VACCI NE AGAI NST HPV16 AND HPV18 AND AT LEAST ANOTHER
HPV TYPE SELECTED FROM HPV 31,45 OR 52 The present
invention relates to vacci nes agai nst hunan

papil -omavi ruses Background of the Invention : o
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Other HP Vs of particular interest with respect to cancer are types 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 68, 73, 82, 26, 53, and 66.

HPYV virus like particles (VLPs) have been suggested as potential vaccines for
treatment of HPV. A bivalent vaccine utilizing VLPs has been shown to be effective
in prevention of infection with HPV 16 and 18 types in young women (Lancet, vol
364, issue 9447, November 2004, pages 1757- 1765).

There is still a need for a vaccine that protects against multiple (e.g. > 2) HPV types.

The present invention addresses this need.




ot her cancer type being selected fromthe I|ist
~consisting of HPV types 31, 45 and 52, wherein the
dose of the VLP of the at |east one other cancer types
is reduced relative to that of HPV 16 or 18. In a

rel ated aspect the invention relates to an i nmrnogenic
conposition conprising VLPs fromHPV 16 and at | east
one ot her HPV cancer type, the other cancer type

bei ng selected fromthe Iist consisting of HPV types
31 and 52, wherein the dose of the VLP of the at

| east one other cancer types is reduced relative to
that of HPV 16. In a related aspect the invention

rel ates to an inmmunogeni ¢ conposition conprising VLPs

FSmmaryi ofthe inxeptiad/ 45  wherein the dose of the HPV 45
VLP is reduced relative to that of HPV 18. The

i nvention further relates to an i nmunogenic
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reventi ng HPV I n# ection an conpri sing
atdmahpéHBVilﬁgtlib an individual in need thereof a
conposition or vaccine as defined above. The
invention further relates to a nethod for naking an
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16 or 18. The above aspects of the invention rray al so
ggnplo HPV capsoners rather than VLPs. Detajle
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relative to that of HPV 18.

The invention further relates to an immunogenic composition as defined above in

combination with an adjuvant and/or carrier.

The invention further relates to a vaccine comprising an immunogenic composition as

defined above with a pharmaceutically acceptable excipient.

The invention further relates to a method of preventing HPV infection and/or disease
comprising administering to an individual in need thereof a composition or vaccine as

defined above.

The invention further relates to a method for making an immunogenic composition as
defined above comprising mixing VLPs from HPV 16 and 18 with at least one other
HPV cancer type, the other cancer type being selected from the list consisting of HPV
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protection against infection and/ or disease by certain
ot her HPV cancer types, that is HPV 31, HPV 45 and
HPV 52. Data is provided in the exanples herein. Cross
protection nmay be considered as the protection
afforded by a vaccine containing one HPV type agai nst
infection (incident or persistent) and/or disease
caused by a different HPV type. Incident and
persistent infection are defined as in the Lancet
paper, by Harper et al. Vol 364, issue 9447, Novenber
tybes 3 lpiig aad §5 syhereinyiba doseofihe VIF ofithe-atlesst qns pthegcancer
PSS Rrdude réletive t6l Biat SIHBVI€6 ¥ ne efficacy (V. E ),
wherein the V.E is the % inprovenent in protection
agai nst infection by the vaccine conpared to a
PTRCHBRe pSitof thY inFerifion ﬁﬁ% 14D emp16§ B aBSinYerd father than
vacci nes conprising HPV 15 and R8 VLPs can be
f¥FRul ated using a | ower dose of other (non-HPV
16/ 18) cancer type VLPs (31, 45 or 52) than would
ot herwi se be required in the absence of HPV 16 and 18
\Detgiled\Pescription i | | achieving the sane protective
response agai nst incident and/or persistent HPV
infection for that other type. Reduction of the dose
oWedatvesurprisingbyrdetepmpined/th@sHP Vi 16 andi18 VLB$ eantprorddeciross
S ' Wt L gni f.] [ he protecti on
o8Bl deaif ilGion 0981 AUy CcIBRBInE e toncRl G el
VWHRY 31 HiRV #5 amd HRVSQrDatafs provided dmnthewyartysled hepdih.ed; f or
exanpl e, by physical , chem cal or regulatory
constraints. It also allows nore doses of a vaccine
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u J. R conbination wth HPY.16 and/ar HPV 18 VLP
T B8 AR bRk et R B e ctn D o
ragtadebegroup fargivehsypece of such type 16 and/or 18
VLPs. The invention thus relates to an i mrunogenic
conmposition conprising VLPs from
Accordingly HPV vaccines comprising HPV16 and 18 VLPs can be formulated using

a lower dose of other (non-HPV 16/18) cancer type VLPs (31, 45 or 52) than would
otherwise be required in the absence of HPV 16 and 18 VLPs, whilst still achieving

the same protective response against incident and/or persistent HPV infection for that
other type. Reduction of the dose of other cancer type VLPs in a multivalent vaccine
scenario, without significant impact on the protection caused by those other types,
may be advantageous where the total amount of antigen may be limited; for example,
by physical , chemical or regulatory constraints. It also allows more doses of a
vaccine to be produced for a given quantity of antigen and can potentially reduce

overall vaccine cost.

The dose of VLP herein is suitably the amount of VLP, measured by weight.
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HPV 16 and 18 and at | east one other HPV cancer type,
the other cancer type being selected fromthe |ist
consi sting of HPV types 31, 45, and 52, wherein the
dose of the VLP of the at | east one other cancer
types is reduced relative to that of HPV 16 or 18. In -
an alternative aspect the invention relates to an

i mrunogeni ¢ conposition conprising VLPs fromHPV 16
and 18 and at | east one other HPV cancer type, the

ot her cancer type being selected fromthe I|ist
consisting of HPV types 31, 45 and 52, wherein the
dInsothed fwotdagto \dbideva thé Meqfrotb&ﬁ'ﬁ frespéifie agdirest incidentand/oy pe
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cpmgﬁyo,t]gmpyLP is sufficient to provide protection
agai nst incident and/or persistent infection by that
type, and in one aspect of the invention protection
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the 1 nvention the conposition of the invention is
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i nci dent and/ or persistent infection by a given HPV

type, such as HPV 16, 18, 31, 45 or 52 for exanple,
i | apalteraigive agpeot the invention mel@89to@h immupegenic &bmpositioh

opul at i ai i, pf h
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RSBl e P e PR Jekien gho epersidens Vi Bt on b tha
PotRéreaid e. Suitably this protection is assessed over

a period of at least 6 nonths, such as over a period
of at least 9 nonths, at |least 1 year, at |east 18

NRYnB spestithd diRé ¥f tBY GlonMERETE, 28) other cancer type VLP is sufficient to
provide protection against incident and/or persistent infection by that type, and in one

aspect of the invention protection against at least incident infection.

In an aspect of the invention the composition of the invention is suitable for protection

of infection and/or disease in human subjects.

A suitable dose can be determined by, for example, trials in humans such as those

described in the examples herein.

Protection vs. incident and/or persistent infection by a given HPV type, such as
HPV16, 18, 31, 45 or 52 for example, is suitably protection in 50% of a vaccinated
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of 2 years or greater than 2 years. |In one aspect of
the invention the protection is seen against infection
or di sease caused by HPV 16 and/or HPV 18, and in one
aspect both HPV 16 and HPV 18 infection and/or

di sease. Prevention of infection may be assessed by
anal ysis of HPV species present in vaccinated

i ndi vidual s, for exanple by PCR anal ysis and/ or
hybri di zati on techni ques such as those described in
W03014402 and W)9914377, incorporated herein by
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conprises VLPs fromHPV 16, 18, 31 and 52. In one
aspect the imunogeni c conposition of the invention
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these other cancer types is present at a dose which
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Where the immunogenic composition of the invention comprises both HPV 16 and 18
VLPs then the non HPV 16/18 cancer type VLPs is type 31, or type 45, or type 52, or
a combination thereof. In one aspect the immunogenic composition of the invention
comprises VLPs from HPV 16, 18, 31 and 45. In one aspect the immunogenic
composition of the invention comprises VLPs from HPV 16, 18, 31 and 52. In one
aspect the immunogenic composition of the invention comprises VLPs from HPV 16,
18, 45 and 52. In one aspect the immunogenic composition of the invention
comprises VLPs from HPV 16, 18, 31, 52 and 45. Where there are 2 or more other
cancer type VLPs (e.g. 31 and 45, 31 and 52, 45 and 52), then at least one of these
other cancer types is present at a dose which is reduced to that of HPV 16 or HPV 18,

In one aspect the dose of HPV 31 is reduced relative to that of HPV 16.



not HPV 18 VLPs then suitably the non HPV 16/ 18 VLP
cancer type is type 31 and/ or type 52. Were an

i mrunogeni ¢ conposition of the invention conprises HPV
18 VLPs but no HPV 16 VLPs then suitably the non HPV
16/ 18 VLP-cancer type is type 45. In an aspect of the
i nvention the conposition conprises HPV 16 and 18 VLPs
in conbination with either or both of HPV 31 and HPV
45 VLPs. In an aspect of the invention the conposition
conprises at least HPV 16 VLPs in conbination with
HR\¢¥n8dspedt e dostef HRWVIH2 isireduoed refativéity thatwEHPVAL$. can
conprise, in addition to VLPs at reduced dose, other
HPV VLPs at any suitable dose. For exanple, the
chgespecthe ddseoNHPVMSdsteduned relativedothpt ofFPAHRII t i onal
“hi gh risk"™ cancer types such as one or nore of HPV
33, 35, 39, 51, 56, 58, 59, 66, or 68. In one aspect

tditab19 wflmﬁﬁﬁdnegenmmeﬁmﬂsae defthdd hbave provide pratkdtiod against
"genital warts” types sych as HPVY.6 and/o

et méeaton and/r peBiatt o5 or glas g spusgh by Y 1 PV
afAa lond HiEmére AF the @Rt (3] 43SorSREHPV s presént irhthe gaups listed
dose or higher than HPV 16 and /or HPV 18. -6 In one
2bP¥s, suchras ineidentiplepiNon t he conposition conprises HPV
39 and/or HPV 51 VLPs, and the dose of at |east one

of these is reduced re|lative to HPV 16 ,and/orkg—eg &8.

| Where en immuragenip eomprsifion of the inxgntiongrompgses | HRY 1o VLPs but
Sith B04F8 VOPAfier k1P il A6n APYOL6/ FOULISGaridr it 666 O/
agal nst infection or” di sease agai nst the additional
torpatesd2, Certain conpositions of the invention,

i ndi vi dual i zed bel ow, conprise the follow ng dose of
VLPs: Conposition HPV 16 VLP HPV 18 HPV 31 HPV 45
nWivbre ran fryinuivigeitig Forupasitipn ofthe ryjention comppises P Vi 8 VLPs but no

HPV 16 VLPs then suitably the non HPV 16/18 VLP cancer type is type 45.

In an aspect of the invention the composition comprises HPV 16 and 18 VLPs in
combination with either or both of HPV 31 and HPV 45 VLPs.

In an aspect of the invention the composition comprises at least HPV 16 VLPs in
combination with HPV 31 VLPs.

The composition of the invention can comprise, in addition to VLPs at reduced dose,

other HPV VLPs at any suitable dose. For example, the composition of the invention
can comprise additional “high risk” cancer types such as one or more of HPV 33, 35,

39, 51, 56, 58, 59, 66, or 68.

In one aspect the composition can comprise additional so called “genital warts™ types
such as HPV 6 and/or 11, or so called “skin” types such as HPV 5 and/or 8. In one
aspect the additional VLPs are present at the same dose or higher than HPV 16 and /or
HPV 18. :
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20 20 Suitably there is no significant or

bi ol ogically relevant interference between HPV VLPs in
the conposition of the invention, such that the

conbi ned VLP vaccine of the invention is able to

of fer effective protection against infection by each
HPV VLP type represented in the vaccine. Suitably the
innune response against a given VLP type in the

nbi nation.s at st 50 % of the i of

* e 8 S nfipion R enrmistien ataPses b VGO pE FEV 31
DVEP§ aadihy dd&Q¥anleass oriesdfalivsé BIréducddyeldtivéRIHME $6 ati@ HPV
tﬁ%the HPV 16 and HPV 18 VLP conponents, the conbi ned

cine of the invention preferably stinulates an
i mmune response which is at |east 50% of that provided
b a conbjned HPV_ 16 / HPV 18 VLP vaccine. Suitably

ne AtRGFEhG waquhefany additional YLP pyselasted 5o atip pEovie spme
JBQ%&W BrotdcBoigahst iRk8tior dF di¥gase Qgixﬁ‘s@ tHRaR4if6Ad1 ¥pe@). ecCt
of "each VLP type is still seen. The i mmune response
may suitably be neasured, for exanple, by antibody
r G&Pa‘&{ ﬁﬁ&ok’iﬁbﬁ%ﬁﬁe&lﬂ%ﬁ&y G Rl 2SO, Qoagm%ttﬁe%nomg

clinical trial's as described herein

eef VER conposi tion of the invention does not

mgdsﬁ"l%n Iﬁp I ) 1 Ol eTTt l.l ] LLL
pne ‘aspect e conposifion of thelinventi on does not
compber se anf gy L2 pro1 MLﬂ(ug)r pe;PMLdPéug)l n aroflPug)

pCCt t‘l"‘lc FJUDI1I UII L IIC I IIV L 1. I UT1 UIUCD I'IPI IDC
ah HPV L2 J?Qﬂel n or péptide. HPY tQ/LPS and d hods

fpr the propaetion of VB®Ps are wel Iloknovvn I nltlbe art.

1 Ll are cohstr UC"Led 'er\mfbn L1 -and
o})tionally E%Ostructur Faprotei ns 89 the i é? see

Hr exanpl e] 39420137, F] 6 W9405794¢9 Any
siitable P\/ I P may he used in f hp present invention
stich as an |30 or LI + [20VLP. 20 20

Suitably there is no significant or biologically relevant interference between HPV
VLPs in the composition of the invention, such that the combined VLP vaccine of the
invention is able to offer effective protection against infection by each HPV VLP type
represented in the vaccine. Suitably the immune response against a given VLP type
in the combination is at least 50 % of the immune response of that same VLP type
when measured individually, preferably 100% or substantially 100%. For responses
to the HPV 16 and HPV 18 VLP components, the combined vaccine of the invention
preferably stimulates an immune response which is at least 50% of that provided by a
combined HPV 16 / HPV 18 VLP vaccine. Suitably the immune response generated
by the vaccine of the invention is at a level in which the protective effect of each VLP
type is still seen. The immune response may suitably be measured, for example, by
antibody responses using standard techniques such as ELISA, and by clinical trials as

described herein.



VLP formation can be assessed by standard techni ques
such as, for exanple, electron mcroscopy and dynam c
| aser light scattering. In one aspect of the invention
the VLP is an LI only VLP. The VLP may conprise ful

l ength LI protein. In an aspect of the invention the

LI protein used to formthe VLP is a truncated LI
protein. Truncated HPV LI proteins are disclosed in,
for exanple, US6361778, incorporated herein by
reference. In one aspect the truncation renoves

nitnoine agpect|thecepmpesitipef the invention dpesnof eanpprise 2 heas éhqck Pragein

t a Ctermnal truncation. In a further
L Qe
& %‘tﬂg’}t1 he r% t

aspe erm nal truncation renoves | ess than 50
amno acids, suitably preferably |ess than 40 am no

[ [ : t .
255 el ol SFe hperton SEERECittePld BP0\
s«n'q:apndce Irbaiodwr aspectdiecdooposiion ¢fdhe invention doescompriscda\HPV
% eine he VLP is an HPV 16 VLP then in one
a %%'8% ? “terminal truncation renoves 34 anino
acids fromHPV 16 LI sequence Wiere the VLP is an
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e ot e I 55 oy m
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PLLNKLDDTENASAYAANAGVDNRECI SMDYKQTQLCLI GCKPPI GEHWEKGSP

GV AYmataéh can be assessed by standard techniques such as, for example, electron
NPGDCPPLELI NTVI QDGDWDTGFGAVDFTTLQANKSEVPLDI CTSI | CKYPDY

| TRiGkessopy apd dynamic laser light scattering.

PYGDSL FFYL RREQVFVRHL FNRAGAVGENVPDDL Yl KGSGSTANLASSNYFPT
PSGSW 300

Tispaerprs P he Orvauimmiey ERGNOLF\onX/WER RSTNVBL CAAI STSETT
YKNTNF , 360

KEYLRHGEEYDLQFI FQLCKI TLTADVMTYIl HSWNSTI LEDWNFA. QPPPGGT L
ETHEWAP may)comprise full length L1 protein.

VTSQAI ACQKHTPPAPKEDPLKKYTFWEVNL KEKFSADL DQFPLGRKFLLQ
471 The HPV 16 sequence may al so be that disclosed in
VIBSM afpeadf the iiRGGaDthE L] pfadein useddorfoing, thes VILP isd tyuncated L1

de'g A a.t %aﬁ%%? Z,h Prgtéxrlilsnfrg Ehsglosaea (?n &uer;(gna,}]t)lg dU§é36?778
incorporated herein by reference. In one aspect the truncation removes a nuclear
localisation signal. In a further aspect the truncation is a C terminal truncation. Ina
further aspect the C terminal truncation removes less than 50 amino acids, suitably
preferably less than 40 amino acids. Suitably the HPV 16 L1 sequence starts at the
second methionine codon, for example as shown in the sequence below, or analogous
positions in other HPV types. Where the VLP is an HPV 16 VLP then in one aspect
the C terminal truncation removes 34 amino acids from HPV 16 L1 sequence. Where
the VLP is an HPV 18 VLP then in one aspect the C terminal truncation removes 35
amino acids from the HPV 18 L1 sequence.

In one aspect the HPV 16 sequence is the following sequence:
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to that shown above, as assessed by sequence
conparison. In one aspect the HPV 18 sequence is the
fol | owi ng sequence:

MALVWRPSDNTVYLPPPSVARVVNTDDYVTRTSI FYHAGSSRLLTVGNPYFRVPA
GGGNKQ 60

DI PKVSAYQYRVFRVQLPDPNKFGLPDNSI YNPETQRLVWACVGVEI GRGQPLG
VGE.SGH 120

PFYNKL DDTESSHAAT SNVSEDVRDNVSVDYKQTQLCI LGCAPAI GEHWAKGTA
CKSRPL 180

SQGDCPPLELKNTVLEDGDWDTGYGAMDFSTLQDTKCEVPLDI CQSI CKYPDY
LXQAISABSERTNOY LPPVPVSKVVSTDEY VARTNIY YHAGTSRLLAVGHPYFPIKKPNNNKI

gmmﬁmﬁmm@w&sm&m@m@&

@mﬁ ISﬁaFﬁg?ﬁWé‘fQSPVF’@
WR LWV IQDGDMVDTGFGAMDFTTLQANKSEVPLDICTSICKYPDYIKMVSE

FROP SRR QM FVRHLUENRAGR VY FENVADRAVEGS 6 WNISS BNNEPRBEESYPPPP T 1380
L'MDIMFNI@YQLQRAQGHNNGICWGNQLFVTWDmSTNMSLCAAISTSETTYKNNF 360

RAGRRENSBR M SINY AR PARRARAGRKFLVQ 4
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truncates are truncated at a position equivalent to
t Tt HEW 06\Sequariee iRy aR6 ba gfaedisdskedin Wemeswz of DBHEYO1 67 for
Q her, HPY 16 and HP seguences are known in
¢ Fample; sugﬁ%‘ ﬂ&@' gm'ai catpgyre Efg%careﬁe at heosa}%seewvalent
I 10D EhoWh: abSs, w&k@sédruyﬁeﬁehw&r@&nddRV 31, HPV 45 and

HPV 52 may al so be made, suitably renoving equival ent
Ctermnal portions of the LI protein to those

crlbed a asse uence alignnent. -9
l?ﬁ?: et dlqbf?%\?égé‘?‘i‘fgmﬁr’%'iﬁ ?%1,'8% gq‘fcﬁce for exanple,
W9611272 and US6066324, herein incorporated by

rMALVRESIEV Y LPPPS OARY VASIAV IR ISIFVARE R ETVANPPIROP AIGBRKET € 60
SMM\@MMWMUD@]@@GLHNS% iu. ?{'b\)ﬁ&c&ﬁ%vmé\%ﬁpab' €

necessar
T G A N S R A el (G
c%zs @LBW&%WPﬁMMaFWE@TKSWF@FQ%YGPYWAE Q11 0
| RYGQSMFFCLRREQLF ARHEWNRAGTMGDTVPPSLE IKERSMRASPESCYYSPSRSGSIY Ch  t haoo
hlsowLmI@wmmoﬁMdv\cwdnqmo@fnsmmdm@wme%my al sg

gPeRY EEYBL RoVMsy ﬂﬁl.s'm%ﬂ ﬂ’ 420
et ot o sy

An alternative HPV 18 sequence is disclosed in W09629413, which may be suitably
truncated. Suitable truncates are truncated at a position equivalent to that shown

above, as assessed by sequence comparison.

Other HPV 16 and HPV 18 sequences are well known in the art and may be suitable

for use in the present invention.

Suitable truncations of HPV 31, HPV 45 and HPV 52 may also be made, suitably
removing equivalent C terminal portions of the L1 protein to those described above as

assessed by sequence alignment.




del etion, substitution, or insertion nutants. The LI
protein or derivative may also be a fusion protein,
such as the fusion of the LI protein with L2 or an
early protein. The LI protein or functional protein
derivative is able to forma VLP, and VLP formation
can be assessed by standard techni ques such as, for
exanpl e, electron mcroscopy and dynanm c |aser |ight
scattering. VLPs may be made in any suitable cel

substrate such as(yeast cells or insect cells e.
bEmntated L luproteiss laxs disclnged incfon expmpie, W06 A 212a0dtY

@324,
\ Wﬁl ]lg,qg .h the art, such as W9913056 and
dé%gﬂggg \ g? regergﬂces therein, the entire contents
of which are hereby incorporated by reference. In one

ASE o b PRnliSs PGS o SASAF AR oA HERES SR es

ues, prov andror
heapualgje nﬁmsmgpa mmummpmss(nﬁﬂeéssmﬁomheaxﬁtqbl}eadjuvamed), said

Cart h j d
FEiule HspGiisg Being fapeble sEYRPPfEk 4 VER ShoRRRE Sl piliFhemrt
Pﬂbteimdrﬂ&)r tie HAV typé frdm whichothe By protdin wasderiddd.

descri bes the di sassenbly and reassenbly of
reconbi nant LI HPV 11 VLPs purified frominsect cells

| VLPS 6fathe inOerf®idh @af} aBo B dERL §peY cfifdictibnad Protéin VLP' s

LT RTR A e —

| fel&RA, subfRédon! Sanddhtién et fTHe 1A raumt d&HVaBVEMAPEISy be
as descri bed W9913056 or US6245 -10 The VLPs. of

t Hlision PEREIn.SHCHasthe,fusion abthe 4 prgtein wah L2or avemly Pcs?tem The
| PP SRthiAdtional %Hﬁéln @6rivali\d is 301k td fortha®LE 8nd VLP formation

detoxified lipid A fromany source and non-toxic

d@nubeafsesseé by standapst tachniquesyehn s or guample.ielactron-pirsescapy and

Egt'tleﬁﬁ ng a THL type response. It has
I ng Eeen Lﬂhmn that enterobacteri al
| i popol ysaccharide (LPS) is a potent stinulator of

U AR o0 Pk EF o R IN G 10scg
deaculowiriswells and ©ehniques fop pepahtiondf VLRS ate well kfuwn in the art,
such as W09913056 and US6245568, and references therein, the entire contents of

which are hereby incorporated by reference.

In one aspect VLPs are made by disassembly and reassembly techniques, which can
provide for more stable and/or homogeneous papillomavirus VLPs. For example,
McCarthy et al, 1998 "Quantitative Disassembly and Reassembly of Human
Papillomavirus Type 11 Viruslike Particles in Vitro" J. Virology 72(1):33-41,
describes the disassembly and reassembly of recombinant L1 HPV 11 VLPs purified
from insect cells in order to obtain a homogeneous preparation of VLP’s.
W09913056 and US6245568 also describe disassembly/reassembly processes for
making HPV VLPs.

In one aspect the HPV VLPS of the invention are made as described W09913056 or
US6245568.
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produced by renoval of the core carbohydrate group and
t he phosphate fromthe reducing-end gl ucosam ne, has
been described by R bi et al (1986, |munol ogy and

| mmunophar macol ogy of bacterial endotoxins, Plenum
Publ . Corp., NY, p407-419) and has the foll ow ng
structure: HO H Or H GC H(: HHOOHIiI c~0 s
CHl. 1H CHHOHOtCHAO/'1 CMO 1 1 td Hero J sCH2
.1 OCCCH3 ~H~H2 (CH2)tt Ot 3lro HC CH3 O MAO (
-ilian CH3. 3 CO (TH)t4 ,CH3 A further
detoxified version of MPL results fromthe rermval of

d
b}gﬁ one an(lrj’oﬁnfg[ngfq ?Bgc%nlgg%e‘glcy atigtﬂm)no osp gllrltyle
| such @s, Au(mlm:q to, detoxafaed lipid Afron anycouneel axpheqnstmsd by

' 4
PR BF i 0 Bhins Bttt ipal b BB S e
AcesmsbS 0- deacyl ated vari ants thereof -11

It has long been known that enterobacterial lipopolysaccharide (LPS) is a potent -
stimulator of the immune system, although its use in adjuvants has been curtailed by
its toxic effects. A non-toxic derivative of LPS, monophosphoryl lipid A (MPL),
produced by removal of the core carbohydrate group and the phosphate from the
reducing-end glucosamine, has been described by Ribi et al (1986, Immunology and
Immunopharmacology of bacterial endotoxins, Plenum Publ. Corp., NY, p407-419)
and has the following structure:

HO_ .
.n\"m2

A further detoxified version of MPL results from the removal of the acyl chain from
the 3-position of the disaccharide backbone, and is called 3-O-Deacylated
monophosphoryl lipid A (3D-MPL). It can be purified and prepared by the methods
taught in GB 2122204B, which reference also discloses the preparation of
diphosphoryl lipid A, and 3-O-deacylated variants thereof.

-11-



In one aspect the 3DMPL is in the formof an enul sion
having a small particle size less than 0.21limin
dianmeter, and its nethod of manufacture is disclosed
in WO 94/21292. Aqueous formul ations conpri sing
nmonophosphoryl lipid A and a surfactant have been
descri bed in WO843670A2. The bacteri al

| i popol ysacchari de derived adjuvants to be fornul at ed
in the conpositions of the present invention nmay be
purified and processed from bacterial sources, or
alternatively they may be synthetic. For exanple,

Pl b SPAIINRACE MK bortl ST af ofulson USRE B bR B
dessdhan0c2ymin or didméterpand ik mkghddvof thahmfacn@4s discledetiin Wi | s

Lhbed in GB 2220211 and US 4912094, .0k her
b oy S APR SeR s RpnaR R 18I K  sytamt
deve bédaddsctibed MOVOIB360A2. 1986,
Int.Arch. Allergy. | munol ., 79(4):392-6; Hlgers et
al ., 1987, |munol ogy, 60(1):141-6; and EP 0 549 074
Bgﬁe-babtertiﬂ migo%ﬂmaﬁd:ﬁieﬁbacﬁd_ jhl"v'hﬂls :dhﬁd%gﬁsxh%t&amha_r i de
adj uvant is . Accordingly,. the erivatives
tOHPOFHGNSIHE ﬂlf@éefevtﬁn‘teﬂ%wpm@s‘am{mm R
| JHRBO OF AltEHiat RIS tﬁeg_ﬁ{a Bk Syrithefic) ot ekdinglé, pufified € to that
of LPS or MPL of 3 N%L.,In._another aspect. of the
ppenophesphoryHinid Ayis desarihepdn Bibii phah 4 PEp(sunraly and3-QrPeacylated
A RhEPhoryPaIAsHos Ry fid AMVEd BrSmBabrtePSp. istfdsdri®ed in

the above Structure of L. _Saponins are taught in:

LGB 2220281 mpdhUS 4912004, Rthermyrified and synthetis lipapelysaceharidgs have
i ; ) X o e his
B R APl 1, AR Y L g e
aat @l.st987 dimhuplogy,i 606N 3 4 h6; agid\EPIL549:074 B 19eInone aspect the

Al P 1 0, e,
matﬁg tm?ifh foag1gg gh?kgng}eaﬂd :or precipitating
Ry Btel e 13 e e B R uebE i of sent HEHR e

Ciginfudostieulaneiiby saesimilar ib sthadture tdethatlf Y88 or MPL or 3D-MPL. In

erythrocytes. i s an, exanpl .S _bhenonmenon i ch
apbiper ot L e Bresche RVaRen S e afes R B A peyeled
SasvehdiBarile SwhBIDIsN sab-pationl tathé sbove stmshire 6EMPLOr
system ¢ admi nistration. The adjuvant and haenol ytic

activity of individual saponins has been extensively
SS#Qﬁiﬁéjare taught in: Lacaille-Dubois, M and Wagner H. (1996. A review of the

biological and pharmacological activities of saponins. Phytomedicine vol 2 pp 363-

386). Saponins are steroid or triterpene glycosides widely distributed in the plant and
marine animal kingdoms. Saponins are noted for forming colloidal solutions in water
Which foam on shaking, and for precipitating cholesterol. When saponins are near cell
membranes they create pore-like structures in the membrane which cause the
membrane to burst. Haemolysis of erythrocytes is an example of this phenomenon,

which is a property of certain, but not all, saponins.

Saponins are known as adjuvants in vaccines for systemic administration. The

adjuvant and haemolytic activity of individual saponins has been extensively studied
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-12 in the art (Lacaill e-Dubois and Wagner, supra).
For exanple, Quil A (derived from the bark of the
South Anerican tree Quillaja Saponaria Mlina), and
fractions thereof, are described in US 5,057,540 and
"Saponi ns as vacci ne adjuvants", Kensil, C R, Crit
Rev Ther Drug Carrier Syst, 1996, 12 (1-2):1-55; and
EP 0 362 279 B 1. Particulate structures, terned

| mune Stinul ati ng Conpl exes (I SCOVS) conpri sing
fracti o S Qf ar e haerml tic and hav been used
o theare g 8‘13&1%% Wasner,spire) Fongeeple, 333 from
9thé bik: ofm@s%ﬁmm&;hm #ee @@M%& S@fnarial] mhnaaedmlﬁékﬁ&xs thereof,
sapaoni ns (1521 and 5g517 HPL pur|f| ed fract,l, ons of

CHIE Hesagibeddn VSpuly, T J9eeninsas vaeningadjuypats’s Kepsil, C. R.,
aéhuxmrm&dcarher Sjﬁi Im 3 (1tigeﬂ-5s ﬁﬁd’ﬁl" @t%? 379 )81,
di scl osed in Pat e 279
Bl’am‘alqﬁe?tn@alwnﬁeﬁaed\ﬂmme ﬁamelam@mle&esmcwa mwsmg
V ibAESARM £ hiddia ol&ﬁ@&ﬁ%ﬁvélﬂﬁﬁﬁso@% é%ﬁfagﬂ}e%r\‘r%cmes

ant sp eC| es suc Qypso and Saponari a

(@@mﬂor E, EP 0409 942&/Bch RP6/11 @(IQ)WQ 96/3873P). Im)em
AR iy 1 L ik R o Rt 2] Kb e doseribed s
peatenit systeaié wjumtscnﬁbhmeﬂwﬂpfahelmﬁducanm is3iiscivtd iadJS

I . ' .
R Y e S T L
cdysﬂemm\amhatwn sulidies inohidel those AMAvVEDrGB d8er plant spevdesasgheast

S B SR o B ST S R R Ne.  ,

vvat er enulsion is described in WO 95/17210.

cordi n in,on dlrrent of, the rse I nventio
K& Pirap Sl st iaives T GAPDERIOn 352 B-IIE IPGIA defpive and
Okebmm ﬁérﬁzdtﬂ'd Muﬁﬂyl‘the'cboﬂmmahmmm rand aDLMeLa& disd16ed in

m? greferabl adj uvanted with a m)nophosphorxn
|W,9% 5%, ona Jesy mastogenic rompBition Yhete e Q) drquepched
CENORSEIol A discisied inl WODe/3879®Pr i ses a saponin, nore
preferably QS21. In one aspect the adjuvant
formul ation additionally conprises an oil in water

Sifh hépBet tHd Haj W?Ebadnéﬁlﬁwxio%t SdiAnPlomhigoh ifivdiihg!0d

for pr oduci ng a vaccine ftornul atl on conpri si n? m XI ng
210.

Q83 1Pngd 3BsMRL in prveihin waterenylsiands degeribeddn WO 95/1

Accordingly in one embodiment of the present invention there is provided a
composition adjuvanted with detoxified lipid A or a non-toxic derivative of lipid A,

more preferably adjuvanted with a monophosphoryl lipid A or derivative thereof.

In one aspect the composition additionally comprises a saponin, more preferably
Qs21.

In one aspect the adjuvant formulation additionally comprises an oil in water
emulsion. The present invention also provides a method for producing a vaccine
formulation comprising mixing a VLP present invention together with a

pharmaceutically acceptable excipient, such as 3D-MPL.
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pharmaceutically acceptabl e exci pient, such as 3D MPL
-13 Additional conponents that are preferably present
in an adjuvanted conposition according to the

i nvention include non-ionic detergents such as the

oct oxynol s and pol yoxyet hyl ene esters as descri bed
herein, particularly t-octyl phenoxy polyethoxyethano
(Triton X-100) and pol yoxyet hyl ene sorbitan nonool eate
(Tween 80); and bile salts or cholic acid derivatives
as described herein, in particular sodium
deoxychol ate or taurodeoxycholate. In one aspect the

a -.1.00,
TR O s SRMT Bitset 1} A ddithd RSl
C e¢riordimgitohe inveationiAvlude Rort-ionjsrdetergdats auchuas thatdctoxynols and

Ay o 0 RSO e RSP ST

Ion conprise

1|‘_ polwhmty'edmnal (ﬂmlon xt-mg) mmmeneaogamﬁ?mm @Wween
n . regar uvan . .
£ B0 AL Ge St ST ot emvas s depibpEfrpa ppsioutar sodim

C dequctmlangor ta)h'ﬁtleesydhbme, Hhand dspech the iafjutiand fdrdiRtion comprises

o PP TR R8T f a5 o BRdRolae valet s be

asertsihe with ad HPV VAP t6 QGuitdbldWadcine.t he | i pid
bil ayer. Mre preferably, these adjuvant fornul ations
conprise @21 as the saponin, and 3D-MPL as the LPS

dﬁfdﬂé%iﬂb&&imeﬁﬂﬂ'fﬂ?ﬁ ﬂe&ﬂﬁnf&\fnb@ e co%ﬁh&l@n?p?{s&f Hesfcﬁlar
from1:1 to 1: 100 wei ght/ wei

, f |
12djuypat @ﬁwlamngq?rnpr-sag Fholes «3@@% Jﬁ?fv&e}f)ssz%t?\@ th this
dRgaddithesdjilvantTbmildieon cgl’r)’éonﬁmsé D EnittinRfbORSER Bfn M]h%: h

|s I ncor porated herein by reference. In one as

sholestsrpldiay ing g Aipiddrilayersuitablpesompoising d@lmbnhosrhaudyl choline,
Canaea%é {apoxm. gt#dsrgamm ﬂ@gssa&ﬁe&gl 'e%ﬁb&‘f&%&’“{ﬁﬂ

partl nto Um nium a
S(hﬁthat.dl wlameMam ;mfanbly; thesg ndJawmtrfqmuhneral cpmpm Q821 as the

BB IEASDTeL b TR ke i o O By
affpmvalnto 1:106 vweightfivaightyaid osh prefarably p1s |wmgit/|wpghn Such
c [ i wth L,.| t spect the
c o@ggf‘f{o. atiops axe ée%‘%{gﬁq 'Hat%i (g@o@?%&f d&?\ﬁctoﬁ“'g Qf which is
ainverporated-hereintby referentd h an al um nium salt + 3D MPL. In
an aspect of the invention the alum nium
In one aspect the compositions of the invention are used in combination with
aluminium, and are suitably adsorbed or partially adsorbed onto aluminium adjuvants.
Suitably the adjuvant is an aluminium salt, which in one aspect is in combination with
3D MPL, such as aluminium phosphate and 3D MPL. In another aspect the adjuvant
is aluminium hydroxide, optionally in combination with 3D MPL.

In another aspect the composition is the combination of VLPs with an aluminium salt

or with an aluminium salt + 3D MPL. In an aspect of the invention the aluminium

salt is aluminium hydroxide.
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salt is alum nium hydroxi de. -14 The conposition of
the invention nmay al so conprise alum niumor an

al um nium conpound as a stabiliser. The present
invention generally relates to conbinati ons of VLPs.
However, it is appreciated that the essentia
conponent of the VLP is an LI protein. LI proteins
associate to form pentaners (capsoners) which then
tessellate (assenble) to form VLPs. As such the
present invention relates also to inmunogenic
cBronippsitiensofithe inventien imax @lse servprise glusHRigMAY ap pluminium
p oners conprising L1 proteins, in the
p ogﬁ@g’h&?as\%s?ﬁgsglsdescrl bed herein. Suitably the LI
proteins are capable of stimulating a protective

TRk ARRIST gonstilty Rt p QbR OLEVERs, Hidyover it

]E ippre:mtadrthat the ds?eu;sTl &bmponee! QﬂthLb istand.1peeseinf L1 protelnsas
nctio .

T%s?c}%%@??%% penéanregi ﬁt’:%gso%gé})\%ﬁzf? ﬁ}scﬁ Eéspc?lgte i\g le)StU %}m

I on or i*nser
NVLP$1t As sualnthe fpresém mvpntnnne-ela&s alsmtotmiuluynogdn-uomphsmdsnsas e

- &5 Thef abovs “APRRE ) Pt ot S8R iEE BB AR P Beleify im e
plslﬁée&ifn&mwde%bmdmehu d&dtably thehrel potisnate dapabdeds on.

Mers as innunogen r.ibed in, for
TS SO B ST E0 PuthLy aﬁi FiERRa Py
caﬂ@ﬁﬂﬁﬁmﬁnybﬁhﬁtng conpositions. LI proteins,
derivatives and capsoners may be used in the sane way
as descri bed for VLPs above. Thus the invention can be

SF&i'thé Koldah@lo? dB&bt A ihVERHGPEESA1S0 eAPE8 @Sthk uSYof functional L1
conprising an protein, or functional derivative

C dremaines af desmtabobave, siabias ol EVRFalEE dFighan, ScheHiution prapsertion

I ed
USSR ol SR RATRS Lo S8

mhmnmerreapnnse ¢epablewf recpgnising g AP¥ |vrrus dFapa@Wr% EMRFISing such

h
+ B5iefffare 8o ipdideath the B ot AV E Rlapifils iRodelic
| ageatstam:dcsmbnd e fos example W@O%(M@O’l oWE901$47) alsg dissloses HPV

i L e

used in the same way as described for VLPs above

Thus the invention can be seen to relate to an immunogenic composition comprising
anLl protéin, or functional derivative thereof, from HPV 16 and 18 and at least one
other HPV cancer type, the other cancer type being selected from the list consisting of
HPV types 31, 45 and 52, wherein the dose of the L1 protein, or derivative thereof, of
the at least one other cancer type is reduced relative to that of HPV 16 or 18.

Thus the invention can be seen to relate to an immunogenic composition comprising
an HPV capsomer from HPV 16 and 18 and at least one other HPV cancer type, the
other cancer type being selected from the list consisting of HPV types 31, 45 and 52,
wherein the dose of the capsomer of the at least one other cancer type is reduced
relative to that of HPV 16 or 18.
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ot her cancer type being selected fromthe I|ist
consisting of HPV types 31, 45 and 52, wherein the
dose of the capsonmer of the at | east one other cancer
type is reduced relative to that of HPV 16 or 18. -15
I n one aspect the invention relates to an i nmunogenic
conposition as di scussed above in conbination with a
pharmaceutically acceptabl e excipient. Suitable
excipients are well known in the art and include
buffers and water, for exanple. The conpositions and
vacci nes of the invention nay be provided and

dialony aspect the/inventign &flatét tv @i infthdnoRénié &Hﬁ itioH G4\ discus@dabove
.0pi C suh ut neo cosal typlca

IH{'PIQG{Q }jgcce]?tﬁh ¢ xpipienty é\ntable excipients are

i vodr mwaaﬁ the%btk&hﬂ mmab buffédé &R FPfor BXAhpYe, 2
suppository. In one aspect of the’ |nvent|on t he

conmposition or vaccine may be formnul ated or co-

arhEicBinpbsici aid Vdeciss Jité lﬁ%nhxn i} bé vde@Lnﬁéﬁg%Lﬁ?”

antlggn selected fromthe list conststin
ny ofavaricty ofrgutessych gspralytopical, subputaneous, mncmt (typdcally

aReRaLindl)) SntraV Bfeohs) SnttiNisdufet Kintedhatdl \éuﬁlﬁ'fgh¥l RPN ank Ofa
exanpl e an antigen sel ected Promthe consli st 1 ng

SHPRASMOIE | E2, E3, E4, E5, E6, E7 and ES8. Optlonally
t he corrp03|ti on or vaccine nmay al so be fornul ated or
co-admi nistered wth non-HPV antigens. Suitably these
rfo ang-Epect of thg awsntmrthwomposiaoxpommemne mAay bafpanuiated ot dver

| |
L I op—
Zousisting of HEV[:F&!; E2,#H3, B4,/ BS, Eﬁ $7eahdt58aﬂn hﬂ]ﬂteﬁmpﬁﬁdp&tﬂ&
S S5 A 2 e Sl i

aensigbing of HthBu B2, B3y E4,IB5, B6/BImd(BRON Or vacci ne
provi des protection against both HPV and HSV. The
dosage of the conposition or vaccine conponents w | |

‘Oiitlynanyttlib doftiposifititlor vabdine m@Palso ROBmAilsted\6r @Lddniihistbled
%l Vi Q! ghe adm.ni stration route and HPV of the

&RFa Suitably these nop-HP Vantigensi cap prgvide projection
BpdTRe bth@:f did6akls| nib: §refe$wl$ aRbalytthRsmted biEs¥s sush Hfnefds

amount of vaccline suitable to generate an

siRle¥oYiRg EBY | chlamydia and HIV. We partlcularly prefer that the composition
or vaccine comprises gD or a truncate thereof from HSV, suitably a C terminal
truncate from HSV-2 known as gD2t. In this way the composition or vaccine

provides protection against both HPV and HSV.

The dosage of the composition or vaccine components will vary with the condition,
sex, age and weight of the individual, the administration route and HPV of the
vaccine. The quantity may also be varied with the number of VLP types. Suitably the
delivery is of an amount of vaccine suitable to generate an immunologically
protective response. Suitably each vaccine dose comprises 1-100 pg of each VLP, in
one aspect 5-80ug, in a further aspect 5- 30 pg each VLP, in a further aspect 5-20 pg
of each VLP with yet further aspects being specifically Spg, 6ug, 10pg, 15 pg or
20pg.
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protective response. Suitably each vacci ne dose
conprises 1-100 g of each VLP, in one aspect 5-80g,
in a further aspect 5- 30 pg each VLP, in a further
aspect 5-20 g of each VLP with yet further aspects
bei ng specifically 5g, 6g, 10g, 15 pg or 20g. -16
Doses suitable for use in humans typically include 20-
40 pg of HPV 16 and HPV 18 VLPs, with reduced doses
of the other HPV cancer types (31, 45, 52) as
described herein, suitably at a |l evel of less than 20
g per VLP, suitably at a level that is able to

ti . . .

BB Ha s PP Bl SR AGRERR 90} oY R 3ha BRI

i VILPs,| wiith sedused dosesf theotheo WPV aneentypes 63, 45, SP)Y désribed
nd/.or_. LQV] such ,doses rotective. i.n .

i A T e il 20 18 B PLE, UL 5 o e s bt o

hyrownke a pfatetivel mypanerespotise imatléaspsonttivacaliimedindividuals. Ps

of the invention are conbined with strong adj uvants,

for exanple. In one aspect the conposition of the

| Qtierdos&suitabildfor 824n Rimghsaiayhdoipiise, lowér qi@ntitfes ﬁmwm
ot her,

and, betf ween -1 of each.VLP fromthe )

B oE 18 el sk Gpgfchre rofeeiai s 1 P4 . apseibed ysge |
arihly bitliféd RPdie CSuchld0ses iﬂazak byprépridee witere the VALPs bfthe 11,
12, 13, 14 or 15.g of VLP from each non HPV 16/ 18

dRYragen 5 Gembiped Witk strang adivants fr G¥EWRIFt i on of the

I nvention conprises 10-15 g of HPV 16, 10-15 g of HPV

18 and between 5 - 9 of each VLP fromthe other

dasee#spest the qomposition of she igygntion pomprisenbngeffdRY 16, 20 ug of

SREE 1 8 bixPbetWeen's -8 pfof Badh VIP Sorfd the\dilier baRER ﬁ}?&(@l "WYor 52),

HPV 16/ 18 cancer type. In one aspect the ratio bY

vier gxamplef5- [Lfng, 2ad i espeetrspecifieally 5t §7e8,%310, 1451243,
oy NPRPOM6A! ~nd . 0.1 (HPV 16:

g‘t%kérly#'gé’e?,l‘b%?’{]%ﬁw in ?ﬁg’]‘?gﬁ‘ggf t3?‘;%1: 0.9 - 1:0.3,

suitably 1: 0.8 - 1: 0.4. In one aspect the ratio by

S i B 0
tngpsHP V5 18 raittevcien 5t Bugrofieaph VTP from GheSther tare3ype (31, 45
Solf'lsa)? Ohd/in‘ne gx)s'ptgect_spélciﬁcgll)érIr 5,6,7, 8 or 9 pg of VLP from each non HPV
16/18 cancer type.

In one aspect the ratio by weight of HPV 16 VLP to other cancer type (31, 45 or 52)
VLP is in the range of 1: 0.9 - 1: 0.1 (HPV 16: other type), suitably in the range of 1:
0.9 -1:0.3, suitably 1: 0.8 — 1: 0.4.

In one aspect the ratio by weight of HPV 18 VLP to other cancer type (31, 45 or 52)
VLP is from 1: 0.9 — 1: 0.1, (HPV 18: other type), suitably in the range of 1: 0.9 ~

1:0.3, suitably 1: 0.8 — 1: 0.4.

In other words, a reduced dose is suitably 10 — 90 % of the dose of HPV 16 or HPV
18 VLPs, and in one aspect is 20 — 80 % of the dose of HPV 16 or HPV 18 VLPs, ina
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In other words, a reduced dose is suitably 10 - 90 %
of the dose of HPV 16 or HPV 18 VLPs, and in one
aspect is 20 - 80 % of the dose of HPV 16 or HPV 18
VLPs, in a -17 further aspect 30 - 70% in a yet
further aspect 30 - 60% and specifically 10% 20%
30% 40% 50% 60% 70% 80% or 90% of the HPV 16 or
HPV 18 dose. In one aspect the conposition is suitably
used to prevent one or nore of: HPV-16 and/or HPV-18

I nfection, perS| stent HPV-16 and/or HPV-18 infectio

THBpRRodli30 <90 a7 & pEbYurisr apeciaD 2 0%, e sprcigialy 10%, 20%,
RORUOR! 0%, T8b4, 35Y6y80%0 8r HPR ofthe HPY 16BFHPRIRdze.
conmposition of the invention is used to prevent
cervical neopl asia and/or incident infection and/or
Ried | P EBY-
Aty Spatine Pt FREBELALED b ont BRG dHEAY 1S
iamiionHB ¥rli8dnfectinnopdrsistent FRIV-1 hand/on V-1 inféction \6-16
t vy [ dults and adol escent
faggloﬁgis)vfl?oarsréo%éﬁgé %ﬁégg&f@%gar s onwards. For all
conposi tions and vaccines of the invention the

SRR B M FloBu ForddetBR e 3BT el ey

1ervicil yeoplasia andier incidenp infection andmr p\mrstmnmfennqn abmtdsiamth
adm ni stered to. ol dul t wonen fol | owing an
d’?ﬁ% o&jﬂy ( ﬁ'é'gr\ﬂg‘{‘l ?né‘?gegﬁ: &Py fol | owi ng renoval

of a IeS|on caused by HPV, or who are seronegative
negative, for HPV cancer type F | es.of 10 -
Aphasyy e dipogeAis RapORTA YR B v e
am@uRRatichsdTaadltstane adcl€send Cenibies fim he egb of110 ygm bﬁwaasi For
wonen of ~all ages, from i nfant war ds, and |
rallcomppsitions and vaceipes f theinyention e SORPROHON, pE Yacefng ig suitably
fudéd f3ethe %&ﬁﬁhoﬁ bead¥REdehi ErisERéd bzms,s;&e&&hgrmm%w airhe/

in wonen who are seropositive for the HPV virus.

sRmPAsitianar vagrinedpay Al bejadministeredito qldsy aduly ‘mm?rsfoug‘@ag%
%Pﬁ?ﬁ'lﬁ'!lﬂ pagI nfe&‘ecﬁtaﬁ&%&eﬁafolloﬁﬁg Péphovaldf aGbsibnloauded MP/ IHPVQ br |

sease states ‘caused HPV i nfection. [n one
adheeare seranegative andiBNiAsnegativieferr IRV rancer typesy Femglesef 10— 55

n\’é E}:erangtﬂér sﬁmﬁ%i Exgﬁ‘p Ofn gho &g&:t ﬂﬁ:@a&@n&ha)abeousegm

egl ne, nont Ime or a 0,1 and

rgmlﬁtdnd wogtpniof all agss foonn infings umdsﬁmdyn 2 Fistheraspeat may b
rgef‘\% rp:“‘bo JGP R f eﬁmﬁeﬂ?&%{ e vic@ing Ha&%g used therapeutically in

women who are seropositive for the HPV virus.

In one aspect the composition of the invention is used to prevent or treat cervical
cancer, or CIN 1, CIN II or CIN III disease states caused by HPV infection.

In one aspect the vaccine is delivered in a 2 or 3 dose regime, for exampleina 0, 1
month regime or a 0, 2 month regime, or a 0, 2, 6 month regime or a 0,1 and 6 month
regime respectively. Suitably the vaccination regime incorporates a booster injection

after 3 to 10 years, or 5 — 10 years, such as preferably 3, 4, 5, 6, 7, ,8, 9 or 10 years.
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after 3 to 10 years, or 5 - 10 years, such as
preferably 3, 4, 5, 6, 7,,8, 9 or 10 years. -18 In one
aspect the conposition or vaccine of the invention is
a liquid vaccine formnulation, although the vaccine
may be |yophilised and reconstituted prior to

adm ni stration. Topical formulations such as

i ntravagi nal creans nay al so be used, for exanple.
The teaching of all references in the present

pli catr [ ncI d| n 4 el |trcat|
Jiene P sl OfaBRne Shens Penchf i g Sy
r ﬁﬁﬁﬁl@ﬁkﬁﬁ alth'Bhgx me Waitetmaybe lﬁﬁbﬂxliﬂﬂtﬂﬂﬁ&%nﬂftutédlﬁnor éo
i nvention c ri rtain HPV co ents as ai.d out
Astation., Tobral Eormulations uchps ipieY ARt GrRAMS MayHAso be used,
VREEtanpleonsi sts essential ly of, or consi sts of, said

conmponents. The present invention is hereby
illustrated by reference to the following non-limting

eXi/tRdchm ro?hlﬂdféi&c%ﬁnttﬁ@pﬁ{eﬁﬁa%pﬁéaﬁbﬁ Ghdigdingyatédt’ ﬁanons
and HPV I8 VLPs, and show ng productl on of HPV

B@Wﬁ%ﬁwﬁyﬂmﬂww@mndmem of 15 and 25
years were imunised with a m xture of HPV 16 and HPV
18 LI VLPs. The wonen at enrol nent were:

sErecnompatitions apg vaccigps/ofithg inyentioppoomprise czgtam A ¢omponents as

e 34 AR e OBEAE keSSt o,
agrconsisthefisaibeomponémy snears. The mi xture conpri sed,

per 0.5 m dose, 20 gg of HPV-16 Li VLP, 20 g of HPV-
18 L1 VLP and was adjuvanted with 500 pg of alum num

inj ep(il %Qe% vm‘?e?ﬁ 'g%(?grcgg' *lﬁR'rat uan 031? ﬁo g%n- @ﬁ
vaxamplee reddting tathy c(oVs protectaopbiyH RV l16 gtd HP¥ R8 Nzlrli‘s,smd sidwing
t $st.vvas§#‘§? ed, wherein the V.E. is the %
i%ﬁ'ﬁVgﬁ% S&%Fotectron agai nst infection by the
vacci ne conpared to a placebo group. -19

Example 1

Healthy women between the ages of 15 and 25 years were immunised with a mixture
of HPV 16 and HPV 18 L1 VLPs. The women at enrolment were: 1) seronegative for
HPV-16 and HPV-18; 2) negative for high risk HPV infection of the cervix (detected
by HPV PCR); 3) had 6 or fewer lifetime sexual partners and 4) had normal PAP

smears.

The mixture comprised, per 0.5 ml dose, 20 ug of HPV-16 L1 VLP, 20 pg of HPV-
18 L1 VLP and was adjuvanted with 500 ug of aluminum hydroxide and 50 pg of 3D
MPL. The placebo group was injected with 500 pg of aluminum hydroxide alone.

The vaccine efficacy (V.E.) against high risk cancer HPV types was assessed, wherein

the V.E. is the % improvement in protection against infection by the vaccine

compared to a placebo group.




Cross protection was assessed by detecting the
presence of nucleic acid specific for various
oncogeni c types in the vaccinees and control group.
Detection was carried out using techniques as

descri bed in WO03014402, and references therein,
particularly for non-specific anplification of HPV DNA
and subsequent detection of DNA types using a LiPA
system as described in WO 99/14377, and in Kleter et
al, [Journal of dinical M crobiolog (1999) 37 (8)
Leyo%s-Prasection wap asseser by detacting ths pessencaaf rusleig acid wpesifi for

| AR OSRAE t{Pks [BthE VRRBMBes i ¥orittdl ERRD. enaie&dm%e Rhried
however , used for the detection of in a

PHhYAIRG te@@mew degapibed ina OP3Q 4maamttefrgeq§¢s therein,
Bﬁﬁﬁhfaﬂ? 3rb: @ﬁ&:ﬁic‘dﬁMhEHfﬁE QF flPVrﬁﬁA end sub%&u&ﬁlale tlon of

I mers are novvn d person, can
2NA ftypes usingsa kiPA systeryiay describedtin Wi 93/éq17€nvnisn Kﬂeterleeal

J0RETB Cubel M BRIcRY LoD 47 (: 20p 2T, BE PSR RmAfE of
rwhi¢h m'ahﬂsn incorpoeated byefefeBcphy| ogenetic-rel ated types
(the groups of; 31, 35, and 58; 31, 33, 35, 52 and
58) and HPV-18 phyl ogenetic related types (45 and 59).
Axmyisoitdblemethoditanshaveners be ased fardheodetection of HPV DNA in a

“In To T h

K61 LR o Bt RED S8k prim R Spesiidot g B ope of

\imerestn Shitabléprimetnare khéwn &hﬁwy\ﬂnlllddtpiabh ,or dan belwasilyesul t s
rel ate

t Ta
RARaPE By A haEhe fudior ofshefpgosegie HRY biee e KBYVR who
conplied with all the criteria of the trial. Table 2
t h.d t f |l
Tacfi ELECAFY R SSCISFL MBI b i ot LR Chec 2 e
ft}}Rs, 3B 6 p H‘ﬁ{)rfené& ﬁﬁ%hﬁpéﬁh@émﬁﬂ%ff?olf RS Sahd 58 3|1I 33, 35,

vaccination gi ves the final r esul
d2wend pBiapd HPVOI @\mgemﬂs related typesfAd Aad st f | r st

vacci nation (nonth 0). In the ATP group all patients
recei ved 3 doses of vaccine at 0, 1 and 6 nont hs and

M@tlwmg‘@s rardedout 6n aw FIAE (Inmotio e Besateeheity by t he
g?ﬁr@s gndkigil&%g}e@iéed drg F@g%/il%gé g{)ég%ggérmgﬁ@) Fhiligstatil ©

@hmmﬂ?abbelctl on agai nst other HPV types. At this
poi nt the sanple sizes are too small to provide for a

ri gorous statistical
The results presented in Tables 2 and 3 relate to the “ATP” (According To Protocol)

group for those patients who complied with all the criteria of the trial. Table2isa
midpoint analysis with data taken from all patients at the timepoint at which at least
50% of the cohort were 18 months after their first vaccination. Table 3 gives the final
results, all data being from subjects at 18 months post first vaccination (month 0). In
the ATP group all patients received 3 doses of vaccine at 0, 1 and 6 months and were

seronegative at 6 months.

As demonstrated by the data presented in table 1, immunization with a mixture of
HPV16 and HPV18 VLPs provided apparent cross-protection against other HPV

types. At this point the sample sizes are too small to provide for a rigorous statistical
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-20 anal ysis, however the data denonstrate a positive
trend and suggest that inmmunization wth HPV 16 and
HPV 18 VLPs will be efficacious against infection with
other HPV types. This was confirmed as the study
progressed. Details of the protocol are described
further in Exanple 3. Table 2 denonstrates that HPV 16
and HPV 18 provide statistically significant cross
protection agai nst the group of high risk cancer types

1 3 9 6 I
? is 3hdwfé%e Atg%éagta éeé\‘)l(ogxgtr’r)age ?g?s’it{\ﬁgr ﬂ% sg}ggesf QFJ 13111{§1§xbzgt§on

(whh HPV46and HPVE8 VLPs wil Dsecefficaeiods againseinfection with other HPV

statistically significant cross-protection against the
@ps of : HPV 31, 35, 58; HPV 31, 33, 35, 52, 58;

and the 12 hi gh risk (non HPV-16/18) types eval uated.

anal ysi trial data has indicated that
%ﬁgsBBﬁﬁi éﬁ ii ccine used in Exanples |
provi des statlstlcally S|gn|ficant Cross protection
l3al nst_ stati st é@ %I d i nf ectl on by HPV 31
elails of dhegrptogql A’"ﬂgmn Exgonle 3- \wile the sanple
S|ze does not yet al I ow for statlstlcally si gni fi cant
conclu3|ons to be drawn on_other types, the data on

ol #bls 2 demanstratesthat P V3 16 an415HP\é 18 provids statitiealie signifieantcross
t
p?ﬁédeétidﬁ B&Qﬂ%@g&w | deptypbd BTLEY 33659I4t3r51vyz 58,581y,

be efflcaC|ous agal nst
adi%8on with other HPV types. Data presented in
Exanpl e 3 provides further data obtained in the sane
study, and focuses on cross protection provided

atpblevsdenaanstrates thatpexcertifer the/ IRV 18 related\types-(WhichGbow a'very
'\&u%&@m?, ther ishtatistidlly significant cross-protection against the groups of:
HPV 31, 35, 58; HPV 31, 33, 35, 52, 58; and the 12 high risk (non HPV-16/18) types

evaluated.

Later analysis of the trial data has indicated that the combined HPV 16 and 18 vaccine
used in Examples 1 provides statistically significant cross protection against statistical
incident infection by HPV 31 (vaccine efficiacy 75.1%, p=0.007) . While the
sample size does not yet allow for statistically significant conclusions to be drawn on
other types, the data on other types such as 39, 45, 51 and 52 demonstrate a positive
trend and suggest that immunization with HPV16 and HPV18 VLPs will be
efficacious against infection with other HPV types.

Data presented in Example 3 provides further data obtained in the same study, and

focuses on cross protection provided against certain specific types.
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S tf i N% -26 Exanple 2 HPV 16 and HPV 18 VLPs may
be produced in the follow ng manner: Exanple | The
conbi nation of HPV 16 and HPV 18 L1 VLPs is detailed
herein. L1 proteins from other HPV genotypes may be
readi |y produced by simlar methods, already‘known in
the art. A Preparation of HPV 16/18 LI VLPs

PEgfhmt pon of HPV 16 and HPV 18 VLPs was carried out
usi ng standard protocols - for exanple, see
W9913056. HPV 16/ 18 protei ns were expressed in

T8RP 1BVIBTAY beBhURTMin O bl mnflens 1Y O

- 350 00 cell s/ wth rec nant

Bacul ovirus (MJ of O. 3) encod| ng the HPV 16 or 18 LI

%@H’ﬁ“ @fyinterest. Cells were harvested approximately
Sur's post infection. 4.1 B Cell harvest / antigen

extraction The antigen (L1-16/18) was extracted from

' cent
R GBbl Y AR LSRR e BERSER Lbphe om
ratiay HPY gepotypes3hdy tefreddily protdubddlhyeslmm} meﬂiods,ra&eadgslmown in the
p%{{forrred by tangential flow filtration. The

raction step was perfornmed with a hypotonic buffer
(Tris 20mM pH 8.5). A volunme equal to the culture

[ unme s used e extraction. A contact
t‘igrre ofig/a fﬁ&f‘??é&ghm Sunder snooth agitation
was used. The clarification was performed by

t.angenti a w filtration. C Purjfication The
TPt RonShBRY 0f sk B V1A was e gut eing Gpdand protocols - for

te&mﬂea&eymgﬁ%smrmtlem PRAGhs Wéklexpiessdd WASicRepIRh AiQHigh

the extract in order to disassenble the VLP's into

FiysTtmefis (at p density o 350990 ealisirgfhinocter withapcrenbimant Baswlsivirus
VBRI chbBaing e KOV 6B [L1 i SFinMlrte LM WR'haRicd

approximately 72 hours post infection.

4.1 B Cell harvest/ antigen extraction

The antigen (L1-16/18) was extracted from Hi5 cells in a three step process of
concentration, extraction, clarification. The concentration step removes up to 90% of the
culture medium, and was performed by tangential flow filtration. The extraction step was
performed with a hypotonic buffer (Tris 20mM, pH 8.5). A volume equal to the culture
volume was used to perform the extraction. A contact time of minimum half an hour
under smooth agitation was used. The clarification was performed by tangential flow
filtration.

C Purification

The purification process was carried out at room temperature. -mercaptoethanol (4%

w/w) was added to the extract in order to disassemble the VLP’s into capsomers, for both
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the addition of O-nercaptoethanol. Al buffers used

were filtered on 0.22mfilters prior to storage at

2C-8C. Prior to each purification run, gel nmatrixes

are sanitised and equilibrated with appropriate buffer

before sanple |loading. Purification reginmes are given

for the separate purification of LI fromboth HPV 16

amhgeﬂsBLl-Tﬁ/dB d}lsmﬂlm added @mad?]r;cem' ' 11] of w/van, Justh prior to

|nvo e t ste Ani on exchange chr omat ogr aphy
hF‘ﬂa t%"t‘WP‘ DMAE), Ani on exchange

chrormtography (tri methyl am no ethyl - TMAE),

}-Xdro apatite chrorratorah Nanonetric filtration

(pll é?H ors psed worg filigred o ?«‘f%ﬁ 15 BRI SlBrage atA Er83Et PHAr to each

CRUrHERGRT0R Rés e I i

Ani on exch ?r%%é%i hr o m%%gdpﬁsg?%&hf%? aﬁg\%;yrllég bgﬁeé before

staaiq leading.t ration. 4.1.1 - Specifically: 4.1.2 d

Purification of L1-18 antigen 4.1.2.1 Anion exchange

chromat ography DMAE The clarified extract (protein at

aPlgtﬁfpemrmmewe @gfven for thy sgparatgjpuhifiatien ofiL Ipfrom bpth HRV 16 and

e colum (D
VEY ot s e, G0 AIEEREBAIGC BT [ S
2omv|| NaCl 2oomv| 14%(3 rrercaptoet hanol BME) buffer,

p XI mately 5

c&uﬁ%ﬂ%’%ﬁ%@%ﬁﬁhﬁ |%M°oefqh elrs n| t ored

aAmﬁﬂ ethmgecﬁﬁnmogr@h)’d (tﬁmnaﬂiyl emiroxthyb— TMAERt ogr aphy

aﬁtﬁiéw of the first stepis diluted with |

vou 3 Y>The diluted eluate is then
moantfﬂmOﬂefEkama)}nl on exchange columm (Tri Methyl

W%ﬁ?ﬁ:ﬂ) Elution is performed with (20mM Tris |

149BME) buffer, pH 7.9 0.2.

Hydrophobic interaction chromatography (using Octyl Sepharose) for HPV 18 or Anion

exchange chromatography (DEAE) for HPV 16; and

Sterile filtration.

4.1.1 - Specifically:
412 Ci Purification of L1-18 antigen

4.1.2.1 Anion exchange chromatography DMAE

The clarified extract (protein at a concentration of ~ 1 g/ml, with the L1 protein at ~ 150
mg/ml) is applied to an anion exchange column (Di Methyl Amino Ethyl). Elution is
performed with (Tris 20mM | NaC1 200mM | 4% B-mercaptoethanol BME) buffer, pH 7.9
1 0.2 . The antigen is eluted in approximately 5 column volumes and the elution profile is

monitored at 280 nm.
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The antigen is eluted in approximtely 4 colum
volunmes and the elution profile is nonitored at 280
nm 4.1.2.3 Hydroxyapatite chronmat ography The el uate
of the TMAE step is applied to a hydroxyapatite (HA)
colum. After sanple application, the gel is eluted
Wi th approximately 2.5 col umm vol unes of

%%E%%gggmah%w%on buffer, pH 6.0 t 0. 2.

4 Nanonet Pl anova) The HA el uate
I'The @iulatélof cheifitst Gtef ¢y dilutedrvéidiChvdlinge 6£HIOBMEX%.OMeidiluted sluate

NaH2PO4.,  25nmM | NaCl 1QniM 149 huf H_7.

(3 b appURd fora Secondapion s haBEs Lot U sl Am o Bliyd)

%&fd%n! if oRfiel With @oRINITRY BNk Dobrhit| 8% BME)bulidr, pFi7.9 + 0.2.
e |

ration is performed at constant pressure 200
g antigen isluted inppprozinsately 4 p@!ﬂmntvmmeaﬁldrtg%eluﬂon profile is

dfitdfelilaf Fgdtdn®n is perfornmed with a tangential flow
3+t a ilatratdlngn system equi pped wi th polyethersul fone

menbranes (Centramate cassette 0.1 n2, 100k1l)). The
M v Hydroxyapatite ghromatogeaghy o reach the fol | owi ng

clg el e TRARE e e sppl 1o g Wiror a4 B, P
QAftee wpmahmcéiohmnd gelrigleluteld nwlit:f:J iabpsrmei?mt«blwa.i gocl)img gmnnlemef
Bty vec S0 st viltes o 0§32 0o

i nteraction chromat ography (COctyl Sepharose) The

ul.1.2.af Nahdntdtriofltptermn@iinevd)s applied to an Cctyl

Sepharose colum. This chromat ography step is run in
tThe Heeeluate isaliliied én wd@rﬁoamh@ufﬂ%mmd@ew MNaHPO% unes

B
Sihkeni itiiffitere] snteessivelperia 0.2 pin prefiltdr iam@omnPhn@z.aZﬁNrﬁlter of 0.12
gﬁ’?&r&g ﬁﬁfaﬁoﬁ is%é%oéﬁegi'af'co%sztarauprrésgﬂrg 300 Aar 20 hbar?

4.1.2.5 Ultrafiltration

The ultrafiltration is performed with a tangential flow ultrafiltration system equipped
with polyethersulfone membranes (Centramate cassette 0.1 m?, 100kD).

The Planova eluate is treated to reach the following conditions: (NaH,PO4 100mM | NaCl
30mM | 4%BME) , pH 6.0 + 0.2 ; then it is loaded in the system, concentrated 5 fold and

dia-filtrated with continuous injection of ~10 starting volumes of (NaH;PO4
20mM | NaCl 500mM) buffer, pH 6.0+ 0.2 .

4.1.2.6 Hydrophobic interaction chromatography (Octyl Sepharose)

The ultrafiltration permeate is applied to an Octyl Sepharose column.
This chromatography step is run in the negative mode with approximately S column
volumes of (Na;PO4 20mM | NaCl 500mM) buffer, pH 6.0 £ 0.2 .
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4.1.4.1 Anion exchange chromat ography DMAE The
clarified extract is applied to an ani on exchange
colum (Di Methyl Amino Ethyl). Elution is perforned
with (Tris 20nmM 1 NaCl180mM 1498BME) buffer, pH 7.9
0.2. The antigen is eluted in approxinately 4 colum
vol unes and the elution profile is nonitored at 280
nfnl.24. 1Sterilo filtpetiom exchange chr omat ography TMAE The

uat e st.e | une o
- RRUEOR0 L1 T anbdeh o Rl atfisea by Hirbion G p 02T Begbrane
second ani on exchange colum (Tri Methyl Am no Ethyl).
BEd.uB8ion is performed with (20mM Tris | NaCl180nM +
49BMVE) buffer, pH 7.9 0.2. The antigen is eluted in

aPPQO%jTBt 9&%ﬁ%ng§égﬂﬂ}#%ﬁggs and the elution profile

noni t or 4.3 Hydroxyapatite
chrorrat ogr aph The eluate of the TMAE step is
apphileAmien exc emntogwph)em@&m e application, the

gﬁ |!s ﬁliu%%%ﬁ/s\n Raég‘grom&rgt el ;;8581?%0' u%w VO ylgsl%@o];lithyl)
4Elimc9u 14 pRiFsHRB Wwith ¢THid 20niM | Nao1 @Bmllw mEhﬁuﬁ*&\ P9l 2,

is diluted in order to reach the follow ng conditions:

(Nesiantigsn is slutefin apReqosimateliv cgmhm}wmfan@ﬂle elytiory peofile i

Oménitorddsif 286 nthS filtered successively on a 0.2 m
prefilter and on a Planova 15N filter of 0.12 nR .

r£e filtration is performed at constant pressure 200
f2 Zgionsxrhangeehramatography JMAEf i | trati on The

el et o hepls ARNANPE wly oP e SRR A el i huace
i s s o s st 2
IR F BB (9P e NG BP RN B PP 4 0
Orhe antigdAG8lelided irSa ﬂFRﬁﬂﬁﬂel 8 chRfMnSHRIRE anF @E eRAbA ﬁbﬁli i9

fold and _dia-filtrated with continuous injection of
-mentiofed;at 284001 ures of  (NaHZPO4

4.1.4.3 Hydroxyapatite chromatography (HA)

The eluate of the TMAE step is applied to a HA column.
After sample application, the gel is eluted with approximately 3 column volumes of
(NaH,PO, 100mM | NaCl 30mM | 4%BME) buffer, pH 6.0 £ 0.2 .

4.1.44 Nanometric filtration (Planova)

The HA eluate is diluted in order to reach the following conditions: (NaH,PO,

25mM | NaCl 10mM | 4%BME) buffer, pH 7.5 +£ 0.2 .

Then it is filtered successively on a 0.2 um prefilter and on a Planova 15N filter of 0.12
m? . The filtration is performed at constant pressure 200 mbar + 20 mbar.
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20mM | NaCl1500mV) buffer, pH 6.0 0.2. 4.1.4.6 Anion
exchange chronmat ography DEAE The ultrafiltration
eluate is adjusted to the conductivity of the

equi l i briumbuffer, (Na3PO4 20mM | NaCl250mV) , pH
6.0 0.2 and applied on an ani on exchange colum (D
Ethyl Am no Ethyl). Elution is performed with (NaH2PO4
ZOnMIUI@ﬁlltra@'O@nM buf f er, pH 6 O 0.2. The antigen

e
$hﬁ\rﬂtoi)euil‘e+shtf%@tm@?brﬂ%e(cfam&aﬁatedadsanelﬁl ARtI0gkD). sol uti on

IS sterililse | rati.on on

The Rlapoya alyaieis Ff)éat%@d?%?b the fbiRes a@ﬁttroys {@Qﬁﬁﬁdwﬂ@ NaCl
@@%W/M 589" dsor@igﬂ%%@&&&ﬁn E’Ey‘:‘s%{ %ﬁc‘aﬂu&éds fold and

concentrate nonova ent
@ia-filtrated with iésntinuous infedtich o &0 stating beldmenoﬂ(!SEng’Ox13+

o a0 et 68402 s vt ng. This

concentrat ed adsorbed nonovalent is stored at +4C.

AdSD6 PANRA ekchaifashisthtépraphg DBAE ugi ng the preparation
and quantifying VLPs in the supernatant. Preparatijon
dhe vitRfitetioneluetn isradiusted saibe condictiviy of theeauilibrium buffs, |

Rl b FENAGT2 ol SK0 0 76 R G lom cXChafi ot

qnlEmpmmmmyl),ure W th gentl e stirring. This

Hhaton pstooned VR NP0y oM N omp U RER st L i e

NG ifElhted i dpProXiniitely B chRBInS/SRees ahdthe eluﬁberrﬁﬁle is monitored
vacm ne preparation: Concentrated adsorbed nonoval ents ‘

Bt &med by the above nethod may be conbined to form
a suspension containing 20 g each VLP per dose. Final

AT NStebife irftiad at +4C.
The purified L1-16 antigen solution is sterilised by filtration on a 0.22 pm membrane.

C3

Each VLP type is adsorbed independently to produce a concentrated adsorbed

monovalent.

Preparation of VLP16 concentrated adsorbed monovalent:

60 ug of purified VLPs from HPV16 are adsorbed on 150 pg Al** from Al(OH)s, at a pH
of 6.0 + 0.2, for one hour at room temperature with gentle stirring. This concentrated
adsorbed monovalent is stored at +4°C. Adsorption is checked by centrifuging the
preparation and quantifying VLPs in the supernatant.

Preparation of VLP18 concentrated adsorbed monovalent:
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Addi tion of VLPs from other cancer types nmay be added
as appropriate, at suitable concentration in
accordance with the invention. Sequences of such types
are well known in the art and VLPs conprising such
proteins can be readily expressed by the skilled
person. The conbi ned adsorbed bul ks, or |qd|V|dua

abidpg ofnurified WEPs frapn HRV ¥8are adsprbed QnablSGmg from LAJ&H)& atapH
S 3 P
24 2425 Y P B G, A P i

t dsobadmenovaleROIS 4tobdd\at 18°C3 Adfdiptbon)is &lYeSI?edﬁ:E' centfifuging the
sunnar a ween the ages of 15 and 25
y%’&?%‘ gﬂh’r?%‘%?e gfgﬁ ‘Pﬁh"as“l’?ﬂ‘%&'ﬁr e of HPV 16 and HPV

18 LI VLPs The wonen at enrol ment were: 1)

ﬁron ive. for HPV-16 and HPV-18; 2) negative for

hPgh ¥188) VessiRePIAPatPYn of the cervix (detected by

HPV PCR); 3) had 6 or fewer lifetinme sexual partners

and 4 had nor PAP snmears,. The m xture conpri sed,
plepneghtrated adses %w epJ Prgpayed by {he abavie meshpd gnay;beiqpmbingd to
Lfomvlsﬁ’s m@ﬁmﬂmmg&dhwpfpeéme PFinad VacRing 1§ s16HEd at +4°C.
hydr oxi de and 50 pg of 3D MPL. The pl acebo group was
injected with 500 g of al um num hydroxi de al one. The

HRYGidéh SAVPsafotn SRERGHGE @EQJ m&y fe&kd@dﬁs%w%ﬁhﬁe a@smtable

termnally truncated HPV protein a del etion
o¢°n3°ntra¢\¢m ageordpsce vnﬁbthqwen@w@gum@ of s¥rbrtypss areayellknown

Wi t%@wx%gﬁﬁgﬁ%ﬁg#n 0 ac |ag Be ?&W é;“?ac cl r?g W Klifk

epdrdfopacy (V. E.) against certain cancer HPV types was
assessed, wherein the V.E 1is the %inprovenment in
protection against infection by the vacci ne conpared
t Thecompinzd adlnorl@d bulks, oCimdivdyal aiserbtd bulks\amy bs fetherndixieg with

ectin resence of nucleic acid specific for
%fugﬁ 5 #@Sggﬁ%gftypes in the vaccinees and contro

group. Detection was carried out using techniques as
descri bed in W03014402, and references therein,
particularly for
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non-specific anplification of HPV DNA and subsequent
detection of DNA types using a LiPA system as
described in WD 99/14377, and in Kl eter et al,
[Journal of Cinical Mcrobiology (1999), 37 (8):
2508- 2517], the whole contents of which are herein
i}fﬁeci fically incorporated by reference. -33 Any

nmet hod can, however, be used for the
detection of HPV DNA in a sanple, such as type
specific _PCR using priners spe--is for each HPV t

ciserdstatls of thesexpermER camsied gyhage BrPWdRG AR of 4fcth et

sjﬁbkhgdlpggﬁgm—;)qiy”cgg} be easily constructed given
that the sequences of the oncogenic HPV types are

known. In detail, the nethods section of the Lancet
Eﬁ mﬁﬁeﬁb&%& tﬂ@%g%f fs%d 29%11% SeRNBRnised with a
r per Lancet

mmmfm\i TsandHSPV l&%é&hPﬁeﬁbawomm %ﬁen@hnenrn@r% i) mary
%@kﬁ%&,‘\/@fo@imhiéma 18390 é@tx@éﬁ?ﬁ&ﬁ gstfg séﬁan@%

revention o I'on Wt PV-1
cnervluotdhtecgtbww HBVEPOR); Bdtadé@n fewsnlifetimg sexvd! pagtngrs and 4) had

P AR M Srs who were initially shown to be
sng’ﬁénegatlve for HPV-16/18 by ELI SA and negative for

HPV- 16/ 18 DNA by PCR. Secondary objectives included:

Rt Sk Prals ) e DU RSHEY - TELE VR A8 L

VLR atflt wasradjpvantélwitin§005ig ofahmyinim hydrexige ande50tjigoof 30fMPL.

e lagtrsron i et oRCy o ighe 98B gl

intraepithelial lesions (HSIL), and hi st ol ogically

fi d LSIL N, 1 CIN
BRI VEPS g bomprisgb ot &1 oo AUE Soleiibal X pRRET HPV L1
'fMeﬂa,&vﬁlga delE@nidf3a aR@io RS, TRIHPY 16 VAIPd are]oampﬂﬁﬁd ofaC

nonths 6 and 27. The prevention of a nous
cerminallyftruneated 472 e pcidHBY 14 .P&%{ﬂeew'@ﬁgéﬁimmegsgﬁfaw acids.
associ ated with HPV-16/ 18 i nfection was added post-hoc
to the outconme anal yses. W al so did an expl oratory

amlvyeﬂl@ etfﬁcatcn V. m)gg@pﬁpmubwg@m%w@ﬁ was.assepsed; wherein the
| VE. oﬁﬂﬁ b t%vé%é%xﬂ? yfeéf&{ éa?m%fg&{oﬁ ‘BP% J&Yclfcqglﬂpﬁred toa

sue tives 1ncluded t
aﬂ@@b@ﬂem of vacci ne i mmunogenicity, safety, and

tolerability.

Cross protection was assessed by detecting the presence of nucleic acid specific for
various oncogenic types in the vaccinees and control group. Detection was carried out
using techniques as described in WO03014402, and references therein, particularly for
non-specific amplification of HPV DNA and subsequent detection of DNA types using a
LiPA system as described in WO 99/14377, and in Kleter et al, [Journal of Clinical
Microbiology (1999), 37 (8): 2508-2517], the whole contents of which are herein

specifically incorporated by reference.
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Investigators in North Anerica (Canada and the USA)

and Brazil recruited wonen for this efficacy study

t hrough adverti senents or previous participation in an
HPV cross- sectional epidem ol ogy study that took

pl ace between July and Decenber, 2000. For each of the
32 study sites, an institutional review board approved

t Augy smitatile method cam hewener, e uses], forthel detention o EHPY DN iemsample,
si gned separ.at [ n nsemt s, f or - .

i ?Sgl?'%ea |%§° gﬁ#“é‘%‘% f)usncop - of}or c%?lé%ﬂt e?ﬁ%gm t. Suitable
Vitiniess arp knewd taltheskiltedpersem or estereasifyrconstructed given that the

partici pant were oblj.gatory., There were two study
pﬁ’?ﬁ'éeég"fs°§ﬁ’°i°ﬂ?‘f$e5'|°q'#ﬁg§3“f%?h§?§'&:i nation and fol | ow up

that concluded at nonth 18; and a blinded foll ow up

extensi on phase that .concl uded at nonth 7. ne
oy B o et S A Lapied BEPe raTRLIegd A5 BERE) e
h@alptdishesoren aged 15-25 years, who had had no nore
than six sexual partners, no history of an abnor mal
Pap test or ablative or excisional treatnent of the

CRAMeX ef i/ tHle 180 QL2004 Mol 1 $;354(9447)11057-65L eXperimental details.
condyl omat a; an o were cytol ogi cally. negat.i ve,

d_wh .

sEneqHimgEy obyective pf thys\wtudy was ip aspegs Vapging sificarydn the pggyention of

Bhfestion @WWMBPF@W%%& HoVE(HPW - B6/8), Seitwdeh ridnitiy-6 dndl 8 in

HPV types (16, 18, 31, 33, 35, 39 45 51, 52 56

Serticimntseeho verelinityly shovroie be serareeativefat HP K608 by ELiS# gnd
y ESLY

?%gg%/@e gW-mh 8 %’9\/\% gégi SdcBfdahydtjbchvesipAadedObvalaton of

est, d not "have abl ative or
evectiné efficacytimthe preyentiontofi persistentiinfection withsHRY 4 6418.rgnd the

D
Bqumn@sﬁﬂaepiﬂuﬁﬁ lekpons (IGSIL), eghkgradel squamdypintmgpith@lial lesions

\é:}irﬁf@g %ﬁg&%ﬁ@&égﬁ?&a g ?ﬁlﬁﬁggn. 21' n eg ’1,2 3 HigTor cell

Hiaweet,tor lallenotarcinerha kssoqiated with HP¥rib/1 8Abfettion betwddRvhohths 6land

L S b Kmee ot s e gl
Toigrii@RtLRAISTUS) ciioloBy assbéiatediivith HPVe1 6/l § infebGyiwastiddedapuist-hoc

cont ai ni ng 500 g al um num hydroxi de and 50 fig
3o dhepuigorieanaliishophosphoryl  1ipid A

We also did an exploratory analysis of the histopathological endpoints CIN 1 and 2
associated with HPV-16/18 DNA detected by PCR in lesional tissue. Other objectives

included the assessment of vaccine immunogenicity, safety, and tolerability.

Investigators in North America (Canada and the USA) and Brazil recruited women for
this efficacy study through advertisements or previous participation in an HPV cross-

sectional epidemiology study that took place between July and December, 2000.

For each of the 32 study sites, an institutional review board approved the protocol,

consent forms, and amendments. Women signed separate written consents for study



(MPL, Corixa, Mntana, USA) provided in a nonodose
vial. The placebo contained 500 Pg of al um num
hydr oxi de per dose, and was identical in appearance to
the HPV-16/18 vaccine. Every study partici pant
received a 0.5 nL dose of vaccine or placebo at 0O
nmonths, | nonth, and 6 nonths. Heal th-care providers

i AG6n SRS blgosdopy AR tHEBSNEndek 18 yearsspurstitsl @bnserit il agseAt from
spatula (washed in PreservCyt, Cytyc Corporation,
Etbs pastieipaph wergoblightoty. f or cytol ogy and -35 HPV DNA
testing at screening and nonths 6, 12, and 18. At

\Ar%}%gq@%rg P?@%%@aqlﬁgbg: arSHIBSESHAS Yot YacSiN@ioh add FEMSWISp that

cervi covagi nal sanples with two
swogcludediasmonthdBsandA klindett foHowrup sutensign phasethatigprclpged at month
toz:?sti ng.[ DM Harper, WNWNoll, DR Belloni and BF.
e, Randomized clinical trial of PCR-determ ned
human papi |l |l omavi rus detection nmethods: self-sanplin
ViWomes eligibln faritlrrinifial phosehontlis O+-1R) iincluded healthy aomen aged 15-25

' f t
o esgte B Fef RE RERE e i SSal et A Hbtor] Bt il Pt
Tertablative or,exisiondlEédtmentud thesdrvix tand nggngoingteatnent for external
Thi,nPr ep, Co ti ) f .
e R A
I ECaRBBRIEHY EIQSApﬁﬂ_Qﬂ%l’ -DNAshiegatine WI fos l?lﬁghS@ldﬁP\btypes
ne r I t ar . S 0
BetsePhrncts 29 gy T Sroscsd B Re e o mote o 20 devm e
i |, adenocarcinoma in situ, or adenocarci nona.
These gui delines al so recomended bi opsy for any

suspected | esions. The central histol ogy | ahorgator
m¥@men vhp gomplaied thedpialphaserof S B9 RISt D Lt have
BIANE or SREfInARASrafyPSf the debi%, ¥ hySiI&IGHT Mter efroRént wed

t

three pathol ogi sts 'nmade a subsequent consensus
deligihletoi participateripthepateasion pirse afghesudy(montg 1B24/)-ons
with the CIN system This consensus diagnosis also

i el review of the sections taken at the tine of
mpgorcg‘gﬁgssecti on for PCR detection of |esional HPV DNA
HPV DNA isol ated fromthe cytol ogy speci men (MagNaPure
TRéchldoddufltied rivaberit HIPSAy b/ ERyirusfiike particie aageins(GlaxoSmijthigline,

CBiebieise Rl ok folfei 20 R HAVERY SRS pAiclo and
ab0 Mglot HRV -1p Wi ivirustiké pertidle. Bagh type of vitue-like particle was produced on
Spodoptera frugiperda Sf-9 and Trichoplusia ni Hi-5 cell substrate with AS04 adjuvant
containing 500 Hg aluminum hydroxide and 50 ¥g 3-deacylated monophosphoryl lipid A
(MPL, Corixa, Montana, USA) provided in a monodose vial. The placebo contained 500

Hg of aluminum hydroxide per dose, and was identical in appearance to the HPV-16/18
vaccine. Every study participant received a 0-5 mL dose of vaccine or placebo at 0

months, 1 month, and 6 months.

Health-care providers obtained cervical specimens with a cervical brush and spatula
(washed in PreservCyt, Cytyc Corporation, Boxborough, MA, USA) for cytology and
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SPFI O broad-spectrumprimers that anplify a 65 bp
region of the LI gene.[ B Kleter, LJ van Doom J ter
Schegget et al., Novel short-fragment PCR assay for
hi ghly sensitive broad-spectrum detection of

anogeni tal human papil | omaviruses. Am JPat hol 153
(1998), pp. 1731-1739: LJ van Doom WQint, B Meter
&PV DNA featingtay fireegingfand mwaths 6 pk2p add t&mwnonms Dand é,qud d

afg‘é ol o ‘%ﬁ}ﬂ cer v c al E\ﬁéﬁ@%@*’gy"ﬂﬁg cggg:gyagmj %Imﬁjlle%twith two
%E% efitdil @WaBka(aeéaGﬂ Pres@rpCyty T {H’&BDanteéﬂﬁg DM Harpér, WW Noll,
&

et L@%&&a@%@ﬁg cglgq%gl’ tgh O PR eteihied human

ﬁﬁ?illbin@ﬂﬁiéldété&ldnﬁﬁaﬂdds%ﬁ-smﬁ lﬁ%f%l‘siiﬁhluﬁﬂﬁﬁ&ﬁ&tea%lologlc

bi opsy speci nens by ener a P
gceﬁeﬂr%ml d womagnjs pre ’9‘&362}(5’0{5 wsaogRéﬁa 5%5 pp. 365-373] A
maﬂdbsatd&muém@gMu&t Pett¥B610, NE, A )Rebobid aytbIDBy results

enzynme i mmunoassa robe assa LiPA Kit HPV
mmmt’@pww e B e Gfhe PO Somheads ARUBEIOD &Y

1, Innogenetics, Gent, Belgium nmanufactured by Labo

Igg\?/ fggig%eé’f&%&ﬁkﬁded%b%swogyaﬁé}@% bmsscctﬁé%ps&dmpm

41_1‘ atypigal glandu cellg gf urgietermined significmce, ngL o@éSIL@g]ua:pgus cell

38l adiodflimg et P ad B AL Bty Bbo

srecimended bigpryrfonapy sesphsted leslonsat i on | i ne probe assay
for detection and identification of anogenital hunman

g@%&%&% TaSb‘] gagrkgmﬁ% %Ll §M£éia gglls ?r])gx%ﬁ formalin-fixed tissue
?ﬂ?\jlﬂgnligmmﬂmgm A patebofetl;y:? r%thggste maﬂ@ TsutRRqués
s dipenossop HPY 21t s HES 7 ORESqatctpesions oAl AIEE Ry sysiem.
t?ﬂﬁo?ﬁ&ﬁiﬁsfdl@n&l”d:hlsmggwd&eﬁm lof fhe Gégﬂ&%tﬁla&gggrle eig;emf t
%l%?@%éﬁgw%?%% “?%%\?QN eneral and

type-specific prinmer pairs for detection of human

PPV IDNXRY ateld Srof Yhe Esxols’ spebimiea (KMhEN apuwmﬂadaﬁlew Acid system,

cervi cal carcinonss. in Mcro 1996) ?‘E

Rhe BiEgnesgicy dmere N ?%1%@& andgom |ﬂ§‘aq°“1“i# P%Yéﬁe%'“

Eg%ﬁ%&ﬁ Aftadtion 8} WASmphfied ﬁ@ﬁ'ab'ali«ﬁho? urffied Wtdl DN with the
-16 or HPV-18 during the trial, Fersn st ent

i Sﬁm@tomdrsmcpnmmersltbatmpa@ agxb réastl ot the L genel B Kleter, L
Egpar o, dﬁgsa&?&}f% 510NOVOGh SR ERgnidt PERASHY Frfhly sensitive

broad-spectrum detectlon of anogenital human papillomaviruses. Am J Pathol 153
(1998), pp. 1731-1739: LJ van Doorn, W Quint, B Kleter et al., Genotyping of human
papillomavirus in liquid cytology cervical specimens by the PGMY line blot assay and
the SPF(10) line probe assay. J Clin Microbiol 40 (2002), pp. 979-983 and WG Quint, G
Scholte, LY van Doom, B Kleter, PH Smits and J. Lindeman, Comparative analysis of
human papillomavirus infections in cervical scrapes and biopsy specimens by general
SPF(10) PCR and HPV genotyping. J Pathol 194 (2001), pp. 51-58) The amplification
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| east 6 nonths.[ H Richardson, G Kelsall, P Tellier et

al ., The natural history of type- specific human

papi |l omavirus infections in fenmale university

students. Cancer Epidenm ol Biomarkers Prev 12 (2003),
pp. 485-490 and AB Moscicki, JH Ellenberg, S Farhat

and J. Xu, Persistence of human papill omavirus

i prbdts vadte Hétedtéd\byl aIDNAteagymaenithmunoassay. dcliregreteckay (EiRA Kit

kb Tyl 8 A n T e sy S um o ER R, e,
r Bélpihing mdRIfRctaed b BiladBibmedica Rrodictg Rijewilk, Néthetlagls) detected

Sy LI ol o MabeBoalie fLALO8CE %056 5,

A b, 8570, Bfd T4 Kittér, 1G/vaS DEbM, L Sohthiiveenf k. ®5v‘élo§ﬂhnt and

speci nens and conblned cervical and sef- obhglne

cdinirabeyplgtionnf adyighly srasitive RigRzoyerse bybridization, lipg praby assay for
S&Mo@ﬁ{dlhéﬂtﬁ@ﬁfoﬁ o@hdﬁ@ﬂfahﬁurgan papilmavirus1Z Clid MicrbBiol 37

for assessment of inmmunogenicity. Serological testing
@P9Q . B&H%ﬂﬂ Anysnesingenhad wappositive by A enzyge immunoassay

PR4sitbt fEHPYA 6 SMATANRL§POR. HPV: 158y anstplsLPHc BER

srle
virus-1Ii e articles were used as coatin

fmmmmtfw ad@ibe segrommt ofsbe BB omeand HE V-5 type-specific PCR
al1

gf § Aﬂn@er polg?{bﬁg%m{\;’\éa}rsm@gf | ne@ﬁﬁ13 titre apg“?tﬁgérml o
tdla Comprebensisie s_tvdy bﬁ@vmkwemmdw-wmlﬁep@wmrs fméetectlon
a 1
Sgshnh ot Pt B BB B0l i
uMératiioll34 (1P6Y PpPl14SsT4Mt ai ned from wonen in the
precedi ng epi dem ol ogy study who were found to be

eGP et St el H@f?ﬁf’ﬁ?@%aﬁﬁ péP8Giyppc
anfeﬁlﬁlffoiv’fHBVi-M&ﬁ'II-mV -8 dwding the mslagml?;emstﬁm ﬁlféchbﬁmtg mwels/ls as
819 POUTES MOV DIVA PB iy 57 Mt vvdgenatme soupspao o

enémtssndmﬂslpmmaoh,r@u(eﬁml depetlierlel 411, THE BatinAERitOFY. of type-
I nf ormati on on serjous_adverse event s and Ereg nci es

wiecifip hyreen ragillomayisestifeetions in femplgagnversity studqnis; Lpncer

NESBORISI BiombrkersPrév ﬁ"%myjlﬂ pRi83 890 A1l mmﬁcmt H Bfienberg, S
both HPV-16 and HPV-18 typé infectigns _over

ritashat and JuXug Rerpigtanceof hpman papilomanisys ipfeetion in &Wﬁhﬁeﬂeﬂ and -
Ol otk s P YiH6GisR Pators and differences, by phylogenetic type. J Infect

Dis 190 (2004), pp. 37-45] HPV-DNA test results were concealed from investigators
during the study and cytological and histological diagnoses were only revealed for
clinical management purposes. Analyses included HPV-16/18 DNA results for cervical

specimens and combined cervical and self-obtained cervicovaginal specimens.

We collected serum from study participants at months 0, 1, 6, 7, 12, and 18 for
assessment of immunogenicity. Serological testing for antibodies to HPV-16 and HPV-18
virus-like particles was by ELISA. Recombinant HPV-16 or HPV-18 virus-like particles

were used as coating antigens for antibody detection (see webappendix
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power to assess a lower Iimt of the 95% C of the
vacci ne efficacy above zero. W assuned an 80%
retention rate over 18 nonths. Interim anal yses for
ef ficacy, safety, and imunogenicity were done for
future study planning purposes only; the O Brien and
Fl'em ng method was used to adjust the avalue for the

CoerépRditivity was
Brien and TR
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c Wesren revorded syrhptemsl ex;misrp:e(t déring thafitst Zdgaafter vaccination on diary

SR s e frep oy elatip aRE AxRiipSit, tey rped o say
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~di ng-t o-protocol cohorts are shown in the figure,
|n whi ch  the reasons for exclusion from anal yses are
listed in rank order; wonen who net nore than one
eXtatisticabmethods o i on were only counted once according
to the highest ranking -38 criterion. W refer to the
S Rksimtlg P, chinbBEVY ifciBehcE Foof vdth I@FVJlBtaﬁd‘HPVDrStt?pé ihfBdions

and accordi ng-to-protocol analyses as cohorts

aPten b2 prnthp.ave estimated tab300 peasaencnsr freaiment Eroup | dprovide 80%
ékﬁ&éz‘%d &Fe[sk B 1dvie h%fo%% 9395 ELofitheVa0GRL efffRstyaBbve Z6ROWR
ter f OW- up.

bot h accor di ng-to- Prot ocol and

i assumed asrBOPlpretention raternyes/ Hamorithy: Ins¢rim euadyses focaffisedyasafesy, and
Olyﬂ( ?Lxﬂﬁt érla ﬁ&@fo} ﬁgzg A e Woges%fy' %% rien and

1 al ysi s was roportlon 0
pBleming nethdadswasi ustd mlﬁdjuﬂebﬂﬁvalu#fecﬁxb finaljanalysgisafter interim analyses

BRSPS O Pl b

prestngprocodas f&&%x&l:mm BrometrticstIS 1ML ppsI49rS5H] t he
ef ficacy estimates. p values were calculated with the

Pl Fiosk nfonisii R Beoring 9 cghlel SRS Pl bSoed wit

omtmmndmasﬂleﬁ ssterh 'Strafificdtion wadhccpriirig t6 bge(15-sl m 8~21, and

EI ST VR TR Y

randomly chosen number based on specific participant information entered into the

computerised randomisation system by study personnel. Treatment allocation remains

concealed from investigators and the women participating in a long-term follow-up study.

The intention-to-treat and according-to-protocol cohorts are shown in the figure, in which
the reasons for exclusion from analyses are listed in rank order; women who met more

than one exclusion criterion were only counted once according to the highest ranking
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schedul ed doses of vaccine and conplied wth the

prot ocol as described in the figure. Calculation of
vaccine efficacy in the intention-to-treat and
accordi ng-to-protocol 27- nonth anal yses was based on
t he Cox proportional hazard nodel using the tine-to-
occurrence of cases with HPV-16/18 infection in the
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g ﬁe&%s%nriﬂme%@?ﬂnﬁtd@ﬂo%@ﬁ W lofil IbRA afiér (Hlow-bF. | 09
rank test. Corresponding rates were expressed as the
nunber of cases divided by the total person-tine. All
&We did|both accerdingirprotasokdnd dutentiontte-treat analyses Sy sffisacy.

O B R (SR e g kg s e

antthopreportersefiparticipantamvith HRV16/1& thféction inghe vaccinated versus

g A o S e

eaportitingP5LoCBmeanral thé frecision bfithe effizaty atinhates pulatuss were

t hat, occurred dur i .the extension phase roml
b B i FiehO A T CBfepATy ity M Gpresaeg o
Thé minybersuficyses withidte oqueoine gmiadbd § lelﬁ’ll&h&!fpm‘ltlemm at risk. The
test .. conparisons. The cohort for safety an Si.S
RGP BPiooah Aot ooyt Spralie] Yinferpho e2kiEed tye
@oisedulell dYRS 6f vicifié andl complied witldlthe praidbdobak disdribed in the figure.
specified, mniml protocol requirenents (see figure

bel ow.). -39 4939 aaareed foe alibi W 1Yi 3asndoraii
dplqulatign Af Yaceing efficany) inythe dntentiopderratand agspsdingsig-protocol -
Fhrh ARIYESHR baded oR M x praptirtidrial Kihrdini¥def @ihg the time-to-
5403ecli'~ded ATPooltoftl s+kQ +r s) )
querengeiefsases withdRYi 6/{kinfeston ipthe yaccinated gersus plpcebo groups.

| i : " . . )

8 GIOUER Contr o TR, el Pt frh ST bt Bl Vacein effcacy
was icaldelatied vying l\ehinus thethazagy ratio and p values calculated using the log rank

test. Corresponding rates were expressed as the number of cases divided by the total

person-time. All enrolled women who received at least one dose of vaccine or placebo,
were negative for high-risk HPV-DNA at month 0, and had any data available for
outcome measurement were included in the intention-to-treat cohort. The according-to-
protocol 27-month cohort included outcome results from the according-to-protocol 18-
month cohort and results that occurred during the extension phase (from 18 months to 27
months).

Calculation of p values for the safety analysis was performed using Fisher's exact test
comparisons. The cohort for safety analysis included all enrolled women who received at
least one dose of vaccine or placebo and complied with specified, minimal protocol

requirements (see figure below:).
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0 cei r oses of, study vacci ne or .
ﬁ’é%?if?&%%@@?@ d@@ﬂ@'@ﬂﬂhiﬁﬁ%@@%ﬁmﬁmﬁwﬁ%wﬂm
SANOVAgnsKhskal Walliesest. di d not becone positive for

HPV- 16/ 18- DNA during the trial. Seropositivity rates

b en the vacci.ne .and pl acebo groups were conpar ed
nBlgTK Fmdpmisaton 154 JiistealAnalypes vt AoNE GGEKIAS version 5.2 (SAS

S ngtitutd, Canyt North-EQ@BAd)l C Nean titres were conpared with
ANOVA and Kruskal -Wal'lis test. Block random sati on and

statistical analyses were done with SAS version 8.2
(SAS Institute, Cary, North Carolina). Results
RRgstlilss of the initial analysis on cross protection
are presented in patent application W?2004/056389,

t he whol e contents of which are herein incorporated by

r REGHE B e inif ' &1 i Ll
o RERLEBE R i afelfls AL blolofih 0Pkl AR REen
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trial. In the ATP group all patients '
Further analysis
An analysis was carried out on an“ATP” (According To Protocol) group for those
patients who complied with all the criteria of the trial. In the ATP group all patients .

received 3 doses of vaccine at 0, 1 and 6 months and were seronegative at 6 months.

As demonstrated by the data presented in Table 4, immunization with g mixture of
HPV16 and HPV18 VLPs provided statistically significant cross protection against
incident infection by HPV types 31, 52 and 45 compared to the control.

Statistically significant cross protection against incident infection was also observed
against the group of all HPV 16 related types (HPV-31, 33, 35, 52 and 58) and the group
of all high risk types, excluding 16 and 18 (HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
and 68).
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received 3 doses of vaccine at 0, 1 and 6 nonths and
were seronegative at 6 nonths. As denonstrated by the
data presented in Table 4, immunization with 4 m xture
of HPV 16 and HPV 18 VLPs provided statistically
significant cross protection against incident

i nfection by HPV types 31, 52 and 45 conpared to the
Statistically significant crossprotectinngpghinst parsistent infestion wesaalso abserved
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36 related 6§8¢s (asedTablesS)gr oup  of all high risk types,
excluding 16 and 18 (HPV 31, 33, 35, 39, 45, 51, 52,

56, 58, 59, 66, and 68). -41 Statistically

Sitaistidailg sighifican swsgpprotecticni was alsgabsestedpgainst sytelogical
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et Der Glr A oS o B0 460 D Remina i b "R B Byctains
W lahd HE1033, 35,99, 45351,52656, S8,289, 66,iaad68)y si gni fi cant
protection was al so observed agai nst cytol ogi ca
abnormalities associated with the group of all HPV 16
related types (HPV-31, 33, 35, 52, and 58) and the

group of all high risk types, excluding 16 and 18

(31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68).

-42 Table 4 Efficacy against Incident Infections Wth
16/ 18 Rel ated Types* HPV type Vacci ne Control Vaccine
Efficacy N AR N AR %P Value HPV-31 1 0.2 10 2.4

90.0 0.006 HPV-33 6 1.4 6 1.4 -0.2 1.000 16 rel ated
HPV-35 1 0.2 3 0.7 66.5 0.624 HPV-52 6 1.4 16 3.9

63.0 0.031
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HPV-58 5 1.2 5 1.2 0.0 1.000 HPV-45 0 0.0 5 1.2 100.0
0.031 18 related HPV-59 4 0.9 2 0.5 -100.5 0.448 Al
16 related 16 4.0 32 8.1 51.1 0.017 Al 18 related 4
1.0 7 1.7 43.0 0.384 All HR 32 9.0 53 15.6 42.3 0.011
(except 16/18 * Cervical sanples: ATP cohort -43
Table 5 Efficacy agai nst Persistent Infections Wth
1845818 4Rel at ed Types* HPV type Vaccine Control Vacci ne
Efficacy N AR N AR %P Value HPV-31 2 0.48 9 2.15
78.5 0.030 HPV-33 3 0.71 5 1.18 40.2 0.476 16 rel ated

HPV-35 1 0.24 1 0. 24 ; 5.10
77.1 0.001 HPV-58 4Egﬁéﬁ6§%§2§r§%.'¥%€ ?ﬁ‘?ggﬂﬁ/ 45 1
0.24 4 0.94 75.4 0.174 WWithdl18Retitéd3Pyges? 71 O 0. 00
- 0.083 Al 16 related 11 2.7 30 7.6 65.1 0.002 A

18 related 4 1.0 4 1.0 1.0 0989 Al HR 36 10.1 46

13.5 27.1 p. B®Y typexdept Vagime3) 1 Al ICostnebl es| Vadisine Efficacy
cohort -4 N | AR | N | AR | % |PValue
HPV31 1 02 10 2.4 9.0 | 0.006
HPV-33 6 14 6 14 02 | 1.000
16 related HPV-35 1 02 0.7 665 | 0.624
HPV52 6 1.4 16 3.9 630 | 0.031
HPV-58 5 12 5 12 0.0 1.000
HPV45 0 0.0 5 12 | 1000 | 0.031
18 related { HPV-59 2 09 05 | <1005 | 0448
All 16related | 16 40 32 8.1 511 | 0.017
All 18related | 4 1.0 7 17 430 | 0384
AlHR 32 9.0 53 156 | 423 | 0.011
(except 16/18)

* Cervical samples: ATP cohort
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Table 6 Efficacy agai nst Cytol ogical Abnormalities
ass. Wth 16/ 18 Rel ated Types* HPV type Vacci ne
Control Vaccine Efficacy N AR N AR % P Value HPV-31
10.24 5 1.20 80.1 0.123 HPV-33 2 0.47 4 0.94 49.9
0.686 16 related HPV-35 0 0.00 2 0.47 100 0. 499
HPV-52 1 0.24 11 2.67 91 0.003 HPV-58 2 0.47 2 0.47
Orghids000 HPV-45 0 0.00 2 0.47 100 0.249 18 rel ated
HPV-59 4 0.94 2 0.47 -101 0.451 Al 16 related 5 1.2
18 4.6 72.8 0.005 Al 18 related 4 1.0 4 1.0 0.2

1.000 AIl HR 10 2. %F@%%aéﬁ%.sg}%ﬂ%g&fg?hs 16/ 18

" ATP cohort Int

subjects in specific coith 1628 Réated T ® = n
(nunber of subjects with HPV either incident

infection,_persisten infection or cytol agical
abnor mal i t|y, HEY tygeor ppr i Vaceingor | he Cal!ﬂ'@) / NVagcine Efficacy
Vacci ne effHecacyTs1H=AP) TP N U d [T 0%y, P Value
rel ative gize of vactine ahd”pl acebo gtolp, |whéreih A
= % worrep (i n Imcz:lu ne| grdup| W4k | nc? dent 2ilhf gct78n, | 0.030
per si stent et onfors T t(,u'“;;g Cat—apTqI e T 1352 @F 0.476
V\ﬁ) IOF tle for the table B = 9% honen in _pladeba grbup
el JentHRV%ct | onl pere?4&t bntli n{ e@2for] of4 0.998
cytol ogilcd—ggREEITeI TTYs apF fpgor ppiiat € 540 (|Nez7tiab| €o.001
HPV-58 4 0.95 6 1.42 34.1 0.515
HPV-45 1 0.24 4 0.94 75.4 0.174
18 refated HPV-59 3 | 071 0 0.00 - 0.083
All 16 related 11 27 30 7.6 65.1 0.002
All 18 related 4 1.0 4 1.0 1.0 0.989
AllHR 36 10.1 46 13.5 271 0.155
(except 16/18)

* All samples; ATP cohort




-45 Clainms | An inmunogeni ¢ conposition conprising
VLPs or capsoners fromHPV 16 and 18 and at | east one
ot her HPV cancer type, the other cancer type being
selected fromthe |ist consisting of HPV types 31, 45
and 52, wherein the dose of the VLP or capsoner of

the at | east one other cancer type is reduced relative
tDalilb@t of HPV 16 or 18. 2 A conposition according to

claim1l wherein the ot cancer, t HPY 31. 3 A
conposi tion accordi ng iﬁhﬂ‘g}' &gil%xgsapﬁ) ot her
cancer type is 0 l&gmadgﬁgestg
clai m1 wherei n%%é’%%léeﬁéécgﬁ ytpdclef?s

conposition according to claiml wherein the other

cancer ty esnavey;hlPV 31 vaeﬁHPV4F 6thtﬁ6ln'p03|Vt&iheEfﬂcacy
accordi ng L m-1twherei n-thel other tvnes

are HPV 31 and HPV b2.N7 |a éBanosﬂﬂl oh é&o'r i Moy tol’V"l“e
claiml er gpv.3ine prtner Cagser| TyPes aITQHHF’v 4 BEngiliz3 |

HPV 45. |8 A—ﬁeg—t--en_ac j L aim 1 tvhere
t he ot hdr 33 yops 4re 3lt, 4HPy 984 and 4|9ﬁ9V 520.686

ol6aplated ) Nog@IAVE3sC ONPOSO T 1 joro.@cC raing| To4any 100 0.499
precedi g ret+4g a—w&-ﬂe——%ﬂg BRA—-COF5£5—H-0,
g, or re, FWWB a d/or “HPV 131 287 apggrrer 0.003

and frdm|2 -HPQH'QB of VLJP or &4sones f'om47he of0.ker| 1.000
cancer tpype: HP'{AI T e PSR agc e
13 2R Qf (clal m§431 8 vvher mﬁhe J?ijj P’ﬁ’or ~tog 0249
conpri sqs |20 BPV-¥% npr et 02 (16 Znd| oP-4HPY 181V |Ps0.451
or capsoners —and fTom gg_of VP or—Tapsomner
fromthe her cancer tvpe. 11 An imnoqenic

conposi ti prAhiesking tD o ath 140 WBerpi A% he 728 | 0.005

conposi ti ONAT eOiRied SES 410 [g01.07 [VLR3 O [ CaRSOfero. 3 om 1,000
t he ot her . ' L
accordi ng|to 4l ?g | 8P s 1281 fi n38onpi B i gn 68+ t|h <0-001
an adj uvahExeept16/18)

* ATP cohort

In tables 4, 5 and 6,

N
AR
infection or cytological abnormality, as appropriate for the table) / N

number of subjects in specific cohort
Attack rate = n (number of subjects with HPV either incident infection, persistent

% Vaccine efficacy is 1 — (A/B) x 100, adjusted for relative size of vaccine and placebo group,
wherein
A =% women in vaccine group with incident infection, persistent infection or

cytological abnormality, as appropriate for the table

B = % women in placebo group with incident infection, persistent infection or
cytological abnormality, as appropriate for the table
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13 A conposition according to claim12 wherein the
adjuvant is an alumniumsalt. 14 A conposition
according to claim13 wherein the adjuvant is

al um nium hydroxi de. 15 A conposition according to
claim 12 wherein the adjuvant is a lipid A derivative.
-46 16 A conposition according to claim15 wherein the
adjaideint is 3D MPL. 17 A conposition according to
claim 16 wherein the adjuvant is 3D MPL and al um ni um
hydr oxi de. 18 A vaccine conprising an i nmunogeni c
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conposition or vaccine as defined above. net hod
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P MBKicBEpRidn HARAAE W QaifON WRSLih HR'b R o Hpvpgegx gﬁ»yﬁ
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composmon according to claim 1 wherein the other cancer types are HPV 31,

HPV 45 and HPV 52,

9 An immunogenic composition according to any preceding claim wherein the
composition comprises 10 g, or more, of HPV 16 and/or HPV 18 VLPs or capsomer and
from 2 -9 pg of VLP or capsomer from the other cancer type.

10  Animmunogenic composition according to any of claims 1-8 wherein the
composition comprises 20 pg, or more, of HPV 16 and/or HPV 18 VLPs or capsomers
and from 5 — 15 pug of VLP or capsomer from the other cancer type.

11 An immunogenic composition according to claim 10 wherein the composition
comprises 10 pg of VLP or capsomer from the other cancer type.

12 An immunogenic composition according to any of claims 1-11 in combination
with an adjuvant.

13 A composition according to claim 12 wherein the adjuvant is an aluminium salt.

14 A composition according to claim 13 wherein the adjuvant is aluminium
hydroxide.

15 A composition according to claim 12 wherein the adjuvant is a lipid A derivative.
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16 A composition according to claim 15 wherein the adjuvant is 3D MPL.

17 A composition according to claim 16 wherein the adjuvant is 3D MPL and
aluminium hydroxide.

18 A vaccine comprising an immunogenic composition according to any preceding
claim with a pharmaceutically acceptable excipient.

19 A method of preventing HPV infection and/or disease comprising administering
to an individual in need thereof a composition or vaccine as defined above.

20 A method for making an immunogenic composition as defined above comprising
mixing VLPs or capsomers from HPV 16 and 18 with at least one other HPV cancer type,
the other cancer type being selected from the list consisting of HPV types 31, 45, and 52,
wherein the dose of the VLP or capsomer of the at least one other cancer types is reduced
relative to that of HPV 16 or 18.

21 A method of prevention or treatment of HPV infection and/or disease comprising
delivering to a individual an immunogenic composition comprising VLPs or capsomers
from HPV 16 and 18 and at least one other HPV cancer type, the other cancer type being
selected from the list consisting of HPV types 31, 45 and 52, wherein the dose of the
VLP or capsomer of the at least one other cancer types is reduced relative to that of HPV
16 or 18.
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