
| evel s and response to tubulin interacting agents, PTEN nethyl ation and
resi stance CBFSEPT-11 and STAT3 over expression and resistance to EGF
interacting _agents, Al though a wealth of data_ indicates that changes in the
level of se®ELY gk Basispicad, qf imptastasizr(. il ates H‘éa&h"a}’v‘é‘}laég‘ﬂ)éct ancy
of and the didfseuntvealorfhermagegdnbVvity between NSCLC patients with the
same TNM subset, at present no predictive genetic markers of chenot herapy
responseldare used for tailoring treatnent. To further inprove the survival
rate in patientsw ‘ i t4: | asSkf LON o]y}

nol ecul ar al ter a%ﬁ?goéﬁ?%%g?a I.CédS%ﬁgg(ljgsdsllﬁ?ﬁbgt%g%\dtvc%%ﬁtlle&p(r:g I ?fgwgo nor e
accur at e an@noslegul Goivagrmoat iof b spatinats ehosweduabol ydifferences efrheny i the

t herapeutic tions.. The,epithelial owt h..factor.receptor (EGR) is the
oceptor 1 of s s R Sl il 2phunBEhBlarlr 8RR Al b
fam |y of reabpilsiBpachtaselbO®asrill ynedian time to progression was 3,6 months, and median

20 survival was 7,9 months.

The overall five-year survival of patients with NSCLC has remained at less than

15% for the past 20 years. However, the five-year survival varies according to the TNM

subset of the patient, being around 60% for pathologic stage IA and 1B, 34% for

25 pathological stage 1IB (T1-2N1MO, T3NOMO), 13% for stage IIIA (T3NIMO, T1-2-
3N2M0), and a low 7% for stage I1IB (T4N0-1-2M0).

In stage I and stage II NSCLC paticnts, approximately 40% of stage I patients
and 66% of stage II NSCLC patients die within five years of surgery, mainly due to the

30 development of distant metastases. This group comprises patients who might derive a



25 four closely related receptor tyrosine kinases: EGFR (ErbB-1),

HER2/ c-neu (ErbB-2), Her 3 (ErbB-3) and Her 4 (ErbB-4). EGFR exists on the
cell surface and is activated by binding of its specific |igands, including
epi dermal growh factor and transformng gromh factor a (TGFa). Upon
activation by its growth factor Iigands3 ECER undergoes a transition from
an inactive nononeric formto an active~honodi mer. EGFR 30 dinerizat ion
stinulates its kntrl si.c intracel uI aL pr ot ei n- tyr? e kinase activity. As
a result, adPBPloRPRLY JrE pARvaEH chemeihergnso i Hertyiately Jaere 1y At et 8P ni nal
domai n of EGERbREHIRL préfdwér@ftf&&wa@&mﬁl%leatl on elicits downstream
activation and signaling by several other proteins that associate wth the
phosphoryl ated tyrosi nes through their own 4 phosphotyrosine-bindi ng SH2
domai ns. These d I 19gN&dalgn t it i

transducti on cas? ﬁ ﬁ@p%s?\g?p%r &eﬁ%&l\}&lﬁﬁfégl tﬁdg%dtg?l&Nﬁd,%at \t/@;l/%%*?eadl ng
to DNA synt hespme a)rﬁctam;cel‘ batmltal anl'det &tjustmo“sth@hthpmtn'etcﬂmmvng@aIaam@bbh@ﬁot ypes
such as cell es i n of
EGFR can 5 ap‘%ﬂ rosléo“lér)gﬁgq(t:1 gfhln? SI n rreiéy d%’geél;rgl d?t ﬁgﬁ&lrtgelg)ggt ors it
I S aggr egat etinad tbrprechmdhe:axncomesaidf thbempaz;t bt atgedn itherdpgyait dmf&m&rgroups of

Mut ations that |ead to EG-R qver-expressi on nown a

over - act i vi COPRRIHIPEN BUYg 65193'8”\%)'1 CRICSGH \épre’f?fni B@Pgegﬂ} a%ﬂ%'

gl i obl ast Ornbeti&eﬁru{etTg m@@ﬂ xjeé-éﬂﬁl zﬁﬁﬂﬁ@l’respd)rﬂe Rad theCstlrdtal Wigto Bntifo ltes et al
(Lung Cancer. 2006 g have shown a correl at)l on, bet ween EGFR

gene exptbséieskn bygl §99n et t‘?‘%‘@iﬁé?lWﬁr’i‘eY%aféduW‘\%‘f toy typwlan nfprasgbipg

especi al Iy §t3@€ PTERChethMREGPYURT resisEhiR RNOPT-f1 GRd lsmm@%ﬁ &glaﬁ%qclw th a
shorter survival in node: positive SCC. Hrsch, F. R Clin Oncol.

2003 Cct 15T@I§(3299t033@811’8ﬁ@}m§39@t8al o) reported t hat EGFR 15 protein

over expressi on can be observed in 62% of the NSCLC, nore frequently in SCC
t han non- SCC. CSF-1, also known as macrophage col ony stinulating
factor (CSF 1) Aﬁhm@powszilthﬂd dava irslimatels vt camtgesﬁneﬂmtlaxélsof@éverdwyt es.
Chen JJ, fn Cgp}l 0 2005\} 123 95{3;1 64) esc({:i (hga t l

over expr SSIrSIP‘FCB SC§I€’—’n Ry Sarﬂf’é’l‘sa CRRSCEEn g NSt T, “¢oi ﬁtééavmth
dense i nfi | thcidseubitWity betwiith INSEISGS Qatidit Lo ithaks PRATNM bm at pvasent dentified
by meroarray to be upregul ated nore than twofold in é cancer cells
after co- cuPfedicHvaRentifaRath agelsmotherny gesponss arg used Maﬂorlﬁs Irgatshter,

109: 826-832)r¢ M6z k@pRbe ahe suRQVal Aafeh iV tieRvitt? QELCIIMBT inbR5pBhackEs- 9) has

descri bed the 25 appearance of increased CSF-1 levels in the serumfrom
NSCLC pat i enlessification pesed oo mokeculas gigrationg inerpcialcapdoelpwifigatignawdkeroyide ( CA

X)), whigh GRteheafTe Iixnleusreﬁﬁi(ﬁaginggtf%rtgglg\éﬁ&,sévgﬂtumy, more effective therapeutic

options.

The epithelial growth factor receptor (EGFR) is the receptor for epidermal

growth factor (EGF). It is a member of the ErbB family of receptors, a subfamily of

25 four closely related receptor tyrosine kinases: EGFR (ErbB-1), HER2/c-neu (ErbB-2),
Her 3 (ErbB-3) and Her 4 (ErbB-4). EGFR exists on the cell surface and is activated by
binding of its specific ligands, including epidermal growth factor and transforming
growth factor o (TGFa). Upon activation by its growth factor ligands, EGFR undergoes

a transition from an inactive monomeric form to an active homodimer. EGFR

30 dimerization stimulates its intrinsic intracellular protein-tyrosine kinase activity. As a
result, autophosphorylation of five tyrosine residues in the C-terminal domain of EGFR
occurs. This autophosphorylation elicits downstream activation and signaling by several

other proteins that associate with the phosphorylated tyrosines through their own



carbon di oxi de and water into carbonic acid, protons, and bicarbonate ions,
bel ongs to 30 the group of the nenbrane associated CAs of the CA al pha
famly. In hypoxic conditions, hypoxia-inducible factor |al pha (H F-1al pha)
acts as a master transcription regulator for adaptive response, including
the upregulation of CAIX It has been described that | ow CA | X expression
is a strong predictor of worse survival 'in patients 5 with advanced renal
cell carcino Bui et al d |n ncer Res 9:802-11). 1.n anather
study, howew&f Spglefmsyée-mwg §v§|d§ ‘Eda?éfﬁﬁfffé‘énr sewdng @“B@a% BHggnost i ¢

val ue in earbyratsgmel m&tlﬁﬂcﬁéwdéﬁ F. cuﬁﬂllg the! MOAIGANSRYT and 2086 pliBtvays,
|

52(1):59- 66) whereas a second i nmunohi st ochem cal study reported a

correl at i on 1¢sdingelerPNAghmibessk grd el prelifittione Spclh prokdrempkype Myenatypegt al .
Lung Cancer ., 4006, Heq; graﬁ%ﬁ?’gdh‘éggn 18Y- Spr@ﬂﬁ@fahoﬁ A E1§J§@|doﬁﬁgl SUBGFRAARET, @

rel ationshi p et ween X expression é and poor prognosi s was
al so obser v@&owym@pbmmbwryl}iteemcaine r¢sBlugp df o emscepl 8it44 @geragefed; witlotanér

tumours. It §r? berlgﬁvatt S Pl§£4erexpre55| on of CA I X decreases with
progressi on an evel opren net ast ases, raising the hypothesis that

in the 10 | ater stages of turmur growt h, conti nued CA | X expression is no

| onger a requirepent. (Bui, . al . 2003 802-811).
Ot herwi se, hi gh g@&n‘gé%#x%le%@ !5'&@1; g(o?ﬁrﬁﬁ{’rebgéoﬁkg%ﬁ a%'ép éegﬁéf%rgrorgy “ umour

i nadequacy ta@tivityr Haweebédn Bypaxee wihdi hibhs of ReMceRPIndsdigg rghivkastomh

hypoxi a-i hduced, apoptosis. 15The_rel i abi llténOf t he pr nos i C rreth ds can
be i ncr ey e Ui g3 a}H%lfé‘I‘%Fr R BHFIPHE 15N B 1o A £0 éenes

whose expr efm@a(sb BYEbS) r&% GIRJvat £codeldio BEMIURAEGRRDIR B &qﬁés@@h Sevéistald NSCLC.
So far, only few Studi es have addressed the prognostic val ue of gene

expr essi on prigfidties ip shavgevical Rigsoni SGE, especadlly segsel SE&nMareqss . EGFR

66: 7466- 747 5 n ra, K
ot al ., 20 3BEREo whs aGbeifled 78 erdsy v P Rlge-resinp SCC R

N. Engl . J. I\/bdt al. 35&315170;158020038():30llﬁ;al"(é@).:y%&oé):thhmam rcmeteéxmters@lﬂbn of a
col | ecti enes can be by u o

st ancel® CREHTE VP TRRES R e BorNeysE o ) e B TSR BedlehFy e ne

si gnat ure wiaghoft®0OCe!l ates with clinical outcome of NSCLC.

25Rever se-transcri ptase pol ynerase chain reaction (RT-PCR) is al so useful
for identifying genes that predict survival in NSCLC, it allows for

accurate and reptQelCiaioe kidWh qiuaaahérsptﬁgél&nbx@nqlm@amgemr -less
| abori ous than cDNA mcroarra‘is and can _be performed_in paraffin- enbedded

tunour tissiesponsiblh iy syedvel gas chermierih gt meaeeyte Chen H, @hélo ({ Clip §gol.
22: 811- 9 tggés b@@s%@; atbtaytﬂaﬁmsb§er91£m%519§e?§:sﬁq iR ool <R CiREIL@hat ed

W th surviv 'ung a enocar cl nhonma hernore, a recently identified
five-gene sN§GAC cein¢ifgs- WHR)lense |nrfdtr%tdlnnglﬂgemmr@$$gag¢e@ nmiagrophages rCSF-1

was identified by microarray to be upregulated more than twofold in lung cancer cells
after co-culture with macrophages (Uemura,Y. et al. 2004, Int.J.Cancer, 109:826-832).
Mroczko et al. (Pol Arch Med Wewn. 2001 Mar;105(3):203-9) has described the
25 appearance of increased CSF-1 levels in the serum from NSCLC patients relative to the

control group.

Carbonic anhydrase IX (CA IX), which catalyzes the rapid interconversion of

carbon dioxide and water into carbonic acid, protons, and bicarbonate ions, belongs to

30 the group of the membrane associated CAs of the CA alpha family. In hypoxic
conditions, hypoxia-inducible factor lalpha (HIF-1alpha) acts as a master transcription
regulator for adaptive response, including the upregulation of CA IX. It has been

described that low CA IX expression is a strong predictor of worse survival in patients



macr ophages interaction related to tunor progression - was also able to
predict survival in NSCLC (Chen et al., J din Oncol. 2005, 23:953-64).
When 56 receptor tyrosine 6 kinases (RTIKs) were exam ned by RT-PCR in
ear|ly-stage NSCLC, the hazard risk for netastasis devel opnent was i ncreased
in tunmours overexpressing 8 of them- including EGFR, NTRI K1 and | NR1
(Muller-Tidow, Cet al. , 2005, Cancer Res 65:1778-82). However, none of

t hese studies _have faocused on predicting survival of patients suffering 5

fromthe eartih _%‘%Vé@‘§§ rghal NS’(ELCEEC_moma (Bupgt gk dPiyGin FW%RF%%Q%‘élb IReed in
the art for ;hehtabld, RRISRE TN GRNGARYVAS WiRESbt BSmBHsREHeE td Y& Eﬁfgk@dﬁ% for
e

the outconme of NSCLC patients, in particular in patients of t early

stages of NSelug inrrarlyssieeh NddofRimighy ¢t eladupe Gasess. 2QP8er (DIt her 10
the patient %Y@Fe%s G2adh thﬁﬁmﬁc?{ist ADEIRLDSLAPH e RrteB Y co M%tf?e:efn-rkﬁh
t ect of t ntop or

| NVENTI ON 1 I'S an obj e 1 nventi rovide a too use to
predi cting tehprepicogpndposr @ftcopat(Kenine, Af etNECuae £8nase|200@Deé, o (DeEOPdi8hg

whet her to l.y.chenot.her in NSCLC. , The.authors t sent .

vent! on haUlry BERGRTHat e el T OB RO Mre L A 0 nost i <
factors and (nRNA) &l pogpresgiosis wal sles obfertddebyt Kirgeerof et hknBdmd, RE0GoNbI ned
to obtain a rjsk scare ich alsg provides a significant nostic

val ue for péP@h‘P*iﬁrl{} iO%f CUAYEY gthS?r_Es, that tiﬁ Qﬁerﬁlg CXREsyoR of %%e@{ %W@S%et her
to apply cheiptfieganion AN déRBpani FAEhaLkks, rfiShg HQY hypdtlkariat ROhRISCLC

chenot herapy in order to inprove survival in this very comon and fatal
di sease. 10 later stagss ob umang Riewih.rrogtimyed 4 F5 SRUesSIORdS nNoNseT HFPIEIeNsHes a

met hod for QBFE'MH@ 8%1 10083, ZiseingbvRls. 9808 8PAL DRIAwiSY il dxBebs§is BT C4
non-smal | -cel | "ung cancer (NSCLC) conprising the steps of: a) isolating

MRNA f r om a K umiplht bsanpied ash markerpdtiranr inddypqude toravanig lypexig eensitéodsr essi on
| evel s of EGE -1 % i ;§ i sanpl e; 30c) conparing the
expression | \%qagg axﬁ@ ,09& - ggﬁg&éﬁg?éz&gsénes in the sanpl e
with reference values for EGFR, CSF-1 and CA | X expression | evels wherein
an increased expression..of H\% EGFR and F-1 nes and decrease
cxpr 6551 b of 1 nAICAARIeqb I hessEp Betiors P FRrarehie i Gapu Y
i ndicative tivaturingethe exprebsiony af spvN@Hies witoss Bkjste3Rin RAELs WokrklakewiiBcr eased
Wi th respect to patients wherein EXIPI‘ESSI on of the EGFR CSF-1 and CA I X
gene is not SEV{al agong patients with NSCLC. So far, only few studies have addressed the

prognostic value of gene expression profiles in NSCLC (Raponi,M. et al. 2006, Cancer

Res. 66:7466-7472, Chen,J.J. et al. 2005, J.Clin.Oncol. 23:953-964, Inamura,K. et al.,

20 2005, Oncogene, 24:7105-7113, Potti, A. et al. 2006, N.Engl.J.Med., 355:570-580).
Simultaneous detection of the expression of a collection of genes can be done by using

¢DNA microarrays like, for instance, Chen et al (NEJM, 2007, 356:11-19), who

describe a five-gene signature which correlates with clinical outcome of NSCLC.

25 Reverse-transcriptase polymerase chain reaction (RT-PCR) is also useful for
identifying genes that predict survival in NSCLC, it allows for accurate and
reproducible RNA quantification and is cheaper and less laborious than cDNA
microarrays and can be performed in paraffin-embedded tumour tissue. It has been
described by Endoh (J Clin Oncol. 2004, 22:811-9) that the expression levels of 8 genes

30 by RT-PCR correlated with survival in lung adenocarcinoma. Furthermore, a recently
identified five-gene signature (RT-PCR) - including genes engaged in tumour-
macrophages interaction related to tumor progression — was also able to predict survival

in NSCLC (Chen et al,, J Clin Oncol. 2005, 23:953-64). When 56 receptor tyrosine



In a further enbodi nent, the invention conprises a nethod wherein, in
addition 5 to determ ning the gene expression levels of EGFR, CSF-1 and CA
| X genes in a sanple, the expression | evel of one or nore additional genes
selected fromthe group of fibronectin 1 fibronectin 1 (FM, insulin
receptor 1 (ISNR), anillin (ANLN), prol %I hydrol ase 4 (PH4), VEGF-C, NTRKI
or KIAA0974 with respect to a reference“value is al so neasured, wherein an
i ncreased expression of any of said _genes in conbination 10 with a

i ncreased exXFReesRIKsERER cxemmed bé(ﬂﬁl_qgcﬁéﬁ F?@é@%ﬁ%&%@sih{fﬁ‘aﬁé & P‘X is

i ndi cative thalstdsRRIcPabphRbvaP REAQI! i nﬁﬁo@@b@r&%ﬁa&ﬁﬁl}, 8 WF Ihembeindmamgased
with respect to patient's wherein expression of the same genes i s not

al tered. EGFR, NTRIR1 gnd diBAdMudlsedidow; Kecti ¢y e% S 2ped RS 1 7hd2hod f or
predicting t i ¥ i fferl S A : | |ung
cancer (NSCL e??ﬁ%é%ﬁfﬁlgefs‘f }%‘gdlgi ‘g“g’% fégpgeéi)s&‘l ésr%{lg?}%r?g nRngéh}%gnggdftﬁiq@g ue,

bl ood or Pl demmathszagy sagsk of NECpEti ent; b) determ ning the gene expression

| evel of EGFR, CSF-1 and CA I X genes in the sanple; c) calculating a risk
score on the basis of the expression levels of EGFR, CSF-1 20 and CA I X
genes usi ng the Moterdingly] he@3pckiSs v rkbedixChelax for fglibbhe nkxekdy wivivhraanrbeCSF, CA

| X and EGFR are the .z-scores aof the expressi | evel s. of the CSE-1  CA I X
and EGFR g ppleivemrier s e RN pitiepisn i Pl gt piicnts

i ndi cative oftHQ@fly StpdsiofASCIZDAHA wHIeH, Redor@itl g WaiBe Lised(th Gedi®S diogh@hert he
invention is applied to Cﬁati ents wherein the NSCLC i s squanous cel |

car ci nomi0  the patienty, arggpdidatesdapeigmethstapy ©hBOtet hod of the invention is
applied to stage IA, B or stage El NSCLC patients. 30 8 In athird
aspect, the invention provides a nethod for deciding whether a patient
suffering NSCLC should be treated wi th chenot herapy which conprises the

st eps of S MMA@dﬁ?k@fh&\%@ﬁ%“om a tissue, blood or plasm sanple

of the patien erm ni ng the gene expression |evel of EGR
CSF-1 and CA I X genes in 5 the sanpl e; c) conparing the expression

veLopols ECT TE S 0% bERERRRL B A0S PRI SRR EREC oo
expressi on @kodnbsls HFReandf NSELL gearntisas dndieidthgoriatiset apbr drsiodrrapl t he CA
| X gene wit ?n &es%[ﬂ%c Il"hé gutltlohrse og’ tehfe %E‘eesgrﬁemv\égtligneﬁaviesfodngq;lgt%[(ixF\i{e, CIS?’?It 'ar}dh(?A
IX are independent prognostic factors and that the expression values of the three of
them can be combined to obtain a risk score which also provides a significant
20 prognostic value for patient survival. Therefore, it can be used for deciding whether to
apply chemotherapy, providing an important tool for customizing NSCLC

chemotherapy in order to improve survival in this very common and fatal disease.

Accordingly, in a first aspect the invention provides a method for predicting the
25 survival of a patient suffering from non-small-cell lung cancer (NSCLC) comprising the
steps of:
a) isolating mRNA from a tumor sample of the patient;
b) determining the gene expression levels of EGFR, CSF-1 and CA IX genes in
the sample;
30 ¢) comparing the expression levels of EGFR, CSF-1 and CA IX genes in the
sample with reference values for EGFR, CSF-1 and CA IX expression levels
wherein an increased expression of the EGFR and CSF-1 genes and a decreased

expression of the CA IX gene with respect to the reference values is indicative that the



10 patient should be treated with chenotherapy. In a further aspect, the

i nvention provides a nethod for deciding whether a patient suffering NSCLC
shoul d be treated with chenotherapy conprising the steps of a) isolating
NMRNA froma tissue, blood or plasna sanple of the patient; 15b) determ ning
t he gene expression |evel of EGFR CSF- J7 and CA | X genes in the sanple;

(c) calculating a risk score on the basi's of the expression |evels of EGFR,
CSF-1 and CA IXa?enes usi ng .t he fornul ac%(lg 93XxCSF + 1,4xCA | X + % x EGFR]
wher ei n CSF,SUCAYY RrograsiEaf-feid patiqnh evil be @gseéfm&bﬁfépﬁ‘ékﬂﬂ B%té‘?“@nw P TS

20wher ei n_a RIS BEORASINa OATX doRdisGRt iieged Mt the pati ent shoul d
be treated W th chenot her apy I n” anot her enbodi nent, the nethod for

deci di ng whet her a patient suffering NSCLC should be treat ed with
cherot herapy accof digfig,f an&lh‘?m&fl"tﬁé‘hjfvgﬂ dﬁlscoﬂ'%BLés%dmﬁﬁocg@h&Eﬁgﬁl aldﬁmohB or

stage Il NSCLC patients. e Invention provides a
kit for detdctderegminiirtgethe ieex prssiconiewdls oh E(J@adSIEGRR] ZSHX1gcamgl itCA | X

whi ch first

e oLt hah Ry B s Wl o SCRRRlR Rl A0 2
ar ?a_g:c on of fm&&e&tlmndﬁlﬁomd&tmd ga‘wr), dikulpr revepter \h/r(mw?); smﬁaxp(asb‘l’ié»’)ngf)ré)lyl
anplifyin r e i men

The ki1 abs it neBl b e MaRRLGHEPar e PR e S A Pe of

anpl i fying Qtlsfo&%é@ﬁ‘re@fwflér@ih%eiﬁéﬂe&beé ekprdbklon oy dfMsaldegeabd ar comtinae) ,
anillin SANLN) pr ol I hydro | ase F’Z) VEGF- C, NTRK1 or K| AAQ974. 5In
C

yet a fufq héYlﬂb?ﬁ:)MFWt EXPFe§EHOLK |EQF§~I st # decreaseqd exRIpSION QTR I I8t ase.

In a further, GrkQdink Mo surr\h@al'ﬁ? @BEI& QP 48 pRi&S wilP bE Aecrbasd Hhthtgek b
conprising the priners specif or detecting altered expression of the

genes EGFR, p@@ﬁﬁﬂwmf@mwrﬁsswfncﬂfﬂmsédmgﬁlqsgﬁ ndieltered-vi val of a patient
suffering from NSCLC and for deciding 10 whether a patient suffering NSCLC
shoul d be treated with chenot herapy. BRI EF DESCRI PTI ON OF THE FI GURES
Figure |. Survivaasuonbaspéctitheingattioeprevides e anahaddot mredibing the kursivalrod.

15  apatient suffering from non-small-cell lung cancer (NSCLC) comprising the steps of
a) isolating mRNA from a tissue, blood or plasma sample of the patient;
b) determining the gene expression level of EGFR, CSF-1 and CA IX genes in
the sample;
¢) calculating a risk score on the basis of the expression levels of EGFR, CSF-1
20 and CA IX genes using the formula [0,93xCSF + 1,4xCA IX + 1,1 x EGFR]
wherein CSF, CA IX and EGFR are the z-scores of the expression levels of
the CSF-1, CA IX and EGFR genes respectively

wherein a risk score higher than 0 is indicative of poor survival.

25 In another embodiment, the method of the invention is applied to patients

wherein the NSCLC is squamous cell carcinoma.

In another embodiment, the method of the invention is applied to stage IA, IB or
stage II NSCLC patients.
30
In yet another embodiment, the nucleic acid is isolated from a tumour sample,

from a blood or from a serum sample of the patient.



15 Figure 2. Survival curves for patients with tunors of 4 cmand snaller
according to their risk score (A) and for patients with tunors |arger than
4 cmaccording to their risk score (B). DETAILED DESCRI PTI ON OF THE

| NVENTI ON 20 The present invention resides in the finding that the anount
of EGFR, CSF-1 and CA | X nRNA provi des g signature which correlates with
prognosi s and survival of patients sufféring from NSCLC. Accordi ngly,

patients carrying the signature (tum)urs expressi ng . hi | s of, EGFR
CSF-1 mRNA and |gw1 thitdeasBech ftheavenkiopRrgydega| methos fgaé%c“? E?IE% a pgtient

expect ancy, JehRAISEEE SEMEodviiatd it dhod@fapy whits oAk teatdps bt have

hi gher chances to survive. Mreover, the signature can also be used to
predict the develabﬁﬁle‘mg@RN& figra Attisywet bleedariplaseg geample @6 Hic patisbiet her t o
apply chenot hera S | d be
consi dered for ag?(uvanﬁmﬁ % 3 rk%&ﬂ%‘%gggﬁgg?r g?fsl %X}%%gk gtﬁ&giﬁow t he
si gnat ur e5 arthe saptpld;i kel y to beneflt fromthe 30 chenot herapy. Thus, the
signature derivedfromth ressiqn V, f |XWI||
ot ovi e an | mpor EhRETEPR TR SRS Ph AU BORR (S ng R B, it e
Accor di ngl y,sainpleawith m&teneﬂba:tﬁhsrfarﬁGFR r(éSH-mmh(‘AdK qxpmmndelsveﬂxs met hod for
predicting the survival of a patient s ff on- smnal | eII Iung
Pancer (NSLG coimprar o el Sspioaat iy BoB8 g PRET R it fisepis

sanpl e of tfk&{)ﬂé@édr%ﬂthe B) 1x0gdne iTihNvefi@ct to eh IR ARerRY REIASSHs AitlidaBive titit tHe EGFR

CSF-1 and CA 1 X genes in the sanple;
10 patient bhould be treated with chemotherapy.

In a further aspect, the invention provides a method for deciding whether a
patient suffering NSCLC should be treated with chemotherapy comprising the steps of

a) isolating mRNA from a tissue, blood or plasma sample of the patient;

15 b) determining the gene expression level of EGFR, CSF-1 and CA IX genes in
the sample;

(c) calculating a risk score on the basis of the expression levels of EGFR, CSF-1
and CA IX genes using the formula [0,93xCSF + 1,4xCA IX + 1,1 x EGFR] wherein
CSF, CA IX and EGFR are the z-scores of gene expression levels

20 wherein a risk score higher than 0 is indicative that the patient should be treated

with chemotherapy.

In another embodiment, the method for deciding whether a patient suffering
NSCLC should be treated with chemotherapy according to the invention is applied to
25 stage IA, IB or stage II NSCLC patients.

In a fifth aspect, the invention provides a kit for detecting altered expression of
the genes EGFR, CSF-1 and CA IX which comprises a first pair of primers which is
capable of amplifying a region of EGFR, a second pair of primers which is capable of

30 amplifying a region of CSF-1 and a third pair of primers which is capable of amplifying
a region of the CA IX gene.



c) conparing the expression levels of EGFR, CSF-1 and CA | X genes in the
sanple with reference values for EGFR, CSF-1 and CA | X expression | evels
wherein an increased expression of the EGFR and CSF-1 genes and a decreased
10 expression of the CAIX gene with respect to the reference values is

i ndicative that the survival prognosis gf said patient will be decreased
with respect to patients wherein expression of the EGFR, CSF-1 and CA I X

gene is not altered. For predicti ngq Eatl ent survi va} and CI di n et her
to apply chenot hét agyrthsriembedipmng the kit o ccopprisss i lpast f“ﬁé ’tr sue. In

a preferred grhodiigbl. ofaaraalzfyin@na Qéglapwaibradeaﬁw (fqu? ﬁlaﬁmpaetcb@m 1from

whi ch the tunour is obtained is also exam ned. Preferably this is done
prior to thd/S¥dnilie(AWRN), polidbydrolss 4+ FETDUKBEF-G. 8 E&Y 06 KIA4497fer  or mi ng
the nmethods of the present invention, tumour cells are preferably 20
isolated fromthe patient. Tunmours or portions thereof are surgically
resected §rom t hén patifetiter embabientntbd kisyplsp oomprisss braypesy tramsiiptassol at ed from
frozen or fresh sanples is extracted fromthe cells by any of the nethods
typical in the art, for exanple, Sanbrook, Fischer and Maniatis, Mol ecular
Cl oni ng, a | abor &t aryrtienedbdimeRt checitlvgntiofCatlsteSpr tha gsdaf the&it@lnmriahgry

Press, New Y 1989 f er.abl are i.s t en to a de dation
of the RNA d Prﬂa‘grﬁ é@&fga qt5esne ﬁ%‘?{‘é‘g%’g’resmno rgelaesﬁéﬁtpt 1r "éﬁ%%dl ment ,
t he expressii®nfor §¢&@icting HekBRNaNBH aYsting fRMérighFamnNeCL.Cosdator deciding
formalin-fixed, paraffin-enbedded tissue sanple, 30Fi xed and

par af f i nl@ntyestheda patisatifisHppNSSLEsBowd be 8F9rt%wlﬁ}é6}éi‘&§’éh°€ad’é(r e are broadly

used storable or archival tissue sanples in the field of Oncol ogy. RNA nay
be isolated froman archival pathol ogi cal sanple or biopsy sanple which is
first depar BRIER BESCRIENTENQH BHY HIGIRES f i ni sati on net hod i nvol ves
washing the 11 paraffinised sanple with an organic sol vent, such as

xyl ene, for exanple. Deparaffinised sanples can be rehydrated with an
aqueous sol tftlgmmgﬁuravdl@m ofitleghtidnts Sauoddaglte tHeaisk scaat.cohol s, for exanpl e

i ncl ude, t hanol,, .et ha . opanpal s, . and but ol s aff| ni.sed sanpl es
may be rége cfh gied: \%P’ivhva ggéol‘r \Pép?ﬁé%wgngl?fﬁ 9 Q\/\%’P agg)g%c?g?{o?m%rdglé’l %tions
of decr easi nBeiEMKCRBN(AY bithfor b@ien@®eAEDIuthorslatger thakh i\l accotdhng t6 areil ki s

si mul t aneousl y de faraffl ni sed and rehydrated. The sanple is then |ysed and

RNA i s extr@6®@8BFromthe sanple. Wiile all techniques of gene expression
profiling, as well as proteom cs 10 techniques, are suitable for use in
perform ng the foregoing aspects of the invention, the gene expression
| evel s are JdIEEAlIED WTEQN@E@H'B"@]NYEN?&QMU on pol ynerase chain
reacti °n2(§ RT-PCR). The determ nation of the expression of a target nRNA
requi res the sinultaneous

The present invention resides in the finding that the amount of EGFR, CSF-1

and CA IX mRNA provides a signature which correlates with prognosis and survival of
patients suffering from NSCLC. Accordingly, patients carrying the signature (tumours
expressing high levels of EGFR, CSF-1 mRNA and low levels of CA IX mRNA) will
25 have low survival expectancy, whereas patients which do not carry the signature will
have higher chances to survive. Moreover, the signature can also be used to predict the
development of distant metastasis and to decide whether to apply chemotherapy. Thus,
those patients carrying the signature should be considered for adjuvant chemotherapy,
whereas patients who do not show the signature are not likely to benefit from the
30 chemotherapy. Thus, the signature derived from the expression levels of EGFR, CSF-1
and CA IX will provide an important parameter for customizing NSCLC chemotherapy.



15 neasurenent of the expression of a constitutive RNA as endogenous
control, i.e. a RNA whose expression is constant across all tunour sanples
studied. Preferred reference RNAs include the ribosomal 18S RNA, the
13-actin nRNA and the GAPDH nmRNA. Most preferred is the ribosomal 18S RNA
as it exhibits the nost stabl e expressi %1 across all tunour sanples. The
raw expression level is then normalised'to 20 the endogenous reference
gene. Ot her nethods known in the art can be used, .as long as relative
level s of EGFR cseoringhp i |iRstc smbesiments ithin dayeptien Reovidehp decthqde Rt s of
MRNA or the gog ' [t -§ail-GclPRh@cshcbh@ns@l@t i ve
| evel of Eﬁ?él&?@gggﬁgg%&ﬁ%ﬁ g%gggg?{;gnﬁ@%? gxlri]glgrd@erret h%ds ofmrreas(?rerrent
wel | known igompigingihe siapeofised, see for exanple EP 1 381 681 i ncor porat ed

by reference herein_in.:i gjo i . ed enbodi nent, the
reference val ue %Zglé&?%drgt et g‘rt?n&%%%gﬁé\/%ﬁg%lﬁlgr%f?{ﬁg’gging’r ession of a gene

sanpl e i s5"i ncr ed$ edtterminitigithe gemsadtessiar leedpohdSFR oCHé ankAdX geakuim of
expression |l evels otfh%EG:R CSF-1 and CA I X neasured in a RNA sanple 30

obt ai ned by pooling &aunéqlé;armunts of RNA from each of the tunmour sanples
obt ai ned by bi opsy donparicg e pratiore ivvels pf EGRRCSFol b CAcIOag¢ney anthe

chenot her apeutic treatpent.. ce this i e i abl i shed, .the
|l evel of this mar keﬁaﬂ@gw%ae%eﬁ% Vi H??&g?gb?ﬁséﬁei af"l!l g’ﬁ]e%éetx%@ﬁ?l%n @é{ﬂs be
conpar ed W thdréth SanMBidicastdValpkRsio i thBUSGITE 288 UINeGefes 4 bederteatdd

"increased"” or "decreased." In a,FartlcuIar enbodi ment, , an_increase in

expressi 0f =¥BiEesiehel the Céy Bhawevdihsesrsrt igithe igrence velupgpisqndiqatiye that ghe
5-fold, 10-f t\?vaal %2%1?)?%) fég sﬁg‘ﬂa%rg’wiﬂodcf QctbascdOn Pk pe® Qo Hprtidhs ¥8edpl d,

80-fold, 90- or ‘even nore conpared with the reference val ue

i s consi der extpeession pfche BGER: CBliprand SAJK ganp isnobalipied. i cul ar enbodi nent, a
decrease in expression below the reference value of at |east 0.9-fold,
0.75-fold, 0.2-fold, 0.1-fold, 0.05-fold, 0.025-fold, 0.02-fold, 0.01-fold,
0. 005- fold or eWFenpiledisEngpatipatrsacyival bind ddvalingedipatieon ceappdy chemothecapyisit der ed as

"decreased" expression. .10 to inter-subject variability (e. aspects
rel ati ng%i o B Br,agfeéﬁg’fan?e‘fl%%é%i“?mirélsﬁ'}‘gr{? ad?rlf frﬁﬁrfqbct(ﬁrfmﬁ’o? 3’%{1%1};&*}9&?‘

i mpossi bl e) tsoucedralthd sdticaBeh Whechrtbé emese & obadinkeiSis hdo ckidhiRed. @offerhband CA
| X. Thus, in a particul ar enbodiment, the reference values for "increased"
or "decr easdhs igdgnRrpriegp the digmotharapy UsRPEREPS HMOUE et ni ned by

cal cul ating percentiles by conventional neans involving the testing of a

group of 15 sanples isolated fromnormal subjects (i.e. people with no
di agnosi s of NSCliCperfasminghiie mgthods of the presoet| iBvegtion, Hemearrlls mrsmrafershly cA | X.

The "inckga N I 3 ﬁS?ti-éﬂ@ wher ein
expr essi (Q)ﬁ ﬁgo\cj.%tf:&s?r}ﬁglrtﬁ% ﬁg&g@%%%% -1 an g%&r%ﬁéﬁgiﬁg@g %%S%?@éﬁ g}e in
excel s of plqmuenlrttquodata&l&d![ by tongnndiopsl Hjb?[nuﬂoa&tubfmf[n! flmziemghr rigsh Eam)zlexanpl el,
expression | eyels ual, to or.in excess to rcentil.e i n nor ma
popul at i on, eééﬁ%{?d %g’nb?hel ﬁelgx%sagyt%feglgr 318%15?% @pﬁﬁﬁ i R rthoé)rrréf‘argple’

popul ati on, Sa@ibddoki Pistler iand MARES, Mdlqale €drihge a8l@boratotyhmament,n@hd ed.),

popul ati on, | to or in excess to rcentil 0.in the norumal

popul ati on, (gﬁ‘g%éﬁ%ﬁa%r bqrﬂ(’@k}_%%%gs °y g%rﬁ‘céﬁf;?} & r‘g_%m P ?aﬁ%lsn%lf‘f?a'io_

popul ati 981. 8iliNReRIARAM (HEBINRAuisy Sbkk@Rlién hREespr edi cting the survival of
patients suffering fromany type of NSCLC, including squanous cell

carci noma (SCC), adenocarci nong,
In a particular embodiment, the expression level is determined using RNA

obtained from a formalin-fixed, paraffin-embedded tissue sample.

30 Fixed and paraffin-embedded tissue samples are preferred because there are
broadly used storable or archival tissue samples in the field of Oncology. RNA may be
isolated from an archival pathological sample or biopsy sample which is first

deparaffinised. An exemplary deparaffinisation method involves washing the



i ncl udi ng the bronchioal vcol ar carci noma, the nost common subtype of NSCLC,
and | arge cell carcinonma. Mreover, the nethod is also suitable for

predi cting the devel opnent of distant netastasis. Preferably, the nethod is
al so suitable for predicting 30 the survival of NSCLC patients wherein the
tunor are surgically resectable, includipg stage |, stage Il, and sel ected
stage Ill tunours, wherein the tunors ofldifferent sizes. Mre preferably,

the nethod of the invention is suitable for predicting the gutconme of 13
pati ents haviadiRisdorsamplea| Wity a0h HReMC Fobsal esh For &Y IpHef gﬁ‘aﬁﬁ}nﬂlﬁr

predi cting the Qi GQaRaRbIcR 8kl B ehydtadd RthiaH MRS Bol 0SS bfeRRlEotB. I N @
further enmbodinent, the invention conprises nmeasuring in the same 5

bi ol ogi cal sHpbleslomse aloepelss otomxdmnle isclude, gpcthangbt cthanol api@P#dnaindgene,
wherei n sai i f s I :

L E 1ol pha oo RERaRESLEthid Rl R WREAREE Mo NN

ani | 1'i n (ANLaoholihe litivgs lof deareasimptconcefitr§tioNSRY examgle.uhlibarnasivdiyt Helsamblegr owt h
factor C (VEGEQ) ,and t.he neur.otrophi c tyrosine kinas el
(NTRKL) . 10 ol ety SRTHREREERY i OR A€ sShpEaTuch BERLALRNARE %, 1
survival of etrpatd Reh tisdafn@lel Ng from non-smal | -cell 1ung cancer (NSCLC)
conprising the steps of a) isolating nRNA froma tunor tissue of
t he patient; b) determ ning the gene expression |evel of EG-R
CSF-1 and CA | X g@nas dliNtekRiififes SEBR, efpressidh CptbAlind) hsawell Sds otbmian t he
basis of the expression |levels of EGFR,. CSF-1 and CA | X genes using the
formul a [9, gechriquet are syitablg forpsq Ixm:rfgr,nlm&ﬂE@I@O%é‘%Pé?%O%%F}HV@WW nd EGFR
are the z-s { Lo : . i ; i R,

T eapect 1 vel v e e B B B e or
survival . reactioM(RT-4€Re signature identified in the present inventions is
suitable not only for predicting the survival of a patient suffering from
NSCLC, but also allows deciding whether a patient suffering NSCLC should be
treated wi th cheffibt detagpyatioAot dredixpugbsjon ofra targbtunRNAr requiies thersantlfantdus

i nvention, provi des hod for decidi ng. whet a patient 25 suf.fering

NSCLC shot dtreirEmedh A, Rrei g hePRpgHtna i Brigrpegts fudhdsSabf *a)

i sol ating YA f #BéBe Aexpkd¥BIbn tik SuGta@f adrb8 @Attir@Hir; samples studied. Preferred
reference RNAs include the ribosomal 185 RNA, the p-actin mRNA and the GAPDH
mRNA. Most preferred is the ribosomal 18S RNA as it exhibits the most stable

expression across all tumour samples. The raw expression level is then normalised o
20 the endogenous reference gene. Other methods known in the art can be used, as long as
relative levels of EGFR, CSF-1 and CA IX can be assigned to the samples. Levels of
mRNA or the corresponding protein can be measured to obtain the relative level of
EGFR, CSF-1 and CA IX expression. Standard methods of measurement well known in
the art arc used, sce for example EP 1 381 681 incorporated by reference herein in its

25 entirety.

In a preferred embodiment, the reference value used for determining whether the
expression of a gene sample is "increased" or "decreased" corresponds to the median
value of expression levels of EGFR, CSF-1 and CA IX measured in a RNA sample

30 obtained by pooling equal amounts of RNA from each of the tumour samples obtained
by biopsy from cancer patients previous to the neoadjuvant chemotherapeutic treatment.
Once this median value is established, the level of this marker expressed in tumours

tissues from patients can be compared with this median value, and thus be assigned a



b) determ ning the gene expression level of EGFR, CSF' -1 and CA | X genes in
t he sanpl e; c) conparing the expression |evels of EGFR, CSF-1
and CA I X genes in the 30sanple with reference values for EGFR, CSF-1 and
CA | X expression levels 14 wherein an increased expression of the EG-R and
CSF-1 genes and a decreased expression ?{ the CA 1 X gene with respect to
the reference values is indicative that the patient should be treated with

chenot herapy. 5Moreover, the invention also provides a nmethod for deciding
whet her & pAPYrRF SOFFERY ngT NGESTEehon ot Garieblos boqTIaNT HE BT TP dBy

conpri si ng thersdiGPHoNE 1) refed@lealvhing o iNBast 1AM A, U BRI, LB RIUS0-BE1d] Fre
patient; b) determning the ?ene expression |level of EGFR  CSF-1 and CA I X
genes in t heoklaadrfadd, 4efeld, 8¢ Q!@»I@tfpﬁig’/%rfqldas&%)'f@@o?%f%ﬁ 10fol 8 iexergporeh e
expression | : , z CA L LS DGt NS F QLN

[ 0, 93xCSF + c?&?&@%gﬁiﬁéfr%@ﬁﬁl&%}]éiﬁp e%@leg%g%? “C% éla%dan%pE%g:lHRHar eat he
z-scores bf pahEulpesmbediprents 8idocredseielespressiondsiow G teikrensel VEIGFRS at least
respectively i K S ighe 1an., Q d,Se | NEInG a4V 1at the
et ont shodh el RERIE A%l 0 1250 8 05Tt of 0. 8025 T Bl o CE | 1E
under st ood dol b eahniest covhpdied witht thx irefesnbis valne s cansideted as {‘deadasalincer .

W thout wishing to be bound by any limtation, the nmethods of the invention
are suitabl PGPt edi cti ng whet her the patient should be a considered for
20 chenot herapy. As chenotherapy it is understood any treatnment with the
chenot herapeutic _agents that constitute the standard therap or. NSCLC,

i ncl udi nd0 ci spl alU R imtambisp arirbility; (5 cBWBTHERT B8 Direh r‘&@n‘éF§ H5 Ney
paclitaxel, GHRERLRAS pra@ARPRARGINE) ¥icOabIRh RbfButc 2Fbbnde RNRE & IRSER,

enbodi ment, cisplatin and carboplati'n are usually adm nistered as a

conbi nat i on GHet and Gt KXeTbposinde, pagequddrt ebbademensadlici redscence Hyeest Htel or

vi nor el bi » I i : d i
! he et hods. S arnaSuEEAC EOFRABErA0 S BARRO (Ep TRItY 08 Sicklingl phocd 1 1

enpl oyed cl icalcolatihy peSetiesd bg esnvdntibnad Onéyes datodvihgttiee tdsting loé angromp| of
fashion, . for ex I body surface area. , 15 carcinonm
adenocar Je% n&ﬁ’ﬁ?ggﬁ(‘? ﬁtfg:}x%n P%glagww(%e(?ﬁi (e RoRl Hith &8 rdéﬁgﬁlgsﬁsa?f(m%%’f ¢ o nmon
subt YEle 0]1: N§g§|e§§.iodrﬁlladel!r\;,\ﬁf he BGHR, GSF- L bDOR. IXMDhe Ginereasetih éevaBtdan thendeal so
suitable for decidin et her to apply chenot herapy. t ients
wher ei n t he 24gR5dr BreErabls Jp gpples YWhesleePagsrian ?‘?Vﬁgl ﬁ?ﬂﬁﬁgg&]g’ggg#“,l Wfage 11,
and sel ect eqc £11&08ereb lis equal to or in excels of percentile 50 in the normal population,

including, for example, expression levels equal to or in excess to percentile 60 in the

20 normal population, equal to or in excess to percentile 70 in the normal population, equal
to or in excess to percentile 80 in the normal population, equal to or in excess to
percentile 90 in the normal population, and equal to or in excess to percentile 95 in the

normal population.

25 The present method is suitable for predicting the survival of patients suffering
from any type of NSCLC, including squamous cell carcinoma (SCC), adenocarcinoma,
including the bronchioalveolar carcinoma, the most common subtype of NSCLC, and
large cell carcinoma. Morcover, the method is also suitable for predicting the
development of distant metastasis. Preferably, the method is also suitable for predicting

30 the survival of NSCLC patients wherein the tumor are surgically resectable, including
stage 1, stage 11, and selected stage 111 tumours, wherein the tumors of different sizes.

More preferably, the method of the invention is suitable for predicting the outcome of



5 tunours, wherein the tunors of different sizes. Mre preferably, the

nmet hod of the invention is suitable for predicting the outcone of patients
having tunors snmaller than 4 cm and even nore preferably for predicting the
out cone of patients having tunors in stages IA and IB 10Thus, according to
t he invention, patients which show increased expression of EGFR and CSF-1
and, at the sane tinme, show decreased eﬁgression of CA 1X, should be

consi dered as candi dates for chenot herapy whereas patients shqow.ng nor mal
| evel s of t H@tieny Bevinghaerspmalich ghan e pnd cyngrere macterRrdPhRraising 18| n a

further aspe&&ooniefb?patmﬁ%mamgaﬁﬁ&yidﬂs@@g@@whﬁdﬁmr detecting altered
expression of the genes EG-R" CSF-1 and CA | X which conprises a first pair

of primers which is capable of anplifying a region of EGFR, a second pair

of primers whi ol s, GARRP!EA8LANR! bl Yt 'Sk Oholipd iA0Mle Aali [ d

pair of priners |s capa ylng region o e CA | X gene.
20 $ n tolpgicdlisemblas t@n@mmssremﬂevelﬁ qf hae ldastvenatddditionalrgene cwharsinsaidl asma

be util d.di tl dent t f th
Y e T R SR ol O SN SRRLENL Py P ERRRR R, g of the
enbodi ment, (RHcA)EKTAAOIH, itk &xihridadisg pfdmmapilllas (BNDN),sthe insubis rampuonllt i al

step of thel ention. In su cas 5 extra tedfromsald
sanpl es vvoul(g‘? Bl vascula ele%he@er;‘rg{f’wglf?ﬁ ﬁé&@&)t%ltée ot écetdﬂ’éﬂlte
anplificati qpnasg)}g&p{ohq IRK19ci d sanpl e has been obtai ned,
conplenmentary DNA is nmade fromthe nessenger RNA tenplate present in the

sampl e ud®ng dNTPs and an RNA- 30 dependent DNA pol ynerase (reverse
transcriptase) t kﬁlﬂ% nea&&?alﬁf 9&%0@3 AN BF pllRBRE icPfub@thl ofA&afibave
[

conponents are co rimer in a reverse transcriptasc
buf fer, pr efseffatrigfrdmnomsmalbenil lang mr (NSELED) eermpistngthe gepsrefnscri pt ase

useful for carryl qso%{t tngﬁggw% or?ﬂfssuteta?th% il e MWLV reverse

transeri ptase or CI ent ‘derivatives, AW Reverse
Transcri pt ase, amj da&\ﬁnnmgetﬁzs gerteraxpressiopteadef ETHR, ﬂSﬂFgl andsCA dXdedesciDNA
generateg fromthe | nal single-stranded nRNA is 5 then anplified. In a
parti cul ? enbodi mat annle; anplification of the DNA is carried out by neans
of PCR The geneeplca&maﬂﬁg wkngssoafabmmadasﬁs oPie $x@ression levls eﬁEGBR @sikl 1

detection of nucleic acids, such as using PCR are wel] kn

skilled person in t#é G dX gepesusing g’ﬁlfﬁﬁn“l? Iﬁ‘égbél(%ﬁar akt Xfﬁgn e]att"l on
(PCR) carried out bygiiewiBkhoese! dAh@XpérﬁisﬁGTFR' ANeHei RBoHKEST &
appropriate enzynme which is ca‘pa bl e of ing the target 10 c

Preferred enzymes uxpuyssiarlevip OrﬁiSEafEAdK a@fiE &, raapeseivelnuct ei ¢ aci ds are
t her most 4pl %%99@’ FAm gt rthlﬁ%ﬁ?m@”ﬁ\ \Raoclg) %?ﬁ%l may be isolated from

nat ural or |nan sou by techni ques at are well-known in the
T N G o
for use in tphaliamgpbs istrivonakofiaganet fsoﬂ‘erltcg from NSCLC, but also allows deciding
whether a patient suffering NSCLC should be treated with chemotherapy. Accordingly,
in a further embodiment, the invention provides a method for deciding whether a patient
25  suffering NSCLC should be treated with chemotherapy which comprises the steps of
a) isolating mRNA from a tumor tissue of the patient;
b) determining the gene expression level of EGFR, CSF-1 and CA IX genes in
the sample;
c) comparing the expression levels of EGFR, CSF-1 and CA IX genes in the
30 sample with reference values for EGFR, CSF-1 and CA IX expression levels



15 the present invention include, but are not limted to, Taq, Tne, Tnm,
TIi NENTTm DEEPVENTTm Pfu, Pwo, Tfi or Tth DNA pol ynerases, or mutants or

derivatives thereof The anplification requires the use of
ol i gonucl eotide prinmers which are capable 20 of specifically anplify the
EGFR, CSF-1 and CA | X target sequences. The terns "ol igonucl eoti de

primers" or "anplification oligonucleot }Yes" are herein used

i ndi stinguishably and refer to a polyneric nucleic acid having, generally
| ess than 1,06it a8iigersased j gxpresdom @ ttho FOFRn and LSFel airgeadidserease oner
limt of aboup. '&noofﬁggé%@(sﬂfqu%ﬁth%%e@t% WP Ferdrc VA& is dRRative Bt fhe 900
residues. In re%erre enbodrl nents, oligonucleotide priners are in a size
range havi ngatert shosild bd trdatedofithathompth8rapy about 15 resi dues and an upper
limt of about 100 to 200 residues. Mire preferably, oligonucleotide
primers of the present invention are in a size range having a lower limt
of about 40 to abmutovis themivehtios abodgravidasppaethbd firtdeciflinglbwohethet Z patert 00

residues. 30 Alth | i ucl eot.i d rinmers may be. ified from

natural |y oéBﬁ%‘rmm(g Fk@%gﬁé?ctfeﬁgefi “flﬁle@‘e??t er@BWé%‘é‘Trfbi/n%gg}erﬁtﬁ’essolfz ed using any
of a variety of welilolm@WRICAZINRE tudnod tissubBenNihe phtioigt hods. 17 The
term "anplification oligonucleotide" refers t i.gonuc i de t.hat

hybri di zes to a PhrdGErmpNRg 18 gengsxaresyign fey Oégﬁ%%eﬁjélﬁtgl a"énégggrglep"éilbat es in
a nucl eic acid anpl,f iaggfidon reaction. Anplification oligonucleotides
include primers and pronoter primers in which the 3' end of the

ol i gonucl@ot i de Fk cekvlerumelrighsoprrenn thabasis afsharyrespblenes ohberRi €Shti d
strand as the ! enplghes b0 eaAURsifIRRTOMR f.0330SRIPLLCAL R LOM x EGER]

ol i gonucl eotide contains at least”about 10 contiguous bases, and nore
preferably about 13vieont iGifo@s\ h¥sed EGFRikreathe zepopiseafehe gene expressiongi on of
the target sequenc Mol e y strangd). Target-binding bases are
preferably at Ieasﬁe&%ofﬁf&é%%%aﬁlﬂ){;gﬁprres 8@‘5 y about 90%to 100%

conpl ement aryhekein b gk Sesteidipher than WHs didativdihadihe paGenfsharipbe treated with

ol i gonuclhioti de Lsﬁgr ef erably about 10 to about 60 bases | ong and may

i ncl ude MOJiPFBYIHAN eoti des” or base anal ogues. The terns "anplify" or
"anplification" refer to a procedure to produce nmultiple copies of a target
nucl ei ¢ acid sequence or its conmplenent or fragnents thereof (i.e., the
anplified producByshgmetberapy WSI1@§§f5f9ﬁ<é?f1yt?Fétrﬁijﬁgml@tcétof%ﬂ“g‘%*@%@ﬁﬁl@ﬁ@é) . For
exanpl e, I a0HRA Snd&Y WAkholf QiEoDY: BTNty Ol RuPAlcl mPRodf of fhe ¢ ar get
nucleic acid by using an anplification oli ggnuc_l eoti de which hybridizes to,
and initi at ésveptiony arer suitable dor predieting vhiether theapatipaisshopldnbeot comaderes &t

nucl ei c id, Known anplif] ] .hogds || , r | e,:polymer ase
chai n r eakt ichgm y'ar‘?lpﬁ i#h%‘%éth?{éﬁ?e?gp‘gi LhRGHEE: 3@%&@&%% puie %‘ﬁ

| i gase chai rhémethérhmnti€ LaGRYts ahmpl dohstitae it stasdardnitbratiys folr ECIRML including

anplification (SDA) and transcription- 20 .associated or ..

transcripti (9?1*1’&?@% %ﬁ éﬁr%ﬁ%tl"?’f Pcég?‘hwat(‘gﬁvﬁlal Ig&ﬁcgqizmer FRagHEr g 9988 e

pol ynmer ase, eRipbslBs &r Jifdrel@pOSi te strands and thermal cycling to synthesize

mul ti ple copies of DNA or cDNA. Replicase nediated anplification uses

@B-replicase to anplify RNA sequences. LCR anplification uses at |east four

di ff erengs ol i gonyc) ﬁx@?én%%mﬁoediﬂm, lbifsylafﬁ?m &m%ia@imar@ﬁsmmd&mis@rad%get by
y n

using cycles of 25 hybridization, |igation, and denaturation. SDA uses a
pri mer that acombimatien terapy withictopesids geracifameapackigrelj dacpiorel ehuBAGRI®ase and
an endonucl ease that nicks one strand of a hem nodi fi ed DNA dupl ex that

i ncludes the target sequence, followed by a series of primer extension and

strand di spl acenfh¢ chinsplserapdnagesstabevaraientiinedriol bdivspl actwenethedspifithiscat i on

met hod that .does not. rely .on endonucl ease ni cki i Si.al so 3

Transcri pt i ShRAULEILRS ?IStFrregr\’%@?ﬁef)f?%rﬁglprﬁﬁfngpog’aé 81%'%3?1?' i %uag ;ﬁg‘ﬁest}gﬂels a
primer timt verslbuaes irathp homml exshisefuenampiivt wdy Ritfecpategmer ase specific for
the pronoter to produce nmultiple transcripts froma target sequence, thus
anplifying the target sequence. 18 Preferred enbodi nents of the

present inventi ofhanibthdd drh@e EbhtiorSk- duitBlk G dXcidiag ORhetBROWERFHS USI NY
the present anplification oligonucleotides in_a ppglgyr,rer ase chain reaction
e

(PCR) anpl i Fhereathaspy torpagipnss ReFer@gtiom antype oS Hcl¥ines e ghgsicels t he
si mul t aneous detection of the EGFR, CSF-1 and CA | X target sequences and at
| east one additional gene. Preferred genes to be detected according to the
inventions are those genes nentioned in Table 2. Most preferred are the
genes fibronectin 1 (FN 1), insulin receptor 1 (ISNR), anillin (ANL1V),
prolyl hydrolase 4 (PH4), VEGF-C, NTRK | or KIAA0974, which genes which
show a positive correlation 10 between alteration of expression |evel and
survival prognosis in the NSCLC patients. The reverse transcription



15 step anplified. The uncoupl ed nethod has the advantage that the reaction
conditions for the reverse transcription and the anplification can be
properly tailored in each step. In contrast, the so-called "coupled RT-PCR'
met hods, the reverse transcription and the subsequent anplification are
carried out in the sane tube, which requires the use of a conprom sed
buffer which is appropriate for the actﬂ@ity of the reverse transcri ptase

and 20 the DNA pol yner ase. . The kits of the present inventjon can be
used for predr@tang SO adarasprgiromss inglugdiagitherfprondhicaisiep Ry ca7iBNNGL Cots wel |
as for deci ddoﬂg%&(“&i)%é of NaRYiceRhd wgébegn BECINSE: Gisiaew: dhb endinyasis Gaed for

chenot her apy. e nvention belng thus described, practice of the
i nventi on i ssuititle farrdecidihgbyhathes texpelyioremetherapk tnPPeECrationts avhetsal B\, The
skilled practitioner wll,real]l t ] ter din
the 111 ut r e rouS A sifelsind Secidfle, Ahabl SR IE bl 11 300 ERLESBAUTAP

Mat eri al s5andmMeshetiech Rattiraorts of differentTdigess Moy popfarely.i the Innedlewll 66theat | ent s
wi th SqQCLC who under urat,ive pul npnary.resecti on bet ween 2000 gnd
2004, Thi vty YRR oA P PRcistinG B P aF Bhp e deras Bl FE ELia Ty, and
the remai ni ngn 3& ahiwétt profeaBly ffoepredibtitl Sic antcofetoadphtaitshaiigeumarsniadi an
foll owup of 37 nonths (range, 24-64 nonths). Seven out of 33 patients 10
who developéﬁ@ﬁ%yh§ﬁégﬁs after operation had also a | ocal relapse. Twenty
seven patients had tumour smaller than 4 cmand the remai ning 39 had tunour
with |arger dianmeter as shown in Table 1. Al consecutive stage 141

patient s1@ul fil | iThus epeordieg loghs inyentions raticnfs Which skyr Hicreaspd cxprspiqn of

pul monary r gge &9&%@\1%&,3@& shifc ffuo! dRGoSBRES BicskiBh of EASK, GRMAT T umDur
tissue in the section), and at least a 2-year foll'owup tor non- 15

rel apsed patlieentgderdives catdidaes bt ¢ghepmtliceapy svharenhpatientd iskavang nerstabkvelses wer e

o S Bl SRR B R 220 L T L Surer
(31) segnmentectonies (3) and sleeve-resection of the lobe (3). In al
et ances, com) oL Rl S5k, hyTRRedenceLon, ues, peLl ol ed Snd.Le
charact eri stdfee geMad EGPRECHRY A58 TH BX GhRHRoMDFZS] M paBtoAPiaStsSWIIEIOND
capable of amplifying a region of EGFR, a second pair of primers which is capable of
amplifying a region of CSF-1 and a third pair of primers which is capable of amplifying
a region of the CA IX gene.
20
In a particular embodiment of the invention, the serum or plasma may be utilized
directly for identification of the expression levels of the EGFR, CSF-1 and CA IX
mRNA expression levels. In another particular embodiment, nucleic acid is extracted
from plasma or serum as an initial step of the invention. In such cases, the total RNA
25 extracted from said samples would represent the working material suitable for

subsequent amplification.

Once the nucleic acid sample has been obtained, complementary DNA is made

from the messenger RNA template present in the sample using dNTPs and an RNA-

30 dependent DNA polymerase (reverse transcriptase) through the process of reverse
transcription. The above components are combined with a DNA primer in a reverse
transcriptase buffer, preferably for an hour at 37°C. Preferred reverse transcriptase

useful for carrying out the synthesis of the cDNA are MMLYV reverse transcriptase or its



(N=33) Age (neankangc) years 61(37-75) 63 (48-76) Sex VWnen 4 (12% 10
(30 %9 Men 29 (88 % 23 (70 % Stage A 3(9 % 7 (21 % IB

16

RNase H deficient derivatives, AMV Reverse Transcriptase, and RSV reverse

transcriptase.

The single stranded cDNA generated from the original single-stranded mRNA is

5 then amplified. In a particular embodiment, the amplification of the DNA is carried out
by means of PCR. The general principles and conditions for amplification and detection

of nucleic acids, such as using PCR, are well known for the skilled person in the art. In
particular, the Polymerase Chain Reaction (PCR) carried out by the method of the
present invention uses an appropriate enzyme which is capable of amplifying the target

10 cDNA. Preferred enzymes used for amplification of the target nucleic acids are
thermostable DNA polymerases. These DNA polymerases may be isolated from natural

or recombinant sources, by techniques that are well-known in the art. As an alternative

to isolation, thermostable DNA polymerases are available commercially. Particularly
preferred thermostable DNA polymerases for use in the compositions and methods of

15 the present invention include, but are not limited to, Taq, Tne, Tma, THNENT™,
DEEPVENT™, Pfu, Pwo, Tfi or Tth DNA polymerases, or mutants or derivatives

thereof.

The amplification requires the use of oligonucleotide primers which are capable

20 of specifically amplify the EGFR, CSF-1 and CA IX target sequences.

The terms “oligonucleotide primers” or “amplification oligonucleotides” are

herein used indistinguishably and refer to a polymeric nucleic acid having generally less

than 1,000 residucs, including those in a size range having a lower limit of about 2 to 5

25 residues and an upper limit of about 500 to 900 residues. In preferred embodiments,
oligonucleotide primers are in a size range having a lower limit of about 5 to about 15
residues and an upper limit of about 100 to 200 residues. More preferably,
oligonucleotide primers of the present invention are in a size range having a lower limit

of about 10 to about 15 residues and an upper limit of about 17 to 100 residues.

30 Although oligonucleotide primers may be purified from naturally occurring nucleic
acids, they are generally synthesized using any of a variety of well known enzymatic or

chemical methods.
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The term “amplification oligonucleotide” refers to an oligonucleotide that
hybridizes to a target nucleic acid, or its complement, and participates in a nucleic acid
amplification reaction. Amplification oligonucleotides include primers and promoter
primers in which the 3' end of the oligonucleotide is extended enzymatically using

5 another nucleic acid strand as the template. In some embodiments, an amplification
oligonucleotide contains at least about 10 contiguous bases, and more preferably about

12 contiguous bases, that are complementary to a region of the target sequence (or its
complementary strand). Target-binding bases are preferably at least about 80%, and
more preferably about 90% to 100% complementary to the sequence to which it binds.

10  An amplification oligonucleotide is preferably about 10 to about 60 bases long and may
include modified nucleotides or base analogues. The terms “amplify” or “amplification”
refer to a procedure to produce multiple copies of a target nucleic acid sequence or its
complement or fragments thereof (i.e., the amplified product may contain less than the
complete target sequence). For example, fragments may be produced by amplifying a

15 portion of the target nucleic acid by using an amplification oligonucleotide which
hybridizes to, and initiates polymerization from, an internal position of the target
nucleic acid. Known amplification methods include, for example, polymerase chain
reaction (PCR) amplification, replicase-mediated amplification, ligase chain reaction
(LCR) amplification, strand-displacement amplification (SDA) and transcription-

20 associated or transcription-mediated amplification (TMA). PCR amplification uses
DNA polymerase, primers for opposite strands and thermal cycling to synthesize
multiple copies of DNA or cDNA. Replicase mediated amplification uses QB-replicase

to amplify RNA sequences. LCR amplification uses at least four different
oligonucleotides to amplify complementary strands of a target by using cycles of

25  hybridization, ligation, and denaturation. SDA uses a primer that contains a recognition
site for a restriction endonuclease and an endonuclease that nicks one strand of a
hemimodified DNA duplex that includes the target sequence, followed by a series of
primer extension and strand displacement steps. An isothermal strand-displacement
amplification method that does not rely on endonuclease nicking is also known.

30 Transcription-associated or transcription-mediated amplification uses a primer that
includes a promoter sequence and an RNA polymerase specific for the promoter to
produce multiple transcripts from a target sequence, thus amplifying the target

sequence.
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expression anal ysis Tunour sanples were obtained during surgery as bl ocks

of lcnB and Snap- 5 frozen in liquid nitrogen.

until total

RNA was extracted with AllPrep kits (Q agen). Only tunour

Ti ssues were stored in -80C

sanpl es containing nore than 60% of tunpur tissue on a m croscopic section
were eligible for further processing. THe concentration of RNA was assessed
i n Nano-dropTM and the quality of obtained RNA was tested on agarose gel.

First-strand cDNA was synthesized from1l ug of total RNA using the 10
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and at least one additional gene. Preferred genes to be detected according to the
inventions are those genes mentioned in Table 2. Most preferred are the genes
fibronectin 1 (FNI), insulin receptor 1 (ISNR), anillin (ANLN), prolyl hydrolase 4
(PH4), VEGF-C, NTRKI or KIAA0974, which genes which show a positive correlation

between alteration of expression level and survival prognosis in the NSCLC patients.

The reverse transcription and the amplification reaction can be carried out
sequentially in the so-called “uncoupled RT-PCR” wherein the cDNA is obtained by
reverse transcription in an independent step and the cDNA is then in a second separate
step amplified. The uncoupled method has the advantage that the reaction conditions for
the reverse transcription and the amplification can be properly tailored in each step. In
contrast, the so-called “coupled RT-PCR” methods, the reverse transcription and the
subsequent amplification are carried out in the same tube, which requires the use of a
compromised buffer which is appropriate for the activity of the reverse transcriptase and

the DNA polymerase.

The kits of the present invention can be used for predicting the survival of a
patient suffering from NSCLC as well as for deciding whether a patient suffering
NSCLC should be considered for chemotherapy.

The invention being thus described, practice of the invention is illustrated by the
experimental examples provided below. The skilled practitioner will realize that the
materials and methods used in the illustrative examples can be modified in various

ways.

Wwere done usi ng Applied

PRI SM



15 ill of a cDNA tenplate corresponding to ,100 ng of total RNA

Rel ati ve gene expression val ues were cal cul ated by the AACI nethod" using
t he Sequence Detection System (SOS) 2.1 software (Applied Biosystens). The
AACt nethod gives the anbunt of target gene normalized to an endogenous
reference gene 20 and relative to a calibrator sanple (reference for all
sanpl es). W nornalized the raw gene expfession values ticcording to the
expression of ribosomal 18S RNA as it exhibited the nost stable expression
across al | th¥®MPIddhpl es. The nornalized expression of each gene was
calibrated by its expression in an RNA pool (nade by pooling equal anmounts
of total RNA from each sanple) anti comercially avail able 25 Uni versal
Ref er ence HMatrialshodaVlethRbids ( St r at agen). We provi de data cali brated
according to tunmour RNA pool as all the genes were detectable in this
calibrator. 21 Statistical analysis W applied a nethod for categorizing
& CU; tunpurkatiestshavi ng good or poor prognosis based on the gene expression

profile. 'The nethod consi sted, of ve st eps. i on was

coded as 0 (1 ow) '8F S HETQYR qudte?ile%g%ar‘ilgméx‘ﬁ’]ﬂegg%:%é V\g ug(z ‘puraqf%e <

S0th or > SQiuhncﬂ%cwaéddoﬁ betvRBRE000 4l 00D T THilny- &r@EMIeﬁtxpi‘eeﬂépedrﬂlstmtal |

tunour sanples; (2) a univariate Cox npdel. with over e[e Oféﬁr\“ val as the
h

dependent vdRSIaIASES HEEE SBigRT prfk the derRHAINE AP 3PN WEr ¥ion

llevel s as ingepeafenh MR- @1%1@?2 mbaths trbﬁgeiq@ne& nfonak). w&a&ﬁgﬂgj bzﬁﬁaﬂis in the
univariate analysis were included in tivariate 10 Cox

propor t i dhalwheageveliped onetastasisi ofigr; onemfiop Hady 3la aslestlerepse. SREHtp Y8t was
cal cul at ed; spgﬁ),n& a@hARr tsfﬁalflz%rr}g%]xt ?%nﬁé&hﬁgtrcrﬁélgl k%@%@cﬁml)@rv\%{th li’a)fgér()g rank
test for d| case- ree surviva ferent cut-off "values for the risk score
wer e test ed diindiertasshovminriater 1. \Adl msmﬁ?ecﬂﬂage\lﬂbpzélenﬂaéulﬁwgéhef foflowing i s

h h that the P t |,
Bataon_ pat i< Wik el il oh iordHiriekRln SYAUERCLETRRG! $RpICR fF 1U0r
rel apse or desat B80%06f ﬂuhﬁundassae@mmmsecﬁordaml welreast (ael‘rsenrédllov@up\felsnémr

[ I d di - f i val t d th
Raol an- M ereBrsa aeiens e siet HEPRE S B g GR R O R s Poa i

group. ConpatatisnshanRiisfi®d areWisiimbiiRdt Wo-Tabled. KogidabPfodedsits iffdbdednt
characteristics were conpared between the two risk groups using the

Mann- Wi t neyprewsencctprieschi): ddekactonusrl! k). éq*l?@fmgn%&é& S%@e@%ﬁ%@l@é Q@s#d 20 to
conpar e cat egarl falo¥ar 'o‘"fbltgé thel @5 atFnStélPa nséﬁ@ésy S@&ng\tﬂﬁ ke maidtiggd out at

5% | evel of "significance an power of 80% usin e Statistical
Package for lymehaSemﬂcwlmySEasemfesned\ﬁelﬂihwrgL@ (BRIS WS ﬁ@hpfzfa@@r (BQ)). Results

25 the 29 genes exam ned, 10 (CSF1l, FN1, CA I X, Pl44, KI AA0974,
ANLN, VEG-C, |SNR, NTRK1l, EGFR) were found to be signifi cantly correl at ed
wi t h survival inTable luPdtieatsichirect@stics egr essi on anal ysis, i.e. those genes
having a p value lower than 0.05 (values in bold in Table 2).
[Metastasis group] No metastasis group
Variable
(N=33) (N=33)
Age (mean/range) years] 61 (37-75) 63 (48-76)
Sex
Women 4 (12 %) 10 (30 %)
Men 29 (88 %) 23 (70 %)
Stage
IA 3 (9%) 7 (21 %)
IB 16 (48 %) 16 (48 %)




24 Gene nane/ nedi an expression val ue Medi an survival
0,52 S0.72 33.9 22.4-45.5
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95% C. |

>0.72
20

1B 14 (42 %) 8 (24 %)
IIIA 0 (0%) 2 (6%
Grade

Gl 3 (9%) 4 (12 %)

G2 21 (63 %) 24 (72 %)

G3 9 (26 %) 5 (16 %)

p val ue GPI

Gene expression analysis

Tumour samples were obtained during surgery as blocks of lem® and snap-
frozen in liquid nitrogen. Tissues were stored in -80°C until total RNA was extracted
with AllPrep kits (Qiagen). Only tumour samples containing more than 60% of tumour
tissue on a microscopic section were eligible for further processing. The concentration
of RNA was assessed in Nano-drop™ and the quality of obtained RNA was tested on
agarose gel. First-strand ¢DNA was synthesized from 1 ug of total RNA using the
High-Capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA). Quantitative
RT-PCR reactions of 29 genes (Table 2) were done using Applied Biosystems TagMan
Low Density Arrays (microfluidic cards) in an ABI PRISM 7900 HT Sequence
Detection System (Applicd Biosystems). One channel of a microfhuidic card was loaded
with a mix of 55 pL TaqMan Universal PCR Master Mix (Applied Biosystems} and 55
ul. of a cDNA template corresponding to 100 ng of total RNA.

Relative gene expression values were calculated by the AACH method’* using the
Sequence Detection System (SDS) 2.1 software (Applied Biosystems). The AAC:
method gives the amount of target gene normalized to an endogenous reference gene
and relative to a calibrator sample (reference for all samples). We normalized the raw
gene expression values according to the expression of ribosomal 718§ RNA as it
exhibited the most stable expression across all tumour samples. The normalized
cxpression of cach gene was calibrated by its expression in an RNA pool (made by
pooling equal amounts of total RNA from each sample} and commercially available
Universal Reference Human Total RNA (Stratagen). We provide data calibrated

according to tumour RNA pool as all the genes were detectable in this calibrator,



46.9 25.7-68.2 MWP9 0.53 29.9-52.7 >0.5 33.6 21,9-45.3 These genes
were included in a nmultivariate Cox regression analysis together with
stage, differentiation, tunour size (<4 cmvs. > 4 cmin dianeter), sex and
age. Three 5 genes (CSF-1, EGFR, CA I X) and tunour size energed as

I ndependent prognostic factors (Table 3% Table 3. Multivariate Cox nodel
for overall survival. HR I

Statistical analysis
We applied a method for categorizing SqCLC tumours as having good or poor
prognosis based on the gene expression profile. The method consisted of five steps: (1)
5 the gene expression was coded as 0 (low) or 1 (high) if the gene expression was ranked
in the < 50th or > 50th percentile, respectively, of this gene expression in all tumour
samples; (2) a univariate Cox model with overall survival as the dependent variable was
constructed and categorized with gene expression levels as independent variables; (3)
the genes that were significant in the univariate analysis were included in a multivariate
10 Cox proportional-hazards for survival; (4) the risk score for each patient was calculated;
(5) in order to find the highest significance level by log-rank test for discase-free
survival, different cut-off valaues for the risk score were tested with the minimum P
value method, where the cut-off point is chosen such that the P value for the survival
curves comparison is minimal. Data on patients were analyzed from the date of surgery
15 to the time of relapse or death, or the date on which data were censored. Curves for
overall survival and disease-free survival were obtained with the Kaplan-Meier product
limit method for each prognostic factor and risk group. Comparisons were made with
the two-sided log-rank test. Patient characteristics were compared between the two risk
groups using the Mann-Whitney test. The chi-square and Fisher’s exact tests were used
20 to compare categorical variables. All statistical analyscs were carried out at 5% level of
significance and with a power of 80%, using the Statistical Package for the Social

Sciences, version 13 {(SPSS Inc, Chicago, IL).

Results
25
Of the 29 genes examined, 10 (CSF1, FN1, CA IX, PH4, KIAA0974, ANLN,
VEGFC, ISNR, NTRK 1, EGFR) were found to be significantly correlated with survival
in the univariate Cox regression analysis, i.e. those genes having a p value lower than
0.05 (values in bold in Table 2).
30



95% Cl
(ref.)

P Tunor size

<4 1 (ref.)

>4 2.7 1.1-6.6 0.02 CSF1

22

Table 2. Univariate analysis of overall survival

Gene name/
median Med'ian
expression survival 95% C.1 pvalue g
value

CSF1 0.002
<0.90 NR -
>0.90 275 20.1-34.9

FN1 0.002
<0.57 NR -
>0.57 31.3 19.343.2

CA9 0.007
£0.56 29 20.9-37.2
>0.56 NR .

PH4 0.01
<0.90 NR -
>0.90 29.7 21.9-37.5

KIAA0974 0.02
<0.71 NR -
>0.71 213 22.3-40.2

ANLN 0.02
<1.09 NR -
>1.09 313 24.4-38.2

ISNR 0.03
<0.57 NR -
>0.57 312 19.3-47.1

VEGFC 0.03
$0.67 NR -
>0.67 332 26.9-39.5

NTRKI1 0.04
<0.53 NR -
>0.53 332 24.9-41.6

EGFR 0.05
<0.76 NR -
>0.76 33.9 23.7-44.2

SERPINE 0.08
<0.45 46.9 -
>0.45 312 19.2-46.6

Ezrin 0.10
£0.81 NR -
>0.81 332 23.1-43.3

ARHGDIB 0.1
<0.76 41.3 -
>0.76 29.7 19.8-39.5

5.0.90 1



>0.90 3.5 1.5-8.5 0.005 EGFR

CA9

:50.76 1 (ref.)

>0.76 2.7 1.2-6.4 0.02

23
Gene name/
median Med'ian
expression survival 95% C.1 p value
value

Selectin P ligand 0.12
<0.71 46.9 33.160.8
>0.71 29.7 20.2-39.2

CXCR4 0.18
<0.61 41.3 -
>0.61 31.3 25.6-36.9

STX1A 0.18
<0.72 46.9 -
>0.72 33.6 27.9-39.3

PDPN 0.19
<0.59 46.9 )
>0.59 332 20.6-45.9

HGF 0.21
<0.51 46.9 32.9-61.1
>0.51 33.2 26-40.5

Selectin L ligand 0.33
<0.59 41.3 30.3-52.3
>0.59 332 23.1-43.4

PGK1 0.35
<0.90 33.6 20.4-46.8
>0.90 38.2 28.8-47.5

L8 0.86
<0.46 36.7 -
>0.46 38.2 29.1-47.2

CD44 0.42
<1.62 33.6 21.6-45.6
>1.62 46.9 31.9-62

CD47
<0.70 413 . 0.36
>0.70 339 17-50.9

NTRK2 0.68
<0.32 41.3 28.3-54.3
>0.32 38.2 -

N-cadherin 0.34
<0.34 46.9 _
>0.34 336 27-40

TWISTI 0.69
<0.77 36.7 25.8-47.6
>0.77 46.9 28.7-65.2

S100P 0.64
<0.21 336 26-41.2
>0.21 46.9 34.9-59.1




50.56 1 (ref.) >0.56 0.2 0.07-0.43 <0.0001 10 25 1.1xEGFR]. The risk
score was used to classify patients into high (RS>0) or low (RS..Cl) risk
expression profile, in which a high risk score predicted poor survival.

Medi an survival for high-risk patients was 24 nmonths (95% C . 17.1-30.9),
while 5 it was not reached in the lowrjisk group (p <0.00001) (Fig. 1). The
ri sk score nodel including CSF-1, EGFR %hd CA 1X predi cts overall survival
with 70% accuracy. This nodel also perfornmed well in terns of distant

net ast ases |deVaEf BPfent pr edi cti on with sensitivi ty 64% and specificity 73%
Subsequent lly, mtfini va APy si re%:;@,td ve to clore was done in the

group of pgti emtessiond t h fumu rs snallef 4 ¢m gn Iarger tunours. 10 In both

i nst ances, |the YMi&sk score was ghle to predict nrnnnos| s with very high

| evel of adclracy. ln|lthe popullation. of n.atlpn s wilth smaller tunours (Fig
2A), the pdtients $ith | o®’risK scB&’had|exquisitely good prognosis (93%
were cl assilfi ed corfect!| y¥*® The hi g% sk|patients in this group had a
medi an sur Vi of 27| 5 nonths [(p=0.005) (Fig%32A).| In patients with
tunmours | arjger thawmsd| cmall qf thes2F9 hjgh risk patients were classified
15 correctlly;as nane| of BheM qurviiveéd 5 yeéars after resection. In this
group the medramsurvival—fortow riskpatients was not reached (p-0.002)
(Fig. 2B). Interestingly, in the univariatc analysis, over-expression of
EGFR, FNI, INR1, ANLN and KI AA0974 precisely predicts very poor prognosis
(5-year sur Vitesd geseQ0ef inc(wdb@limmslniwvﬂiat@CmcmgmorameiﬁitwtheoWlithese genes
and for: NTRK1 r

suppl enent arvgﬁ’a({_%rimgfa?: , W%‘H gﬁgggé&f‘e‘[ expresl{él Oarr]n eV\?ar Scxoarnrdreag%l'?@léeeby p
Spear man sretdane (0SBHOBGER| Cxx INpaimd faglout sieOmicealtds dniepltmepesgnbite genes wer e
found. For exarrple the high levels of PH4 were related to | ow or no

expr essi on JFC%(Ték’l‘ﬁ? - -0.33; p=0.007).

Table 3. Multivariate Cox model for overall survival.

HR 95% CI P
Tumor size
<4 1 (ref)
>4 2.7 1.1-6.6 0.02
CSF1
<0.90 1 (ref)
>0.90 3.5 1.5-8.5 0.005
EGFR
<0.76 1 (ref)
>0.76 2.7 1.2-6.4 | 0.02
CAY
<0.56 1 (ref)
>0.56 0.2 0.07-0.43 <0.0001

10
A risk score was generated by adding the z-scores of gene expression level times

its corresponding coefficient as follows: Risk score (RS) = [0.93xCSF + 1.4xCA9 +



26 CLAIM5S 1. Use of nRNA of a patient suffering fromnon-small-cell 1ung
cancer (NSCLO) in the manufacture of a conposition for the
prediction of the survival of said 5patient to NSCLC, wherein the survival
is determned by a nethod conprising the steps of: a) isolating mRNA froma
tumour sanple of the patient; b) determ ning the gene expression |evels of
EGFR, CSF-1 and CA | X genes in the san‘pﬁe; 10e) conparing the expression

| evel s of EGFR, CSF-1 and CA | X genes in the sanple with reference val ues

for EGFR, CIFxEGERA. Thx risk seorpives uscd o plassiy §at\‘/9|ﬁt§r”étpr}\“gélr(R§ﬁ9)r‘€a\%‘éd expr essi on
of the EGFR (ﬁ?%)@ﬁg er%rgbeﬁfb r@fﬂg vﬁ’l?c(ﬁra ghe% kes)égfe SR Rbr LpGVEA | X gene

with respect ar e ues I's Icati e 15t hat the survival
prognosi s of said patient w II be decreased with respect to patients

wher ei n expr ESSI t 2. Th
use of claim1 H‘nfsﬂ’fvt“f’?ggzﬁlﬁpﬁpgé’ggms et 4&?’&%@%%5 Igg; ?bf e ©
expr ess:c o? It;eweé ﬁ(gt%adhﬁ@ Igﬁ’lfh)crm\l‘v&lsﬁlfgﬂ(bdp @ne0.0eneig. 20. Tied ﬁskt sord modnlt he
group o i bronectin i nsulin recept 1 (1SN nillin ,

prol yl hydr dheeding CoBiiy %GF‘B‘B’@ @l ICt%lﬂYFragﬂﬁW%@?ﬁﬁgm?c%ﬂB%% &Q&/R)n step
(c) the exprgsgl A% b&v&hﬁ.d QJelltlﬂ%rﬁm@Qth:ﬂs&'ﬂﬁlneﬁ@t@@s QEvelsment pelktisehanence

val ues for the expression levels of said genes 25wherein an |ncreasEd
expressi on oEnsifiyo§4% and sprofficitywi Xh Subsgruently suiviel pealesiefriaive to 1

score was done in the group of patients with tumours smaller 4 cm and larger tumours.
10 In both instances, the risk score was able to predict prognosis with very high level of
accuracy. In the population of patients with smaller tumours (Fig 2A), the patients with
low risk score had exquisitely good prognosis (93% were classified correctly). The high
risk patients in this group had a median survival of 27.5 months (p=0.005) (Fig. 2A). In
patients with tumours larger than 4 cm, all of the 19 high risk patients were classified
15 correctly, as none of them survived 5 years after resection. In this group the median
survival for low risk patients was not reached (p=0.002) (Fig. 2B). Interestingly, in the
univariate analysis, over-expression of EGFR, FNI, INRI, ANLN and KIAA0974
precisely predicts very poor prognosis (5-year survival < 20%). (Median survival curves
according to these genes and for: CSFI, PH4, VEGFC, ISNR and NTRK1 are provided
20 in the supplementary materials). When the gene expression was correlated by p
Spearman method biologically meaningful correlations between the genes were found.

For example, the high levels of PH4 were related to low or no expression of CA IX (p =

-0.33; p=0.007).



val ue in conbination with an increased expression EGFR, CSF-1 and a
decreased expression of CAI1X is indicative that the survival prognosis of

said patient will be decreased with respget to patients wherein expression
of the same genes is not altered. 30 3. Use of nRNA of a patient suffering
fromnon-small-cell lung cancer (NSCLC) in the manufacture of a conposition

for the prediction of the survival of GBAIMS27 patient to NSCLC, mhereln
the survival is determ ned by a nethod conprising the steps of

a) isolating nRNA froma tunor sanple of the patient; b)

dﬁt erm n: ng t)he 1g|en@ @mm&sdf@rpaheuehff@fngmo%mceandnga%nb@( (Y8OEE) 5i n
the sanple; c¢) calculating a risk score.on_.th he exp n

| evel s of EGFR, Eeawa é%@@ﬁﬁéb%@&mﬂEWhgﬂtﬁ% §P S@@ké&ﬁ?$“€ 4xCA
I X + 1,1 xsEGFRL V\ﬁi’h@léﬁtl 6 NSOIE.C, Wheleth B GuiivbRs aleRrrhifed By 5 etted dfmptikieg
expression | evels of the CSF- 1, CAIX and EGFR genes 10wherein a risk score
hi gher than 0 is iH&MER9Tve of poor survival. 4. A use according to clains

| to 3 wherein the N§p+§alatfngmﬁxacﬁﬂnbu&aﬁglem@mpaﬂé5 A use according
toclains 1 to 4 wherein the NSCLC patient is a sta or stage ||

pati ent . 6. Use oP) cKEABINHEr ApEERG EXPIRFEIRD IPW%%gﬁﬁﬁu?§Etlu?f@ 6

medi canent for the treg&ggqﬁﬂ@@a gLC, wherein the patient suffering NSCLC
is selected for said 20treatnment by a nmethod which conprises the steps of
a) isolatilhg mRNA fremcamparingrthe srppssion flevekieofEF R ESE-b pnd) & Prigeiieadn t he

gene expression Tevel of. e GRF oAt Ghilok BENSSENCEDS. SAITER: 1X

c) conparing the expression and X genes in 25the
sanple with reference apessionflevel EGFR, CSF- 1 and CA IX

wherein an increased expression of the EGFR and CSF-1 genes and a decreased
expression of the CA IX gene with respect to the reference values is indicative
15 that the survival prognosis of said patient will be decreased with respect to

patients wherein expression of the EGFR, CSF-1 and CA IX gene is not altered.

2. The use of claim 1 which further comprises

- detecting in step (b) the expression levels of one or more additional genes

20 selected from the group of fibronectin 1 (FNI), insulin receptor 1 (ISNR),
anillin (ANLN), prolyl hydrolase 4 (PH4), VEGF-C, NTRKI and KIAA0974
and

- comparing in step (c) the expression levels of the additional gene or genes with
reference values for the expression levels of said genes
25 wherein an increased expression of any of said genes with respect to the reference
value in combination with an increased expression EGFR, CSF-1 and a decreased
expression of CA IX is indicative that the survival prognosis of said patient will
be decreased with respect to patients wherein expression of the same genes is not
altered.
30
3. Use of mRNA of a patient suffering from non-small-cell lung cancer (NSCLC)

in the manufacture of a composition for the prediction of the survival of said



expression | evels wherein an increased expression of the EGFR and CSF-|
genes and a decreased expression of the CA I X gene with respect to the
reference values is indicative that the tient should be treated with said
treatment. 30 7. Use of chenot herapeutic agent in the manufacture of a

medi canment for the treatnent of NSCLC, wherein the patient suffering NSCLC
is selected for saiadledtit€AISTRAL wWhyrch thebirodalce dpeinsihdiobyt fmetiod pempfisin?8 a)
isolating mMRNA fro a tu r sanple of the patient; b) determ ning the gene
expression |evel CSF-1 and CA I X genes in the sanple;

c) calculating a ri SK) Séb%ftlﬁgﬁfRNA‘ﬁoﬂ&&htﬁor%mbi&%fﬂ?éﬁiﬁﬁ@ﬁl on levels of EGFR

5CSF-1 and CA | X genes u3|ng the fornmula [0, 93x dg? % ﬁ

EGFR| wherein CSF, CR [dXeHpnRingdergess %prfﬁé‘o’ile%l SF8s Cp g"@ﬁﬁ?\a@%*‘ﬁ%’ﬁs | evel s
of the CSFs1, CA I X ang, Ekihgenes wherein a risk score higher than 0 is

i ndi cative that the patient should be treated said treatnment. 9 8. A use
according to clainms © 6rlcratiges BnseomeoNbebesipaf therfxpiession leyvely el FGER. st age
Il patient. 9. AKkit f gane sxBEGFR,
CSFT and CA T X 15 which e O Bkt B S e <
capabl e of anplifying d.kedi@R]orheRBFRSFaC aerl BEFR as¢ ther 7-prores aftben i s
capabl e of ampl i fying RyseaidieRls dFifedsrand At M thnglmeel primers which
is capable of anplifying a region o e CA' | X gene 10. A kit according
to clai m® which fwierdiea rigoseprei higher thn 0 ésaipdicativpaf pooopurpivilrer s capabl e of
anplifying a region of a gene selected fromthe group of FN, ISNR ANLN,

PH4, VEG--C, NTRKI and KI AA097 4 . 11. A kit accordi ng to claim9
or 10 which fur#hes wongprording t@ claiwsr bdotY avisein peadSCLL5is squamous cell
carcinoma.
15 5. A use according to claims 1 to 4 wherein the NSCLC patient is a stage IA, IB or

stage Il patient.

6. Use of chemotherapeutic agent in the manufacture of a medicament for the
treatment of NSCLC, wherein the patient suffering NSCLC is selected for said
20 treatment by a method which comprises the steps of
a) isolating mRNA from a tumor sample of the patient;
b) determining the gene expression level of EGFR, CSF-1 and CA IX genes
in the sample;
c) comparing the expression levels of EGFR, CSF-1 and CA IX genes in
25 the sample with reference values for EGFR, CSF-1 and CA IX
expression levels
wherein an increased expression of the EGFR and CSF-1 genes and a decreased
expression of the CA IX gene with respect to the reference values is indicative
that the patient should be treated with said treatment.
30
7. Use of chemotherapeutic agent in the manufacture of a medicament for the
treatment of NSCLC, wherein the patient suffering NSCLC is selected for said

treatment by a method comprising the steps of



12. Use of a kit as defined in clains 9 to 11 for predicting the survival
of a patient suffering from NSCLC 13. Use of a kit according to
claims 9 to 11 for deciding whether a pajjent suffering 30NSCLC shoul d be
treated wi th chenot her apy.
a) isolating mRNA from a tumor sample of the patient;
b) determining the gene expression level of EGFR, CSF-1 and CA IX genes
in the sample;
¢) calculating a risk score on the basis of the expression levels of EGFR,
5 CSF-1 and CA IX genes using the formula [0,93xCSF + 1,4xCA IX +
1,1 x EGFR] wherein CSF, CA IX and EGFR are the z-scores of the
expression levels of the CSF-1, CA 1X and EGFR genes
wherein a risk score higher than 0 is indicative that the patient should be treated
said treatment.
10

8. A use according to claims 6 or 7 wherein the NSCLC patient is a stage I or stage

II patient.

9. A kit for detecting altered expression of the genes EGFR, CSF-1 and CA IX
15 which comprises a first pair of primers which is capable of amplifying a region
of EGFR, a second pair of primers which is capable of amplifying a region of
CSF-1 and a third pair of primers which is capable of amplifying a region of the
CA IX gene.

20 10. A kit according to claim 9 which further comprises at least a pair of primers
capable of amplifying a region of a gene selected from the group of FNI, ISNR,
ANLN, PH4, VEGF-C, NTRKI and KI4A0974.

11. A kit according to claim 9 or 10 which further comprises a reverse transcriptase.

25

12. Use of a kit as defined in claims 9 to 11 for predicting the survival of a patient

suffering from NSCLC.

13. Use of a kit according to claims 9 to 11 for deciding whether a patient suffering

30 NSCLC should be treated with chemotherapy.



