Bl OVARKER FOR SELECTI NG PATI ENTS AND REI ATED METHODS The present invention
relates to the field of inmunology ana, in particular, to immunotherapy of
a pati entwegaimmsoodi seases caused for exanpl e by i nfect ipom/EPRo10AMB8F S. Mor e
particularly, the invention relates to nmethods for predicting whether a
patient is or is not susceptible to devé op ing a prophylactic or

t herapeutic response, preferably imune response, after such i nmunot herapy.
The present invention relates to nmethods and conpositions for inproving the
survival rate of patients to be treated by an i nmunogeni c conposition, in
particular a therapeutic vaccine. Traditional vaccination techniques
involving the introduction into an ani mal system of an antigen (e.qg.

pepti des, proteins) which can induce an i mmune response, and thereby
protect said animal against infection for exanple, have been known for many
years. These techmgues havesHurdhers imel udeds tthey developmentrrafDsboth |ive
and inactivated vacci nes. Lave vaccines are typically attenuated non

pat hogeri ¢ versions of an infectious agent that are capable of primng an

i mmune response directed agai nst a pathogenic version of the infectious
agent. Numerous research groups have al so investigated the use of vaccines
cts a potential therapeutic nodal.ity for various cancer types. This
specific type of v EE%QEtSﬁﬁééﬁﬂﬁohsrng@é@|EM egae%ﬁggdtefagmmunology

i munot herapy. " I'n fecent years there have been advances in the devel 6pnment
of reconbindnt wvacpknéscuéspecital | ymmesotbinany| infe wacwines )t i nowhiheh
foreign antigens of in}%£e%t_are encoded and e&gje§§eq frqn1a}M§ct r. .Anong
them vect'orsbated B Teconbi nant Wi ubés Have sHown“§r eat” priom se “ahd
play angi ppertantzrole tn=thevdevebaprenttet newnvasetipesorMaRydVictuses

have been investigaced for their ability to , i o
whether & patilent 18 or 1s not susceptible to developing a

prophylactic or therapeutic response, preferably immune
response, after such i1mmunotherapy. The present inventiocn
relates to methods and compositions for improving the
15 survival rate of patients to be treated by an immunogenic

composition, in particular a therapeutic vaccine.

Traditional vaccination  technigues invelving the
introducticn Into an animal system of an antigen (e.g.
peptides, proteins) which can induce an immune response, and

20 thereby protect said animal against infecticn for example,
have been known for many years. These technigues have further
included the development of both 1live and inactivated
vaccines. Live vaccines are tTypically attenuated non-

pathogenic versicons of an infecticus agent that are capable

2
h

of priming an immune response directed against a2 pathogenic

version of the infectious agent.

Numerous research groups have alsc investigated the use
of wvaccines as a potential therapeutic modality for various
cancer types. This specific type of vaccine strategy is

30 generally referred to as immunotherapy.

In recent years there have been advances in the

development of recombinant vaccines, especlally recombinant



express proteins fromforeign pathogens or tunoral tissue, and :o0 induce
speci fic i munol ogi cal responses agai nst these antigens in vivo. Generally,
t hese gerwolosigd3awacci nes can stinmul ate potent nunoral aot/EPedélws®Bs | NMMune
responses and V J rai vectors may be an effective strategy for both the
delivery of antigen-enco axng genes and2the facilitation and enhancenent of
antigen presentation. In order to be utilized as a vaccine carrier, the

i deal viralveectarcstoul dibe shiehantbrenabl e asffivehent opr égdmtzstsiton 2ok

requi red path nspecific antigens to the_inmune system FEurthernore, the
vector sy P%ﬂgggsﬁg%geﬁxé?ﬁfgﬁgﬁ that' éhablfé Pts produdt i'6h on gg%t%m”

| ar ge- scahesbasics PSevefalin¥htalv Maceinenveet ansohaverthus emeiiged taddate,
all of them having rel ative advantages and |limts depending on the proposed
appl i cat i BREYf 6 alFevT eitlonTPéBontl nait (RVELOVREEI NS s’ f JACExahpl-e
Harrop angd.GCarroll, 2006, Eropt Bi 0S¢ie . 1l 804817 nYOkoyamm ety ak.,
1997, J Vet d Sci.,59, 311-322) . Following the observation in the early
1990 's thaprprasmabDBNAavettons fooaiidrd pateefeldy transieetsanitralsvgel | s
invjvo, significant research efforts have also been g@deg%gkgggt%hg%gelop
vacci nat i oMt e€hni'qles’ based upon T'he Use? of " pr&shids o 1 Rduce i mune
response, zhyidikrect; i ntroductdeonr: dantiey, antnaks ofcrBNAzwhiichv encodes fan

anti gens. Suchﬁtechniqpes which are widely referred as DNA vacci nation have
now been G5eBULHTEI IRGYSIPr oL BEPT e iFmTune® t eSpdhsed R ar g&P Huter 26

di seasqqmdels. For.a.seview ga DNA vacelnes,. see-Reugs- Sapdovaland it
2001 (Current Mol ecular Medicine, 1 , 217-243) .A genéeral problemin

vacci ne fieldvhowever has!peeretdhedidenyifibeatinon Wfe afpeanstof Londacidng a
sufficientl¥ strgng inuunetpesponse i.n . vaccinated individual s %gigg%%%pt
and/ or trBRUCEGETREE nf &CtiG land di‘sedse; " and Thet &by t 6~ eXtend " *¢

as a vaccine carrier, the ideal viral vector shcould be safe
and enable efficient presentation of reguired pathogen-

15 specific antigens to the immune system. Furthermore, the
vector system must meet criteria that enable its production
on a large-scale basis. Several viral vaccine vectors have
thus emerged to date, all of them having relative advantages
and limits depending on the proposed application (for a

20 review on recombinant viral vaccines see for example Harrop
and Carroll, 2006, Front Biosci., 11, 804-817 ; ¥Yckoyama et al.,
1997, J Vet Med Sci., 5%, 311-32Z2).

Following the observation i1in the early 19%0's that

25 viveo, significant resezrch efforts have also been undertaken
to develop vaccinaticon technigques based upon the use of DNA
plasmids to induce immune response, by direct introduction
inte animals of DNA which encodes for antigens. 3Such
techniques which are widely referred as DNA vaccination have

30 now been used to eliclt protective lmmune responses in large
number of disease models. For a review on DNA vacclines, see
Reyes-Sandeoval and Ertl, 2001 (Current Molecular Medicine, 1,

217-243) .



the survival of patient having fatal disease, for exanple, cancer
Therefore there has Joeen for exanple najor effort in recent years, to

di scover wewodraegeosor r pounds that act y stinul ating cer rarmrzayoampect s of
t he i mmune systemwhich will serve to increase the i mune response induced
by vacci nes. Most of these conpounds, referred a s xm nune response

nodi fiers (IRVs) or adjuvants, appear to act through basic imune system
nmechani sms via Fokknkirke peceptor sn( TkRs)nto finddcaovareousabnpertante

cyt oki nes biosynthesis (e.g., interferons, |nterleuk|ng tunD ne rosis

factor, etfeniasifsfisnamil & SEHiTT er fet "&NCINS00H, S ik *f%?ﬁ% Bl BErp5d

331-341) . ; SHGR.COMROUALS hﬁver§§QH§J@QW ih@:stbmihat e a §apidof ebeage of
certain T cell, dendritic ceil, or nonocyte/ nacrophagederived cytokines and

are al so Capabl ewfirstt nuk &t ¢ hgot yrrphio@re%a‘&mctﬁ@@ gelebas B céFEsnEo
ecrete agélbodlesxyq]ch playl%%thport role in th% ant#vfrgga%gde
antltungr Gt i Vi “c %M%f '

i'es of T conpoun ernativ Sfaccination
strat egi es=have . been proposed, nost of them being based on a pri nme-boost
vacci nation regi men. According to these "prinme-boost" vaccination

protocol s, the iTpauRE SYSteM S LSt vapduced: yeadRbhesteriong ¢osshe patient
a primng conposition and then boosted by admi nistration of a boosting
second CONPESHEi off{5ee fior @xe %%T%fEP&&Hl@?HQoﬁx8§§06§519§b76)EﬂﬁNbP§over

|t _has been,shown i, t&waarltl@@yar %S%Q'Etsexngtbﬁt\ ORgy teat pend - cam :he,

effective onIy i'n specific group” o atients is thus desirable to
provi dd(t giphysikerans toolsnamdaﬁethods t hatrunel | renabhect hemdtoetiai kbor

opti mal personal i zed tlent ;her | i.e. to prescribe the_ right therapy
to the rlﬁﬁFCﬁﬁfrentggF right t5° to ﬁ?%%fd%ga hi ghet ?%ea?nent "duccess
rate, to %@@bb@@etﬁ@dt@i@@@SQLPQSQh@r adifuvants, appear to act through

basic immune system mechanisms via Toll-like receptors (TLRsg)
to induce wvarious important c¢ytokines bilosynthesis (e.g.,
15 interfercns, interleukins, tumor necrosis factor, etc. see
for example Schiller et al., 2006, Exp Dermatcl., 15, 331-341).
Such compounds have been shown to stimulate a rapid release
of certain T cell, dendritic cell, or monocyte/macrophage-
derived cytokines and are also capable of stimulating
20 lymphocyte function, such as B cells to secrete antibodies
which play an important role in the antiviral and antitumor

activities of IRM compounds.

ARlternatively, vaccination strategies have heen
proposed, most of them being based on a prime-boost

25 vaccination  regimen. Accoxrding to  these "orime~-boost"
vaccination protocols, the immune system is first induced by
administering to the patient a priming compesition and then
boosted by administration of a boosting second composition

{see for example EP1411874 or US20030181076).

30 Moreover, 1t has been shown in the health care context
that one treatment can be effective only in specific group of
patients. It is thus desirable to provide to physicians tools

and methods that will enable them to tallor optimal



treatment, to increase drug efficacy and safety, to elimnate the
unnecessary treatnent of patients for whomtherapy is not appropriate, to
spar e t hewpabvilgnsoannecessary toxicity and side effectspcreradoss3s he cost
to patients and insurers of unnecessary or dangerous ineffective

medi cation, and tc inprove patient quality of life, eventually making
cancer a nmanaged di sease, with follow up assays as appropriate. Wth these
regards, bétepratulecpr pposestvaricusitagl si and et hodsscrsiieh ase f et gexanpl e
: Pharmacogenetics, which consist in the study of individual respopse to
drugs as BIBGREYI 61 of Geretdid dPRfefBhces TheSk resionsks ﬁéﬁﬁg%k%oahOM/a

drug funcii ﬂér'@f@@ymgﬁyegu&gghg'ggéé; pow,bt it s-metabelizedsei ts taxicity
and dosage requirenents. Wt hunman genomne proj ect, pharnacogenetlcs

has expandedatmtmfpha@nanggeﬁ@ﬁlcsng Pﬁéﬁﬂ&@@g@ﬁ@nﬁésfgmestbe?@ﬂ@iﬂat@

h t th th | . fr d
Gevel ophonte. PAPBE- A Stovsry AnAL VAT BAE DA ahd el A chl SEFral &F ot

thabM(Nmpﬁrﬁpﬂ;@tép Hﬁ;a@@$r£drh@1@Mxi¢ﬁﬂdu@hep@edeaylWﬁwmmMKynena
Unli ke pharnacogenetlcs which is limted to genetic factors ,
phar r aaco¢ hetabbl6ftés I8 é@ﬂ?%%)%%%d?ﬁﬁ:%ﬁwqﬁﬁ%@ﬁﬁﬁlﬁ%drégﬁbHE 5t 6Ta

drug basegnﬂeéegaLy on.gengtic.fagtors,.but-al $0 nanzgenetie, faghar sy such
as other drugs In tﬁe patlent s body, the patient's current state of

heal th, etoprihe peteécof biwrindrkers iLsfbeceomenguindreasiigly ¢apoetrant in
the cli |caI develognent of . %heta utlcs géblonarker can._| be._an indi cat or
of nor il “Bi'8Fogi cal “pr ocelsed, “di Sehse pfocesses’ off dﬂ%rnacologlcal
responses to therageutlc |ntervent|on Their roIe ranges from

stratifyingthe pat eﬁfwﬁ%bu¥é??ﬁﬁ51n h&Fprng Eo Hidehtity fRsponderSver sus
non-respopdgr stRcdet eentni Ay the ekiigacy; of the

- Pnarmacogenetics, which consist in the study of
individual response to drugs as a function o©of genetic

15 differences. These responses relate to how a drug functlions
in any given individual, how it is metabolized, its toxicity
and dosage reguirements. With the human genome project,
pharmacogenetics has expanded into pharmacogenomics.
Pharmacogenomics goes Dbeyond pharmacogenetics, with the

20 potential to find uses from drug discovery and development,

target discovery and validation, and clinical trials;

= Metabolomics can also be applied to the field of

&3]

predictive medicine. Unlike pharmacogenetics, which 1
limited to genetic factors, pharmaco-metabolomics is able 1o
25 predict an individual's response to a drug based not only on
genetic factors, but alsc non-genetic factors, such as other
drugs in the patient's bedy, the patient's current state of

health, etc.

1

= The role of biomarkers is Dbecoming i1ncreasingly

30 important in the c¢linical development of therapeutics. A
biomarker can be an indicator of normal bioclogical processes,
disease processes, or pharmacological responses to

therapeutic intervention. Thelr role ranges from, stratifying



t herapeutic. Biomarkers can be a val uabl e tool m making better decisions
that will reduce the cost for drug devel opnent and enabJ e therapies to
reach t hewouosti/@mppsopri ate patient popul ation faster. TIRETIRPR@OIEWES
provides rraterials and nmethods for predicting the efficacy of a treatnent
i nvolving the adm nistration of an i mmumogeni c conposition to a patient
{i.e. imunotherapy treatnent) using biol ogical markers (biomarkers) that
have been:glet i ned t @chelsubstanthal hy1rehdable sigratidye whsphnders
correlates with the desired clinical outcome, |he biomarkers are present in
bi ol ogi cal®5@pl X BHtHHEF T rom thepatF 8L "Br i OI° t & tHhéE 4T eatrtent i t h
the said QQPQ$Q§915.CQQR>Chﬁ&§ﬂ; Ihe ability Lo predi ciodhe i¢l i phgahg
outcone of a treatnent, betfore its i1nitiation, wll enable clinicians and
patients botident dbyiknefifectineé t herlapy, ravkesi nfoenedodéci sions fegar di ng
the course of treatnment, jncludjng t her to abandon_or ;to all|low a rnate
t her apy iﬁ%Y%ﬁ%W%ﬁ on.dnffne %%k?%amlr as oW | dgﬁti f1%t }ﬁ]ew%tné‘ol gége
vacci nati ggpstpat egy. pMre speshiicaldy, rahe=present Invention relates to
the use of the interleukin-10 / nterferon-gamma (ILIO/IFN g) ratio as a
bi omarker for predi ctiRgnwhether @ PatdentndiS0lz1ss Nold Suseeptdbl efto
devel opi ng prophylactic or therapeutic_response, preferably imune
response, Pbydadht bi st £&EI o 0f Gt ¥ murhogéni ¢ EoThIEsitt i onf YA T e hat Fv8ly,
the Interf gfQn:0aImml, | MerLaukl iz dd oY/ blOkkatko can bepised as a
bi omar ker “according to the present invention, t in that case concl usions
shoul d ibe{ adapt edmmVantdenzBoogdardttret:tal , 20065 { Toansplant At | oAy k82
844-848) have shown that the interf eron-gamm/interleukin-10(IFNg_/1L10)
ratio is a valraabPest ot ?to Ui &er i‘org?'ier‘ilatCéeig@el"tI?)\‘;epegf’lCEI B! B Bup9teRbaaALY
reliakle signature which correlates with the desired clinical
cutccme. The bilomarkers are present in biclogical samples
obtained from the patient, prior to the treatment with the
15 said immunogenic compositicn. The ability to predict the
clinical ocutcome of a treatment, before its initiation, will
enable clinicians and patients to identify ineffective
therapy, make informed decisions regarding the course of
treatment, including whether to abandon or to allow alternate

20 therapy implementation.

The Applicant has now identified new tool and
vaccination strategy. More specifically, the present
Invention relates to the use of the interleukin-10

/interfercn-gamma  {(IL10/IFNy) ratio as a |biomarker for

|
L9 31

predicting whether a patient is or 1s not susceptible to
developing prophylactic or therapeutic respense, preferably
immune  response, by administration of an  lmmuncgenic
composition. Alternatively, the interferon-gamma/
interleukin-10 (IFNy/ IL10) ratic can be used as a biomarker
30 according to the present invention, but in that case

conclusions should be adapted.

Van den Boogaardt et al, 2006 ({(Transplantation, 82,

844-848) have shown that the interferon-gamma/interleukin-10



non-rejecting and rejecting patients for renal transplantations . Jamal et
al , 2007, (Tuberculosis, 87, 279-287) have shown that in pul nonary and
extra pulwornaryoosawber cul osis, there is a direct rel ati orshigr2esmsh i nt er
ferongam pia/interleul<in~10 {IFNy/ILIO ratio ana di sease severity ranking
. Simlarly, Gones-Silva et a 2007 , (Chinical and Experinental |munol ogy,
149 40-44 4 ) indicate that high IFNY and low I LI O are associated with
severity ofrpycosal) ketsbnari asi salufeter dong tie adfdssimendod pentieent he
present Invention relates to a nmethod for treating a patient for hunman

di sease bYCHURTAFSEERY ng af FnmunbgeRfEit8nposPEr oA WRer ei A°8ai d PaIFént is
sel ected Lp,a-patient;popul ati on conposed of patients that have | ow

I L10/1FN g ratio. The present Invention thus relates to a nmethod for
treating a patl gff,.hol. JugRn digase bY,HORLOISLEL) NGsan JTBUII00eNLE
conposition, said nethod conprising the followng steps : - selection of
one pat featown alpdti ent poputation sconpesedaofpipatdrents thatrhavesliow
ILIQ IFNg, ratio, - admnistering to.sad d sel ect dt atient .the said

i munogent ¢~ tonpositi oh. Atcordi ng to 6¥hef$bnb§§i%§ﬁp, t he"presént'
Invention rehayes: Loy a, et hod formpyadiehi ng-whethes a:patient sb§e0k +i;s not
suscepti ble to devel opi ng prophyl actic of therapeutic response, preferably
i Mmune respohsey- by adninistration of an i mmunogeni ¢ conposition, said

met hod conprising the steps of: - obtaining a blood sanple fromthe

pati ent; measuri Rgrléwely, of Chlk®-a&ndvhFNgti natthe 8&0°d,bl dédisanple, aand

10 Experimental Immunclogy, 149, 440-444; indicate that high
IFNy and low IL10 are asscciated with severity of mucosal

leishmaniasis.

According to a first embodiment, the present Invention

relates to a method for treating a patient for human disease

15 by administering an immunogenic compesition wherein said
patient is selected in a patient population composed of

patients that have low IL10/IFNyratio.

The present Invention thus relates to a methed for
treating a patient for human disease by administering an

20 immunogenic composition, sald method comprising the following

steps
- selection of one patient in a patient population
composed of patients that have low IL10/IFNyratio,
- administering to said selected patient the said
25 immunogenic compesition.

hecording to another embodiment, the present Inventiocon
relates to a method for predicting whether a patient is or is
not  susceptible to developing prophylactic or therapeutic
rasponse, preferably immune response, by administration of an

30 immunocogenic composition, sald method comprising the steps of:

- obtaining a blood sample from the patient;



- calculating ILIOITFNy ratio, wherein low ILIOQIFNy ratio indicates that
the patient is predicted to have an increased susceptibility to develop a
pr ophyl acwoeotwoo3deer apeut i ¢ response, preferably i mMmunepPrcesPensasedEcor di ng
to anot her enbodi nent, the present Invention relates to a netfioa for
selecting a patient susceptible to develropi ng prophylactic or therapeutic
response, preferaoly imune response, by adm nistration of an i nmunogenic
conposi tion, sakd mefhoc onpsising:t her 5t epsd of FNebt ahnthg aabtiobdosanpl e
fromthe patient; - neasuring levels of ILIOand IFNg in the said bl ood
sanpl e, and calcul%ﬁWﬁﬂfﬁlEVéglFN g ratio, wherein low IL10/IFN g ratio
indicates that the patient has an increased susceptibility to devel oping a
prophyl acti c or -t herapelutiiong eSpende Filyr ekbérabl ywviiphuhe riesporsel/AGedr di ng

to anot her enbodinent, the present yent a to. t
predicting mhetheﬁ“glﬁ%t“gﬁﬁcﬁzeor %Q ﬁoﬁ!sus%ggf%g'e ?6 Fg%(ﬁgg'posrtively

to a treatnment compivsi ngnadahnirsteati omefcean jufminggenic C@@w@sbpioa, sal
d nmet hod conprising che steps of : - obtalnln .a blood sample fr tgg

pati ent: neasuring ieVEI E£OF-F LI G and FENGETht £ he "§8P A" BF 0odPE & dnd
calcul ating IL10/1fNugd atd Q.o herein low IIL10/1FN g ratio indicates that
the patient is predicted to have an increased susceptibility to devel op

aprophyl acti ¢ ot Therapeutic [esponse g eferabl y*h@“’v!?@sé%p@ﬂ%%mxm
According to another enbodiment, the present Invention relates to a method

for selecthguaqpatxeﬂtmsuSerﬁkh1eb¢h£Ltﬁfg a patient susceptible to
10 developing prophylactic or therapeutic respense, preferably
immune  rasponse, by administration of an immunogenic

compositien, said method comprising the steps of:
-~ obtaining a bloocd sample from the patient;

- measuring levels of IL10 and IFNy in the said blocd

15 sample, and

~ calculating ILI1C/IFNY ratio, wherein low ILI0/IFNy
ratio indicates that the patient has an increased
susceptibility to developing a prophylactic or

therapeutic response, preferably immune response.

20 According to another embodiment, the present Invention
relates to a method for predicting whether a patient 1s or is
not  susceptible to respond positively to a treatment
comprising administration of an immunogenic composition, sald

method comprising the steps of:

]
A

-  cbtaining a blocd sample from the patient;
- measuring levels of IL10 and IFNy 1in the said blood
sample, and
- calculating ILL10/IFNy ratio, wherein low IL1I0/IFNY

ratio indicates that the patient 1is predicted to

30 have an i1ncreased susceptlibility toc develop a



respond positively to a treatnent conprising admnistration o f an

i nmunogeni ¢ conpos.! t ion, said nmethod conprising the steps of: obtaining
a bl ood swopba/ds®m trie patient; - neasuring |evels of PCLiER2@mms46BN g i n
the said blood sanple, and calcu la ing ILIO/IFNY ratio, wherein |ow
ILIQ I FNy ratio indicates that the patignt has an increased susceptibility
to devel oping a prophylactic or therapeutic response, preferably i mmune

response. Accordi ng 4.0, anot:her e@Podm@%meﬁ@&pr@iégﬁ&ng@yegbk@@e&@b%es to

an ex-vivo nmethod for testing whether a patient w respon

t her apeuti cal | y t oiranumet hotbrofndga.eat ment conpri sing adm ni stration of an

i nmmunogeni ¢ conposition, wherein the testing nmethod conprises the steps of:
- obtaining a bRoodrganpl ecf rromithleer patid@higert medsurpngstevellsvehtlibhO and
IFN g in thﬁﬁsaid bl ood sanpl.e,.  and cal cul ating I%LCY&FNy ratio, wherein
Jow I L10/ TENEGEFato G nBFEAres hat >THe" pdtd efit Rt e devel By BF ophyfact i ¢
or therapedtihent espeNsevenielas abl v ddurune o espanses i {iowandsnt Et@ation

i mmunogeni ¢ conposi tion. According to another enbodi nent, the present

| nvent i on°F el edMgnaf<ex<vi ¥gimet HotbFor Sfést i hgt hét Kemeg patient hai | |
respond therapeutically to a method of treating cancerby adm nistration of
an i nmunogeni ¢ conposition, wherein the testing nmethod conprises the steps

of : obtaining a bl god sanple fromthe ti . —reasuring levels of ILIO
and 1FNg in the sa{?bd'cb nolonrticzg saarrk{) Oee,& asnacii%gla ggt}%da itﬁgyﬁ:ﬁ%dfl@lg—‘l\’l g ratio,
wher ei n lOMIIngylgggéhring levels of IL10 and IFNy 1n the said bloed

10 sample, and

- calculating IL10/IFNy ratio, wherein low ILIO/IFNy
ratio indicates that the patient has an increased
susceptibility to developing a prophylactic or

therapeutic response, preferably immune response.

15 According to another embodiment, the present Invention
relates to an ex-vive method for testing whether a patient
will respond therapeutically to & method o0f treatment
comprising administration of an immunogenic composition,

wherein the testing method comprises the steps of:
20 - obtaining a blood sample from the patient;

- measuring levels of IL10 and IFNy in the said blood

sample, and

- calculating IL10/IFNY ratic, wherein low IL10/IFNy

ratic indicates that the patient will develop &

25 prophylactic o©or therapeutic response, preferably
immuane response, towards the immunogentc

composition.

According to ancther embodiment, the present Invention
relates to an ex-vive method for testing whether a patient

30 will respond therapeutically to a method of treating cancer



ratio indicates chat. he patient will respond therapeutically to the nethod
of treating cancer. The present Invention further relates to an ex vivo

met hod ofwonresnteeys conprising adm nistration o f an i MPOMEPRIOO5I63S
conposition, wherein the resting nmethod conprises the step of measuring

| evel s of ILIO and INFy in a biologicalgsanple, especially blood sanple,
fromthe patient, calculating ILIOQIFNfg ratio, wherein low ILIOQIFN g

ratio indigatesihhat -theopatirent, Wnldurdeneliop @miophylact ivnore thetageutic
response, in particular immune response, towards the imunogenic
conposi t i onst At oreli g t ooramot ey Eibodivehtof the present Invention rel ates
to a method for inducing an i mune response (i.e. the raised i nmune
response) in a-patdtgmtifior ta éatdany ssupde dirseasdchypaddriogi'st eri ng an
i rmunogeni ¢ conposition wherein said patient is selected in a patient
popul ati on conpesed:afupatd entwseltchatf havied |owl | LINf | Ny gt hat $0d Astordi ng
t o anot her enbodiqgntw,thewp esent Invention relates to a nmethod for
i nduci ng an i mune¥8&sponse’t o at i easr one antigen (i.e. the raised i mmune
response) in a patient for treating human disease by administeri |
i munogeni c coﬁpo§F¥VBﬁ“ﬁHéF%iﬁléggdgﬁéti%ﬁﬁlQ’s E%Féﬁf%d]fﬁda?%;ﬁgéﬁgv_
popul ation conposed;of, patientscéhai chave kow | LGN g #atio. rAegerdi ng
to anot her enbodi ment, the present Invention relates to a method for
i nduci ng an | mune-rasponse (4 11e Therra sedHarmine Yresponse ) ang e -pat i ent
for treating human di sease b y adm nistering an i munogeni ¢ conposition
wherei n sai d paffihentrissse] e¢tiedninca patitgmr popukaekborrcoaposed of vo
patiené that have low ILI.Q 1FEN g ratio.and wherein said r. i§ed0giurn ne
respon @ ?S€$ﬂ%até”innﬁﬁ&”%%%ﬁénse?e?ﬁé*?ﬁ%%te ?é@ﬁﬁﬂf“fggﬁgﬁse IS boaﬁ's
inxtial ipdnecges enseopgaknsion, wherein the testing method comprises
the step of measuring levels of IL10 and INFY in a biological
sample, especially biocd sample, from the patient,
calculating ILL0/IFNy ratio, wherein Ilow ILID/IFNy ratio
15 indicates that the patient will develop a prophylactic or
therapeutic response, in particular immune response, towards

the immunogenic composition.

According to another embodiment, the present Invention

relates to a method for inducing an immune respense {i.e. the

20 raised immune response) 1in a patient Zfor treating human
disease by administering an immunogenic composition wherein
said patient is selected in a patient population compesed of

patients that have low IL10/IFNy ratio.

hAccording to another embodiment, the present Invention
25 relates te a method for inducing an immune response to at
least one antigen (i.e. the raised immune response} in a
patient for treating human disease by administering an
immunogenic composition wherein sald patient is selected in a
patient population composed of patients that have low

30 IL10/IFNy ratio.
According to another embodiment, the present Invention

relates to a method for inducing an immune response {i.e. the



pat hogens and is elicited by a variety of cells including
antigen-presenting cells or "APCs". These cells express surface and

cyt opl asmwo 20a0@p06r s t hat recogni ze nol ecul es of forei goT@P2@ivNs{685 g. ,
bacterial and viral nucleic acids, proteins, carbohydrates). Upon detecting
these signals, the dendritic cells and jgacrophage elicit a defensive
response that includes the release of cytokines (including interferons,

TNF- al phay s agd | Lndd)nand ghemkiinesnt hat @it1act celd stsueghiag i AuBkure
dendritic cells, nmacrophage, NK ceils, and granul ocytes, to the site of

chal | engedi Thes¢ nkhat e (ifue §espbnde RIS NOERNeFs HOREPEciFt cVProEett i on

whi | e the %9 ggmgﬁeea tiq@@e}:?}%dagﬁptaj ﬁ{%n&@puﬂmc&{ ?é&%oéé‘é{e%i on

thus rel af es a nethod for ucing a nmune T esponse (i.e. the ralsed
i Mmune respohse)si ntlaepaticent fow t Feab i hAgNhumat di sease byeadnini stéfi ng

an inmupogeni ¢ ggg§05|t|on conprising the foI]qMAQg!stegg :

230 S 2 Said.QELhQQ i e Ons LTt )
sel ect i on® df *Gh EREnt SPR°ESBatPent ppul ati6IS conposed of - pat FEAts t nat
have | ow |kh@hdt Ned@ti0s adn pbayeri nghioi sai drselrect ed rpakkentgkbessai d
i munogeni ¢ conposi tion. According to another enbodi nent, the present
| nvent i onP# Blhatesst 6rd net hed 1Féi Srinduici fg & iimune’r éspdriset 61 8t i 'east
one antigen (i.e. the.raised ioyune respopse)-in &,patient for treating
human di sease b y adm nistering an i nmunogeni ¢ conposition, said method
conpri si ngut hecé okhowcpgest epsic- rgekectrontdbétonecpati eat noneaupati efit
populatioE gongosed of, patients that hgvg1lom/|Lk§YLﬁN g_;a%go, cids
adniniépe Phg'vo <&t Iééféﬁ'pa FERE tAE sATY i Hridnog&hicc “¢onpos It i on.
Accor di ngpt@: angt her-emeodirents)he presepbr£AVEni @Rese signals, the

dendritic cells and macrophage elicit a defensive response

that includes the raelease of cytokines (inciluding
interfercons, TNF-alpha, and IL-12) and chemokines that
15 attract cells such as immature dendritic cells, macrophage,

NK cells, and granulocytes, to the site of challenge. The

innate dimmune response thus confers non-specific protection

while the body i1s generating the adaptive response.

Fag

The present Invention thus relates to a method for

20 inducing an immune response (i.e. the raised immune response)
in a patient for treating human disease by administering an
immuncgenic composition, saild method comprising the following

steps

- selection of one patient in a patient population

25 composed of patients that have low ILI0/IFNy ratic,

- administering to said selected patient the said

immunogenic composition.

According to another embodiment, the present Invention

relates to a method for inducing an immune response to at

30 least one antigen (i.e. the raised immune response) in a
patient for treating human disease by administering an
immunogenic composition, said method ceomprising the following

steps



relates to a nethod for inducing an innmune response {i.e. the raised inmune
response) in a patient for treating human di sease by adm ni stering an
i mMmunogerwo 20mpa®st i on wherein said rai sed i mmune respenIAEPRGI0059%3%
i mmune response, said nmethod conprising t.he follow ng steps : selection of
patient in a patient popul ati on conposed of patients that have |ow I L10/IFN
g ratxo, admnistering to said selected patients the said inmunogenic

conposi tion. Accorghingiianetthesnemodiinent , ihhes presenrihtl npeptiienicel ates
to a nmethod for inducing an i mmune response (i.e. the raised i mune
response) in a pati®mosast aF eatiifgtHurdn tditsegsd By Ladii/distreritndg Gan

i munogeni ¢ conposition, said method conprising the follow ng steps : -
measuring in the patilentstdieidevdls ¢Ridll @=andtERNgrealeulat Fhg | B20AI FK g
ratio, and - adm nistering to he t.i.ent the said i munogeni c conpositior-
if said patient ha"”_smL owq LG I‘I%{i\}%%rl&ﬁ%é' According to another emnbodinent,
the present | nvgntl ogéﬁsl %taes tQC a net QDOdd"f or . nd"L_L{qCé ngreapeﬁgmﬂne response

to at |8ast one’anti (i*Ce M e Yaided T Winihe response) “in a pat ant for

treati ng human:di seasenbyradnt kst eaipgnanahMunogenespoApesi(tien, tgai d
met hod conprising the follow ng steps :nmeasuring in the patient the |levels
of ILIO afdlFily, Ie8Ieul &SSRGTTNI0 FPFNY it s; and 2F adiFAi-st'eri RYTED t he
patient the.said igmunggen . COMOSLET oRpffh-3aid patd el has,d oy LLLO,/

| FNy ratio. According to another enbodi ment, t he present |nvention rel ates
to a net hediflorainddciimguare | mrunensesponsengitee. inthee response, sald

10 method comprising the following steps

- selection of patient in a patient population

composed of patients that have low ILiO/IFNy ratio,

-~ administering to said selected patients the said

immunogenic compesition.

15 According to another embodiment, the present Invention
relates to a method for inducing an immune response (i.e. the
raised immune response) 1in a patient for treating human
disease by administering an immunogenic composition, said

method comprising the following steps

20 - measuring in the patient the levels of IL10 and

TENY,
- calculating TL1G/IFNy ratio, and

~ administering to the patient the said Iimmunogenic

composition 1if sald patient has low ILLIO/IENy ratio,

25 Aocording to ancther embodiment, the present Invention
relates to a method for inducing an immune respense to at
leaét one antigen (i.e. the raised Ilmmune response) 1in a
patient for treating human disease by administering an
immunogenic composition, said method comprising the following

30 steps



rai sed i mmune response) in a patient for creating human di sease by

adm ni stering an i munogeni ¢ conposition wherein said raised i mune
response we 20nmas®si mmune response, said nmethod conpri siPog/EPR@ofosdeBHW Nng
steps : neasuring in the patient the levels of ILIO and I FNy cal cul ati ng
ILIQIFN g ratio, and - admnistering t@ the patient the said immunogenic
conposition if said patient has low ILIOQIFN g ratio. A s used herein

t hroughout the .entj&es@pphd catd onnst hest 858 @ andvean” @f e used kadt he

sense that they nean at |east one", "at least a first”, one or nore" or a
plurality" of the ¥&férenced conpounds or steps, unless the context
dictates otherw se. For exanple, the term"a cell" includes a plurality of

cell's including a mdktwre: ttherdofC/ NBihe specifiadl |y, "at |east one" and
one or nore" nmeans a nunber which I's one or greater than one, with a

speci al preferenceadminonesriwp ¢r thnee.pafhertter phtardiiot " iwheneveniused
herei n i_ncl udes the neanjng of, ! aang;' "or! and "all or_. wolknher e

conbi nati on of t he"dI¥nent 2 &ohhect &d %’i/tzs@ar?tdq?ae”r me" LIlfilgy/tie‘*r W "about™ or
“approxi matel y* as used herein neans within 20% preferably, withi n, 10% and
more preferabl y AWERFRE% Hort EaKe of “RP A 1Y T4 t Fi'8 Baaéaxfhéﬁ"'@é-béﬁﬁ“ X"
is includipgzthe Xospegktheqvabueindheiteras "Rathentesposubj eet'c.reter o a
vertebrate, particularly a nmenber of the mammalian species and incl udes,

but is notalFaft edntiene domestirescani mal s spefteani n’%&?%_, IBEErEESs  PREFGdI ng
humans. Aq;usgdonerel DontheLef M, tLgat Ml Al 4 eallag: « enconpasses
prophyl axis~an For *t her apy. ccor di ngly the i nogeni t conpositions or

met hods (ot at He mpriesentidmwent respanes nat lim:ted irondher apeutiee, said

applications_and can be used .
PP method compr951ng the following steps

- measuring in the patient the levels of IL10 and IFNy

f

- calculating IL10/IFNy ratio, and

15 - administering to the patient the saild Immunogenic

composition if said patient has low IL10/IFNy ratio.

As used herein throughout the entire application, the

terms “a” and “an” are used in the sense that they mean ™at
20 least one”, “at least a first”, “one or more” or “a
plurality” of the referenced compounds or steps, unless the

AR

context dictates otherwise. For example, the term “a ceil”

includes & plurality of cells including a mixture theresof.
More specifically, “at least one” and “one or more” means a
25 number which is cone or greater than one, with a special

creference for one, two or three.
The term "and/or” wherever used herein includes the

meaning of "and", "or" and "all or any other combination of

the elements connected by sald term”.

30 The term “about” or “approximately” as used herein means

within 20%, preferably within 10%, and more preferably within



in prophylaxis cries. This is covered by the term"co devel oping a

prophyl actic or therapeutic i mmune response” herein. "Prophylaxis" is not
limted twopnawwesdosng i mMmedi at e di seases {e.g. infecti oRsTHPIEAOERBT |t
further enconpasses prevention of |ong term consequences of these

i nfections such as cirrhosis or cancer.;3An "effective amount” or a
"sufficient anount” of an active conpound is an anount sufficient to effect

beneficiak:or wesi eder estl tsLa-dne} udiing chi niealg resutt saAnaef fect i ve
amount can be administered in one or nore adm nistrations. A

"t her apeutN€arfynef feet rverapblht " visuan anount to effect benefici al
clinical results, including, but not limted to, alleviation of one or nore
synpt ons associiatedewitsh Vpaaleihf ecticokiastie]rdfsas previenviohebt adisease

(e.g. preyen i-=9”19£1§”%a%!em_ 2.© osfy@%eor‘?%an%ﬁaiPiz?c,%ﬂ&%&‘%e The t?ﬁﬁg%ﬁjﬁs,

pati ent seféected in i"ent “popul ati on"conposed pati éents ve | ow
LI O | Fynnatiof shoul d ibe tuader st oodo@ass teaniagire ipat | ent rftor anhozleyel s
of interleukin-10 and interf eron-gamma have b e er neasured as disclosed
herein, aRd'WRb=Ras"FOWAHLI0MPEN'G rati o. Wen the number of patient tested
is above 1 , the said patients forma patient populathpn.Accggding:to”
speci al enmbodi néfit si-SEhe tertiEa pati ent R | 1ErESPEHY t hérapettFéalrrg” o r
| a patienp wiblsEespond peshtively 1o a.tregtaent; mean-that,the said
pati ent hascanblncreasg"ogf§§ur0ival rate (see exaﬂple sectlon§.§Tnla
pr ef err ediembodigaent ofrpheiicnvent ican matiedretdiodt e f orheennvenvieonion
conprises_an nxtial. step consisting in.nmeasuring the interieukin-10 and
it or f aDoR Garieg | BIE " bi bl 65T Eal - SAmBPES FF o Lhe pat it Ber 6P6.
adm ni strahi oBrephi-hexk AMuAageni cCTEORPOSEt i eAveAggor giyngcte therpresent
invention, the |evels of ) ' ‘
developing a prophylactic or therapeutic immune response”
herein. “Prophylaxis” is not limited to preventing immediate
diseases {e.g. infectious diseases), it further encompasses
15 prevention of long term consequences of these infections such

as clrrhosis or cancer,.

An "effective amount" or a "sufficient amount™ of an
active compound is an amount sufficient to effect beneficial
or desired results, including clinical results. An effective

20 amount can be administered in one or more administrations. A
"therapeutically effective amount™ is an amount to effect
beneficial c¢linical results, including, but not limited to,
alleviation of one or more symptoms assoclated with viral
infection as well as preventicn of disease {(e.g. prevention

25 of one cor more symptoms of infectionj.

WMo

The terms “a patient selected in a patient population
composed of patlents that have low IL10/IFNY ratio” should be
understood as  meaning a patient for who levels of
interleukin-10 and interferon-gamma have been measured as

30 disclosed herein, and who has low ILIC/IFNy ratio. When the

number cf patient tested is sbove 1, the said patients form a

patient populatiocon.



interieukin-10 and inter feron-gamm are neasured in a biological
sanpl es include but are net
ori gi n, PEDIEPA0 Hi0SBER
In a preferred enbodi nent,
in which case obtaining the

obt ai ned fromthe patient.
t o bl ood woadootdesyos| i qui d sanpl es of bi ol ogi cal

sanpl es, such as a biop
bi ol ogi cal sanple is b
sanples froma patient

of the invention.

| n add

Bi ol ogi cal

Sy speci nmen.
ood, plasnma or sgrum

sanpl e
limted

t he

pat is relatively sinple and non-invasive procedure.
Met hods of obt aiping: bl 0ed afpserum apsodahd nkHowankn <thesarta apgrnekcpart

ition,

nuner ous net hods for detectin

and

quant i f yi ngl pol ypeprided ameleudiing € | ast am  adneKer &1 lar eTRABAAT Such

nmet hods ichgg§vgyt are
speci fi calTy ronoct ona

anti bodi es- based me

19t L ed 9 ant hody hased et hods.

MpL &

Tent 7
e particular et Rods of

det ecti ngiandeguant i f yingi the biorarker seaarg Notsdaaportiant t o the

i nventi on.

For exanple the materials and nethods o f the present

i nvention

may be ysed with burdie mex dechnelogye(lusai nex Gerpoeratdgn, tAushinhodex. )

or enzyne-|inked i muno

sorbant assays (ELI SA,

numerous KLISA kits are

commer ci aPfy dvai FABEETECH. BOVPET FRT ScifenéBLtBRaci O Bi9Sodrcef Lo

- According.t o, ong.egbod
i nterl eukin-10 ahé i nte

et fiethe d nygptison

rf eron-

ex%@%oheﬁ%h§ﬁoflevels in
gamma are determ ned by i

usi ng anti bodi es.

Accor di ngbtolonecspeceifipécentiodinments ofa ttiment nventdonadehidsant i bodyofi es)

arelsr L

Accordi ng to one specific enbodi nent
e nonocl onal

anti bodi es. According to

is (are) ecific of IL
o f the | FUent B C4arE
one spe%i

exanplé

desi gned

15

20

2
n

30

fic enbodi I
by f|u%?%%6§§E%, Fadi bi'&beP T EBRZyme MBEDBE R o

nt of the Invention, said antibodx

g e are t?%ged f or
) By ot R&F ret hdds
tareenderigelbs l.abel | ad- tdy saighmant | bedk es rdeleetabl ein, These

piclogical sample obtained from the patient. Biological

samples include but are not limited to blood and cother liquid

samples of biological origin, solid tissue samples, such as a

biopsy specimen. In a preferred embodiment, the biological

sample i1s blood, plasma or serum, in which case obtaining the

samples from a patient is relatively simple and non-invasive
procedure. Methods of obtaining blood cor serum are well-known

in the art are not part of the invention.

In addition, numerous methods for detecting and

including the instant bilomarkers,

but

quantifying poclypeptides,

are known. Such methods include are not limited to

antibody-based methods, more specliiically monoclonal

antibodies-based methods. The particular methods of detecting
to the

of

and quantifying the biomarkers are not important

invention. For example the materials and methods the

present invention may be used with Luminex technology

{Luminex Corporation, Austin, Tex, ! or enzyme~linked

{ELISE, numarous ELISA kits are

by

immunosorbant  2s5sayvs

commercially available e.g. CliniScience, Diaclone,

Biosource) .



techni ques are widely used and known in the art. In related aspects the

nmet hod i ncludes determning the levels of interleukin-10 and interf

er on- ganTwoi2n11200p@ti ent prior adm ni stration of an i MuUROTEPLEI006PDHSI ti ON
to the patient; calculating ILIQIFNy ratio; conparing said IL10/IFMg
ratio to a cut-off value; and predicting the efficacy of inmmunotherapy
treatnment based on the levels of ILIOIFN g ratio conpared to the cut-off
val ue. Accor di hgcoodspecial ceabedbaehrent hefsahd éuveottoval tkei sesboat 5
preferably_.about 4 re, preferabl ut 3 and particularly t :
AccordingXFo %ﬁ%e%%% g??e%@eﬁgg%iﬁénfﬁggﬁfﬁlé%§%g$fa%glug%F§¥%§§%$ 3g¥,
more prefesahlyahsiBedicéAccording to prefer ed enbodi nent, the "Mw
ILIQ' I FNy ratio" according to r.he present invention is designating
ILIQ I FNy ratigschehow;abeutors , < peef erabkyobek pwnaboit dnandnirereion,
preferably bel ow about 3 and particularly blow about ?.. According to one
pref err édsefmbodi:hentdy $atd) t he tdow |11 FNy vat ol acecordihg to the
present invention is designating ILIQIFNy ratios bel ow about 3.7, and nore
preferably is betowi8n7. tAccordi agetof pr efabredmnenbodinents fhechevehs of
interleukin-10_and_ interferon- anmm_ ar emeasur e . by Enzyme Li nked | mune

Sor bant - ASEA) TELTEAT C® by U e (0] | anar §&1 & Chy I abeon-chi b systens, by

radi o-i mune agsay qr other systens based opn specific nolecular recognition
of 1 L1 0 and" |t RGCHSR G ane) bou 9P O bt P SRERTETC ol cedk osh VA gota
herein, theiterpng: [honunogen € GONRRS LI "VaegiiRe ¢QmpesibikeRtence,
"vaccine" or simlar ternms can be used interchangeably and nean an agent
sui t abll® foristibadl acnAgiEnd bacitughi ver gasi gtz pat entds FaRrunecdystemto
amel i orate,gaqg ”CEFEENSC%% QR 849 L0 4 MDLOVE, SULYI YAl LALE: o OF 1h8se
protect against or 0 reduce present or future
technigues are widely used and known in the art.

and

In related aspects the method includes determining the

levels of interleukin-10 and interferon-gamma in a patient

15 prior administration of an dimmuncgenic composition to the
patient; calculating IL10/IFNY ratio; comparing said
ILI0/IFNy ratic to a cut-cff wvalue; and predicting the
efficacy of immunotherapy treatment based on the levels of

IL10/IFNy ratio compared to the cut-off value.

20 According to special embodiment, the said cut-off value
is about 5, preferably about 4, more preferably about 3 and
particularly about 2. According to one preferred embodiment,
gsaid cut-off value is about 3.7, and more preferably is 3.7.
According to preferred embodiment, the “low IL10/IFNY ratio”

25 according to the present invention i1s designating ILIO/IFNY
ratios Dbelow zbout 5, preferably below about 4 and more
preferably below &bout 3 and particularly blow about Z.
According to  one preferred embodiment, sald the “ilow
IL10/IFNY ratio” according to the present inventicon is

30 designating IL10/IFNy ratios Dbelow about 3.7, and more
preferably is below 3.7. According to preferred embodiment,

the levels of interleukin-10 and interferon-gamma are



harm or infections (including viral, bacterial, parasitic infections), e.g.
reduced tunmour cell proliferation or survival, reduced pathogen replication
or spreadwDroa/Qadosent or a detectabiy reduced unwant ed PEYMPR@I0§®HBS
associated with a condition, extend patient survival. Said inmunogenic
conposition can contain at least (i) ald or part of at |east one targeted
antigen and/or (ii) at |east one reconbi nant vector expressing in vivo al
or part ofeatukedstoyoneiheter dliiogods Inucireot fdebsegquéscey esiiecizal | yban
heterologgus.nuclgptidg sequence qncgdigg,all or part of at_least one.
target ed HACTGER. CACEETdiTig 1t o° An T APE &Fnaf&Perodichent , Y he* P huhBgeht c
conposi ti 98s9% the | n¥eRkiron cpamidses bhiskld) adnl eagledad Mube=tasponse
nodi fier, alone or in conbination with (i) and/or (ii ). Exanples of such

i mrune respongelnbdifiers (1 RVE)and ncliide tisengpGeoliijondebeobrdest{isee US
6,194,3§Sép%§299g0§élg8éie¥¥}2004039829 for exanple), jipopoJ ysaccnarides,
pol yi no |c.pofycyt |dy?|c aci d conpl exes (Kadowaki, et al., 2001, J .

| munol . 66, 2291-2295), and. poly tides and.proteins known to_ induce

cyt oki ne produ%?iO%S??0§F3€ﬁﬁgitﬁ%mgeﬁggmgndlér H8888§f8/n%8ﬁ3%ﬁégé§? Ot her
exanpl es ofzsdchei pupesiespanseopdifihersot| RMB)1aretsmak| congani ased

nmol ecul e such as i m dazoqui nol i nam nes, i m dazopyridi ne ami nes, 6, 7-fused
cycl oal kyl 'R 8820pYF a1l heanidiés, | AFdazonapht hyrEtlhe amithésbidkazol6*

e nd ;1,2-Qridgedd m dazoguipol i ne

sui nol i ne. an pes; w‘h?rip zol oaui nol i pe. am | Y Qr 1.9
ami nes (see for éxa i 6%4%%9,33%; US 5, 389, 640; US 6,110, 929: and US

6, 331, 389 el hcaadther enDodimentponthéibmmunegeni ¢ conbDesicticonsgonprides
cells whicn stinulate a gg&ifn i_mune response to treat a . di sease, such as
“be-anh

cancer. Said“celtfs ¢an ié@ﬁlﬁﬁéséﬁiihﬁ CEFPSS SicHAs dendritie®
cells, copbined,m til ranr-rantisgenie-coapagi téomi e. apadtovenge devekeped. by
u', -;> , tunor cells (e.g. GVAX ) . .
infections), e.g. reduced tumcur cell proliferation oz
survival, reduced pathogen replication or spread in a patient
15 or a detectably reduced unwanted symptom(s) assocclated with a
condition, extend patient survival. Said immunogenic
composition can contain at least (1) all or part of at least
one targeted antigen and/or (ii) at least one recombinant
vector expressing in vive all or part of at least one
20 heterologeous nucleotide seguence, especlally an heterologous
nucleotide sequence encoding all or part of at least one
targeted antigen. According to an alternate embodiment, the
immunogenic composition of the Invention comprises ({iii) at
least one immune response modifier, alone or in combination
25 with {i) and/or {ii). Examples of such Immune response
modifiers (IRMs), include the CpG oligonucleotides (see US
6,194, 388; UsZ006094683; WO 2004039829 for exampie),
lipopolysaccharides, polyincosic:polycytidylic acid complexes
(Kadowaki, et al., 20601, J. Immunol. 166, 22%1-2293), and
30 polypeptides and proteins known to induce cytokine production
from dendritic cells and/or monocyte/macrophages. Other
examples of such immune response modifiers (IRMs) are small

organic molecule such as imidazoguinolinamines,

imidazopyridine amines, 6,7~fused cycloalkylimidazecpyridine



devel oped by Cell Genesis) or |ynphocytes As used herein, the term
"antigen" refers to any substance, including conplex antigen (e.g. tanour
cells, viwooimfewsed cells, dendritic cells, etc...), roaEraooagwabl e of
being the target of an i mune response. An antigen nay be the target of,
for exanple, a cell-nediated and/or hunpral inmune response raised by a
patient. The term "anti gen" enconpasses for exanple all or part of viral
ant i gens, atiiinody - $peditboaphthunbdireekat edsantkgen$pgbactveinal zantiegens,
parasitic ?ntig ns,.aILer%ens and the Iikg: VLraI a tigena includeﬁton
exanpl e ahtigéns R oRPhepati RS GFr ugBE Al; 2BPI18989D FA B2 RV fér pEs
viruses, gytoaegalovirussrvatiLglla zoster, cqpapidd;omygvi £Uses, skpst eizp Barr
virus, influenza viruses, para-influenza viruses, adenoviruses, coxsdkie
viruses, ptEoPRa?YIr uses, Yot &vitPdsEs ) respir ettt ey nE&YRiCall ngittus e hepox
viruses, [NRDOULENSES, cLUEL) 2 NI T Uy DARANI LSy ) TUMDS, Y T U, fImAsles .
virus; Sone non: liniting exanpl es of "kKhown viral antigens include the

fol | ow ngpztaatitgensuder incedbcfrsemtd Vetesuch al steatse,nefycigpt20cancgpl. 60,
gp40, p24 ﬁggg, env, Vi, vpr, vpu, rev or ?art aiilorlqonbinatio S .t hereof;
anti gens derfvEa tFofithu ndﬁé#gﬁg Yiragses- Sdch®as®gHe gl g B GEGK gE or
gD or parteand/ orcgonbinatiiens drheseofqar: d naediat e Eaf | ye ps ot ei-nvsueh

asl CP27, 1CP47, ICP4, 1CP36 fromHSVI or KSV2 ; antigensderived from

cyt omegal 8%VEhsredspedi alttyichumaficeytonegal ovi¥us: suehl a8 gB° of - defV¢dt i ves

thereofiy 420Ligens derbued LLOM FDSteln: Bart, vifUs such as gp3so or

derivatives t eof 7~ antigens ed fr ce Ia.Zpster Vi rus such as
gpl, 11, 111 aﬁg | E63; agé%g§qs dg;lveg froma hepatitis yirus pucn_as

hepatitis B, épa????s or “hepati'tis EVirus“antigen (6.g. env protéin El

0 ¢ B2, ceresprateln, iNS2udNS3, cemplex antigen {e.g. tumour cells,
virus infected cells, dendritic <cells, etc...}, that 1is
capable of being the target of an immune response. An antigen

15 may be the target of, for example, a cell-mediated and/or
humoral immune response raised by a patient. The term
“antigen” encompasses for example all or part of viral
antigens, tumcur-specific or tumour-related antigens,
bacterial antigens, parasitic antigens, allergens and the

20 like:

- Viral antigens include for example antigens from
hepatitis wviruses A, B, C, D and E, HIV, herpes viruses,
cytomegalovirus, varicella zoster, papillcoma viruses, Epstein
Barx virus, influenza viruses, para-influenza viruses,

25 adencviruses, coxsakie viruses, plcorna viruses, rotaviruses,
respiratory syncytial wviruses, pox viruses, rhinoviruses,
rubella virus, papovirus, mumps virus, measles virus; some
non-limiting examples of known viral antigens include the
following : antigens derived from HIV~1 such as tat, nef,

30 gpl20 or gplel, gp40, p24, gag, env, vif, vpr, vpu, rev or
part and/or combinations thereof; antigens derived from human
herpes wviruses such as gH, gL gM gB gC gK gE or gD or part
and/cr combinations thereof cor Immediate Early protein such

asICp27, ICP47, ICP4, TICP36 from HSVLI or HSVZ ; antigens



NS4a, NS4b, NS5a, NSb5b, p/, or p rt and/or conbinations thereof of HCV) ;
anr.igens derived from human papilloma viruses (for exanple HPV6, 11, 16,
18 , e.g.whlp11d39El , E2, E3, E4, E5, E6, E7, or parr amdi@P2aiondiedati ons
thereof) ; antigens derived fromother viral pathogens, such as Respiratory
Syncytial virus (e.g. F and G proteins g derivatives thereof),

par ai nfl uenza virus, neasles virus, munps virus, flaviviruses (e. g .

Yel | ow FeyeriVigus, Depghe Vi rd»ga;omﬁg‘algmrme encepe@bebusl\lyrus Japanese
Encephalitis Virus) or Influenza virus cells (e.g HA, NP, NA or M

prot ei ns, CHEOPAEE | ARHTBF EBABI A& ISBN T T EOTYL Lveuntiesyeki fi 6NEECERE! at ed
anti gens amlygg P%maﬁ%%&%yﬁ Tcu? 11Q9s cal b”oqﬁqp‘syg%?”aer%s%w

sarcoma, and [ éeukem a exanpl'es of “such cancers inclu e
br east caﬁhereoﬁroste»ai@gmmaﬁm:t:oécbnfcamce@rWseuaﬂow&ﬂa"@lr1 ‘Cancer such

smal | -c | ung cancer non cel | ng cancer strointestinal .
cancer, gp‘aﬁc%@gtlgq(’,’an ﬁi”g QStSHEE%éerw ai”féaé)n?t o Io‘i‘/a ?thééﬁéer

liver cangefys bk@d@leeaca«i@@eemhep@t on&efamlq* ectal o caness t+ 1 endonett i-ak
carcinoma, salivary gland carcinoma, Ki cancer, liver cancer, vulval

cancer, thyFefEncdficsr, Shepatic cdr cfﬂfm% ind Varicous typesy dofcheadSand
neck can%ggﬂ sl enal ,6anGers . makignant . pe atﬂP”Boa d@ryngeal, cggﬁggmgagspate
ic

cancer. ncef antigens aré anti gens can potenti al y stinmulate
appar ent | yhtuaof- specHENE | mmunent esponsesriSene ofotthésenzant pgens lame

encode althou h not necessarily expressed, by nor.nal Ils T

ant i geﬂg h“pe cﬁapécféiraf“?éﬁ gﬁghcgew/%'q r%qnoﬁh‘all 'si Fent E?i &>r not
expressedﬁ;al n mor madg celdss, bﬁoseathata@deﬁxm@@@eﬁﬂ@nﬁ amkleewdfevel S or
at certain stages of differentiation and those that are tenporally

expressedasbéticas emsryiowicc ahtbt et akhant | géAs!l Ot Edider anirigenssare
encoded yRQE%?PEtS?&'“E?Ee??Q&f virus f{e.g. F and & proteins ox

derivatives thereof), parainfluenza virus, measles virus,
15 mumps virus, flaviviruses {e. ¢g. Yellow Fever Virus, Dengue
Virus, Tick-borne encephalitis wvirus, Japanese FEncephalitis
Virus) or Influenza virus cells (e.g. HA, NP, NA, or M

proteins, or part and/or combinations thereof});

- tumor-specific or -related antigens include but

20 are not limited to, carcinoma, lymphoma, blastoma, sarcoma,
and leukemia. More ©particular examples of such cancers
include Dbreast cancer, prostate cancer, colon  cancer,
sguamous cell cancer, small-cell lung cancer, non-small cell
lung c¢ancer, gastrointestinal cancer, pancreatic cancer,

25 glicblastoma, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, hepatoma, colorectal cancer, endometrial
carcinoma, salivary gland carcinoma, kidney ceancer, liver
cancer, vulval cancer, thyrold cancer, hepatic carcinoma and
various types of head and neck cancer, renal cancer,
30 malignant melanoma, laryngeal cancer, prostate cancer. Cancer
antigens are antigens which can potentially stimulate
apparently tumor-specific immune responses. Some of these
antigens are encoded, although neot necessarily expressed, by

normal cells. These antigens can be characterized as those



such as oncogenes (e.g.,

mut ant pb3) ,

chr onosormsb 20r1zn03d406cat i ons. Sti l |
vi ral

-limt ing exanples of tanor-specif

1/ Mel an- A, gpl OO D pepti dyl

genes such a s tnose carried on RNA and DNA tunor viruses.

activated ras oncogene) suppressor genes (e.dg.,
fusion proteins resulting frominternal

del etions or

ot her cancer anti gensPCarEPb@opsmestied b y
Some nor
ic B -related antigens include MART-
pepti dase |V (DPPI V) adenosi ne

deani nasewbindi rgepr ovenal {ADAGP)ENE cyéiephihkﬁ:bGXp€b$@@@btam.assomhéted

antigen (C
i mmunogenf'@

AT O

3, Carcinoenbr
anid CCAP BT S8t v b

o LS AT

Antigen (PSA}aand B&&gb@nu&Qgendgﬁﬂ@té@@§§tf§%¥|anBSAtZos@andkﬁﬁA 3are

prost at especi fi c_menbrane antigen

(PSMR) T-cell receptor/CD3-zeta chain,

MAGE- f ami F§BCF 2+ Lo B*&TEIS§EAs 1851y, & SMACER AT O WAGEL AL, S qIkGE- ABT 1 NATE- A4 |

MAGE-
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AR 2 B T 0 e o7 COHAS ¢ G PULagE, BES™ nuc

fam |y (eigreMCt| Yie) HERZ ARG Qﬁibﬁﬁboﬁgmﬁiraﬂbpbaafj@ﬁ@pereLTnoth@r

E- cadher in, al pha-catenin,

bet acai eni n_and ganma- cat eni n, pl 20ctn, gpl OO

. sup Pne?ﬁ??gr ﬁRAWEe“NYCE“Xéﬁi eleedrd %deﬁ@ﬁ&@o@?“ﬁolfbb%isa%oFPOE?oteln
(APC), ;bogéwle&o%}exwﬁuldg bAROr YREy » PID, - ORED, QMR AN D25 11+ 4 g

gangl i osi des

viral products such as hunman papilloma virus proteins,

“ Smad

fam |y ofetampieantigensertapedfPtAprEFBVentodednnugtear iantiigenMpEBNA) - |,

brain gly
5, SCP-I
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associated
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15 Antigen and

&,

.

etv amll,
immunogenic

specific membrane
chain, MAGE-family
20 MAGE-AZ,
AS, MAGE-ALOD,
Xp3 {(MAGE-B3),
MAGE-C4, MAGE-C3),

1 GAGE-2,

MAGE-A4,

GAGE~3,

¥

25 GAGE-9) BAGE,

pS3,

!
tyrosinase,

RCAS1, alpha

catenin and gamma-catenin,

NY-ES0O-1 cdel’,

30 fodrin, Connexin
gangliosides,
proteins,

encoded nuclear

Prostate

eplitopes

MAGE
MAGE-Xp4

RAGE,
MUC

~fetoprotelin,

adencomatous
3

viral products

Smad family of tumor antigens,

n {CRCY-CO17-1A/GAT33, Carcinoembryonic

its immunogenic epitopes CAP-1 and CAP-2,

Specific Antigen  (PSA) and 1ts

and PSA-3,

T-cell

PSAa~1, P5A~-2,

(ESMA),

prostate-
antigen receptor/CD3-zeta
MAGE-A1L,

MAGE-AE,
(MAGE-BZ2) ,

MAGE-C3,

(e.qg., MAGE-AZ,
MAGE-AT,

MAGE~Xp?2

of tumor antigens
MAGE-AL,
~All, MAGE~AlZ,
(MAGE-B4) ,

MAGE-AG, MAGE-

MAGE-

MAGE-C1, MAGE-CZ,

GAGE-family of tumcr antigens {(e.g., GAGE-

GAGE-4, GAGE-L, GAGE-&, GAGE-T7, GAGE-S,

LAGE~-1, NAG,

MUC-1},

GnT-Vv, MUM-1, CDK4,

family f{e.qg. HERZ /neu, p2lras,

E-cadherin, alpha-catenin, beta-

rlz0ctn, gpilC0.sup.Pmelill’, FRAME,

polyposis cclli protein ({(AFC),

7, Ig-idiotype, pl3, gp’5, GMZ and GDZ

such as human papilloma virus

lmp-1, PLA, EBV-

antigen (EBNA)~1, brain glycogen



grarn negative bacilli, nycoplasma, staphy loccocal infections,
streptococcal infections, salrr.onellae, chlanydiae, neisseriae; other
ant i gens woebudessosor exanpJ e anzigens fromnal ari a, | ecThranioasdess
trypanosom asi s, toxoplasnosis, schistosomasis, filariasis; allergens
refer to a substance that can induce arfal l ergic or asthmatic response in a
susceptible patient. The |ist of allergens is enornous and can i ncl ude
pol | ens, bhsectovehess, aakmal @Sﬁdér @mmMﬂmmhm@Hh spiit-€ls, ahelk-td ugsske. g.
penicillip) ingl s _of _nat ur al q? and plant allergens include but
are not |7nited B otel hs pecFfFt ot he fol | owing genuses: Canine
(Canis famliaris) Der mat ophagaoi des (e. g. Dernatopha90|des farinae) ;
Felis (Felis donest@%%%@rlﬁ%mhﬁ §ﬁ§“€AﬁbFB%Pﬁﬁ%rt@ﬁ?l§ﬁd8P|§ £BFiFdfTEe. g.

Lol i um pe |-t r oner i a.f Cnyptoner LarLapeni ca)
; Alterna!r??gJa A?ngggFthguternakﬁ‘q?9/ﬁ?ﬁg}%%& nus {Eﬁlﬂus gultlnogsa) ;

Bet ul a éB@r@maﬁveatmuﬁsayvmlEyermugopﬁném@usSéhbéyIOCCD@al(@ﬁéaCéuﬁésa) ;

Artemisia_(Artem sia vulgaris Pantago (e Pl o | anceg
Parietaria {(&°g " %%?gtarla.%# TCihal s or ¢ &Fﬁgggr%% judalga gﬁ%ﬁa??élla

(e.g. Blattekkargeepanica); Apis (e.g. Apis multif lorum ; Cupress as
(e.g. Capressus senpervirens, Cupressus ap zonica and Cupress as

macrocar pa) ; Juni pepyner(engdigéuRi perus: eabinol dessmduni pef Ue Nk I gi-piana,
Juni perus conmmuni s and Junlperus ashei) ; Thuya (e.g. Thuya orientalis);
Chamaecyparigrie:g. CRARBBE)PAFLS. obt USHPaNCPRF] pFaRet a (Qxapqﬁémpﬁﬂéneta

anerlcq@a; q1§9599¥59Q ge gljggiggygon repens ); Secale (e.g. Secale

cereal e) ticum (e. g’ Triticumaestivun) ; Dactylis (e.g. Dactylis

glomerata) ; Festuca 218 69geﬁ%SE%?%xekﬁ}'Orgub1£?¥%%§a”%m:RQ%EpEQ&SPanapug);

Poa conpressa) ; “Avefi Avena sa | cus
allergic or aqfnmatlc response in a susceptible patient. The

list of allergens is enormous and can include pollens, insect
venoms, animal dander dust, fungal spores and drugs (e.g.
15 penicillin). Examples of natural, animal and plant allergens
include but are not limited to proteins specific tTo the
following genuses: Canine (Canis familiaris);
Dermatophagoides (e.qg. Dermatophagoides farinae); Felis
(Felis domesticus); Ambrosia (Ambrosia artemiisfeolia; Lolium
20 {e.g. Lolium perenne or Lolium multiflorum); Cryptomeria
{Cryptomeria Japonica); Alternaria (Alternaria alternata);
Aider; Alnus {Alnus gultincasa); Betula {Betula verrucosa);
Quercus {(Quercus alba); Olea {Clea europal; Artemisia
(Artemisia wvulgaris); Plantage (e.g. Plantage lanceclata):;
25 Parietaria (e.g. Parietaria officinalis or Parietaris
judaica); BRlattelila (e.g. Blattella germanica); 2&pls (e.g.
Apis multiflicrum); Cupressus (e.g. Cupressus sempervirens,
Cupressus arizonica and Cupressus macrocarpa); Juniperus
(e.g. Juniperus sabinoildes, Juniperus virginiana, Juniperus
30 communis and Juniperus ashel}; Thuya {e.g. Thuya orientalis);
Chamaecyparis (e.g. Chamaecyparis obtusa); Periplaneta {e.qg.
Periplaneta americana); Agropyron (e.g. Agropyron repens);

Secale (e.qg. Secale cereale); Triticum (e.qg. Triticum



Ant hoxci nt bum (e. g. Ant hoxant hum odoratum ; Arrhenatherum (e.qg.
Arrhenatherum el atius); Agrostis (e.g. Agrostis alba); Phie um(e.g. Phle
am pr at ensepoi/bmbari s (e.g. Phal aris arandi nacea) ; PaspaiPeono08263s
Paspal um noratun) ; Sorghum (e.g. Sorgnum hal epensis) ; and 3ronus (e.qg.
3ronus ir.erms). According to one specital enbodi ment, said anc igen is
encoded by an heterol ogous nucl eoti de sequence and is expressed in vivo by
a reconbi fasnt 1 veel or batoyai panki gul aslae arief eyred emodi mendcdde (e.g.

het er ol ogous nucl eoti de sequence of the present invention, encodes one or
nore of ai#SerCpartabicthe FoRI ofi-Ag &PH FEFE FBN-SPrES| P Bt e S2MRRAS St f ace

env proteins, . core andpal b VQ]QJEEQangH&pA@Q, (I%Zé. gads cpal . 18NNy u¥if,
vpr, vpu, tat, rev, nef; HPV-El, E2, E3, E4, E5, E6, El, E8, LI, L2 (see

for exanpl=t WO:901 10459, cWD. 98/04T705.2r\WD1g9/ 03885)turHCV ehv:protenar&nl or

E2, core protein, NS2 3, NS4a_f NS4b, NS5a, N35b, 7/ _(see for.exanple
\/\020041118%29: abﬁg‘g%%%‘ébm) ?1W%?N§?s§gf 6:‘r“lé3xa‘r5%|ge‘ptﬁ%ﬂ(5?%%‘f: 3%&5“6?;,
054 , 438 »n N8/ 04424, WEBBEIA09S) ar cAGRONdi Nohdicivar | ad sy of thelaris
invention, the inmmunogenic conposition_contains at |east two antigens, or
an het er of Bgotis Hted bot TP Seguehee? entddi iy At 1P eas ™ t iwo° Rt T ¢ensS - or at

| east twogheterol pgous. nucl eotd ge sequences encoding at.d,east; two antigens,

or any conbi nation thereof. According to another special enbodinent, said

het er ol ogous ”H8é§8£{§§ seauence Of. Lhe presentLpvention, encqdes atl or

part of HPV antigen sel ected 1'n the group consiéting of E6 early coding
regi onlofemBPMie&E7 earl gncodieng roégigonsof bRV cand cder iskaties:ar  comdi nati on
t hereof . The HPV antigen, encoded by the reconbi nant vector according to the
i nvent i on®TRISEFECtEd THYT heY gt oup” ConsiEti ng of°an HPV X6 pol ypepti de, an
HPV EI polypeptid%npr a particularly preferred empodiment The
heterologous nucleotide sequence of the present invention,
encedes one or more of all or part of the following antigens
15 EBV-PreSl Pre82 and Surface env proteins, core and polHIV-
gpl20 gp40,9pléld, p24, gag, pol, env, vif, vpr, vpu, tat,
rev, nef; HPV-~El, E2, ®3, E4, E5, E6, E7, EB8, L1, LZ {(see for
example WO 90/10459, WO $8/04705, WO 99/03885); HCV env
protein El or E2, core protein, NS2, NS5S3, NSd4a, NSib, MNS5a,
20 N35b, p7 {see for example WO02004111082, WO200505142C); Muc-1
{see for example US 5,861,381; USE,054,438; WO098/04727;

Woes/37085) .

According Lo variants of the invention, the

immunogenic composition contains at least two antigens, or an

o]
L

heterologous nuclectide sequence encoding at least two
antigens, or at least two heterologous nuclectide seguences

encoding at least two antigens, or any combination thereof.

According o ancther special embodiment, said
heterclogous nucleotide sequence of the present invention,

30 encodes all or part of HPV antigen{s) selected in the group
consisting of E6 early coding region of HPV, E7 early coding

region of HPV and derivates or combination therect.



both an HPV E6 pol ypeptide and an HPV E7 pol ypeptide. The 5 present

i nvention enconpasses the use of any HPV E6 pol ypeptide which binding to
p53 i s alwened/msat | east significantly reduced and/ or pChEPasie/osde3mny HPV
E7 pol ypeptide which binding to Rb is altered or at lea et significantly
reduced {Munger e t al., 1989, EMBO J .228 , 4099- 10 4105; Crook ez al.,
1991, Cell 67, 547-556; Heck et al ., 1992, Proc. Natl. Acad. Sci . USA 8 9
4442-4446; Phetips L@l ., ad992¢nJ endbfiel. 66, 2148-2424nbiA=non- oncageni c
HPV- 16 E6 variant which is suitable for the purpose of the present

i nventi on2Fgo@dlet edt6f € orlibiet ik notdci dSrESItGtes M5 | vtat edTPFBm
approxi matgly. position 118.19 EQPEB%yﬁgﬁﬁkMe Oght ;90 %aszI%Féﬁgﬁﬁéeakiﬂga

the first methionine residue of the native V-16 E6 pol ypeptide) , w
speci al ppefer encedfor Foherconpletigicdebeti om of PY edi/dues! 180 1ol 22T EPEEK)

A non-,oncogenj_c HPV- %@ .E7 variant which iisqhesui t abl e _f.or
i

: ( HPV/ W ! the 20, purpose of
the preseit FhventTon’i ¢ tel et €4 61 °61€ or Tor e“am N6 aci% yreé?‘];()zlxﬁesﬁ

| ocat ed fromappt oxé majelon pesitiien 24ot Bppriexi ABtekydposi tizan 26a¢+1
representing the first amno acid of%}he native HPV-16_E7 pol ypeptide, with
a speci al SpFetérencelfor ERECEEhpl BIY Wel et '6n o65% esPHues 21 t'oF 26 25
(DLYCYE) Jofgggggigg t.o A pr ef el :ed; enbodipent ;. tne one; or,,nore HPYxL+6
early polglpeptl e (s) 1nuse inthe invention is/are further nodified so as
to inproveidkCittasslt andlordMiBuekass etl egr.eserftiti ofifBand/ o, t 409°2~

stimul gte, anti-HPV imunity. HPY and X7 | ypept i . ar.e_npucl.ear,
pr ot ei ﬂb 3@“30 rij.Okha?be%ln‘ ’pré@iggUslr}y{%léhogm?’th"a{)} rfrgﬁr agrilgcﬁr ésentat f on

permts toobpproved heiigtt herapeut i ecef f cacys § see 4kor 2exanpl NG9/ 3885)
Thus, it may be advisable to nodify at | east one of the HPV early

~

pol ypept i @é- ¢ s). %88 /as’ t o’ be>anchér ed t’s PHe 'del - nafibr &S IR HBr HRE 16
ggfgg;ggfgga%aQ%%ﬁ®'@ﬁﬁﬁﬁ'ﬁyegubyabf§0%eer%%%n%dﬂbégge$¥W%ﬁ@rbxegent
invention 1is deleted of one or more amino acld residues

15 located from approximately position 118 to approximately
position 122 {+1 representing the filrst methionine residue of
the native HPV-16 E6 polypeptide), with a special preference
for the complete deletion of residues 118 to 122 (CPEEK). 2
norn-oncogenic HPV~-146 E7 wvariant which is suitable for the

20 purpose of the present invention is deleted of one or more
amino acid residues located from approximately position 21 to
approximately position 26 (+1 representing the first amino
acid of the native HPV-16 E7 polypeptide, with a special
preference for the complete deletion of residues 21 to 26

25 (DLYCYE). According to a preferred embodiment, the one or
more HMHPV-16 early polypeptide(s) in use in the invention
is/are further modified so as to improve MHC class I and/or
MHC class II presentation, and/or to stimulate anti-HPV
immunity. HPV BE6 and E7 polypeptides are nuclear proteins and

30 it has been previcusly shown that membrane presentation
permits to improve thelr therapeutic efficacy (see for
example W09%9/03885). Thus, 1t may be advisable to modify at
least one o©f the HPV early polypeptide(s} sc as to be

anchored fto the cell membrane. Membrane anchorage can be



a menbrane-anchoring sequence and if the native polypeptide lacks it a
secretory sequence (i.e. a signal peptide). Menbrane-anchoring and

secr et or yweequens®s are known in the art. Briefly, secreCompesenssates are
present at the NLerm nus of the nenbrane presented or secreted pol ypeptides
and initiate their passage into the endgplasmc reticulum (ER). Tney
usual Iy conprise 15 o 35 essentially hydrophobic am no acids which are then

removed byaispegihi evER Located-gpagpepyi dasent Qpgi ¥grtheppatyee:ide

pol ypepti de. mbr aneancncri ng sequences are usually highly hidrophqbic in
nat ure and FEMPESIED 2ATEIRGHENChes PBIYPEpt #dés 1h tthe cedTinenbrarnesrseges or
exanpl e Br n d Toogz 19 i, ducti Qn tq Prouein S t. p
202- 214, ﬁﬁegarlgﬁd) : F&f%ﬁéﬁ¥xa%%4{%é§%e JT%He-ancﬁggﬁﬁﬁ ah%ggég%Zfory
sequencesvwhbehneaanbroused iandt hecontext etqgthecps esent dmwentiontis
vast. They may be,o?tained fron1anysnenbraneanchored and/ or secreted

|

pol ypepti d&8-conpf 1St ngy i t57F-9.C el PGFEFETGFE Svi FaF pgofypepti des) iichMas t he

rabi es gl yeeprgtei nr ofnd hgoklh VaMEr us-ervelape, gl ycops ot i peorpebttihes
neasles virus F protein or may be synthetic. The nmenbrane ancﬁorlng and/ or

secr et or y2séquencelsticnséhedd |peeaehe ofiitthe 8af| yHP\RIESTHG! ypepticdestused
accordi ng t he. i.nvention ve .a conmpn,or diffete ori.gin,
(Eﬁgé gpeg %%%Fﬁ6¥ﬁ§64§$lue gomon; or JdiLleg Tiyhéj%ggohEQEC

preferred’si nse € secretory sequence Is errni nus
downst r eamnbnt the deodon droraiai thati eameofretir anslat soacahdot Rariotbathe

nenbranﬁ;anqhoring sequence is the G ter mnus, fgr ex ngle i mredi atel y
ypstre& Sfa%ﬁﬁpgtgﬁgﬁodbﬁ._?ﬁé@HPVhEG ﬂﬁFyﬁgptPS YPRPUSES n tTHE pré§ent
i nventionzhsnprefgrabhynodified hy.insertiomof the-secsetorynandiure
menbr ane-anchoring signals of the neasles F protein. Optionally or in
conbi nati engd teevERY B 7apehypepticaderd st 1des in the cell membrane
(see for example Branden and Tcoze, 1991, in Introduction %o

Protein Structure p. 202-214, NY Garland).

15 The <choice of the membrane-anchoring and secretory
seguences which can be used in the context of the present
invention is wvast. They may be obtained from any membrane-
anchored and/or secreted polypeptide comprising it (e.g.
cellular or viral polypeptides) such  as the rables

20 glycoprotein, of the HIV wvirus envelope glycoprotein or of
the measles virus F protein or may be synthetic. The membrane
anchoring and/or secretory sequences inserted in each of the
early HPV-16 polypeptides used according to the invention may

have a common or different origin. The preferred site of

S
LAt

insertion of the secretory seguence 1s the N-terminus
downstream of the codon for initiation of franslation and
that of the membrane-anchoring seguence 1is the C-terminus,

for example immediately upstream of the stop codon.

The HPV E6 polypeotide in use in the present invention

30 is preferably modified by insertion of the secretory and
membrane-anchoring signals o¢of the measles F  protein,
Opticnally or in combination, the HPV E7 polypeptide in use

in the present inventicon is preferably modified by insertion



in the present invention is preferably nodified by insertionof the
secretory and nenbrane-anchoring signals of the rabies glycoprotein. The
t her apeutwo 2efffdosmsy of the reconbi nant vector can al soPoe/HEPe0OF®Eds by
using one o r nore nucleic acid encoding 5 3m Tunopo entiator pol ypepti de
(s ) . For exanple,- it may be advantaggous to link the HPV early

pol ypeptide (s) to a polypeptide such as calreticulin (Cheng et ai., 2001,

J . Ain, oFnyest se208: 0669264 8hemVenbacherbbh g UbesEH] ©Sbs heat »spock
procein 70 (HSP70) (Chen et al ., 2000, Cancer Res. 60 10 1035-1042),

ubi qui ti n9}RedPTgueze al ., 1997, J . Virol. 71, 8497-8503) or the

transl ocati on domain of a bacterial toxin such as Pseudonbnas aerugi hosa
exot oxi n A (ETR{«l theyppeHang etffalcacy2000 CanceccRe®inglt 3698-3708)0
Accor di ng. { 0, angt her, and pref er fed, ephodigent, £ he, 15, recombi napt. yegf,or
according"to thé invention éﬁnprls s a nucl ei ¢ aci d encodi ng” one ofF nore
early pel ypephigderés)iasoabovel gedpinets (and rore patticcwlar iy HR¥y16band/ or
HPV-18 early E6 and/or E7 po| ypeptides, Accotging t o anot her special and

pr ef er r ed*EHBOEFHBAES 26° sat Hihet €0l dgous SRdcYeoPPdePEEqUERLE’ of “Phe®

present ipyeption;aencaodes akl oriparicof i MIGdl.antigen of derlyatess,
thereof. According to another special enbodi ment, said heterol ogous

nucl eot i delsequéntesof tHE, pragserit? binyefitceor: 25 whcodes: onko ot s mbrat of

ne2, Cheh heak bREsROR QL IRl MNP IR BD So (o Faua FOLE RLGT k0P

NS2, NS3, erivat'es thereo cofding fo
anot herigspeeghbat 0 epppdi:pent; t$ai drRheterakegeus aiucl ectdde sequence. ofilt he
present invention, encodes one or nore fusion protein wherein 30 the,
confi gur abf on~Fs"not “Ratliffe nit'hie' Seriset hat™at”| 8ast™ oot the N&*-"
pol ypepti dgspappears..idhan0f deL - Mhi 6hs S exctoxin A (ETA(AIII)) (Hung

et al., 2001 Cancer Res. 61, 3698-3703).

According to another and preferred embodiment, the

15 recombinant vector according to the invention comprises a

nucleic acid encoding one or more early polypeptide(s) as

above defined, and more particularly HPV-16 and/or HPV-18
early E6 and/cr E7 polypeptides.

According to another special and preferred embodiment,
20 said  heterologous nuclectide sequence o©f the present
invention, encodes all or part of MUC 1 antigen or derivates

thereocf.

Aoccording to ancther special embodinent, said
heterclogous nuciectide sequence of the present invention,
25 encedes one or more of all or part of the followings: HCV env

protein Bl or EZ, core protein, NSZ, N3, NS4a, NS4b, N&Sba,

=

IS5, 7 or derivates thereof. According to another special
embodiment, saild heterolcgous nucleotide seguence of the
present invention, encodes one or more fusicn protein wherein

30 the configuration is not native in the sense that at least
one of the NS polypeptides appears 1in an order which is
distinct from that of the native configuration. Thus, 1f the

fusion protein comprises a NS3  polypeptide, & NS4A



distinct fromthat of the native configuration. Thus, if the fusion protein
conprises a NS3 pol ypepti de, a NS4Apol ypeptide and a NS5B pol ypepti de, the
nati ve combizguresdosn woul d be H53- NS4A- NS5B wit h NS3 a tcrhp2Moeseds nus and
NS5B at the C-termnus. In contrast, a non-native configuration can b e
NS5B- NS3- NS4A, NS5B- NS4A- NS3, NS4A- NS3-14S5B, NS4A- NS5B- NS3  or

NS3- NS5B- NS4A. I n particular, the fusion protein according to the invention
conpri SeSp@iy}b@la"Sid@nendf at h:@fifmlﬂaﬂﬁmg&lcm A N%Mmty@epbhdecgﬁuaeﬂon
directly or ough a linker to tecnm as oi

A
NS3 pol yp@%&l%@leb?u@@é H??%CIFWB Wf“’tlhl?]bﬁgﬁt th?n%eFeFWWﬁ% Wg%nﬁg o f

a NS5B poiypeplhder:0u8 NHAB pohypept] de fused alikeCtodyr Ofutdwoughcan
linker to the N-terminus o f a NS5B pol ypeptide; o A NS4A pol ypeptide fused

directly beerJhBohiéh BSERnkBESBONERB-NEBer ‘ﬁbﬁﬁs“ﬁBfVéJE\ISBNbéHyEéEB'rHﬁ\Ahi ch

isfus dlgt r ough Ink 240 1R rraj of
pol ypep l(]ar%d#gﬁg Nélz?‘%lsﬁpo ?/"'E)i%b |8 e fused #Fé% ?gg}ggfrﬁr%ﬁgﬁ%%nker
to the N—t@rm_@um@efﬁtaoﬂ(%&@ms@p:epm dezavhi cdn4 SOfUtS’eEd fhrestidngor through

a linker t o the N~ter_rg nus of a NS5B po!cy ﬁtlde In such specific
portions o f theCf usi o P of&ilHPEPF “ERe fhvent i ‘ot ©eath &4 ﬁéc’l\i% &

pol ypeptides can bey wﬂ@peﬁge%éym%wemm qodi fued., For gexanmml e, the NS4A
pol ypeptide included in the NS4/-~-NG3 portion can b e native whereas the

NS3 pol ypepti de corfrild®es atolwagtticite dufseche diodicitileat ponstHeseribed
o opti Mzed for pr vl Ag FI GH T auer BRBrosst ort o T 1 NG T Arered ‘anti gon
(e.g. HPV early polypeptirde ofcS ypeptiiBea pastiiculiarehost ceil tarocoxganksm
€9 a linker to the N-terminus of a NSSB polypeptide;
o A NS4A polypeptide fused directly or through a
linker to the N-terminus of a NS83 polypeptide which
15 is fused directly or through a linker to the N-
terminus of a NS4B polypeptide; and/or
o A NS3 polypeptide fused directly or through a
linker to the N-terminus of a NS4B polypeptide
which 1is fused directly or through a linker to the
20 N-terminus of a NS5B polypeptide.

In such specific portions of the fusion protein of the
invention, each of the NS polypeptides can be independently
native or medified. For example, the NS4A polypeptide
incliuded in the NS4A-~-NS2 portion can be native whereas the

25 N83 polypeptide comprises at least one of the modifications
described below.

If needed, the nucleic acid molecule in use 1in  the
invention may be optimized for providing high @ level
expression of the targeted antilgen (e.q. HPV early

30 polypeptide(s)) in a particular host cell or organism, e.g. a
human host cell or organism. Typically, codon coptimisation is
performed by replacing one cor more “native” (e.g. HPV) codon
corresponding to a codon infrequently used in the mammalian

host cell by one or more coden encoding the same amino acid



hurran host cell o r organism Typically, codon optimsation is performed b
y replacing one or nore "native" (e.g. HPV) codon corresponding to a codon
i nfrequernwbyougm®adosn t he manmal i an host cell b y one or poDmP2@i0dss3&Ncodi ng
the sane am no aci dwhich is nore frequently used. This can be achieved by
conventional nutagenesis or by chem calyssynthetic techniques (e.g.
resulting in a synthetic nucleic acid) . It is not necessary to replace ai
native cogonsncord espandi figet0echnfiequentil y used cogdonsesi aer:knetieased
expressi on can be achieved even with partial replacenent. Moreover, somne
devi at i ongOFY UM 5214 €t TAHRGPRAEES t BT 0PI rlEY Cod oty uisHfe- fraly° P hedeS t o
accommodate ;he ik aduel 08r0f, reshihelion Sikec(s) acfus, used herehp, the
term "reconbi nant vector™ refers t'c viral as well as non viral vectors,
i ncl udi ngnextsachy onosonete (aacq. s€pi some) ve nubticoepycandeiptegiati nge
vectors,.(i.e. for b@in%_anonggrateg'inpo_lheegpst cggoggggggﬁ) can e
Par ti cub at 1y° THpor tant TRt he”C8nt ext "6F tHE iTvent | on-are-vact ors 187 use
in gene therapy=4{i evwhi chiarne gapahl:e ofrdeldaetdmg t heoruelet ¢ acbdzto a
host organism as well as expression vectors for use in various expression
systens. &uytabl @ hoht ¥itr &l r vekt dF 8 T het tide” pPASHI a3 Such 3 PREPR, “HEEPA
(1nvi trogene)..pCl . { Pr onega) ,aRCOVB, (Seed, 1987, Naf ur e 329, < 849). ; BYAX
and pgWz (CGene Therapy Systemlnc; H noudi et al., 2002, J . Virol. 76,
12735- 12746}« (Suitable viral vectors nmay be derived froma variety of
different viruses (e.g. retrovirus, adenovirus, AAV, poxvirus, herpes
virus, loeasl e A rusedf oamyiyj r iseandrtthe' ddadkejoinaAs used hdr erafethetter m
“viral vector' enconpasses vector DNA /RNA as well as viral pgrpicles
gener at ed” t Figt eof 22Vi r &F Mect 0t$ cafi®Be i €T Scat i 6t Corpet ent 'S Br1¢&n be
geneti cal ly: di sableds $9:8S (0 Jpe eepkbgati onndefpetiye 0 integrating
replication-inpaired. The

vectors (i.e. for Dbeing incorporated into  the host

chromosomes). Particularly important in the context of the
15 invention are vectors for use in gene therapy (i.e. which ars
capable of delivering the nucleic acid to a host organism) as
well as expression vectors for use in various expression
systems. Suitable non viral vectors include plasmids such as
pREP4, pCEP4 (Invitrogense), pCI (Promega), pCDMB (Seed, 1987,
20 Nature 329, 840), pVAX and pgWiz (Gene Therapy System Incy
Himoudi et al., 2002, J. Virel. 76, 12735-12746). Suitable
viral vectors may be derived from a variety of different
viruses (e.g. retrovirus, adenovirus, BAAV, poxvirus, herpes

virus, measle virus, foamy virus and the like). As used

)
L4

herein, the term "viral vector" encompasses vector DNA/RNA as
well as viral particles generated thereof. Viral vectors can
be replicetion-competent, or can be genetically disabled so
as to be replication-defective or replication-impaired. The
term "replication-competent”™ as used Therein encompasses
30 replication-selective and conditicnally-replicative wviral
vectors which are engilneered to replicate Dbetter or

selectively in specific host cells (e.g. tumocral cells).

In one aspect, the recombinant wvector in use 1in the

invention is a recombinant adenoviral wvector {(for a review,



term"replication-conpetent” as used herei n enconpasses
replication-selective and conditionally-replicative viral vectors which are
engi neer edoto1woepdoscat e better or selectively in specifipcThPtioosdsBs (e. g.
tunmoral cells) . In one aspect, the reconbi nant vector in use in the
invention is a reconbi nant adenoviral vgctor (for a review see "Adenoviral
vectors for gene therapy", 2002, Ed D. Curlel and J . Douglas, Academc
Press) . ktecandbeoderhvedeftopsarwarpehy ofichupafi, orCanj nBE soucaeseand
any serotype can be enployed fromthe adenovirus serotypes. 1 throu%g 51.

Parti cul afl'y ﬁref%ttehaateﬁﬁaﬁtﬁﬁm&dé’rﬁmuseé 2 CERd2YE " S AdSS, B dB) 11

(AdIT), 245 6Ad24) and 30, A3S)krigdEN AdenQw rus; ang a\é@floa;fgtp% feom
Anerican Type |ture Collection (ATCC, Pockville, Nﬁ , have been t he

p atient emphgmeﬁou§f9@bhﬁﬁﬁlo@@&@@@trwhlngeﬁhevpegequenoé%Qﬁ@@nliétlon

and net hods_ of in |10 the rtisan ( for-
exanpl eguggé? g§§ e % T vgm% gﬁ‘fﬁoa%%ég?/@o%%%/ o 4288 076711,
Vogel s et aﬁa;,ZQDS<Ad6) Virlol (rd71) 8268%82§ﬂyﬂ ?heiaQEnmﬂd@ﬂ veetah in
use in the present invention can be re Ilcatlon conpet ent . Numer.ous

exanpl es 6@@P%EFFtﬁtlﬁhecdhﬁet Ledeé r§|QVe€F€F§Q§Fe FEREI | {RavEFFabl e

to those égthictﬂohh%kﬁﬁb (@%eleqqeeX@@ple 5#&!Q@ﬂﬂ§2b£$§0£€@apéklahr1
2000, Human CGene T 1) 2009- 2024; hbnunaltls et al., 2001, GCene Ther.

8 , 746-759; Ahemenyuet apub \\\\\\ QO@DLOREtureLBr@teeh@ologyels 7284727¥ye, For

exanpl they can,be_en |neer Joma wi d-type Vi I us._.geng
deletlgﬁ PRotRa e A° %Rf ona|n<%£ee r8§5ﬁ6¥§ vfg3f§4ﬁﬁe)t%%dng 1B

replaceneeb @ﬁplbetﬁahIV@eE|‘aﬂdéﬁéﬂ534 pLOHpneB$GthhUBIS$meD,WBBDrW0r
cel | status-specific promters (see for exanple JS 5, 998 20s, yg§§/2%860,

US 5, 698, 4432 CPbo/ #6355/ WD07 15850 1Ai¢ Wes1/'5se50) <t al.,

Virol. 77, B2¢3-8271).

The adenoviral vector in use 1in the present invention

15 can be replication—competent. Numerous examples of

repiication-competent adenoviral vectors are readily

availabkle to those gkill in the art ({see, for example,

Hernandez-Alcoceba et al., 2000, Human Gene Ther. 11, 2009-

2024; Nemunaitis et al., 2001, Gene Ther. 8, 746-759; Alemany

20 et al., 2000, Nature Biotechnology 18, 723-727). For example,

they can be engineered from a wild-type adenovirus genome by

deletion in the EIA CRZ2 domain (see for example WO00/24408)

and/or by replacement of the native El1 and/or E4 prometers

with tissue, tumor or cell status-specific preomoters (see for

25 example US 5,998,205, WO9S/25860, US 5,698,443, WO00/46355,
WO00/15820 and WC01/36650) .

Alternatively, the adencviral wvector 1n use in the
invention is replication~defective (see for example
Wo94/28152; Lusky et al., 1998, J. Virol 72, 2022~20322).

30 Preferred replication-defective adencviral vectors are EI-
defective (see for example US 6,136,594 and US 6,013,638},
with an E1 deletion extending from approximately positions
459 to 3328 or from approximately positicons 4589 to 3510 (by

reference +to the seguence of the human adencvirus tType 5L



Al ternatively, the adenoviral vector in use in the invention is
replication-defective (see for exanple W4/28152; Lusky et al ., 1998, J
Virol 72,wbQat/@8®2). Preferred replication-defective asgemmreoialosssest ors
are El defective (see for exanple US 6,136,594 and US 6,013,638), with an E
del etion extending from approxi mately pgsitions 459 to 3328 or from

approxi mately positions 459 to 3510 (by reference to the sequence of the
hunman adepovirys-tiypg 3disel0sedrnikn he CengBank-dmngdel, theuaceegsizgnepunmber
M 73260 and in Chroboczek et al., 1992, Virol. 186, 280-285). The cl oning
capacity ean figrt Berobeciapr 6\red2 by déP&€i ng/bioldi + i eRar pottiomwi(s) T6f the
adenovira all . part. 5 of n n i g regLon. of

ot her ess%%gﬁgﬁgEZ%akggggﬁs)ngins§?¥%%§ro gea ﬁ%@%gﬁkggcﬁﬁé i%égﬁygﬁg

| ocati on adfiithenatepovitiah (¢eécrar can beésperioshedet:hmeugh iHomot ogeus
reconbi nation _as described in Charrier et al. (1996, J . Virol. 70,

4805- 4820y" . “BGr pé%(‘w’ar?p?lsee,mt“L%‘ e hubF et &= alid %énéddiTg %‘S%@ﬂp\ggj 16"E 6
pol ypepti deseansbe irpsertedni Berephacenant ofid he By regioniandothehe
nucleic aci a encoding the FPV-16 E 7 pol ypeptide in replacenent: o f the
E3 regi ona@engvéeaver ¥aCtPR anvtther Pand Herrdfcaresd aspectyh t hBCeéPgPUEn use
inthe in lon. is.a poxyviral vector (see.for. nmp 20X et al. 4in
"Viruses ?%Q%hﬁﬁ%aééﬁg Tﬁérégﬁmwégé%.giﬁ.C%é%?§§gr6%?nggﬁcaéé#?g’Prgés)
Accor di ngvtecanother 4ptiefetied. emboderent1 &l tseselieceted knitihengpodpg
consi sting of vaccinia virus, sujtable vaccinia viruses include w thout

i mi t at'Poh"fhé "Copénhdyer’ SIrE nt {GoehRl %é‘t RS P90l Wi %ﬁcﬁﬁ?@?tz&%- 266
20 and 517n563; Jobpson etgalthe 1893ieVir Qo 196,:381740khe tihey Wethy
strain and the highly attenuated attenuated virus derived thereof including
WA (for peliparseéeMayrieplacanent ¢f 197523 | pd@ceh onr 3vVics-1g)sand
derivates thereof (such as MVA vaccinia strain 5 5 (ECACC V00120707 - JS
6,913, 752), In another and preferred aspect, the vector in use in

the invention is a poxviral vector (see for example Cox et
15 al. in “Wiruses in Human Gene Therapy” Ed J. M. Hos, Carclina
Academic Press). According to another preferred embodiment it
is selected in the group consisting of vaccinla virus,
suitable wvaccinia viruses include without limitation the
Copenhagen strain (Goebel et al., 1920, Virol. 178, 247-266
20 and 517-563; Johnson et al., 1993, Virol. 196, 381-401), the
Wyeth strain and the highly attenuated attenuated virus
derived thereof including MVA (for review see Mayr, A., et
al., 1975, Infection 3, 6-14) and derivates thereof {(such as

MVA vacclinla strain 575 (ECACC V00120707 - US 6,913,752y,

~2
LA

NYVAC (see WO 92/15672 - Tartaglia et al., 1292, Virclogy,
188, 217-232). Determination of the complete sequence of the
MVE gencme and comparlison with the Copenhagen VV genome has
allowed the precise identification of the seven deletions (I
to VII) which occurred in the MVA genome (Antoine et al.,
30 1998, Vivology 244, 365-396), any of which can be used to
insert the antigen-encoding nuclelc acid. The vector may also
be obtained from any other member of the poxviridae, in
particular fowlpox (e.g. TROVAC, see Paoletti et al, 1895,
Dev Riol Stand., 84, 159-163); canarypox (e.g. ALVAC, WO



25 NYVAC (see WO 92/15672 - Cartaglia et al ., 1992, Virol ogy, 188, 2 232
). Determ nation of the conplete sequence o f the MVA genone and conpari son
wi th t he wopenimagms VV genone has al |l owed the precise i #emtEpPkoloasicdomn of the
seven deletions (I to VII) which occurred in the MVA genone (Antoine et

al ., 30 1998, Virology 244, 365-396), &% of which can be used to insert

t he anti gen-encodi ng nucleic acid. The vector may al so be obtai ned from any
ot her nenberzo78¢ he Ppoxeittildae; kA, pakidcul 8evf dlpoxStend. , TRGVACL S8ee

Paol et ti pDev Biol Stand 84, 159-163), canary ALVAC,
VOO5) 2778052 BhoFSbLTIBE LAl L GEE Det B S S add . BA. C18o hagrendil)

pi geonpoxse SVbREPOXk ANted heihi kene Bya way myex.a@p&g, perspns skilked7in the
arc may refer to WD 92 15672 (incorporated by reference) which describes
the production B @xPt 8 bRfveetors Based oRcpoxvE? usks tapabfeisk ©f

expr esskng, siich, het et ol.0gous paueheas] de,saguence o ashedl ab}yeauckeot hde

sequence encodi ng antigen. According to special embodi ment, said virus can
be a repl$@ah|bﬂte@npeGenE p@MVWDasdeeﬁmﬂnaﬂd%0r%ﬁﬁ@@%ﬁlom cofpetentie
vaccinia virus Ies of these virus are provided m WX»O531105 (e.qg.
products IX8927¢ CEESE 0t99%963, W TK- VGF- GVCSF), WI0073479,
WC2009/ 06b547,  WOR0 9/06%546 The basi g) echnlque fq% |nsert|ng the nucleic
acid and associated+&gulat or §eef eme it d For“expréssi onti ¥a @

poxviral gepone:isodescsidfad dax nurm;wusnﬁocurr@%@cagq%a bkegtocthecman
skilled in the art (Paul et al., 2002, Cancer gene Ther. 9 , 470-477,

P|CC|nﬂoetO@PPteHHQSVuCN@ﬁhedsJeﬁﬁEnzyﬁﬁP6@96f53CWB45LQQ§? U5 45 7697830
Us 4, 772’52%@&?&%%? nr.6%9%333%o5 00 P8 c%u@tng 5’5?5@&117%99%9 &gkl y,. one

proceed through honol ogous reco At i on bat ween ovef | appi'ng sequences
(i.e. desﬁx@dB;nsantlomK5|teM%D{esGMCQQ@th et via.al genofre/ands47,

WOzZ009/065546.

The basic technique for inserting the nucleic acid and

15 associated regulatory elements required for expression in a
poxviral genome is described in numerous documents accessible
o the man skilled in the art (Paul et al., 2002, Cancer Jgene
Ther. 9, 470-477; Piccini et al., 1987, Methods of Enzymology
1533, 545-563 ; US 4,76%,33C ; US 4,772,848 ; US 4,003,112 ;

20 US 5,100,587 and US 5,179,993). Usually, one proceed through
homologous recombination between overlapping seguences (i.e.
desired insertion site) present both in the wviral genome and

a plasmid carrying the nucleic acid to insert,

The nucleic acild encoding the antigen of the Invention

]
Lh

iz preferably inserted in a nonessential locus of the
poxviral genome, in order that the recombinant poxvirus
remains viable and infectious. Nonessential regions are non-
coding intergenic regions or any gene for which inactivation
or deletion does not significantly dmpair wviral growth,
30 replication or infection. One may &lsc envisage insertion in
an essential viral locus provided that the defective function
is supplied in trans during production of viral particles,

for example by using an helper cell 1line carrying the



a plasmd carrying the nucleic acid to insert. The nucleic acid encodi ng
she antigen of the Invention is preferably inserted in a nonessential |ocus
of the powoizoaloogwaone, in order that L he reconbi nant pOTEPRUS/0FBWARI NS
vi abl e and infectious. Nonessential regions are noncoding intergenic
regions or any gene for which inact jvafion or deletion does not
significantly inmpair viral growh, replication or infection. One may also
envi sage insefiion:{f;an.68seatl aloviLdbohocus provided shat-dhe; defgetive
function 1s supplied in trans during production of viral particles, for
exanpl e byowsingl avethehper cell line carrying theconpl enmenting sequences
corresponding to those deleted in the poxviral genone. Wen using the
Copenhagen vaci&ign auviings,tieheCamilgemrencodtngnhacleéirasacitthd sapreferabl y
inserted in the thym di ne 5 kinase gepe (tic).(Huby.et al., 1983, P roc.
o Acathe S PGB0t Sa19e 315 o ferer e L& 1055858 *in ep G g RE30.
537). HeweverseohLbeE iRertimnsites are, aisezapprepri at,1.e.Qadn the
hemaggl utinin gene (GQuo e t al., 1989, J . Virol. 63, 4189-4198), in the
KI L I'ocusyS®n®he it lgent (Zhou Vet ralet 26-199083 . J GeHirVitrol4€,71530-
2185-2190 r . Left.,end o f . the yaccinia yiLus genong where.a
vari ety og?ngoﬁkgﬁggﬁé o%tﬁngiﬁgg?égmgelé%iohs %a&e%ﬁéen ?ggbr?ed in'the
literature.{A tenhbegereretgalusirti989eAr chiveseVi rdl.., 108,9,15727Virbss et
al . 1981, . Mrol, 40, 387-395 : Panicali. et al., 1981, 15 J Virol. 37,
1000- 1010@%%%“5%%%,“’-119%5? B RTeT. 63, T3829-3836 (ZFRr ks 8t al,
1990, Yorobool79, 276:286:1Perkyssetsabiodf9dy Mirehe 186t 406- 410) neWen
using MVA, the antigen-encoding nucleic acid can b e inserted in any one o
f the identFfieds deletiongqncOV Figrs 29 WEH 1S (9 t RECDARIEGESs, “but
b?fg{t'ggehQ6g%%§£&c”héfeéaéhg Ikabé H&%&?r%%gogygﬁeriﬁt‘éﬁe ’l}%g}at&re Gen.
" Altenburger et al., 1989, Archives Virol. 105, 15-27 ; Moss

et al. 1981, J. Virel. 40, 387~395 ; Panicali et al., 1981,

15 J. Virol. 37, 1000-1010 ; Perkus et al, 1989, J. Virol. 63,
3829-3836 ; Perkus et al, 199C, Virel. 17%, 276-286 ; Perkus
et al, 1991, Virol. 180, 406-410).

When using MVA, the antigen-encoding nucleic acid can be

inserted in any one of the identified deletions I to VII as

20 well as in the D4R locus, but insertion in deletion IT or III

is preferred {(Meyer et al., 1991, J. Gen. Virol. 72, 1031l-
1038 ; Sutter et al., 1994, Vaccine 12, 1032-1040).

When using fowlpox wvirus, although insertion within the

thymidine kinase gene may be considered, the antigen-encoding

o]
(¥

nucleic acid is preferably introduced 1in the intergenic
region situated between ORFs 7 and 9 (see for example EP 314
569 and US 5,180,675).

According to one special embodiment, said recombinant
vector dis a recombinant plasmid DNA or & recombinant viral

30 vector.

According to ancther special embodiment, said

recombinant viral vector is a recombinant vaccinia vector.



1038 ; Sutter et al., 1994, Vaccine 12, 1032-1040). Wen using fow pox
virus, although insertion within the thym di ne kinase gene nay b e

consi der ealQ 20h180039951 gen- encodi ng 25 nucleic acid i s preCemebéy/ st oduced
in the intergenic region situated between ORFs 7 and 9 (see for exanple E P
314 569 and U S 5,180, 675) . Accordingto one special enbodinent, said
reconbi nant vector is a reconbinant plasmd DNA o r a reconbinant viral 30

vector. According.t@: anot her speciahcembodinent,: saiduyeconinant yviral
vector i s a reconbinant vaccinia vector.According to another specicil

enmbodi mentecosial b rleconbd ait  Werehni & Ve dtaoronist g vte ¢Bifhi et IMVA vect or
Preferably, the antigen-encoding nucleic acid in use in the inventionis m
a form suit abl&dorrdltlsy expressibhgén-anhodtngehlicoeior gandsmn whi€nineans
that the nucleic acid seguence_ encodi ng}héhe an igeq ar e&pl aced under the

control of'one”BF fbrB FEguiatiory° SRqUEhces Ret85sary For its "SXpr e

S expr‘eSs(iion in
the host ekl of=10r gani smgAisnysednheneinmatdhertheemregubatery: sequence”
refers to any sequence that allows, conirio ates or nodul ates the
expr essi oPEBREACHURT @7 I BEi B AN i Yeh RoBtPeRFFd PRt tdi iy Feplieat Pon,
dupl i cati £ | PLLON, + P T £l anglationy, stapilily.andLok; o
transport&g? %’hgeﬁgélg%%g'é%i“%r %ﬁge%{‘jéi tlzég%ér?%g iv%l (i“f%é.eﬁrr%NéA}%iﬁ?o t he
host cel linltthai | holsé apptéciat edrpprtivose 8ki lhedd i meararart thhat tehe
choi ce of  the %_egul atory seguences can d(e end on_factors smté%hﬂ asjihe host

? 3 1 L &l b

cel |, the Vettor and tHeavel ofeﬁﬁﬁ?ess(foﬁnaesﬁ%%n%e ‘ndcl ef'crakid
encodi ng thecantigen bs epenativel yrki pkedeke 1angere £xpressi omsequence
whi ch directs the expression of the antigen nucleic acid within a
eukaryoti® c8ILVENThEOGENe Exipressih- Kedirencee? 5 Ghyl ¢egul afdry-RAbcPRot i de
Sequence’transcription, splicing, translation, stability and/or
transpoert of the nuclelc acid or one of its derivative {i.e.
mRNAY into the host cell. It will be appreciated by those
15 skilied in the art that the choice o©f the regulatory
sequences can depend on factors such as the host cell, the
vector and the level of expression desired. The nucleic acid
encoding the antigen is operatively linked to a gene
expression segquence which directs the expression o©f the
20 antigen nucleic acid within a eukaryotic cell. The gene
expression sequence is any regulatory nucleotide seguence,
such as a promoter seguence or promoter-enhancer combination,
which facilitates the efficient transcription and translation
of the antigen nucleic acid to which it 1s operatively
25 linked. The gene expression sequence may, for example, be a
mammalian or viral preomoter, such as a constitutive or
inducibkle promoter. Constitutive mammalian promcters include,
but are not limited to, the promoters for the following
genes: hypoxanthine phosphoribosyl transferase (HPRT),
30 adenosine deaminase, pyruvate kinase, b-actin promoter and
other constitutive promoters. Exemplary viral promoters which
function ceonstitutively in eukaryotic cells include, for

example, promoters from the cytomegalovirus (CMV), simian

virus (e.g., SV40), papillloma virus, adenovirus, human



such as a pronoter sequence or pronoter-enhancer conbi nation, which
facilitates the efficient transcription and translation of the antigen
nucl ei ¢ awodotimoshescn it is operatively |linked. The geneCesPe@vSFWRS
sequence may, for exanple, be manmalian or viiai pronoter, such as a
constitutive or inducible pronoter. Corgtitutive mammalian pronoters

i nclude, but are not limted to, the pronoters for the foll ow ng genes:
hypoxant himeuphdsphot ¢hogyl triansf er agel(HPRT) Roadenosimecaeam naseps,

ruvate kipase, b-actin pronoter and other. constituti ronptgrs.
Exenpl ar y VI PAFUpr oot & s whf-cr Fihct 7O CohstPEGET el y 11 etkalyoPPeYcel I

include, forxexagple;psompierscheem ther syt onega) oS +(EWEhymstAhan
virus (e.g., SVv40), papilloma virus, adenovirus, humanl nmunodeficiency i ru
s (HV) , kRo#isesaredracvi rids, heyponegalrevicrus i tive | Ohyct eFfilthal tPEPEEL s
(LTR) osf Mol.oney| euken g, i rus and.other cedroviyuses,iand the. t by dine
ki nase pr%nnter o f "herpes sinplex virus . Oher constitutive pronoters are
known to thesesrfotorxdi nasy fski | bsi mdrire arbreFhecpr opoterscausefadl ahs gene
expressi on sequences o f the igyention al sp jgclude,iqdqubleT ronnpgrs.

| nduci bl e*Profbt8Fs dre exprés§sédsin the prasencd ¢ & G nduci HgCagent

For exanmphesnmbhergetat Lophbopehn:prenpt gkeksnikadueednt onpremBLeagent .
transcription and translation in the presence o f certain netal ions. O her
i nduci bl e¥prondterslar e Kirowiid ot Hosel O F 1 ror digvarcy-oski 1S | ANERESEr t tOI n
gener al ne e i0on. seq e.shall .include, a,s. n (YR !
nontra&gc%?gﬁggeanﬁg%g§%ﬁk$€%€§nsggfiﬁg“géguéncés T%vdﬁ%%d?ﬁﬁ%%§¥%% B
initiationsotkitranseri ptéon. andheransldatdiane respectével presuchoa sta TATA
box, capping sequence,  CAAT sequence, and the like. Es ecL;LIXM such 5
non-transect Ban“seaﬁgh8%§ymiﬁW inclide & pronot er'” r &giton“whi c*5 néflttes a
pronoter seguensesforsdq@nsesipid.onal seentrel o0z the-operablys' non-

transcribing and 5' non-translating sequences involved with

15 the initiation of transcription and translation,
respectively, such as a TATA box, capping secquence, CAAT
sequence, and the like. Especially, such 5' non-transcribing
sequences will include a promoter region which Includes a
promoter sequence for transcriptional control of the operably

20 joined antigen nucleic acid. The gene expression seguences
optionally include enhancer sequences or upstream activator
seguences as desired. Preferred promoters for use in a
poxviral vector {sea Dbelow) include without limitation
vaccinia promoters 7.5K, HER, TK, p28, pll and KlL, chimeric

25 promcters between early and late poxviral promoters as well
as synthetic promoters such as those described in Chakrabarti
et al. (199%7, BRiotechniques 23, 109%4-1097), Hammond et al.
(1297, J. Virclogica Methods 66, 135-138) and RKumar and
Boyie (1990, Virology 179, 151i-158).

30 The promoter 1s of special importance and the present
invention encompasses the use of constitutive promoters which
direct expressicn of the nucleic acid in many types of host
cells and those which direct expression only in certain host

cells or in response to specific events or exogenous factors



joi ned antigen nucleic acid. The gene expression sequences optionally
i ncl ude enhancer sequences o r upstream activator sequences a s desired.
Pr ef err edwpronmoggos for use in a poxviral vector (see beCowEpP20mo53dE
without Iimtation vaccinia pronoters 7.5K, H5R, TK, p23, pll and KIT..,
chineric pronoters between early and | af,e poxviral promoters a s well as
synthetic pronoters such a s those described in Chakrabarti et al. (1997,

Bi ot echnl ques 23,,, 1094- reHamoNd: et al, 461994, J ol ogi calMet hods
66, 135-1ggjaén§nkug§ﬁp%%§z%5$re (1996%“%1rodééy%%fg,hﬁﬁﬁﬁﬁﬁsgglT%E“@?

pronot er iLigaodf.spetiialinpor ancetand t herpr esemnteliynventicom ibaconpasses
the use o f _constitutive pronoters, which direct _expression f the_nucleic
acid i n mhhySEYpRES o RAnaBE “Ber| & ARa CRGSEPGHT CRCATT &ct  BRbr BESTGR ORI y i n
certain hgstncgkl ssor Enanespansentionspegi-bineteyent srorkrex00eRoHsSters
factors(e.g. by tenperature, nutrient additive , hornmone or other |igand) .
Sui t abl é pPENDEET s Mdr e 2wi BEFY I dascrTHeer T n 1Mt /erkt uid tard toné HaycEite nore

speci fically yjral DP?BH‘BE?E?‘?%@%P gsBSV. SV40,5 OW and, MP; proppt 8ES . -

Preferred promoters for use in a poxviral ‘'véctor ‘include without Timtation
vacci ni a pronoters PeibKenHsRx ITK, amp28laptl pandikKel, rchimmgrsive pronvtérs

between early nd late oxvi[alqpronpters S mellﬁag. nt het J. promoters
ouch a0 RosEREREET BeRonchak Db Ei <5t CAret 48855 BX0: efnn T BGaE 55!
1094- 1097} ¢+ Hammondoet, abicEi99%iqdeYi r:dd,00i esh - Met hpds 166unc135-4:38)% 1and
Kumar and Boyle (1990, ViroLogx 179, 351-158). Those skilled mtne art wll
appr ecildt é-PHat the Megalatdry lel BaEheds cdritr ofPFPng-Bhe &XPr €s§iEdn 89t he

nuclLei c agggjgnkeggbe of (Lhe i nyeation mays further conprise additional
el ements for proper fnltTafloﬁ,"regu'ation and/ or term nation of

transcription {e.gd. POlyA Lfanscriptlon Lermnation seqyences), FRNA,
transport (e.g. nuclear

regulatory elements controlling the expression of the nucleic

acid molecule of the invention may further comprise

15 additional elements for proper initiation, regulation and/or

termination of transcription (e.g. polyA transcription

termination sequences), MRNA transport (e.qg. nuclear

localization signal seqguences), processing (e.g. splicing

signals), and stability (e.g. introns and non-coding 5' and

20 3' seguences), translation (e.g. peptide signal, propeptide,

tripartite leader sequences, ribosome binding sites, Shine-

Dalgamo seqguences, etc.) into the host cell or organism.

Alternatively, the recombinant vector in use 1in the
present invention can further comprise at least one nucleic

25 acid encoding at least one cytokine. Sultable coytokines
include without limitation interleukins (e.g. IL-2, Ti-7, 1L-
15, IL-18, IL-Z1} and interferons (e.g. IFNvy, INFo), with &
special preference for interleukin IL-Z. When the recocmbinant
vaccine of the invention comprises a cytokine-expressing

30 nucleic acid, sald nucleic acid may be carried by the
recombinant vector encoding the one or more antigen(s) or by

an independent recombinant vector which can be of the same or

a different origin.



| ocal i zati on signal sequences), processing (e.g. splicing signals), and
stability (e.g. introns and non-coding 5 ' and 3 ' sequences), translation
(e.g. pepvodelgiogmal , propeptide, tripartite | eader seqREmEP)10/0599650Ne

bi ndi ng sites, Shine- Dal ganb sequences, etc. ) into the host cell or
organism Alternatively, the reconbi nanyy vector in use in the present
invention can farther conprise at | east one nucleic acid encoding at |east
one cytokine. Bui.table;cytokineseingldide whtbout Lim tatdon depter | eukins
(e.g. IL~2, IL 7, IL-"151L-18, IL-21) and interferons (e.g. 1 Ny, INFa)
with a speetatbprefier enicetdor nferieaki hnl LtRe. whemsthe recenbipant 1s
vacci ne oémtggﬁ%nvgqaiqﬂﬂc n Li%gs @hgyﬁg Ene%§§§ﬁ§§siﬁ9 g(ﬂfgpvgcgg@ sai d
nucl ei ¢ acid”way?bé carti ed”by the réconbinant vector  éncédi g the one or
nore antigedckshe®r bycan independentarcecandd hanibvector whihchrtankbe, of
the sane or a different origin. According to one nost preferred enbodinent,
t he recénﬁ?ﬁ%ﬁ%&%éﬁtéﬁzrnEH??%%@(i%aiﬁ%séﬁ?o?%%%%?Fo eF§C8ncdadi Wy all* or
part o f the MJi.antigenrandyat; d %twmeeﬁ%gkhgeémb@%e dd.steds and
preferably an nterl eukin, especially I1L2, Preferably the reconbi nant vector
in use i NMihe prasemt i Avéntiton! ¢&sanoMVA @ffcodimgs akbose parttet. t RedMUC
antigen and at |east_one cytokines above |i- d,..and preferably an
inr.erleu)¥?ﬁ?r%%p%cf%lf@“ 1f%9K}§Te%??%h%lgffafhéarticles conprising the
abovedescribedwrgcgybingntTvtx I vector can be rqguged by.routigg process.
n exenpl ary protEss tohpri ges the StepsCof® a it todlti nd The Vira

vect or 1pbn§esar suttiabkecgel haht neirHl . veutturing sai greehtedii pe voderne
suitable conditions so a s to allow the production of said infectious viral
particl e, pProcess. An exemplary process comprises the steps of:

a. introducing the viral wvector into a suitable cell
line,

1

b. culturing said cell line under suitable conditions
15 so as to =allow the production of said infectious viral

pvarticle,

C. recovering the produced infectious viral particle

from the culture of said cell iine, and

d. optionally purifying =said recovered infectious

20 viral particle.

Cells appropriate for propagating adenoviral vectors are
for example 293 cells, PERCE cells, HER9¢ cells, or cells as

disclosed in WO 94/28152, WO 97/00326, US 6,127,175.

Cells appropriate for prcpagating pouvirus vectors are

P
wn

avian cells, and most prefersbly primary chicken embryo
fibroblasts (CEF) prepared from chicken embryos obtained from

fertilized eggs.

The infectious viral particles may be recovered from the
culture supernatant or from the cells after lysis (e.g. by

30 chemical means, freezing/thawing, osmotic shock, mecanic
shock, sonication and the like). The viral particles can be

isolated by consecutive zrounds of plague purification and



c . recovering the produced infectious viral particle fromthe culture of
said cell line, and d . optionally purifying said recovered infectious
viral parwoebha/o@esl s appropriate for propagati ng adenoPCralP2veos®wBs ar e
for exanple 293 cells, PERC6 cells, HER96 cells, or cells as disclosed in
WO 94/28152, WD 97/00326, US 6,127,175.35Cel | s appropriate for propagating
poxvirus vectors are avian cells, ana nost preferably primary chicken

enbryo fipreobl asts-€€iEq prepared fram chickenignbryos ogbt ainad fram
fertilized eggs. The infectious viral particles nmay be recovered frcmthe
cul ture sipereoatapyraphieonrehbodel | s vdftrecanisiigugetgonpy “henfeak 1aBans,
freezing/ég?§AQ§ ggngﬁé - QQ%$4 necani c shock, sonication and the |ike)
The viral "partTcl es can be isolated by consecutive rounds of plaque
purification andthen purified using the techpnigues o f the art. .
(chronatographfg %%ﬁ%é%%ﬁ Tﬁ%r%ﬁ%ﬁé@i?ﬂgéﬁ?o O%ng%%%%f%%1%h?%$f dtorOf
sucrosesgradient) sekbedasintad ditshe seet:hed ror rus e ornhd r eatémgi @ pat . kenr
for human di sease human di sease according io the Invention (i.e. by

adni ni st €PY ngr&ht 1 Whtfogehi ¢corPBsfer6R 1 EonpPIEPRGE AP 58P oA 4Nt F§en)
can be cafried oyt.in.tihe sel ected palients.sip cepjtunghiopnwi t B-0pE-QK nore
conventional therapeutic nodalities (e.g. radiation, chenotherapy and/or
surgery} paThenuse ofi nmgktiiphettiher apedti ¢ cappr cachesopt ovicdesenhecsel ect ed

patient wth a broader based.intervention...Jn.one enbodinent, th hod or
use for rﬁéﬁf?%%QBL%aFP lﬁdFShukﬁﬁJdi§é§§83ﬁ8ﬁﬁn‘g?%%ggg”%éé%rgFggEfo t he

| nvent ijgnsGan=be; preceded=orcf alil ewedeb:yeazs8:gi cakpbpbervent ponvilins
anot her enbodi nent, it can be preceded or followed by radi ot herapy ($.g.

gamma radiati 69 ecTResskittedvithlt e AFpadan Peaar ynrervention.
one embodiment, the method cor use for treating a patient for
human disease human disease according to the Inventicon can be
preceded or followed by a surgical intervention. In another
15 embodiment, 1t can be preceded or followed by radiotherapy
(e.g. gamma radiation). Those skilled in the art can readily
formulate  appropriate radiation  therapy protocols and
parameters which can be used (see for example Perez and
Brady, 1992, Principles and Practice of Radiation Oncology,
20 2nd Ed. JB Lippincott Co; using appropriate adaptations and
modificaticons as will be readily apparent to those skilled in
the field). In still another embodiment, the method or use of
the invention 1s assocglated to chemotherapy with one or more
drugs (e.g. drugs which are conventicnally used for treating
25 or preventing viral infections, virus-assoclated pathclogic

conditions, cancer, and the like).

The present Invention thus relates to a method for
improving the treatment of a cancer patient which 1s
undergoing chemotherapeutic treatment with a chemotherapeutic

30 agent, said method comprising the following steps

- selection of patient in a patient population

composed of patients that have low IL10/IFNy ratio,



formul ate appropriate radiation therapy protocols and paraneters which can
be used (see for exanple Perez and Brady, 1992, Principles and Practice of
Radi at i orwOronlwgyes 2nd Ed. JB Li ppincott Co; using appiPoprEPatie/ossapt at i ons
and nodifications as will b e readily apparent to those skilled in the
field) . In still another enbodinent, the nethod or use of the invention is
associ ated to chenotherapy with one or nore drugs (e.g. drugs which are

conventional |y usegyfq; dr8ating aor, preventingyitfalon fec . tionss, .
Vi rus-associ at ed patFIilngogi C coqui tioons, cancers,: and ?he Fﬁlg@l“(e). T%e p?gsent

| nvention thus reliatesdgerd crethodof drionprovdargiitive teedtwentnvefitaocgancer
pati ent which is undergoin henot her.apeutjc treatnent with a

chenot her apeuti ¢ ﬁéchtaq C&aq%@%%etrﬁ%ﬁ%t&?pﬁgs%%g the fol l owing steps : -

sel ection of part_w'bent in a patient pogr)ul tion c osed of pat i“?ﬁgﬁts tEat have
low I LI O | FNy r at'f o, &dmii'st éFi'fig “t 6 sal 4" Sel SpafPerit s “an i mundgeni ¢
conposi ti on- aceokdi ngnto theztnventi er and aghenwt herapew i cyiagent . 1Ihe
present Invention thus relates to a nethod for inproving the treatnent of a
cancer pati@ntdahiehcieruhdergor iyl cherptesapedttle &reathehiefppPRUaLC

cherot her g2l | cc 208t 331 G- IR ot Gomcd sf iy e, f ol gyl ng st eps

i ol ogi cal “sanpl e |l ood o r plasma or serum fromthe

patient trie levels g f |1LI.O and |F cal atj JLi QI EN g, ratio, .and
adm nistering to themﬁéltsil‘gﬁtr‘gt hénsa:b\%oll%(%gentf%%%@%rpgﬁ”tggyonbl“?ggai ag

patient has | ow | ld1Q 4N+ atd 0u@cC cordi ng:¢ opdhesilinvent | bave Aecof dingot o
one enbodi nent, the adm nistration o f said chenotherapeutic agent is done
bef or e l18dni ni st r atd’sh F ¥ sai d

- calculating IL10/IFNy ratio, and

- administering to the patient the saild immunogenic
composition if said patient has low ILI0/IFNy ratio

according to the Inventiocn.

15 According to cone embodiment, the administration of said
chemotherapeutic agent is done before administration of said

immunogenic composition.

According to another embodiment, the administration of
said chemotherapeutic agent 1is done after administration of

20 said immuncgenic compositien.

According to another embodiment, the administration of
said chemotherapeutic agent is done concomitantly with

administration of satd immunogenic composition.

According to one embodiment, said chemotherapeutic agent

25 ig cisplatin and/or Gemcitabine, or similar.

The present Inventicn further concerns a method of
improving cytotoxic effectiveness of cytotoxic drugs (i.e.
chemotherapeutic agent} or radiotherapy which comprises co-
treating a patient selected in a patient population composed

30 of patients that have low IL10/IFNy ratio with an immunogenic

composition according to the Invention.



i munogeni ¢ conposition. According to another enbodi nent, the

adm nistration o f said chenot herapeutic agent is done after adm nistration
of said |wownogesds conposition. According to anot her emrbodipp®n596BHe

adm ni stration of said chenotherapeuxi c agent is done concomtantly with
adm ni st rar lon of said inmmnogenic cofposition. According to one

enbodi nent, said chenotherapeutic ag n is cisplatin and/or Gentitabine, or

sinilar. The pfesgpb:havenhhen:fhther concanns amethodsef iihinheykndc
cytotoxic effectiveness of cytotoxic drugs (i.e. chenotherapeutic agent} or

radi ot her apyrohichcoompr itdes éoveeatPng i@ patiermd selectedarniacpalt? ent
popul ati on, gampased of patents | | ow Ll QULEN 0.rat Lo uithan

h hay
i mrunogeni’ ¢~ Cconposition acé%rdlng %%d?zégynventloﬁf anof her I ment,
t he nmet hoddatntuseretitAmagogeni cocomposi trirdmea fodrierdimient (son 4sdcanei ed

out according to a prine boost therapeutic nodality which conprises_
sequent?aPra@ﬁ?ﬁs??aF?%ﬁ ﬁﬁmgﬂﬁ%%%ﬂﬂﬁﬁe[ﬁY?&ﬁa%%%po§%FtQﬁf%%ﬁgaﬁadone
or nore bogst ef, CONROSH tiORS; )k ionkY PGl | Va1 therpri M pgr and=£ heyhoest i ng
conpositions use different vehicles which conprise or encode at |east an
anti geni ccdopaiiaei wrcommprde The prdafitngai nonogenie cowpdsi tioncpgmon.
initially_admnistered to he host sm and_the.boosti ng i nmmunegeni.c
conpositigﬁeig“§ﬁﬁ§gqﬁgﬁkP§ggaﬁ?nﬁgbgsgé%gégtgé §§ﬁ§9ﬁﬁg# gggggygngggﬁer a
period varyi ngef hepronegday soahv/ eheebmorthsg Theumethadcototbesinvent i on
may conprise one to ten sequential admnistrations of the gginjng )
conpo;ﬂpiéﬁ Fﬁpﬁﬁﬁéﬁnb}yof mﬁ@¢§5&ﬁ%§nﬁﬂuﬁ%ﬂ M NSt T abFensieF fhEET
boosting gopposkhi 90, Dasi kabhyonbnhggt kentiRteEvabatase anABLEERBf cene
week to six nonths. Mreover, the primng and boosting conpositions can b e
adnmi ni st etkd at ithensame simeyor @tmalist natdnee sitttes ten  seqguential

administrations of the priming composition followed by one to
ten sequential administrations of the Dboosting composition.
15 Desirably, injection intervals are a matter of one week to
six months. Moreover, the priming and boqsting compositions
can be administered at the same site or at alternative sites

by the same route cor by different routes of administration.

According to a special embodiment, the desired clinical
20 benefit is independent of a demonstrable immune response to

the vaccine.

According te one special embodiment, the Invention
relates te a method as above described wherein saild human

disease i1s cancer.

25 Beccording to a preferred embodiment, saild cancer is for
example breast cancer, colon cancer, kidney cancer, rectal
cancer, iung cancer, cancer of the head and neck, renal
cancer, malignant melanoma, laryngeal cancer, ovarian cancer,
cervical cancer, prostate cancer, non Small cell Lung Cancer,

30 haematolcgical cancers, gastric cancers, myeloma

According to one special embodiment, the Invention
relates to a method as above described wherein said human

disease 1s infectilious disease.



by the sanme route or by different routes of adm nistration. According to a
speci al enbodi nent, the desired clinical benefit is independent of a
denonst r avbeoiwmesewe r esponse to the vacci ne. Accordi ng POTEPRISHEISBHI

enbodi nent, the Invention relates to a nethod as above descri bed wherein
sai d human disease is cancer. Accordinggo a preferred enbodi nent, said
cancer is for exanple breast cancer, colon cancer, kidney cancer, rectal

cancer, lung canggr«igances of therbeadjandimeck,etenals cancensprkigpant
mel anoma., [aryngeal cancer, ovarian cancer, ceivicai cancer, prostate

cancer, notieSpal lizeld vtanglCahcdrcedhashutrslsegi calicbancecsorgaskeigle

cancers, nyelomm .. Acconding,to oge, specal cbodigent, Lhe, | nvention

.S
relates to a ne a5 above déscri bed wher'ei n” said huhen di sease is

I nf ecti ous di sease. Accordi n 0 a _preferred enbodi nen sai d infectious

di sease is a viftaf ?Hﬁgggﬁ %@§§g§@Fn§ugﬁgﬁ§f%ﬁ Qé@ﬁﬁﬁ%§cﬁ‘%a%%ﬁiﬁu83d by
HTV, HCY, i fiBVnoPVicandnpbbe: ki ke. cbhpaikunthen ierodiamntot her eai-gepeavi ded
t he use of an inmunogeni c conposition conprising ail or part of a targeted
anti gen fo®rtigermirdf ddtr 828FfachBafcarent FofLIErBabti dgra petdentdf or
human di s j articul ar; patient, ul.af i.ofn. ip.th Lents of
sai d popu?§§?%%9h33§ F%&%ﬁLﬁhﬁ%lEQNQJ?5$?%.£?% gm %??ég%genbgaﬁggﬁﬁ %ﬁere

i s provi dedethenuséecofpaniémmunodgenicciccopposi ¢t onnf drviehelgmnlf-a8t GFEvof a
medi cament _for inducing an i mune response (i.e. the raised inmne

response) fh'@ patient for treating human disease in a particular patient

popul ation wherein the patients of said population have Iow ILI O'|EN
ratio. Pn anotﬁ%r&eﬁBSGgﬁéanpﬁgﬁgﬁp§ ﬁﬁ@ﬁ%ﬂﬁftﬁﬁ?{ﬁﬁ?Qﬁéhﬁluse OF af

immuncgenic compogition for the manufacture of a2 medicament
for inducing an immune response (i.e. the raised immune
response) 1n a patient for treating human disease in a
particular patient population wherein the patients of said

15 population have low IL10/IFNy ratio.

In another embodiment tThere 1s preovided the use of an
immunogenic composition for the manufacture of a medicament
for inducing an immune response tc at least one antigen {(i.e.
the raised i1mmune response) in a patient for treating human

20 disease 1in a particular patient populaticn wherein the

patients of said population have low ILIO/IFNy ratio.

In another embodiment there 1s provided the use of an
immunogenic composition for the manufacture of a medicament
for inducing an immune response Lo a targeted antigen (1.e.

25 the raised immune response}) in a patlient for treating human
disease in a particular patient vpopulaticn wherein the

patients of said population have low ILIO/IEFNy ratio.

In ancther embodiment there is provided the use of an
immunogenic composition for the manufacture of a medicament

30 for inducing an immune response (i.e. the raised immune
response) in a patient for treating human disease 1in a

particular patient population wherein the patients of said



i mrunogeni ¢ conposition for the manufacture of a nedi cament for inducing an
i mune response to at |east one antigen (i.e. the raised i nmune response)
in a patiwotofiaw3doseati ng human di sease in a parti cul ar ppatEPeo/opwpHl at i on
wherein the patients of said population have low ILIQIFN g ratio. In

anot her enbodi nent there is provided thg use of an i nmunogeni c conposition
for the manufacture of a nedi canent for inducing an i mmune response to a

targeted antigeni{f neve URE ralsed hUNL: { £SRARSGhMeA nPald Nt r& 0ked
treati ng human di sease in a particular patient popul ati on wherein the

pati ents bfmgaddrpopetatibh have ¢ oty 1@ 9t i 0. I n anot her

enbodi nent there is provided the use of an i mmunogeni c conposition for the
manuf act ure of acoedicapentof orngndeapengaan emhunengesponsei (i . érathed

rai sed i nmmune response) in a patient for .treatin ungnndiseas in_.a.
particula}m%%??enﬁaﬁ%bﬁVEtidﬂpmﬁ%Vé{ngfﬁé@ﬁ tigﬁggagf“gaidb%pu?é%?%?aﬁave
Jow | LI & 4 EN: g4 £ aki @ andi wWhereiiF isai ¢ r aksedr bamane inesponsel i i npake

i mmune response. According to one special enbodinment, said "rajised i mune
response"2ihigei d paricentingopliPati®h PECAFFBETed t oWl ds " tGour TSPERI fi ¢
or -rel at fgﬁgdﬁ%%égensir@n%% viral anrigen,, According 0 one.ei rhoghinent,

said "raise mune response" In said patient population is directed
towar ds distinoctt anttgenss. Aécordilngs~to anme speviia ! erodiiiremtt , sakdd
"rai sed igmune resggnse" ip gaig %atiegt ggﬁulatign ;f d reg;ggitgmaggs al
or part of *MIY antigen. Actbridfng to ancther Spectal ewbodrient, sard
"rai sedgi anuae: £@sSpensedsi nkisai d- pakizento poput-at izen i<k .ceidcd Mg to
response, and preferably CD8+ (Cytotoxic T Lynphocytes) inmune response.
Accor di ng2 ot anbt ReRCspecraboenBenitmeft:, Ssaith "%l s ' ifhufieSF e3ponse™ in
sai d patiehty oyl atd Obd Sy AN, Shec] f ¢ domune f.esponsesprnan, i nuype
response to di sease associated antigens
preferably CD8+ (Cytetoxic T Lymphocytes) immune response.
According to another special embodiment, said “raised immune
15 response” in said patient population is & non specific immune
response or an immune response to disease assocociated antigens
not contained in the wvaccine formulation or an immune
response to disease associated antigens which 1s not
measureable by current techniques. According to another
20 special embodiment, said “ralsed immune response” in said
patient population is a stimulation of the innate immune

responsa.

The ability to induce or stimelate an immune response

upon administration in an animal or human organism can be

25 evaluated either in vitro or in vive using a varlety of
assays which are standard in the art. For a general
description of technigues avallable to evaluate the onset and
activation of an immune response, see for example Coligan et
al. (1992 and 1994, Current Protocols in Immunclogy : ed J

30 Wiley & Sons Inc, National Institute of Health). Measurement
of cellular immunity can be perxformed by measurement of
cytokine profiles secreted by activated effector cells

including those derived from CD4+ and CD8+ T-cells (e.g.

gquantification of IL-10 or IFN gamma-producing cells by



not contained in the vaccine formulation or an inmune response to di sease
associ ated antigens which is not neasureable by current techniques.

Accor di ngwoaoamosdeer speci al enbodi nent, said "raised i FOUEP20109PBRSE" i N
said patient population is a stinulation of the innate inmune response .
The ability to induce or stinulate ar. jymune response upon adm nistration
in an ani mal or human organi sm can be evaluated either in vitro or in vivo
using a YﬁLE@%MtP, frasgays-mhhehi akeost andand:iRathenakfatus FOF geReral
description of techniques available to evaluate the onset and activation of
an i mmunecfésponse, ceebsfoleesanple Coliganretiferatiog? ande1994bvYCufr ent
Prot ocol s_i nola e J. W1 ey & s kno, . Natj I tifut f

Heal t h) . ﬁéggéggﬁgnﬁ g? égﬁ&ﬁfggk%né%§??§péanb %Q%%¥?§§néﬁﬂiyéﬁg% %genent
of cytoki peepiofilesigecretedebyiacti vated: etfacboricet| s=igcl udpngdthose
derived_from CD4+ %nd,CIB& T~~cells (e.g. quantification of IL-10 or LFN
garmma- pPotiigrhyt cel s By Bl spot® Eptﬁ§1&gF¥nﬁ%ﬁﬂ¥%n06fﬂur?ﬂﬁﬁR&ﬁ@oﬁL
status of shmyne eftectrar cel Lbs1fe. &y Treebleprohi f erat ion assayspbyqa
classical [3H thym dine uptake) , by assaying for antigenspecific T

| ynphocytesliimcsensitided patrentrfe: g. Thepf pbaespeéci tPc Fysiglihea =

cyt ot oxi cj, ssay) .. b etecti .antigen_specific, ils_| -
fIuoresce%ﬁ%ﬂfﬁfa%%Tgénb%pg? eg%u ?F%ﬁ%%g?%.g§ fé??g%é's?gh%%%&a%$¥{%9 to
sti mul at ecambanbr abnr esponsenmaygbe (deter mMiared dyzrantd bodyr bowndi ngsaad/ or
conpetit on in binding (see for exanple Har|ow, 1989, Antibodies, Cold
Spri ng ‘Pafbor PPr eg%) %3#%% neCRed o¥£¥?%riﬁV§ﬁ%qon C4f d?%%m%é Fﬁrtﬁgﬁ
val i dated; jp-ani pRl Jmdels sehaltenged it h,an;appEapriAt e diwpor - nhdusi ng
agent (e.g. MJO -express: ng nurine tunor ceils cells) o determ ne anti
tunor actiiiyengefl| ectliilng @an phdierroator anr@nhanbement ¢gent (e.g.

MUCl-expressing murine tumcr cells cells) to determine anti-
tumor activity, reflecting an induction or an enhancement of

15 an anti-antigen immune response.

Thus the present invention further concerns a method
for extending the survival rate of a patient treated Ifor
human disease, for example cancer, by administering an

immunogenic composition, said method comprising the following

20 steps
- selection of 9patient in a patient population
composed of patients that have low IL10/IFNy ratio,
- administering to said selected patients the said
immunogenic composition.
25 The present invention further concerns a method for

extending the survival rate of a patient treated for human
disease, for example cancer, by administering an immunogenic

composition, said method comprising the following steps

- - measuring in the patient the levels of IL10 and

30 IENy,

-~ calculating ILLI0/IFNy ratio, and



an anti-antigen i mune response. Thus the present invention further
concerns a nethod for extending the survival rate of a patient treated for
human di swa=eii/dosrsexanpl e cancer, by adm ni stering an POTEPOQSO5M3S
conposition, said nmethod conprising the followi ng steps : - selection of
patient in a patient popul ati on conposed of patients that have low ILIQ | FN
g ratio, admnistering to said selected patients the said inmunogenic
conposi tion. The pigselitstddrient i 08 fid hertdencerfise a se ihodifrennextendi ng
the survival rate of a patient treated for hupan di sease, for exanple
cancer, by adni ni SISFIGTG @D itdminogemicd €opSsitt ilow, Lddi’d Thdihgdtio-
conprising the followng steps : - nmeasuring in the patient the |evels of
| LI O and | FNY,Tal eWlsatemg FRVERFENg Fattoer arfeRnGiiffishi st efFRGOFo the

patient the said,d mypogent.c commostdion 1S saidpathont pas dow hL,Q./1

g ratio. e present I nvention further concerns a nethod for extending the

survi vab datezof, afpat eeatpl reatedef-or thurmhidiisease, nd orm exanphegeancer ,

by adm ni stering an i mmunpogeni c conposi ti.on and chenot herapeutic agent (see
e Hion coripr el gt éps Cireast

above) , SEFWCTREHIY ct T the F614 0w ng 9t éps = “reasdri RG’ i n"t ha

patient therheyelsyofihO and $FNGwingadcadating IL10/IFN g ratio, and -
admnisterng to the patient the said i nmunogeni c conposition and

chenot herapeuti.c agent.Jfypaid patientzias.d ownkll Q-(LEN o1 atipoo Asearding
to anot her enbodi nent, the present Invention relates to the use of ILIQIFN
g ratio as a bi ondrikefs, for

10 - calculating IL1C/IFNy ratio, and

- administering to the patient the sald immuncgenic
composition and chemotherapeutic agent 1if said

patient has low IL10/IFNy ratio.

According to another embodiment, the present Invention

15 relates to the use of IL1I0/IFNy ratio as a biomarker Ifor
predicting whether a patient is or 1s not susceptible to
developing prophylactic or therapeutic response, preferably
immune  response, by administration of an  immunogenic

composition.

20 More specifically, the present Invention relates to the
use of ILI10O/IFNy ratio as a biomarker for predicting whether
a patient is or is not susceptible to developing prophylactic
or therapeutic immune response by administration of an
immunogenic composition, wherein low IL1G/IFNyY ratic
2?5 indicates that the patient is predicted to have an lncreased
susceptibility to develop a prophylactic or therapeutic

response, preferably immune response.

In other words, the present Invention relates to the

use of the IL1CO/IFNy ratio as a biomarker for predicting

30 whether a patient 1s or is not susceptible to survive longer
after administration of an immunogenic composition, wherein

low IL10/IFNy ratio indicates that the patient is predicted



predi cting whether a patient is or is not susceptible to devel opi ng

prophyl actic or therapeutic response, preferably i mmune response, by

admi ni st rnaDi20n/B90an | Mmunogeni ¢ conposi tion. Mre speciPCirEeRég/5968%
present Invention relates to the use of ILIQIFN g ratio as a biomarker for
predi cting whether a patient is or is nmgr su.sceptib] e ¢ o devel opi ng
prophyl actic or therapeutic i mmune response by adm nistration ot an

i Mmunogent¢ earposi tiamemhenernvhoOwrkkkQddaoNrydr atd oc i €@t pattinats t he
patient is predicted to hcve an_increased t-usceptibility zo develop a

pr ophyl actie %@V?h%%%%%ﬂt?%1?2%%%ﬁs%étb?eferably i mrune response, Tn ot her
words, the present |Invention relates to the use of the ILIOIFN g ratio as
a bi omarker for 1pr e8heti W ifiet RBE BXBAFTENENTENBEORsTRot - StsERpEibFE "t 0
survive | onger _after . ni.s [ of ;;an nogenisc..gonposi-ti on, wherein
|OM/|L|CY??%§QH%£%%g ?ﬁg%c f%§§%Eg?gtH§%§§f¥gﬁt ?5%6%e§ig?EdFo Hgbewgg

| onger Susvivaptilte compareditie tieated pafient ssdwhiovhaves thigherofl LEQ | FN
g ratio. |n other words thkgresen; anen%%on relates to, an exvivo met hod
for predi tYTHECWRRt her GO Pat i et | €"6F°1S hot Stscepti BFe™to survivé“Fonger
after admnistratiop Atsanck ARUNEGENLC EOoRPOSI Lhan nwherei B the1tbestkng

nmet hod conprises the step of fmeasuring levels of TLIO and INFy in a

bi ol ogi cakasanpl el .ai-g. bbPodd ©r plasme orr serumyilf bAPEhe Fat Peht-ent,
calculating.LLIQIFEN g.ratio..wherein low,l LI QTF ratiQ indica .chat

t he patieﬁ%lﬁff%{ﬁ%‘e 5%?%%8%§YSL£%%%ﬁ% ﬁggﬁfgy r§%g% ?%égfggg ti%%%fgrther
concerng theiuseso fhihechdl| At RAhg watl ohases as bl amps kesuforvyr ediicd i ng
whet her a patient which is undergoi ng chenot herapeutic treatnment with a
chei not her apeut ir¢uagefie | SIrOferitS 0t rsusaept idie-dondevekophag prophykactic

or therapeutic inmune response (e.g. to survive o
ILIG/TIFNy ratic &s a blomarker for predicting whether

o

patient which is undergoing chemotherapeutic treatment with

jsh}

chemotherapeutic agent is or is not susceptible to developing
15 prophylactic or therapeutic immune response (e.g. to survive

longer) after administration of an immunogenic composition.

Thus the Invention further concerns the use of the
ILI0/IFNy ratic as a biomarker for predicting whether a
patient which is undergoing chemotherapeutic treatment with a

20 chemotherapeutic agent 1s or is not susceptible to developing
prophylactic or therapeutic immune response (e.g. to survive
longer) after administration of an immuncgenic composition,
wherein low IL10/IFNvy ratio indicates that the patient is
predicted to have an increased susceptibility to develop a

25 prophylactic or therapeutic immune response.

The present Invention thus relates to a method for
improving the treatment of & «cancer patient which is
undergoing chemotherapeutic treatment with a chemotherapeutic
agent, said method comprising the following steps

30 -  measuring in the patient the levels o¢f IL10 and

TENY,

- calculating IL10/IFNy ratio, and



| onger) after adm nistration of an inmunogeni c conposition. Thus the

I nvention further concerns the use of the IL10/IFN g ratio as a bi omarker
for prediwOizog/oemwsher a patient which is undergoi ng checotiresiapssts c
treatment with a chenotherapeutic agent is or is not susceptible to

devel opi ng prophyl actic or therapeutic 43mmune response (e.g. to survive

| onger) after adm nistration of an i nmunogeni c conposition, wherein low IT
10/1E N ratio indigates dhat:ddecpatient das predi ched 40 chayvemanoyrereased
susceptibility to develop a prophylactic or therapeutic inmune response.
Tne present | nventGBPahiisidlel ated t 6NgRENREAPPEE 1rnprrGiiifty the t Féafnent

of a cancer patient whigch 5%Sungﬁ{]90j1mq)ﬁﬁwt E&%E@Beu%éféofcﬁﬁ% MR whth a

chenot her apeutic agent, said nmethod conprising the followng steps : -
measuring in the patventidihe | evels of ILIC) and I FNy, calculating ILIO/IFN
g ratio, andadmi nistering to the patient the said i nmunogeni c conposition
and chesot her apeut iievagentn fz1sal dppatieat hassl omi.ldl OFnddNyom ateet)

according to the Invention . The invention also provid its (i.e,
conpani on"Eesk) Wi eH'S nélAide pafts ?B?beﬁﬁ??cﬂﬂ" tﬁﬁ%ﬁgéﬁodggaés&PFBed

herein and-that whll he apparentef repet-he-exanpl es provided: hepebnidthe kit
of parts, or kits, may include reagents for collecting and or neasuring
serum | evetsedf . | &Gel siof 4Ll orahd, | FRy XiSgeh reagent sidfayr fagtude for

ant | bodl es,,; The kLS My {uribet, iaglude equl pipnt. 18t qaljecting anagor

processi ng biol'ogi cal sanpl es. e ts are also likely to contain

i nstrudpi end freNyUSSuctutreafferval wes, (iseel above)t anddors | Nste uet Eensator

their determpation, and instructions_for interpreting the data obtained

fromthe GEBLBELt Hd'dGHGe equipment for collecting &nd/or processing
biological samples. The kits are also likely to contain
instructions for use, cut-off values (see above) and/or
instructions for thelr determination, and instructions Ior

15 interpreting the data obtained from the use of the kits.

According to one special embodiment, the said kit of
parts, or kits, may  further include an immunogenic
composition as above disclosed, and/or as disclosed in the

Example section below.

20 The inventicn further provides computer programs and/or
algorithms for monitoring clinical trial, levels of IL10 and
IFNy and TIL10 and IFNy ratio, determining whether such ratio
are above or below a threshold level, and/or recommending

treatment to improve a patient's response to an lmmunotherapy

|
L4

treatment. The computer programs or algerithms may Dbe
provided along with necessary hardware, e.g., in the form of
a kit or apparatus, which may also accept blological samples
and measure the relative levels cof IL10 and IFNy present
therein and calculate IL1I0 and IFNy ratio. The above-
30 described computer programs and/or apparatus are likely to be

provided to physicilans or clinical laboratories  with

appropriate instructions and reagents, including antibodies.



According to one special enbodinent, the said kit of parts, or kits, may
further include an i nmunogeni ¢ conposition as above discl osed, and/or as
di scl osedwpnotimesgazanpl e secti on bel ow. The invention fecrhPeoipnssdsies
conput er prograns and/or algorithnms for nmonitoring clinical trial, |evels
of ILIO and IFNg and ILI O and I FNg ratis, determ ning whether such ratio
are above or below a threshold | evel, and/or recommending treatnent to

inmprove a patigat’ screspense J:0 Al d nunotheyapy theatym®ntr. ke cofpaker
progranms or algorithnms nay be provided a J ong with necessary hardware,
e.g., in theoforhmofica kirecorrappanat usydvhich-imay absor adeept-msirg! ogPcal

sanpl es and neasure the relatjve |levels of. sent. .thegein
and calcu%%gﬁofild?%%li¥éNb réﬁébfa“fhe%gbo&ggggéﬁﬂgéégggn%%?%?ﬂ%?%grgﬁs

and/ or appat@tdgeate tékebyitosdbe provided to physicians or clinica

| aboratories with appropriate instructions and reagents, including

anti bodkes. Usergd lievelrs iefn | kk® apdeh NRg-ddr tthe: gener ati onl dfisapzakgerithm
for reconmendi ng nodification to a treatnent to inprove patient' s response
i 0 i munotherapy ¢reatfent by PAMLIRGYERTECCohPBEI gﬁ%n?erméﬂ?h%ﬁt i"bn-has
been descyl bed L@ %éc}]' yst rative mannery and icle i s.1Q-be undersioodst hat

t he termi nol ogy whi ch has béeen used is intended o be i the nature of words
of descriptsonipather thaheof [thaint atdfon.l@biviousty., n@ryiemwdlfi catibks and

vari ations fftbeﬁgre§ent 'nventigg ane(ggs§%ble in Iigh%n%gmkh%ﬁgbo¥e

t eachi ngs T Tt TSt hePer 67 t §%he under st'ood ‘that P Wit Hin the “E¢ope of “the
appended ghakiBi=the iAYERt LEN thRY HeRr actdcedhdn aifd erieate fayef com
what is specifically described herein. All of the above cited disclosures
of patent’e PUBEFEALPEndand "Hdtiabhse @nfFres are Seciiiedlty claims,

the inventlon may be practiced in a different way from what
is specifically described herein.
All of the above cited disclosures o©f patents,
15 publications and database entries are speclifically
incorporated herein by reference in their entirety to the
same extent as if esach such individual patent, publicatiocn orx
entry were specifically and individually dindicated to be
incorporated by reference,.
20
Examples
Figure i Survival curves describing vaccins
immunotherapy in lung cancer: patienis with a ratio of plasma
IL-10/I¥Ng < or » 3.7, pricr to treatment
25 Group 1 : Vaccine ({i.e. immuncgenic composition)
+ chemotherapy 1in patients with a low ratic of plasma IL-
10/I1ENy. Low plasma IL-10/IFNy ratioc defined as < 3.7. 40

patients. Median survival= 2Z1.2 mcnths
. e = Group 2 : Vaccine + chemotherapy in
30 patients with high ratic of plasma IL-10/IFNy. High ratic of
plasma IL-10/IFNy defined as > 3.7. 21 patients. Median

survival= 5.6 months



i ncorporated herein by reference in their entirety to the sane extent as if
each such individual patent, publication or entry were specifically and

i ndi vi duavbyoimeswat ed to be i ncorporated by reference. PExappiiessssy- ure 1
: Survival curves describing vaccine i nmmunot herapy in lung cancer: patients
with ratio of plasma IL- 10 /IFNg < or 4% 3.7, prior to treatnment 5 Goup 1
: Vaccine (i.e. imunogenic conposition) + chenotnerapy in patients with a
low ratio of plasgaikbcad0 HENgerehow, phasmagl Land0/$FENgoradio defined as <
3.7. 40 patients. Median survival= 21.2 nonths - - -- -- - Goup 2 :
Vaccine + chemppherapyctd pattgAts-with high ratio of plasma L-10/1FN g .
High ratio of plasma IL-10/IFN g defined as > 3.7. 21 patients. Mdian
survival = 5.6 nonthsSignificant difference, by log rank: p = 0.007 0

Conpl ete + Censored Figure 2 : Survival curves describing chenotherapy in
lung cancer: pabignls Wi nsa Latlo of, Rl asmaLLEA0lENGS. QL 22307 PLLOT tO
treatnent. G oup - Chenotherapy in patients with a’low ratio of "pl asna

| L- 10/ | ENlgng tewceat i paof.eptasmathlL=10/:tEN goidefliared: asL<l B/ TENH7< or

pati ents. N?d%an survival = 10.8 nmonths ~ - - - Goup 2 : Chenotherapy in
patients Wwith' WWghorat? o oF* pldshe L-10/1FN g High ratio of plasma

I L-10/1FN g defined as > 3,7. 11 patients. Mdian survival= 8.4 npnths Not
SignificantTy dFfFerent ! by FEGELRRY pl= 1519270 “Cohpl et +°ehdbr 8d°Anong
patients with a e=tr ment i.a of I.Q L ENg -0f; ~< +3mil.s treated

W th TGAO%%agm%hg%D%ﬁéfg%' gﬁ?ﬁ?%g:Céfﬁ%#%%%ﬁﬁ??yJﬁéHg%?w(%%g?ggdségv%val =
21.2 nmont hsy.thanpditents. Median survival= 10.8 months

10 - = = - - Group 2 : Chemotherapy in patients with high
ratio of plasma IL-10/IFNy. High ratio of plasma IL-10/IFNy

defined as > 3.7. 11 patients. Median survival= 8.4 months
Not Significantly different, by log rank: p = (.92
0 Complete -+ Censored

15 Among patients with a pre-treatment ratio of IL10/IFNg of <
3.7, those treated with TG4010 + chemotherapy survived
significantly longer (median survival = 21.2 months) than did
patients treated with chemotherapy alcone (median survival =
10.8 months) {p=0.03 by log rank test). Median survival among

20 patients independent of plasma IL-10/IFNy ratio is not
significantly different: 10.7 months for patients ftreated
with TG4010 and chemotherapy; and 10.3 months for patients

treated with chemotherapy alone.

]
L

Example 1 : The immunogenic compositicn, noted vaccine
T34010, was used to treat non-small cell lung cancer (NSCLC)

patients in combinaticn with standard chemotherapy.

TG4010 1s a recombinant Modified Virus Ankara {(MVA)
expressing both ILZ and the tumor-associated antigen MUC1

30 (see Rochlitz et al., 2003, J. Gene Med., 5, 690-699).



patients treated with chenot herapy al one (nmedi an survival = 10.8 nonths)
(p~0.03 by log rank test) . Median survival anong patients independent of
pl asma | LIwOQbi1RNB®srati o is not significantly different PCTEPZONMMGBS f or
patients treated with TG 010 and chenot herapy; and 10.3 nonths for patients
treated with chenot herapy al one. Exanpl4gg 1 : The i nmunogeni ¢ conposition,
not ed vacci ne T&010, was used to treat non-snmall cell lung cancer (NSCLC)
patients in conbhaahienrwhit Angt apdaydechenobhel apys F&4010ah&omi reconbi nant
Modi fied Virus Ankara (MVA) expressing both IL2 and the tunor-associated
anti gen MJ&Fe{see Rochlitz et al., 2003, J . Gene Med. r 5, 690-699). One
hundred and forty eight patients were random zed to receive : chenot herapy
(Gisplatin 75mg/ m on- d ichemg tGeneprvabi (18 sk250myl m Prop/fay ob ardll dagn@

every 3 weeks for up to 6 cycles) either,_alaone (Stud r ) o
chenpt her apy tSG&thet Wit h%&fﬂ%{% (%‘?ugil‘yAg‘mcfg%S aa%uﬁ\orgléf%\i\ﬁrge‘{d/%’ﬁ'gat ed
(WHO criteri a)revery € weeks:1dEndpoi tHese werenhpr agressizon: frieersurvi val

(PFS) at 6 nonths and overall survival with intent to treat analysis. Bl ood

sanpl es were taken prior.ig,ddreatent + 9R=day, 1 Lifdd st dayp of theat neak) and
were shipped i Mmediately to a central imunol ogy | ab where plasma was

i solated and stbred frozen until analysis. Plasma sanples were assessed, at
a central |aboratory for cytokines, using a Lumnex nmutli-analyte profiling
system Figure Tushows wdat patiienptsd] Al (TG <010)+ ehenpt fer @pg¥s] with

a ratio of, plasm, concentratyons, of, 1y.er! eukac10 / Jatier [pron gammp.of <

10 and overall survival with intent to treat analysis.

Blood samples were taken prior to treatment on day 1
(first day of treatment) and were shipped immediately to a
central immunclegy lab where plasma was isolated and stored

frozen until analysis.

15 Plasma samples were assessed, at a central laboratory
for cyteokines, using a Luminex mutli-analyte profiling

system.

Figure 1 shows that patients [Arm 1 (TG4010 +
chemotherapy)] with a ratio of plasma concentrations of

20 Interleukin~10 / Interferon gamma of < 3.7 prior to therapy
survive longer {median survival = 21.2 months) than do
patients with a ratio of plasma concentrations of
Interleukin-10 / Interferon gamma > 3.7 prior to therapy

(median survival of 5.6 months.

25 The data in Figure 2 demonstrates that the effect of
selecting patients basead orn the ratio of plasma
concentrations of Interleukin-10 / Interferon gamma < 3.7
pricr to therapy ig restricted to patients receiving the
vaccine in that Figure 2 shows that patients with a ratio of

30 plasma concentrations of Interleukin~10 / Interferon gamma <
or > 3.7 prior to therapy with TG4010 and have the sane

survival expectancy.



survive |onger (median survival = 21.2 nonths) than do patients with a
rati o of plasma concentrations of Interleu kin-10 / Interferon gamma > 3.7
prior to wbeoapwsgsedi an survival of 5.6 nonths. The datraTiEP2MHi0@s9685 2
denonstrates that the effect of selecting parlents based on the ratio of

pl asma concentrations of Interleukin-1047 Interferon ganma < 3.7 pricx- to
therapy is restricted to patients receiving the vaccine in rhat Figure 2
shows that pat ients with a ratio of plasm concentrations of

Interl eukln-10 / Interferon gamma < or > 3.7 prior to therapy with TG&4010
and have the sane survival expectancy. CLAIMS 1 - An ex-vivo nethod for
testing whether a patient will respond therapeutically to a nethod of
treatment conprising adm ni stration of @?A&ggunogenic conposition, wherein
the testing nethod conprises the steps o taining a biological sanple

fromthe patient; - nmeasuring levels of ILIO and IFNy in said biol ogical
sanple; calculating ILIQ [IFNg rati o; and conparing said ILIQ IFNy ratio
with a threshold |evel, wherein |Io rati o indjcates that the
patient “wi || devel op” aeﬁ?dﬁﬁV1a8?t£%8r T%%r&ﬁéﬁﬂpg‘rEE%B?ge fbwﬁﬁg§epﬁe

i Munogeni;¢; goMpashbinan Wirkdy sl@wtlilda@1J FNy rat | onbehdg bekowrbeatentThe
met hod of claim 1 wherein said |ow ILI | FNy ratio being below 4 . 3 - The

met hod of cemar#sitgor agdmnéperatiand mét hed ofTFHEREOREAE | SCAPRELRSE Dl
treating 6an £8in éh!hgeg€£dim8§ﬁ8§yc8%%£b§e9fE%%dé@g%g'@fﬂs1 wherein said
W X te gy ‘or

ILIQ IFNy ratio I's nmeasure umn chi

- cbtaining a bicloegical sample from the patient;

10 -  measuring levels of IL10 and IFNy in said biclogical

sample;
- calculating IL10/ IFNyratio; and

- comparing said IL10/ IFNy ratio with a threshoeld

level, wherein low IL10G/ IFNY ratio indicates that
15 the patient will develop a prophylactic or
therapeutic regponse towards the immunogenic

composition with low IL10/ IFNY ratic being below 5.

2 - The method of claim 1 wherein said low IL10/ IFNY

ratioc being below 4.

20 3 - The method of claims 1 or 2 wherein said method of

treatment is a method cof treating cancer.

4 - The method of any of the preceding claims, wherein

said IL10/ IENy ratio is measured with Luminex technology or

enzyme-linked immunosorbant assays

25 5 = The method of any of claims, wherein said IL10/
IFNy ratio is determined by using antibodies specific for IL1O

and INFY, respectively.

6 - The method of any of the preceding claims, wherein
sald biclogical sample is selected in the group consisting of

30 total blood sample, plasma or serum.



enzyme- | i nked i mmuunosorbant assays 5 The nethod of any of clains, wherein
said ILIQ IFNy ratio is determ ned by using antibodies specific for ILIO
and | NFy,woespeaossel y. 6 The net hod of any of the precedrmpalhaseess
wherein said biological sanple is selected in the group consisting of total
bl ood sanple, plasma or serum?7 - The ngthod of any of the preceding
clai ns, wherein said i nmunogeni ¢ conposition contains at |east one
recombi nant vector. expr essiNg idy VAP & | 1108 ﬁ@é@e@in tcl gast, ORBerein
het er ol ogous nucl eoti de sequence. 8 - The nethod of claim7 , wherein said
reconbi naptidect ormigogevi¢al c@moition Thenmtilcd oftany L6RSEl ai ABS7 and
8 , wherein i i or.I catign-co t ent =T d of
any of ol BrRe I B 6 e Rey SR Sa 0 Ui Al TGt oFLi Sor BRI cali on- defest ve.
11 - The sethndtetocanycaf chalastids osdfuemberein said viral vector is
adenoviral . 12 - The method of any of clains 7 to 10, wherein said viral
vector iss vacci gi a vegtormethkdl - oThe lImathod, ofvharyief «liad meeZotbiflnt
wherein said viral vector_ is MVA vector . 14 The nethod of any of the
precedi ngVeFaPhslSwheVeFAlsafd patient |s a patient treated with
chenot her apeuti c a%gnt. 15 - Use of ILIO IFNy ratio as a biomarker for
predi cting whefher Tepateemtdi sfornys dot Chustept i BIE to deVerdpringaid
prophyl act. i r peut i _ ini stration of an i mmunogenic
.’irh%‘a% 6v&9§5% tEE Leo T E3RONSE \A)g%rtaﬁg{er%ﬁ%. g

conposi tion. fortesting a patient will respond
therapeutlcall¥0tg %h%E%Q&%GH éfegﬁgEg% CRURLSSING g 8, wherein said

10 viral vector is replication-defective.

11 - The method of any of claims 7 to 10, wherein said

viral vector is adenoviral

12 - The method of any of claims 7 to 10, wherein said

viral vector is vaccinia vector

15 13 - The method of any of claims 7 to 10, wherein said

viral wvector i1s MVA vector

14 -~ The method of any of the preceding claims, wherein
said patient is a patient treated with chemotherapeutic

agent.

20 15 - Use of IL10/ 1IFNy ratic as a biomarker for
predicting whether a patient 1s oxr iIs not susceptible to
developing prophylactic or therapeutic response by

administration of an immunogenic composition.

16 - A kit for testing whether a patient will respond
25 therapeutically to a method of treatment comprising
administration of an immunocgenic composition wherein the kit

comprises

- antibodies for determining the levels of IL1O and IFNy

in a biolcgical sample from the patient; and

30 -~ instructiocns for interpreting the data cobtained saying

that a low IL10/ IFNy ratic indicates that the patient will



adm ni stration of an i mmunogeni ¢ conposition wherein the kit conprises :
anti bodies for determning the levels of ILIO and IFNy in a biol ogi cal

sanpl e frwo2heopasi ent; and - instructions for |nterpreCrmpelopsaas a
obtained saying that a low ILIQ IFNg ratio indicates that the patient

w | | devel op a prophylactic or therapeutjoc response towards the i mmunogenic
conposition wherein lowratio is ratio of less than about 5. 17 - Ex -vivo

met hod f ofe P& edh Cli NG-WeF Nek: 8- pati eledSHoliciS REbpsUSEepidW@id Otslrvi ve
| onger after adm nistration of an inmunogeni c conposition, wherein the

testing nmenhedogenbti sesrelie tépep vdferobt alAvng & 45 ol Hgireal Osahpl 2FFom
the patient; asgifipﬂg | evels of ILIO and IFNy in said biological sanple;

cal cul atih{gﬁaﬁlf‘i’L ratio; and conparing said ILIQ IFNy ratio with a

threshold |l evel, wherein,low ILI O, LENy ratio. indic hat _th tient
will have a |anZ;eF S vivaF FaERoH %‘HH%W?HHWFK@&?@ )ffogb%%hgeﬁ% 555
5 or is not susceptible to survive longer after administration

of an immuncgenic composition, wherein the testing method

comprises the step of:

- cbhtaining a biological sample from the patient;

~ measuring levels of IL10 and IFNy in said biclogical

10 gsample;
- calculating IL10/ IFNy ratio; and

-  comparing said IL10/ IFNy ratic with a threshold
level, wherein low IL10/ IFNy ratio indicates that
the patient will have a longer survival rate with

15 low IL10/ IFNY ratio being below 5.



