WO 02/ 26266 PCTI US00/ 26551 -1 METHOD FOR EARLY PREDI CTI ON OF THE ONSET OF
I NVASI VE CANCER This invention relates to a prognostic nethod-for, early
predi cMQMYR6&vent ual devel opnent of invasive cancer. PEAHSHERD OF THE

| NVENTION Identification of Precancerous Tissue by Genetic Analysis A
neopl asns are believed to arise fromealds that have undergone genetic
alteration, followed by clonal expansion. These genetic alterations

i ncl ude activation of pEGkODOFOR]IEATE. YO PREDICE TOEIOFON Of tunor suppressor
genes. ldentification ofdﬁ?§q¢ﬁsgrg@ﬁeiﬁﬁAgf@@gggnegﬁh pat hol ogi ¢

progression has all owed neati on of nol ecul ar progressi on nodel s many
tunors, including oral cancers. These progressions nodel s provide
nDIecuIar markers to aid in the_diagnosis and detec¢tion of human tunors.

Mol ecul ar analjghkshégv?%Fﬁ?ﬁtFﬁﬁPEQ FﬂeaaBFPEP9SFbc PeEROg: £8%eci fi ¢

genetic changes in primary human neoplasms. Powerful PCR-based techniques
all ow t he egely prediction of eventual development of invasive

cancer.

BACKGROUND OF THE INVENTION

Identification of Precancerous
Pissue by Genetic Analysis

All neoplasms are believed to arise from cells that
have undergone genetic alteration, followed by.clonal
expansion. These genetic alterations include activation
of proto oncogenes and inactivation of tumor suppressor
genes. Identification of specific.genetic changes with
pathologic progression has alldwed delineation of
moleéular progression models many tumors, including oral
cancers. These progressions models provide molecular
markers to aia in the diagnosis and detection of human

tumors.

Molecular analysis has revolutionized the ability to
look at specific genetic changes in primary human
neoplasms. Powerful PCR-based techniques allow the use

of routinely prepared tissue specimens embedded in



of routinely prepared tissue speci nens enbedded in WO 02/ 26266

PCT/ USOOWoGRhé266- 2 paraffin for DNA extraction and subsedqamisogeessti c

anal ysis. DNA extracted fromthese sanple can be anplified to reveal
various genetic alterations, including_ ?||6|IC | osses. Such allelic | osses
(chronosonel del etions) are markers for The inactivation of critical tunor

-suppressor genes. contai Wit t tunors,

t unor supprg’s?&%fé'é}iéﬁ‘;o S%{ﬁ @af%{%l’staé%i 0%;&%4/ r#:)h gé vvhereby
both parental _allele nust be knocked out for tunor pro Si

General |y, polakYShit-at R GXFREEEG drom Lhefe WIS cgad'éskﬁ ion of the
second allele and conplete | oss of tumor suppressor function These
allelic | osasplddlisd e rewaak ivariouy gangentalitenationsdysis represent a
common second inactivation step for tunor suppressor gene inactivation.

in practice,imdlwlimg ldideiv Wesds onHuckcal lel detkogsewd by using highly
pol ynor phic markers able to distinguish the maternal and paternal alleles

'n_normal Dhrchifconél [ bCithd 'k d MBI OFbrt %l Bact IV ©

reconbi nat i tl on 1S represente

of critical tumor suppressor genes contained within the

region of loss.

In adult tumors, tumor suppressor genes require a
two-step inactivation process, whereby both parental
allele must be knocked out for tumor progression.
Generally, point mutation of one allele is followed by
deletion of the second allele and complete loss of tumor
suppressor function. These allelic losses deletions
identified by microsatellite analysis represent a common
second inactivation step for tumor suppressor gene
inactivation. In practice, allelic loss (or deletions)
can be determined by using highly polymorphic markers
able to distinguish the maternal and paternal alleles in
normal DNA. This pattern can then be compared to tumor
DNA where recombination or deletion is represented as
loss of either the maternal or paternal allele (also
known as loss of heterozygosity of LOH). Recently, this

mapping process has been revolutionized with the advent



| oss of either the maternal or paternal allele (also known as |oss of

het er 0zygqgd by2¢3fs LOH) . Recently, this mapping process h
revol utionized with the advent WO 02/ 26266 PCT/ USOQY 26551%12‘%?’2655‘

m crosatellite markers (small DNA repea;éﬁn[ts) that are highly
pol ynor phi ¢ and occur throughout t he hufahh genone. For exanple, one can

test critical tunor sup essor chronpsomal arng. One of
the regions9EsM3RTORAL m&%%?§ﬁ gﬁ@aggnbﬁgngepﬁét EPF%FéagﬁFEnDr
suppressor gene called pl6 (NWS—l or CDKN2). This critical cell cycle

i nhi bitor isarenbdghist e@lyyopehic AOdacrEHr sBrevpbauknihaebuPpration in
nost primary cancers. The second anal ysis can be done in chronosonmal region
3p21, anong geaomest Fbreexample,dohet ednr &égstneribicabktumorel ated tunors..
Al t hough many genes have been isolated fromthe 3p region, none of the

candi date ge@ﬁﬁp%&@o&egenen%bhvaheéwof EheufBEbitalNapihs TBr gnbUBRr €har cel |
l'ines. Inportantl both 9p and 3p | osses are the earliest genetic changes

e o ontelbRs Y8 SANCRERRARETHol oRuhA"LEnthilsheRd, 2 ek

cancer often sent econa prinmary nors o € aerodi gestive

tract. critical tumor suppressor gene called plé (MTS-1 orx

CDKN2). This critical cell cycle inhibitor is
inactivated by point mutation, deletion and methylation
in most primary cancers. The second analysis can be

done in cﬁromosomal region 3p2l, among the most
frequently deleted regions in smoking related tﬁﬁors.
Although many genes have been isolated from the 3p
region, none of the candidate genes have been inactivated
frequently in primary tumors or cell lines. Importantly,
both 9p and 3p losses are the earliest genetic changes

identified in invasive cancer progression.

Patients with head and neck cancer often present
with second primary tumors of the aerodigestive tract.
Fundamental genetic studies in head and neck cancer show
that single transformed cells in the oral cavity can
spread throughout the mucosa giving rise to large areas
of clonally related and transformed celis. There is

further evidence that, when two lesions arise in one



Fundanent al genetic studies in head and neck cancer show that single
transf orwed2reelebs in the oral cavity can spread through®@T/iSee2688tosa
giving rise to large areas of clonally related and transformed cells.
There is further evidence that, when twp lesions arise in one WO 02126266
PCTJUSOO 26551 -4 patient, they are often clonal in origin. For exanple,

.patients wth head ap e C f haye r p bnor mal
cells whichpggﬁgﬁg'ngggt%?etggggg %%%%gls?#p gqgggﬁsy%% eg%%ﬁéfé’ Califano
et al., Genetig¢ Progression Mdel for Head and ck,Cancer. Cancer

Resear ch SEPE}?P§§8§?§§9§ePfQQQf;n§°§r§ﬁ§ﬁ?? e baKs daF8&d  Met hods
for Detection of Cancer. Science 278 §5340):1045-058 (1997); Rosin et al.,
Use of Al epiatchessoft abroxmadt cedilisgwidchRcan bgr diggcflanseatgd by
Epithelial Dysplasia, Cinical Cancer Research 6:357362 (2000). it being
known, thena klhaplenbdaplsy.prognosis that invasive cancer will eventually
devel op can be effected by genetic analysis of tissue from suspect sites,
it would be highly desirable to provide a sinple clinical

See, e.g., Califano et al., Genetic Progression
Model for Head and Neck Cancer. Cancer Research
56(11):2488-2492 (1996); Sidransky, Nucleic Acid-based
Methods for Detection of Cancer. Science 278
(5340):1045-058 (1997); Rosin et al., Use of Allelic
Loss to Predict Malignant Risk for Low-grade Oral

Epithelial Dysplasia, Clinical Cancer Research 6:357362

(2000).

It being known, then, that an early prognosis that
invasive cancer will eventually develop can be effected
by genetic analysis of tissue from suspect sites, it
would be highly desirable to provide a simple cliﬁical
protocol that would identify the locations of such
suspect sites, well before onset of otherwise visible

indications.



protocol that would identify the | ocations of such suspect sites, well
before orw&t(ngz ptherw se visible indications. WO 02/ 262p6r/g6ob/e%10/ 26551
-5 The Prior rf Mashberg Protocol An in vivo diaghostic screening test is-
known which identifies and delineates suspect sites on epithelial tissue.
This screening test, enploying toluidine3sue 0 (TBO dye to selectively
stai n cancerous and precancerous tissue, is generally described in the
United StatcEhePRri ArgoNashberg REeE@EOs and in the United States

Patent 5,372,801 to Tucci et al. Mre recently kits have been devel oped
whi ch nmake it possible for clinicians to quickly and easily adm nister the
test, as part of other routine dental or nedical procedures, and thus
dentify and/or gl ipeglfostinghbstitCicabeRihimEelbCls  RowRHhEBhS are

synptom ess or while the dysp tic lesions aré so small that they m ght

I
be m ssed dugi,ng, not nal I gual _exani.ngll S astic
l esion is iﬂgﬁgF+£éﬁsb?néhéezﬁgﬁsggé g&%ﬁ%@%ﬁ?igeseéﬁl§§E%P%%§§i sanpl e
was taken and subjected to conventional histglogical fxaginatgfn, to
det er mi ne whti-geres heThésgj §ereening test, employling tolulidine ue O

i WL zl=
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(TBO) dye to selectively stain cancerous and precancerous
tissue, is generally described in the United States
Patent 4,321,251 to Mashberg and in the United States
Patent 5,372,801 to Tucci et al. More recently kits have
been developed which make it possible for clinicians to
quickly and easily administer the test, as part of other
routine dental or medical procedures, and thus identify
and/or delineate suspect sites at a timg when the
patients are symptomless or while the dysplastic lesions
are so small that they might be missed during normal
visual examination. Once a suspect dysplastic lesion is
identified by the Mashberg protocol, a regular biopsy
sample was taken and subjected to conventional
histological examination, to determine whether the lesion
is malignant or precancerous. Kits for performing this-
test, containing premixed dye and rinse solutions in the
proper quantities and concentrations, are licensed by
%Zila, Inc. and are available commercially iﬁ Canada,

Australia and Europe under the trademark OraTest™. Later




I's malignant or precancerous. Kits for performng this- test, containing
prem xedwoywe/2&me rinse solutions in the proper quantiti @CTARI0/26551
‘concentrations, are licensed by Zla, Inc. and are available comrercially
in Canada, Australia and Europe under the trademark OraTest". Later WO
02/ 26266 PCT/ USQQ/ 26551 -6 it was determ ned that other cationic dyes are

-simlarly wuseful (S e.d. . P 2 P r t hat
the selectiv Wﬁ?kﬁﬁS%EEFP%H'33§§U§%%%%e§a§§%gg§ F%%St%gﬁﬁgﬁ%@gfgﬂghd
retention by the_mtochondria of cancerous and precancerous cells. .= EXAVPLE
1 dini cal usesplng SPeat Scdl- TS PAEERY & (B8B2u St 2atOs POMeTagFan AGhal
practice of the Mashberg protocol. Preparation of Cinical Test Sol utions
TBO (e.g., phapatbe iselactdveamaekiingh aBtdiop ofl syich dyegsS iBadaet to

6, 086, 852), raspberry flavoring agent (I FF Raspberry |1C563457), sodium

acetate trigydiat aptaikiesand raagatiionnbyHih2 mitWcHoRkireod vative (see
U S Patent 5,372,801), are dissolved in purified water (USP), gl aci al

acetic aci d-aRetePBubd stid Yredlamittlous! @eligduce a

EXAMPLE 1
Clinical Testing Protocol
This example illustrates the conventional practice

of the Mashberg protocol.

Preparation of Clinical Test Solutions

TBO (e.g., prepared in accordance with Example 1 of
my US Patent 6,086,852), raspberry flavoring agent (IFF
Raspberry IC563457), sodium acetate trihydrate buffering
agent and H,0, (30% USP) preservative (see U.S. Patent
5,372,801), are dissolved in purified water (USP),
glacial acetic acid and SD 18 ethyl alcohol, to produce a
TBO test solution, having the composition indicated in

Table A:



TBO test solution, having the conposition indicated in Table A: WO

02/ 26266 Rfefoibe@éy 26551 -7 TABLE A Conponent Wi ght % T?Qg%“&@z ggF avor
.20 Buffering Agent 2.45 Preservative .41 Acetic Acid 4. t%y

Al cohol 7.48 Water 83.85 100.00 Pre-rinse and post-rinse test solutions
of 1 wt.% acetic acid in purified wat er77sodi um benzoat e preservative and
raspberry flavor are prepared. dinical Protocol The patient is draped
with a bib to protect clothing. Expect®B%®i®n is expected, so the patient
is provided with a 10-o0z. cup, which can be disposed of in an infectious
wast e contai ner or the Compenertof which can be poured di¥eighty $nto the
center of a sink drain,

TBO 1.00
Flavor .20
Buffering Agent _ 2.45
Preservative .41
Acetic Acid 4.61
Ethyl Alcohol 7.48
Water 83.85

100.00

Pre-rinse and post-rinse test solutions of 1 wt.%
acetic acid in purified water, sodium benzoate

preservative and raspberry flavor are prepared.

Clinical Protocol

- The patient is draped with a bib to protect
clothing. Expectoration is expected, so the patient is
provided with a 10-o0z. cup, which can be disposed of in
an infectious waste container or the contents of which
can be poured directly into the center of a sink drain,

to avoid staining the sink. Environmental surfaces or



to avoid staining the sink. Environnmental surfaces or WO 02/ 26266

PCT/ USO@v@@®2Aad266- 8 obj ects which m ght be stained are dr 268050/265§hoved
from the test area. A visual oral cancer exami nation is conducted,

wi t hout using any instruments which mghg_.cause nicks or cuts of soft
tissues. Notations are made of the pre- staining appearance of soft tissues

-and teeth. HA3eRld Gilidi athd be Yellidedl/!doe WUdldbo R B Yerdo M - Of

the pre-rinse utio approxi mately econds and expectorates, to
remove excess Zgliva and provide a consistent oral environnent. This step
i s then repS%Fé Sfitt RLRM/ ti onal pre-rinse solution. The patient then
rinses and gargles with water for 20 seconds and expectorates. The patient
then rinses and gargles with 30 ml. of the TBO test solution for one
m nute and expectorates. The patient then rinses with 15 m . of the post
rinse sol uti on fforvizmalenrads cantex EeEminHton s condugted, t hen
repeated. WD 02/ 26266 PCT/ US00/ 26551

without using any instruments which might cause nicks or

cuts of soft tissues. Notations are made of the pre-

staining appearance of soft tissues and teeth.

The patient rinses the oral cavity with
approximately 15 ml. of the pre-rinse solution for
approximately 20 seconds and expectoratés, to remove
excess saliva and provide a consistent ora; environment.
This step is then repeated with additional pre-rinse

solution.

The patient then rinses and gargles with water for

20 seconds and expectorates.

The patient then rinses and gargles with 30 ml. of

the TBO test solution for one minute and expectorates.

The patient then rinses with 15 ml. of the post-
rinse solution for 20 seconds and expectorates. This

step is then repeated.



-9 The patient then rinses and gargles with water for 20 seconds and

expector%§ zgigés step is then repeated. observations opci/{i60Psss1 Cavity
are then g, i ng appropriate soft-tissue exam nation techni ques, ;

including retraction, well-balanced lighting and magnification, if
necessary. The location, size, norphol og¥~ color and surface
characteristics of suspect |esions, that have retained blue coloration are
made and recor ded.Then patdient chenyinses and gAnglas witle waheefoy s
brought back after 10-14 days for a repeat of the above protocol. This
period al |l owgot sgeohas hadl emgectoamayesul cThasi steprisrbbent repéatedn or
irritating etiology at the tine of the first examnation. A positive stain
after the second exam nation of a suspect area detected in the first

exam nation is considered an indication of cancerous or precancerous

ti ssue and a biop | e [ r i | 4sd .
erythropl astic | e:(?i?)‘%sr S al%ﬁ%l%fesﬁg% ti%\éll' rﬁaz;&qgfl%p% e eodrz%pézﬁéc'h)}lsﬁzﬁg ern.
However, it nornal for the_ stain to be netﬁLned b¥hthe irregulséggagiliar
crevices onaPREOCREAELM SPEERELIBEHGUEXATAPEHIPE HBCRALEBEFri YROWH 6BY 26266
PCT/ US00/ 26551 L. ) .
retraction, well-balanced lighting and magnification, if
necessary. The location, size, morphology, color and

surface characteristics of suspect lesions, that have

retained blue coloration are made and recorded.

In order to reduce false positives, the patient is
brought back after 10-14 days for a repeat of the above
protocol. This period allows time for healing of any
ulcerative or traumatic lesion or irritating etiology at
the time of the first examination. A positive stain
after the second examination of a suspect area detected
in the first examination is considered an indication of
cancerous or precancerous tissue and a biopsy is made to -

confirm this conclusion.

Early erythroplastic lesions stain blue, often in a
stippled or patchy pattern. However, it normal for the
stain to be retained by the irregular papiliar crevices

on the dorsum of the tongue, which is not a positive



-la- indication. Oher areas which retain blue stain, but are not regarded
as positiweormekeide dental plaque, gingival nargins of eactusomidss: diffuse
stain of the soft palate because of dye transferred fromthe retained
stain on the dorsum of the tongue, and cerative |l esions which are

easily distinguished. In all instances,”Where a lesion is highly suspect,
but does not,stain positi with thjs test, it js neverthel ess

i mperative th3 1335$8E3y égthaﬂﬁﬁ?s"wﬁFgﬁ FﬁgﬁﬁpvgiueUﬁFPanoRPFtaﬁﬁs
under st ood that the Mashberg protocol could provide "false positive"

i ndi cati ons, ot . Eegardafcasi pAsisiveahnelsede denppdcpisareusgéngdvailons

whi ch | ater conventional histol ogical exam nations did not confirm and
consi der abl emetgins wfisearpeddeothf odiéfluse shaihr efueheysodt phtaeef al se
positives, e.g., by the repeated procedures described in the Mashberg

patent and byecsiséi al HgF”HthEQErQédtBQOHYQhéSréﬁﬁihéQEthﬂntBﬁ tHec
patent. WO 02/26266 PCTI USOJ 26551 -11
dorsum of the tongue, and ulcerative lesions which are
easily distinguished. 1In all instances, where a lesion
is highly suspect, but does not stain positively with

this test, it is nevertheless imperative that a biopsy be

taken.
"False Positives"

Until now it was understood that the Mashberg
protocol could provide "false positive" indicatioms,
i.e., indications of cancerous or precancerous conditions
which later conventional
histological examinations did not confirm, and
considerable effort was expended to reduce the_frequency
of these false positives, e.g., by the repeated
procedures described in the Mashberg patent and by
special formulation of the dye as described in the Tucci

patent.



Brief Statenment of the invention However, it has now been determ ned cl onal
genetic %ﬂﬁ% I ndi cative of eventual devel opnent of i LNE L eancer can
be identpfﬁg |rfsuspected | esions that are stained by ?%%ﬁgﬁgng%ﬁer .
cationic supravital dyes, even though conventional histol ogical

exanm nation of such stained tissues do-hbt confirmthat the tissue is
cancerous or_precancerous. Thus, indications that were previously

consi dered "BEies Statement of ;the Inyention ~protocol are, in a high
proportion of instances, the earliest indications of genetic alterations
which are precursors to the devel opnment of invasive cancer. Thus, - the
Mashber g-type staining dye protocols are a reasonably reliable way to

deternine what ti soeverjouhd e ndwbibeencdeterddnell e¢18naY ghietic _
Accordingly, in considered in its broadest aspects | providé a prognostic

met hod for egg edl g1 1L on. Vv, e f_Eknyvasi cancer, _
whi ch conbi ngééﬂ?ﬁ% ?%‘g%??ﬁb‘gé o?ft%gél’gﬁ%g %%&‘3%‘?@ %%a :;?/xgél_é,s’fv% echnol ogy
and the prior_art selective,staiping dye technolo, .exenplified by the
Vashber g pr TRRETE G e FASPELAAT B SuiRertin LRa 1S et Bhei g dye
that WD 02/ 26266 PCT/ US00/ 26551 .

stained by TBO and other cationic supravital dyes, even

though conventional histological examination of such
stained tissues do not confirm that the tissue is
cancerous or precancerous. Thus, indications that were
previously considered "false positives" in the Mashberg
protocol are, in a high proportion of instances, the
earliest indications of genetic alterations which are
precursors to the development of invasive cancer. Thus,
the Mashberg-type staining dye protocols are a reasonably
reliable way to determine what tissues should be

subjected to genetic analysis.

Accordingly, in considered in its broadest aspects I
provide a prognostic method for early prediction of
eventual development of invasive cancer, which combines
the teachings of the prior art genetic analysis
technology and the prior art selective staining dye
technology, exemplified by the Mashberg protocol. My

method comprises applying to tissue a staining dye that




-12 is selectively retained by mtochondria of preneoplastic cells,

I dent i f ywo2e2kmeal patches by visually exam ning said tipCIuesobaessst ai ned
tissue sites, resecting tissue in the locus of said clonal patches and
determ ning whether DNA extracted fromsaid resected tissue exhibits
allelic losses or nutation of tunor suppressor genes. The foll ow ng

.exanpl es are _provi i . gt . il i r .

practice of lﬁyslgé'\?g:%‘}gﬁyar#&%%tgﬁ%dgrbgé% %%%r@ﬁelr% g’? g%%?’r?é‘réssttl{}ﬁer eof .
These exanples are not to be understood as limting the scope .of the
Mvent i on sl S AR A G TRk FECaRshdh VIRLATY aRe
Mashberg-type Cinical Protocol Preparation of Cinical Test Solutions TBO
(e.g., the paddudissueDfaristaingd Gigsuentsdites 6 WEREENY HYigguseriny
flavoring agent (IFF Raspberry 1C563457), sodium acetate trihydrate

buffering aghet laeths B3N BUR)L pasthestand deédsrnifSndattertiher
5,372,801), are dissolved in purified water (USP), gl acial acetic acid

and SD 18 etgyl eAtGted oM FHAGE rsERRdE M i MR H:A0A56 L@ 16304 26551

losses or mutation of tumor suppressor genes.

The following examples are provided to illustrate to
those skilled in the art the practice of my invention and
the presently preferred embodiments thereof. These
examples are not to be understood as limiting the scope
of the invention, which is defined only in the appended
claims.

EXAMPLE 1

Mashberg-type Clinical Protocol

Preparation of Clinical Test Solutions

TBO (e.g., the product of Example 1 of U.S. Patent
6,086,852), raspberry flavoring agent (IFF Raspberry
IC563457), sodium acetate trihydrate buffering agent and
H,0, (30% USP) preservative (See U.S.lPatent 5,372,801),
are dissolved in purified water (USP), glacial acetic

acid and SD 18 ethyl alcohol, to produce a TBO test



-13 solution, having the conposition indicated in Table A. TABLE A
Corrponentwévébg%%s% TBO Product 1.00 Flavor .20 Bufferiperidgfmsssa- 45
Preser vat . Acetic Acid 4.61 Ethyl Al cohol 7.48 Wter 83.85 100.00°
Pre-rinse and post-rinse test solutions f$ 1 w.% acetic acid in purified
wat er, sodi um benzoate preservative and-Ttaspberry flavor are prepared.
Cinical Protocol The patient is draped,wth a alb to_protect. clothing.
ExpectoratioﬁoigtéQBecBéH}ngotPﬁecﬁ peitirr ipdicated WhifaBl®o®bz. cup,
whi ch can be disposed of in an infectious waste container or the contents
of which can be poured directly into the center of a sink drain, II1". W
02/ 26266 PCT/ USOQ 26551

TABLE A
Component Weight %
TBO Product 1.00
Flavor .20
Buffering Agent 2.45
Preservative .41
Acetic Acid 4.61
Ethyl Alcohol 7.48
Water _ 83.85

100.00

Pre-rinse and post-rinse test solutions of 1 wt.%
acetic acid in purified water, sodium benzoate

preservativé and raspberry flavor are prepared.

Clinical Protocol

The patient is draped with a bib to protect
clothing. Expectoration ;s expected, so the patient is
provided with a 10-oz. cup, which can be disposed of in
an infectious waste container or the contents of which

can be poured directly into the center of a sink drain,



-14 to avoid staining the sink. Environnmental surfaces or objects. which

m ght bewetoaiessd are draped or renoved from the test aregT/sovRessal oral
tancer exam nation is conducted, wthout using any instrunents which m ght
cause nicks or cuts of soft tissues. Nppations are made of the pre-
stai ni ng appearance of soft tissues and feeth. The patient rinses the oral

.cavity with__approxi nmately 15 . t he o | uf.l r
approxinateF? §§°%§cgﬁaénéﬁg %@%eé?%#éte§5§ﬁ55?@%§€§a gkgggggganva and
provi de a consi stent _qral enyironnment. This st is then repeated with
addi ti onal PP3SFtRsWhigh b %?hétﬁ&f‘fe are, Sk aprds O aﬁ&gasﬁgggem th
water for 20 seconds and expectorates. The patient then rinses and gargl es
with 30 nl. tbe tests ®BEat.est solution for one minute and expectorates. The
patient then rinses with 15 m. of the post rinse solution for 20 seconds
and expectorates. This WO 02/26266 PCT/US00/ 26551 -15- step is then
r epeat ed.
A visual oral cancer examination is conducted,
without using any instruments which might cause nicks or
cuts of soft tissues. Notations are made of the pre-

staining appearance of soft tissues and teeth,

The patient rinses the oral cavity with
approximately 15 ml. of the pre-rinse solution for
approximately 20 seconds and expectorates, to remove
excess saliva and provide a consistent oral environment.
This step is then repeated with additional pre-rinse

" solution.

The patient then rinses and gargles with water for

20 seconds and expectorates.

The patient then rinses and gargles with 30 ml. of

the TBO test solution for one minute and expectorates.

The patient then rinses with 15 ml. of the post-~

rinse solution for 20 seconds and expectorates. This



The patient then rinses and gargles with water for 20 seconds and

expect or 832/26-5%5 step is then repeated. Cbservations opci/iSo2e81 cavity
€,

are then usi ng appropriate soft-tissue exam nation techni ques, :

including retraction, well-balanced lighting and magnification, if
necessary. The | ocation, size, norphol oGy " color and surface
characteristics of suspect |esions, that have retained blue coloration are
made and rec8EERJisTHReBareRRALPL brought back after 10-14 days for a
repeat of the above protocol. This period allows tine for healing of any
ul cerative or traumatic lesion or irritating etiology that was present at
the time of the first exam nation. A positive stain after the second

exam nation of a suRpPaeitiemn tiereatiakds dafte darglies endziti vattiean fior

consi dered an indication of cancerous or precancerous tissue. Early

erythropl asthg Es§b§a§ shal apreeoraiztegn i fnds SteppigdtRenPaEphlytaaltern.
However, it norna or the sTain to be retained by the irregular papiliar
crevi ces CVO 02/ 26266 PCTI US00/ 26551 -16 on the dorsum of the tongue,
which is.not a positive indication. Oher areas which retain blue stain,

but are . .
Observations of the oral cavity are then made, using

appropriate soft-tissue examination techniques, including
retraction, well-balanced lighting and magnification, if
necessary. The location, size, morphology, color and
surface characteristics of suspect lesions, that have

retained blue coloration are made and recorded.

The patient is brought back after 10-14 days for a
repeat of the above protocol. This period allows time
for healing of any ulcerative or traumatic lesion or
irritating etiology that was present at the time of the
first examination. A positive stain after the second
examination of a suspect area detected in the first
examination is considered an indication of cancerous or

precancerous tissue.
Early erythroplastic lesions stain blue, often in a

stippled or patchy pattern. However, it normal for the

stain to be retained by the irregular papiliar crevices

i



not regarded as positive include dental plaque, gingival margins of each

t oot h, dwbfmaasest ain of the soft palate because of dye tecavisveressd from
the retained stain on the dorsumof the tongue, and ul cerative | esions
which are easily distinguished. In all jinstances, however, where a |esion
I's highly suspect, but does not stain 5&§Ftively with this test, it is

.neverthel ess inperative th | opsy. be.t,aken and, subject.ed _to nol ecul ar
anal ysis. EREmY goéé"f?@’t io? ﬁ?}eelr%'zﬂ’fg(%%ﬁ’&lf 58985 H BB 0R vari ous
clinical sites are obtained. It is determned that analysjis of two of

t hese sanpl dadicatien.pofiher areas shiche ketiadn iy, Eftditatt #rn  t he

slides for-further nolecular analysis. In the remaining 56 cases neopl astic
cells are caotf megarddid s tpes itiiver derdude enchadeplaquen imElval ssue or
epithelium (in all other cases) fromnormal tissue using a |aser capture

ni cr odi Ssecija@yingORE eHYS tIdtd)s diffisy isyaidf dhealreldsrnshrgd action
of DNA for subsequent mcrosatellite analysis at three critical WO

02/ 26266 PCHAULGP bye Hrdifiterddy Hrdif e JdHhdd stdiwidd Ghint DA

and furthe

dorsum of the tongue, and ulcerative lesions which are
easily distinguished. In all instances, however, where a
lesion is highly suspect, but does not stain pdsitively
with this test, it is nevertheless iﬁperative that a

biopsy be taken and subjected to molecular analysis.

Example 2

Genetic Alteration Analysis

58 samples from various clinical sites are obtained.
It is determined that analysis of two of these samples
is not possible because there is inadequate material on
the slides for. further molecular analysis. In the
remaining 56 cases neoplastic cells are carefully
dissected (in cases with cancer) from normal tissue or
epithelium (in all other cases) from normal tissue using
a laser capture microdissection scope. This allows
isolation of the cells and extraction of DNA for

subsequent microsatellite analysis at three critical



analysis. is not possible. Two of the loci (D9S171 and D9S736) chosen for

testing ‘%&809 .B%grom)somal regi on 9p21 which contains thecptSoonessi A
third marker ? 1067) is located on chronmosone 3p2l. Al nol ecul ar

studies in the remaining 41 cases are done blinded w thout know edge of
t he pathol ogic diagnosis. Wthin the stady- | esions that are stained bl ue
and lesions that are biopsied adjacent to but not within the blue .
stai ni ng ar edocire Sepdiatasises ,déhere d insufficdenta PWA: 28ds fyxEhey apl e
to test both directly the stained areas as well as adjacent nonstained
areas. M crosaisaygilee idnalotsiposeikiliease Twoi bifc &hendoledr DS 171l -andf t hese -
41 cases shows the presence of LOH (chronosonal deletions) in virtually

al | the casegguds ) ¥icierdHbr CURINYRre ot Chromdsaitill regiomagp2el the
dysplastic |esions and nondysplastic lesions as well as those in the

unknown (no pat.hal ogi [ ' Ory aa I | etisC
changes. in f‘%”t?&t %Iﬁfg'ngsgn%g?r i%:lzgg?se%%bl 9nl§?q'§§§g§t&%2{e§ﬁé?3gloggqeggect ed
is identified. In all f

oyr cases of arci ma i.n Si.tu or vere d | asi a
a clonal chardgeated on %W@ / U Jpderular Seudlics’ in"tre
remaining 41 cases are done blinded without knowledge of - )

the pathologic diagnosis.

Within the study, lesions that are stained blue and
lesions that are biopsied adjacent to but not within the
blue staining areas are separately identified. Thus, in
many cases one is able to test both directly the stained
areas as well as adjacent nonstained areas.
Microsatellite analysis of these critical markers in all
of these 41 cases shows the presence of LOH (chromosomal
deletions) in virtually all the cases with cancer and
carcinoma in situ. In addition, many of the dysplastic
lesions and nondysplastic lesions as well as those in the
unknown (no pathologic diagnosis) category also harbor

clonal genetic changes.

In 12 out of 12 cancer cases a clonal genetic change
as expected is identified. 1In all four cases of

carcinoma in situ or severe dysplasia a clonal change is



-18 also identified. In 57% of cases of dysplasia (4 out of 7) and 85% of
cases wiwioaanpszbpspl asia (12 out of 14) clonal genetic clPOTER0R6551f ound in
-one or nore of these markers. In cases with unknown histol ogy clonal
genetic changes are identified in 25%¢g.of out 4) of the cases. Overall,
cl onal changes are identified by n1crosatelllte anal ysis in 80% of the

-l esions (33 S lzeGu | Ig I 0 t hat
appr oxi mat el &léto 8‘3% g’%)ltfﬁ-gal eS|I§ﬁg%%dle°%[| %fstd%%fp&% h‘beréyf?%e\&prot ocol
are clonal. Previ ous I e aest t nI l.esi ons with

cl onal genetﬁgggl’@a?&g\%afr §als1e|§el“9't§1<9“8:r @Féﬂg‘ # °¥£I L4 these
studi es suggest that only lesions with 9p and/or 3p Ioss mAII proceed to
cancer, |esCdenal Gesetic hangesadFes faund,dm Pnee e Mereyofs $d@seThe ri sk
of progression in preneoplastic lesions clearly rises to virtually 100%

i f other nomarkdrsncedngeaseisc wiltdngaknopm distblodyos slamals yematdia on)
are present. The risk of progression to cancer with 3p and/or 9p | oss

varies fromedméely dieneintifiddarstasdy W 0F idt W9 &F 2peb%ases.
PCT/ USQQ 26551
Overall, clonal changes are identified by microsatellite
analysis in 80% of the lesions (33 out of 41). This
molecular analysis definitively shows that approximately

80% of the lesions identified by the Mashberg-type

protocol are clonal.
CONCLUSIONS

Previous studies suggest that only lesions with
clonal genetic changes are likely to progress to cancer.
All of these studies suggest that only lesions with.9p
and/or 3p loss will proceed to cancer, lesions without
these changes virtually never progressed. The risk of
progression in preneoplastic lesions clearly rises to
virtually 100% if other more advanced genetic changes

(e.g., 1l7p loss or p53 mutation) are present.

The risk of progression to cancer with 3p and/or 9p

loss varies from 28-75%. However, in the study with the



-19 |l owest frequency of progression (28%, the 116 patients prospectively

t est ed W@”Eé&? of cancer prior to entering the study. g&guSdonessit wo
studies i IJ ed 123 patients with a previously resected prinmary tunor and

reflected a higher rate or progression (f -78% . In the nost recent study,
the authors made a clear recomendation 10 resect all suspicious areas

wth loss of two or nore alleles. This Exa hus. es | i shes_fhe fact

t hat preneobPESFFcf€ﬁﬂHQB§YiBEnPF?9E855§°PEE£§5$Uig?ﬁeiggugagﬁﬁﬁé?n this
pati ent population are clonal and are therefore in the_ progression pathway
to cancer. Aprbospegbtivelystestedevetenfraat 0fvearncerRePBEIOF¥hEC| dentifi ed

| esions will progress to an invasive cancer it is clear that the initial

cl onal expangheering bhgustudytheThe paheentwo Bhudilesnintdudedvé2denti oned
studies a conservation estimte woul d suggest that 50-75% of these

l esions are ghkﬁéﬁtgOWE£BQEG§§e§Qoh§!§SkéSe@ﬁéﬁeErimibyrEﬁﬂbﬁ,ahbese cl onal
patches place these patients'in a very high risk category and that

conpl et e exclskon-glq' 1°nighbectade?be3pkgREEBh 45 5B 87, 26285t ne
most recent study, the authors made a clear

recommendation to resect all suspicious areas with loss

of two or more alleles.

This Example thus establishes the fact that
preneoplastic changes identified by the toluidine blue
dye in this patient population are clonal and are
therefore in the progression pathway to cancer. Although
it is not certain that every one of the identified
lesions will progress to an invasive cancer it is clear
that the initial clonal expansion has begun in these
patients. Based on the above mentioned studies a
conservation estimate would suggest that 50-75% of these
lesions are likely to progress to invasive cancer.
Thereforé, these clonal patches place these patients in a
very high risk category and that complete excision of the

affected area is warranted.




-20 Another _inportant point derived fromthis Exanple relates to the issue
of stai nwvo@2aeméenonst ai ning areas. in alnost all cases reulusSoesst ai ni ng
-and nonstai ning areas share the sane clonal genetic changes. Based on

el uci dation of the clonal progression ng el of head and neck cancer, it is
clear that nost patients with head and "neck cancer that recur have |arge

clear that mst patients wtl ! _ |
Prom the staimi MParist oipstEhat Rafef (heflidd S8 Fofe BefhBRE] TUTY

I mportantly, there are at l.east three gases ere only the biopsy fromthe
st ai ned regF&ﬁaF§§e§Pé&%§ 1SS8Fale é%@ﬂﬂ&n@héggenﬂﬁ%ﬁé&ﬂﬁ?ﬁﬂﬁﬁ%%éﬁed ar eas
did not show these changes. it is probably due to the presence of smaller
cl onal pat cA8s ailmostte 8d. 1p gaisest odid ther stainingygad aonstaigdndg dye
staining in identifying abnormal |esions. Cearly, the Mashberg-type
protocol i darkiaki ehareatthentsams idlormic igemer ijion chidngesnd @ased oxonfirned
by standard norphol ogi ¢ anal ysis. Remarkably, the vast majority of other

del et ed | esEQQ%imq%ed:fn%H@alclwnaldwg;ﬁsisqdwQfﬁidélh%fﬁlfad&Caefae (and
woul d have otherwi se been classed as a "false positive" fromthe Mashberg
neck cancer, it is clear that most patients with head and
neck cancer that recur have large patches of abnormal
epithelium. It is not surprising that a biopsy away from
the staining area would also show the same clonal genetic
changes. Importantly, there are at least three cases
wheré only the biopsy from the stained region revealed a
clonal genetic change while the unstained areas did not
show these changes. It is probably dﬁe to the presence
of smaller clonal patches in these patients and further
supports the use of dye staining in idgntifying abnormal

lesions.

Clearly, the Mashberg-type protocol identifies
patients with carcinoma in situ and cancer confirmed by
standard morphologic analysis. Remarkably, the vast
majority of other deleted lesions appeared normal or
dysplastic under the microscope (and would have otherwise
been classed as a "false positive” from the Mashberg

protocol, but still those lesions harbor the critical



protocol, but still those |esions harbor the critical WO 02/ 26266

PCT/ USOO/%&%;,%Z“M clonal genetic changes that are necespafisfopisssiancer
progr essi on. us, the Mashberg-type protocol represents a powerful method

to detect cancers as well as lesions that are very likely to progress to
cancer. In this regard, it is appropria@%‘to bi opsy the lesions identified
by staining, which may (A) result in a cure because the |esion can be
renoved i n i clenalrgepebjci ghaRges EBIECRFBNNCERSERYY aBBF oBRRGREI y pl ace
patients in a high risk category by docunenting clonal genetic

progr essi on. pHegkregsdloacl osed ny invention in such ternms as to enable
those skilled in the art to understand and practice it, and, having
identified the presently preferred enbodinents thereof, I CLAIM I1l., WO
02/ 26266 PCT/ USOQ 26551 -22 1. A prognostic nmethod for early prediction of

eventual devel opnent, of AN AEISE Nype PrbrBid10 beh¥BYHY W°
powerful method to detect cancers as well as lesions that
are very likely to progress to cancer. In this regard,
it is appropriate to biopsy the lesions identified by
staining, which may (A) result in a cure because the
lesion can be removed in it entirety by further
resection, or (B) appropriately place patients in a high

risk category by documenting clonal genetic progression.

Having disclosed my invention in such terms as to
enable those skilled in the art to understand and
practice it, and, having identified the preéently

preferred embodiments thereof, I CLAIM:




(a) applying to tissue a staining dye that is selectively retained by
m t ochongpigdrgdee Neopl astic and preneopl astic cells; (b) podarsobksssng cl onal
-patches of said tissue by visually exam ning said tissue for stained
tissue sites; (c) resecting tissue in t& | ocus of said clonal patches;
(d) determ ning whet her DNA extracted F'gﬁisaid resected tissue exhibits
.allelic losses or nutation of tunor suppressor genes. LI ITETETITTTTI

~~RI1I"1 1t

1. A prognostic method for early prediction of
eventual development of invasive cancer, said method

comprising:

- (a) applying to tissue a staining dye that is
selectively retained by mitochondria of

neoplastic and preneoplastic cells;

(b) 4identifying clonal patches of said tissue by
visually examining said tissue for stained

tissue sites;

(c) resecting tissue in the locus of said clonal

patches;
(d) determining whether DNA extracted from said

resected tissue exhibits allelic losses or

mutation of tumor suppressor genes.
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