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. OF THE ONSET' OF I NVASI VE CANCER This invention relates to a prognostic
met hod for early prediction of eventual devel opnent of invasive cancer.
BACKGROUND OP -THE | NVENTI ON identification of Precancerous Tissue by
Genetic Analysis Al neoplasns are believed to arise fromcells that have
undergone genetic alteration, followed by clonal expansion. These genetic ,

alterati sk ude activation of proto oncogenes and inagtivation o
t unor - sJﬁQﬁEQE%% genes. Identification of specific genetrgaehgwaﬁg1mnth
pat hol ogi'c progression has allowed delineation of nolecular progression
nodel s many tunors, including oral canekts. These progressions nodels
provi de nol ecular markers to aid in the diagnosis and detection of human
tunors. Mol ecul ar anal ysiMETROD rROR|EARIN PREDICEIGRI OFtY to | ook at

- specific genetic changes iWyBrONBEY bRNERvVASReEPANTER Pover ful PCR-based
techni ques ‘all ow the use of routinely prepared tissue speci nens enbedded

in
' This invention relates to a prognostic method for
early prediction of eventual development of invasive

cancer,

rd
_ O BACRKGROUND OF ' THE JINVENTION

Ideutifi&ation of Precancerous
Tissue by Genetic Analysis
All neoplasms are helieved to arise from cells that

have undergone geneti¢ alteration, followed by.clonal
expansion. These genetic alterations include activation
of proto oncogenes and inactivation of tumor suppressof
- genes, Identification of specific genetic changes with
-(:) pathologic progression has allowed delineation of
molecular progression models many tuﬁnrs, including oral
cancers. These progressions models provide molecular
markers 1o ai& in the diagnosis and detection of human

tumors.

- Molecular analysis has revolutionized the ability to
look at specific genetic changes in primary human .
nepplasms. Powerful PCRebased'techniqués aliow ﬁhe use

- of routinely prepared tissue specimens embedded in




26 Septenber 2006 WO 02/26266 PCT/US/ 26551 -2 par af fd SeghdrivePPiDeeXt racti on
and subsequent genetic analysis. DNA extracted fromthese sanple can be
anplified to reveal various genetic alterations, including allelic |osses.
Such allelic | osses (chronosonal deletions) are markers for the

I nactivation of critical tunmor suppressor genes contained within the
region of loss. In adult tunbrs, tunor suppressor genes require a two-step
i nactivation process, whereby both parental allele nmust be knocked out for
tunor pnegneeseéen. General ly, point nutation of one all elPETEENHPDWed by
del etion of the second allele and - conplete |oss of tunmor suppressor
function. These allelic |osses deletions, _identified by mcrosatellite

anal ysi s represent a connDn second inacglvation step for tunor suppressor

gene I nact yahieq, £l Cal 858uh08 gshfet' gk jccan be

determ ned usi ng klgh po ﬁDFﬁ%IC nar ers |st|nQU|sh t he
mat er nal - and t er.nal e N DN@ Th IS ttern an then be
conpared to P ?ISDNAE®EE %FgﬁﬁﬁﬁfﬁgﬁWB ?Sﬁe?ap ﬁ F?nrgfresented as
| oss of either the maternal or paternal allele (also
amplified to reveal various genetic alterations,
including allelic losses. Such allelic losses
{chromosomal deletions) are markers for the inactivation
of critical tumor suppressor genes contained within the

O

region of loss.

In adult tumors, tumor suppressor genes reguire a
two-step inactivation process, whereby both parental
allele must be knocked out for tumor progression.
Generally, poiﬁt mutation of one allele is followed by
‘deletion of the second allele and complete logs of tumor
suppressor function. These allelic losses deletions

{:) identified by microsatellite analysiz represent a commonr
gacond inactivation step for tumor suppressor gene
inactivation. In practice, allelic loes (or deletions)
can be determined by usihg highly polymorphic markers
éble to distinguish the maternal and paternal alléles.in
hormal DﬁA. Thié pattern can then be compared to tumor
DNA where recombination or deleticn is repfesented as

‘ iqss'of eithexr the maternal ot paternal allele {also'
_.anWn aé loss of hete£03ygosity'of‘LOH).- Recently, this

'mapping-process has bean revolutianized‘Withsthe advent




known as | oss of heterozygosity of LOB). Recently, thjsge | BghePr ocess
has been revolutionized with the advent 26 Septenber 2006 WO 02/ 26266

YCT/ US00/ 26551 -3-" of microsatellite markers (small DNA repeat units)
that are highly pol ynorphic and occur throughout the human genome. For
exanpl e, one can test critical tunor suppressor gene |loci on two
chronosomal arns. One of the regions is on chronosonal arm 9p and cont ai ns

the criWQed2@éhor suppressor gene called P3:6 (MIS-1 or gE&KWRYoncE S
critical cell cycle inhibitor is inactivated by point nutation, deletion
and nethylation in nost primary cancerssg _The second anal ysis can be done
I n chronobsomal region 3p21, anong the nost frequently. deleted regions in

smoki ng rel a&eﬁﬂ:&m&%;ﬂ@%&@y{gﬁﬁfﬁ B Er @&tigﬁli?_%gg thiz@m the 3p

regi on, none of the candi date genes have been I nactlvate uently in

primary tu & (- I r t bot h n % | psses are the
earliest-gg%géiclgﬁgkg Efﬁﬁﬁﬁﬁﬁﬂﬁiéﬁgnégﬁ%%é?@%“@@%@%g ngﬁES Pon
-~ Patients with head agd neck cgncer often present _wth second prinmary

tunors of tHE"SBFodi §8&t AF& t NG GRANERT Bl CHERTRE S¥B8Yes in head and

neck cancer show ]
suppressor gene loci on two chromosomal arms. One of the

regiong 1s on chromosomal arm 9p and contains the
criticel tumor suppressor gene called plé (MTS-1 or

{:) CDKN2). This critical cell oyele inhibitor is
inactivated by point mutation, deletion and methylation
_in most primary cancers. The second analysis can be
_dané in éhromosomal region 3p21l, among the most
frequently deleted regions in smoking related tumors.
Although many genes have been isolated from the 3p
region, none of the candidate genes have been inactivated
fregquently in primary tumors or cell lines. Impcrténtly,

{2) ' both ép and 3p losses are the earliést 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 transﬁormed_cells in the oral cavity c¢an
_spread thrqughout the mucosa giving rise to large areas

of clonally related and transformed cells. There is

- .- 2 - - u - - a -




that single transformed cells in the oral cavity can gqugafletstogughout the
mucosa giving rise to large areas of clonally related and transt or ned
cells. There is 26 Septenber 2006 WO 02/ 26266 PCTILS110126551 -4- patient,
they are often clonal in origin. For exanple, patients with head and neck
cancer often have large patches of abnormal cells which can be directly
tested by a sinple biopsy. See, e.g., Califano et al., Genetic Progression
Model for Head and Neck Cancer. Cancer Research 56(13):2488-2492 (1996);

Si dr ansk® 86264 ¢ Aci d- based Methods for Detection of CaREENSOES$FENce 278
(5340):1045-058 (1997); Rosin et al., Use of Allelic Loss to Predict
Mal i gnant Ri sk for Low grade Oral Emtﬁuﬂ¢a] Dyspl asia, dinical Cancer
Research 6:357362 (2000).. it being known, then,. that an early prognosis

that invasipgtieaeertmely| agyeptuahl )él@g\ég_l QR Qﬁﬁg}_},_ ef fieet ?{ ,p%]b enetic
anal ysis of tissue fromsuspect sites, it mould be highly desir eto

provi de a sidal i pld nd,f.@h %gégt 2648 nEE?ct F q. g flya\{)%]gléxoé:eat i ons of

such suspect sites, ore onset Erwse Vis
patches of abnormal cells which can be directly tested by

a2 simple biopsy.

See, e.g., Califano et al., Genetic Progression
i;) Model for Head and Neck Cancer. Cancer Research
56(11):2488-2492 (1996); Sidransky, Nuoecleic Acid-based
Methods for Detection of Cancer. Science 278
(5340):1045-053 (1997); Rosin et al., Use of Allelic
-Loés to Predict Malignant Risk for Low-grade Oral
Epifhelial Dysplasia, Clinical Cancer Research 6:357362

(2000).

 {i) | It being known, then, that an early prognosis that
| invasive cancer will eventually develop can be effected
by denetic analygis of tissue from suspect sites, it
would be‘hithy desirable to provide a simple cliﬁical
protocel that would identify the locations of such
Suspect Sites, wéll-beforé_onset cf otherwise visible

indications.




i ndi cations. 26 September 2006 The Prior Art Mashber gs &pRndefdoodn in vivo
di agnostic screening test is known which identifies and deli neates suspect
sites on epithelial tissue. This screening test, enploying tol uidine blue
0 (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 tasIucci et al. Mre recently Kkits

have been devel oped which make it possible for clinicians to quickly and

easily adninfgéeprgm@Iﬁﬁﬂ,Méghggyg otddisy routine dental or nedica
procedures, and thus 1dentifty  and/or dellTneate suspect sites at a tine
when the patients are synptonless or while the dysplastic lesions are so
smal|l that they m ght be missed during normal visual exam nation. Once a

‘suspect dysplastlc l esion, is |dent|f|edé§%the Mashber g protocol a
regul ar biopsy sARpHE XEYq A5 LAY eFh ke i bRayn which

hi st ol ogi cal exam nation, to determ ne mhether the lesion is nallgnant or
precancer oustdeptsLigs gad slediingatieiss suspact cvites mmEpithexidldye and
rinse solutions in the proper quantities and concentrations, are |icensed

by Zila, Inbisamd.arEh&ﬁﬂdqﬁﬁanﬂngnﬁaaﬂgﬂdmplayiﬁmaﬂ@luidine blue 0
(TBO) dye to selectively stain cancercus 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 Tuccl et al. More recently kits have
been developed which make it possible for clinicians to

| gquickly and easily administer the test, as part of o£her
routine dental or medical procedures, and thus identify
and/or delineate suspect sites at a time 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

Tfj) : identified by the Mashberg protocol, a regular biopsy

‘ sample was taken and'subjected to conveﬁtiﬂnal
histological examination, to determine whether the lesion
is malignant or precancerous. Kits for perfofming this.
test, containing premixed dye and rinse solutions in the
prbper qnéntities and concentrations, are licensed by
£ila, Inc. and afe‘availéble commercially in Canada;

Australia and Europe under the trademark OraTest™. Later




~Australia and Europe under the trademarkO aTest TM Lajgegeptbnbaemiogber 2006
WO 02/ 26266 PCT/ U SUQ 26551 it was determ ned that other cationic dyes are
simlarly wuseful (See, e.g., US Patent 5,882,672 to Ponerantz) and that
the selective marking action of such dyes is due to their uptake and
.retention by the mtochondria of cancerous and precancerous cells. EXAVPLE
1 dinical Testing Protocol This exanple illustrates the conventi onal

practi cgyg 2l Mashberg protocol. Preparation of Cinicatr/dsed2ésl utions
TBO (e.g., prepared in accordance with Exanple 1 of my US Patent

6, 086, 852), raspberry flavoring agent (lIFF Raspberry |1C563457), sodium
acetate trihydrate buffering agent and 2 (30% USP) preservative (see

e e A e R
havi ng the conposition indicated in Table A 26 Septenber 2006
pCT/ USUQ 288BEtuld 22 26268 » US Patent 5,882,672 to Pomerantz) and

that the selective marking action of such dyes is due to
their uptake and retention by the mitochondria of

cancerous and precancerous cdells.

(;) 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.B8. Patent
5,372,801), are dissolved in purified water (USP),
glacial acetic acid and SD 18 ethyl ale¢ohol, to produce a
. PBO test solution, having the composition indicated in

- Table A:




-7- TABLE A Weight ~ Conponent i.00 [BO .20 Fl avorsdsdpieibenshofgent 2. 45

.41 preservative Acetic Acid 4.61 7.48 Ethyl Al cohol Water 83. 5 100.00
Pre-rinse and post-rinse test solutions of 1 w.% acetic acid in purified

wat er, sodi um 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 wt wRZ<s CUD,
whi ch cap é)&!&'&&posed of in an infectious waste contai ner&t}?u%@neéﬂ

contents
of whi ch¥
-7
TABLE A
component weight %
TBO 1.00
Flavor ' | .20
Buffering Agent 2.45
i;) ' " preservative SR .41
| Acetic Acid 4.61
. Ethyl Alcohol 7.48
Water i 83.85

100.00

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

preservative and raspberry f£lavor are prepared.

clinical Protocol

- The pafient is draped with a bib to protect
alcthihg. Expectoration is expected, S0 the patient is
provided with a 10-oz. cup, which can be disposed éf in
an infectious waste container or the contents of which
can.bé.pgured directly into the centex of a sink Qrgin,

'tb avoid staining the sink. Environmental surfacgs-or _




can be poured directly into the center of a sink drai§gsedidhaVsiod St ai ni ng

t he si nk.

Envi ronnmental surfaces or 26 Septenber 2006 02/ 26266
PCT/ US00/ 26551 -2- objects which mght be stained are draped or

from the test area. A visual oral cancer exam nation is conducted,

wi t hout using any instrunments which m ght cause nicks or
tissues. Notations are nade of the pre-
and tee ()éyyﬁﬁgatient rinses the oral cavity with
the pre-rinse solution for

r enmoved

cuts of soft

stai ni ng appearance of soft tissues
appr oCTRSON263Y i |
, approxi mately 20 seconds and expectorates, to

of

renobve excess saliva and provide a consigtent oral environment. This step

I's then repeated with additional pre-rinse solution. The patient then

ri nses and

then rinses

s qrioiitiba e EGpIRERIdp Rt Bt E i Roved e cRal on!

ution for one
m nute and expectorates. The patient then rinses with 15 m . of the post
ri nse sol ut itd¢ tHSRFERBRoONds and expectorates. This

A vigsual oral cancer examination is conducted,
without nsing any instruments which might cause nicks ox
cuts of séft'tissues. Notations are made of the pre-

staining appearance of soft tissues and tecth.

The patient rinses the oral cavity with

approximately 15 ml. of the pre-rinse solution for

.approximately 20 seconds and expectorates, to remove

excass saliva and provide a consistent oral environment.
This step is then repeated with additional pre-rinse

solution.

The‘patieht 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.

step is then repeated




26 Septenber 2006 WO 02/ 26266 PCT/US00126551 -9- The icRiblr 2J08N ri nses
and gargles with water for 20 seconds and expectorates. This step is then
repeated. Cbservations of the oral cavity are then nmade, using
appropriate soft-tissue exanm nation techniques, including retraction,

wel | - bal anced lighting and magnification, if necessary. The |ocation,

si ze, norphol ogy, color and surface characteristics of suspect |esions,

that have .ped blue coloration are made and recorded. feflfTe
reduce faﬁggg%%??tives, the patient is brought back after %@F@ﬁ$géﬁépfor a

repeat of the above protocol. This period allows time for healing of any
ul cerative or traumatic lesion or irritatrBg etiology at the tinme of the
first exam nation. A positive stain after the second exam nation of a
suspect area det ect®if patiertithen BiaseAarndngbrgdesswidtedavadrer ibixati on
of cancerous or precancerous tissue and a biopsy is made to confirmthis
concl.usion. E2e| seecondlr apdastipecitesiades .St gilnidlatesp ofs erthén pepebtpaal ed
or patchy pattern. However, it normal for the stain to be retained by the
irregul ar papiliar crevices on the dorsumof the tongue, which is not a
positive
Observations of the oral cavity are then made, using
appropriate soft-tissue examination technigques, including
,) retraction, well-balanced lighting and magnificatiﬁn, 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
protoceol. This peried allows time for healing of any
ulcerative_or traumatic lesion or_irritafing etiology at
the time of the first examination. A positive stain
_l_) | 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. Howeﬁer, it normal for the
stain to be retained by the irregular papiliar crevices

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




26 Septenber 2006 pCT/US00/ 26551 WO 02/2626!, indi cadsdpombelives ar eas
which retain blue stain, but are not regarded as positive include dental

pl aque, gingival nmargins of each tooth,. diffuse stain of the soft palate
because of dye transferred fromthe retained stain on the dorsumof the
tongue, and ulcerative |lesions which are easily distinguished. in al

I nstances, where a lesion is highly suspect, but does not stain positively

with this test, it is nevertheless inperative that a bi geayuseeeisaken.
"Fal se WOJ2{2p368s" Until now it was understood that the Mashberg protocol

could provide "false positive" indications, i.e., indications of cancerous
or precancerous conditions .which |atet®eonventional histological

exam nations did not conflrn1 and considerable effort was expended to
reduce the Blr QRN . Of otheseafehsewpdsht kesginebjue HEaie (0!
procedures-described in the Mashberg patent and by special fornulatlon of

the dye as desqrihediis hBepdugeh vepabenude2@efitple iaquno@ingival
margins of each tooth, diffuse stain of the soft palate
pecause of dye transferred from the retained stain on the

dorsum of the tongue, and ulceratlve iesions which are

' easily distinguished. In all lnstances, where a 1esmon

C
"
3

is highly suspect, but does not stain positively with
+his test, it is nevertheless imperative that a biopsy be

taken.

rpalse Positives®

Uﬁtil now it was understood +hat the Mashberg
{:) . protocol could provide "false positive® indications,
| | i.e., indications of cancerous OL precancerous conditions
_which later conventional
histological examinations did not confirm, and
éonsiderable effort was expended to reduce the frequency
of these false positives, e.g.,'by the repeated
-proceﬁuies described in the Mashberg patent and by
special formulation of the dye as describéd'in thg ?ucei

patent.




-11 Brief Statement of the Invention It has now been shdfidvivaezbos! onal
geneti c changes indicative of eventual devel opnent of invasive cancer can
be identified in suspected | esions that are stained by TBO and ot her
cationic supravital dyes, even though conventional histol ogical

exam nation of such stained tissues do not confirmthat the tissue is
cancerous or precancerous. Thus, indjations that were previously
considered "false positives" in the Mashberg protocol are, in a high
proportion of instances, the earliest indications of genetic alterations

whi ch arg. pr, [ SQF o, 1t he. devel opnent of invasive cancer. Thus, the
Mashber §ne? at i e{R’ ft tocols are a reasonably reliable way to
determ ne what tissues should be subjected to genetic anal ysis. According
to a first aspect of the present invention, there is provided an in vitro

prognosti ¢ maj RindvP beStBétdrmh&SEIShAI 9BnStc &%ﬁ@é&ﬁhi_cgﬁbedf%@ﬁﬂél of invasive
cancer, said nethod conprising the step of: déterm ning whet her DNA

extract efbvblopMent SRR dahssr@n dehiditifisd M duBbéded RSRAS tH afgUt ati on of
tunmor suppressor genes, wherein said resected tissue is obtained fromthe

| ocus ofstéingd BPRBORAICAInersaatishi€ b@dtalital BdsS Bvdiptholigh &aRentighant i fied by

vi sual exam nation of tissue that has been adm nistered with a staining

dye whi diistbiggiesl @hiinvetion of Slichi skifledPlissiibs @6 ReNstrfiAn @lat tieeelémti c and
preneopl astic cells. According to a second aspect of the present invention,

there i scaptersuslodpracarsdroudl TAus irrlidatiogs Mewére préGoudlesursRibradpde a cl i ni cal
test solution for early detection of eventual devel opnent of irvasive
cancer, puisiived"in weevashbierg prdtdcol dre Sia @ehighs plofortidh af iMkBEicely the earliapabl e of
bei ng selectively retained by mtochondria of neoplastic and preneoplastic
cel I's, tihdicatioys ot geribtio @lisiatiorss Wiicls arethrbtrssre td (e dededpimbhicsftinvasivef cl onal

cancer. Thus, the Mashberg-type staining dye protocols are a reasonably reliable

way to determine what tissues should be subjected to genetic analysis.

Aécording to a first aspect of the present invention, there is provided an in

vitro prognostic method for early prediction of eventu_al development of invasive

cancer, said method comprising the step of: determining whether DNA exiracted from

resected tissue exhibits allelic losses or mutation of tumor suppressor gen'es,

wherein said resected tissue is obtained from the locus of a clonal patch, said clonal

patch having béen identified by visual examination of tissue that has been

administered with a staining dye which is selectively retained by mitochondria of

neoplastic and preneoplastic cells.

According to a second _aspect of the present invention, there is provided a use

of a staining dye in the preparation of a clinical test solution for early detection of

eventual development of invasive cancer, wherein when applied to tissue, said

staining dye is capable of being selectively retained by mitochondria of neoplastic

and preneoplastic cells, thereby staining sites of said tissue for identification of clonal

patches by visual examination, said clonal patches having a locus where tissue is

able to be resected, and wherein said resected tissue is capable of providing DNA for




patches by visual exam nation, said clonal patches ha figtembeOfiag Where
tissue is able to be resected, and wherein said resected tissue is capable
-of providing DNA for 26 Septenber 2006 -1la- determ nation of allelic

| osses or nutation of tunor suppressor genes. Disclosed hereinis a
prognostic method for early prediction of eventual devel opnent of invasive
cancer, which conbines the teachinggi1af the prior art genetic analysis
technol ogy and the prior art selective staining dye technol ogy,
exenplified by the Mashberg protocol. The nmethod di scl osed can conprise
applying to tissue a staining dye that 26 Septenber 2006 PC f/US00126551
- WO 02/ 26@4érmidation of aliedicdadsey ef mutatibaohieehdpguppressongadksl a of preneopl astic
cells, identifying clonal patches by visually examning said tissue for

stai ned ti ssupisslbt&FhereiRS$a pradBoblicihblol for eat{ Brddittitis oDévenfliafl cl onal
pat ches and determ ning whether DNA extracted fromsaid resected tissue

exhi bi t SadleldBhidt B ihARRETaRber HhRh LB pAEs i RECTNIRRSparapnes.  The

fol |l owi ng exanpl es are provi ustrate to ose skilled in the art

t he pract] i i 1h [ ntly. ferr odi nent s

t her eof . ééﬂciégg gfma[g%(ﬁ%he%ﬁﬁélﬁée%naﬁtﬁg p{'ér %’E%‘%%&Ps?k%%oé § 3 tief:@n%k?% t he scope
exemplified by the Mashberg protocol. The method disclosed can comprise applying

to tissue a staining dye that




of the invention; which is defined only in the appendggseptdnivenzos EXAMPLE 1
Mashberg-type dinical Protocol preparation of Cinical Test Solutions TBO

(e.g., the product of Exanple 1 of U S. Patent 6,086, 852), raspberry
flavoring agent (TFF Raspberry TC563457), sodium acetate trihydrate
buffering agent and H2O2 (30% USP) preservative (See U. S. Patent
5,372,801), are dissolved in purified water (USP), gl acial acetic

~and SD 18 ethyl alcohol, to produce a TBO test 26 Septeggqﬁﬁ£@@§q1
02/ 263a® oFsebks JSO00/ 26551 -13-- solution, having the co sition indicated

In Table At TABLE A Conponent Weight % TBO Product 1. 00 Fl avor .20

Suffering Agent 2.45 Preservative .4l2-Acetic Acid 4.61 Ethyl Al cohol
7.48 \Water 83.85 ‘

is selectively retained by mitochondria of preneoplastic

aci d

cells, identifying c¢lonal patches by visually examining
aaid tissue for stained tissue sites, regacting tissue 1n
the locus of said clonal patches and determining whether

DNA extracted from said resected tissue exhibits allelic

-{:) losses or mutation of tumor SUppPressor genes.

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

alaims.

' O - EXAMPLE 1

Mashberg-type Clinical Protocol

Préggration of Clinical Test Solutions

TBD'(e.g.;'the product of ﬁxample 1 of U.5. Patent
6,086,852), raspherry flavoring agent (IFF Raspberry
'IC553457),'sodium.acatate'trihydrate bufferihg agent and
B,0, (30% USF) preservative (See U.S. Patent 5,372,801),
are dlSSOlVEd in purlfled water (USP), glacial acetlc

acid and_sn‘ls ethyl alcohol, to pxaduCe a TBO test. 




- 100.00 Pre-rinse and post-rinse test solutions of 1 vkg¥terbher6fdsi C acid in
purified water, sodium benzoate preservative and raspberry flavor are
prepared. Cinical Protocol The patient is draped with a bib to protect
cl ot hing. 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 cink drain. 26 Septenber 2006 PCT/g?&&@égég%l WO
02/ 26266W01326266 avoi d staining the sink. Environnmental s or
obj ects which m ght be stained are draped or renoved from the test area. A
visual oral cancer exam nation is conduet®d, Q without using any
instrunments which m ght cause nicks or cuts of soft tissues. Notations are
made of thegpletitirg ragiegppese anoepositdbn tndicadedndn faile The pati ent
rinses the oral cavity with approximately 15 m . of the pre-rinse solution
for approximately 20 seconds and expectorates, to renove

TARLE A

Component _ Weight %

TBO Product 1.00

T " Flavor - ' : - : .20
O

: Buffering Agent 2.45

Preservative .41

Adetic Acid 4.61

Ethyl aAlcohol 7.48

Watexr ' 83.85

100.00
Pre-rinse and post-rinse test solutions of 1 wt.%
i:) acetic acid in purified water, sodium benzoate

preservative and raspberry flavor are prepared.

Clinical Protoocol

The patient is draped with a bib to protect
- ¢lothing. Expectoration'is expected, so the patient is
provided with a 10-0z. cup, which can be'disﬁosed of in
an ihféctious waste'CQntainer or the contents of which

- - Cw f e Ata mnanmdawv AfF oA E'i‘l"ﬂf Arain. -




excess saliva and provide a consistent oral environnesyseptehibes2ddbep 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 m. of the TBO test solution for one m nute and
expectorates. The patient then rinses with 15 M. of the post rinse

sol ution for 20 seconds and expectorates. This 26 Sept enber 2006 WD

02/ 26266 PCT/.US0OO 26551 -15- step is then repeated. The pﬁrﬂéﬂ@ﬂ¢ﬁen ri nses
and. ga Wfh water for 20 seconds and expectorates. This step is then

repeated. Observations of the oral ca *% are t hen made, using appropriate
soft-ti ssue exam nation techniques i nctudin retraction, well-bal anced

l'i ghting and magnification, necessar 0 ¢k&@s @ phol ogy,
col or and tsuaﬁgmﬁ(ﬂﬁﬂ%&%ﬁﬂl%ﬁ?célﬁ éﬁg gspggﬁg%g g?ﬁat have retained

bl ue coloration are nmade and recorded, The ient is G ter
10- 14 daysebgects napieh mighheb%bﬁvélﬁﬁgtﬁgﬁldrfﬁﬁg grlo%%gﬁﬁﬁws time O
for healing of any ulcerative or traumatic |esion or

the test area.

A V1sual oral cancer examination is conducted,
() without using any lnStIUMEntS 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 prEvrlnSE solutlon for
approximately 20 seconds and expectorates, to remove
excess saliva and provide a congistent oral environment.

phis step is then repeated with additional pre-rinse

(:j

solution.

The patient then rinses and gargles with water for

»0 seconds and expectorates.

The patient then rinses and gargles with 30 ml. of

the TBO test solutlon‘for one minute and expectorates.

The patlent then rinses with 15 mi. of the post-

‘rinse solution for 20 séconds and expectcrates. This




irritating etiology that was present at the time of tbgsedidritset 2006am nati on.
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 tissue. Early erythroplastic | esions stain blue, often in a
stippled or- patchy pattern. However, it normal for the 26 Septenber 2006
pCT/ US00/ 26551 WO (121262(,6 -16- on the dorsumof the to gggch S
not a po¥ix42E8266i ndj cati on. Gt her areas which retain blue PE%Z‘?%‘??" at are
not regarded as positive include dental plaque, gingival margins of each
tooth, diffuse stain of the soft pal ate-1®Because of dye transferred from
the retained stain on the dorsumof the tongue, and ul cerative |esions

whi ch are easid Vaitdiemgoepbatedi.n all instances, however, where a |esion
is highly suspect, but does not stain positively wth this test, it is
neverthel ess inperative that a biopsy be taken and subjected to nol ecul ar
anal ysis. Exanple 2 Genetic Alteration Analysis 58 sanples from various

clinical sites argngbhahiedit then rinses and gargles with water for

20 seconds and expectorates. This step is then repeated.

- Observations of the oral cavity are theh made, using-

o

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 18 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.

Barly erythroplastic lesions stain blue, often in a

gtippled or patchy pattern...ﬂcweve:,-it normal for the

. - &
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it is determned that analysis of two of these sanpl esg sdpteriiRt 2008Ssi bl e
because there is inadequate material on the slides for further nol ecul ar
analysis. In the remaining 56 cases neoplastic cells are carefully

di ssected (in cases with cancer) fromnormal tissue or epithelium(in al
ot her cases) fromnormal tissue using a |aser capture mcrodissection
scope. This allows isolation of the cells and extraction of DNA for
subsequent nmicrosatellite analysis at three critical ---peFUS60/2655F- 26
Sept enéR VFYEB WO 02/ 26266 PCTI US00/ 26SS7 -17 loci. In 15 cases, there is

insufficient DNA and further analysis. is not possible. Two of the |oci
(D9S171 and D9S736) chosen for testimdére on chronosonal region 9p21
whi ch contains the pl6 gene. A third marker (D3S1067) is Lgca ed on
chr onosoneggplhe Ablrswnl eduttive sondives ivhigle 1f eRBFnfnE°31“¢YSes are done
blinded w thout know edge of J the pathol ogic diagnosis.. Wthin the study,
| esi ons th?ﬁdi&ﬁt&b@i.nedﬁﬂ&e aehs lwisicmsrebainabdupi 858i8d BEHAR to
but not within the blue staining areas are separately identified. Thus, in
many casesnggerg%&ﬁaéatéhtﬁggiggﬁélihdﬁﬁaéydéheastplaqme, gingival
margins of each tooth, diffuse stain of the soft palate
because of dye transferred from the retained stain on the
{:} ‘ 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 positively
with this test, it is nevertheless lmperative that a

biopsy be taken and éubjected +o molecular analysis.

Example 2

Genetic Alteration Analysis

58 samples from various clinical sites are obtained.
Tt is determined that analysis of two of ﬁhese samples
is not possible because there is ipadequate material on
the slides for further molecular analysis. In the
remaining 56 cases neoplastic cells are carafully
.dissectéd (in cases with cancer) from normal tissue OT
 epithé1ium (in all other cases) from nurmaltissue_using
a laser capture micrcdiséection'scope. This:allowg'
isol&tioﬁ of the cel;s and extraction of DNA for

 subsequen£ miarosatellite ahalysiszat three crit;cal




areas as well as adjacent nonstained areas. M crosatebd $dgeniienbossi s of
these critical markers in all of these 41 cases shows the presence of LOH
(chronosonal deletions) in virtually all the cases with cancer and
carcinoma in situ. In addition, many of the dysplastic |esions and
nondyspl astic | esions as well as those in the wunknown (no pathol ogic

di agnosi s) category also harbor clonal genetic changes. in 12 out of 12
cancer cwseraza onal genetic change as expected is i dentHGTBPU2AF1,) |
four cases of carcinoma in situ or severe dysplasia a clonal change is 26
Sept ember 2006 WO 02/26266 PCT/ US00/26323%_-18- also identified. In 57% of
cases of dysplasia (4 out of 7) and 85% of cases w thout dysplasia (12 out

of 14) cl onglogeneihc gnanaes abhehling iih e QidiE SoRA_hAASEurgRekers.

In cases w tTi unknown Ristol ogy clonal “genetic changes are identified in

25% (1 of out 4) of the cases. rall,. claonal .ch S kdentlfi ed by

nicrosatelli?ﬁalgﬁéﬁyéﬁsnp <Fgﬁ e I3@*6ﬂ§t?§§q§%$lo?ﬁ§§;??Th#§

mol ecul ar anal ysis definitively shows that aeg&g{inatggﬁ 80% of tge21

| esi ons i denPPEV36) bFheREONVESRDEEF e 255 o X URWEABhat S9L0R IP
which contains the pl6 gene. A third marker (D3S1067) is
located on chromosome 3p2l. All melecular studies in the

v,:) remaiﬁihg 41 cases are done blinded without khowledge of

" the pathologic diagnosis.

Within the study, lesions that are stained blue and
lesions that are hiopsied adjacent to but not within the
blue staining areas are separately ident;fied. Thusg, in
many'cases one is able to test both directly the stained
areas as well as adjacent nonstained areas.
Microsatellite analysis of these c¢ritical markers in all
of ﬁhese 41 cases shows the presence of LOH (chromoscmal
deletions) in wvirtually all the cases with cancer and
garcinoma in situ. In addition, many of the dysPlastiﬁ
lesions and nondysplastic lesions as well as those in the
unknown (no pathologic diagnosis) category also harpor

. @lonal genetic changes.

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

_carcinoma in situ'd; severe dysplasia a c¢lonal change is




CONCLUSI ONS  Previ ous studi es suggest that only | esi onssyhtéhber gdoanal
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,

| esions without these changes virtually never progressed. The risk of
progression in preneoplastic lesions clearly rises to virtually 100% i f

ot her nore advanced genetic changes (e.g., 17p loss or p53 nutation) are
present wgizeéesk of progression to cancer with 3p and/ or pPOpyUSI@ESSIvari es
from28-75% However, in the study with the 26 Septenber 2006 WO 02/ 26266
PC P/ USQU 26551 --19-- | owest frequenCé of progression (28%, the 116
patients prospectively tested were freé of cancer prior to entering the

tudy. The ath d t

escet ed A ViATRER AT 1 GH Bteta SHeoIOT LS %iéé‘ar%g Pgnss
(45-78% . in th nost recent stydy, the authors npde a g
recommndat?)orf’“i% §2%cef GRPES VIFIONTs dysplasha nl ]r%s%“to? tddor nore

alleles. This Exanpl e thus establlshes the fact that preneoplastic changes
|dent|f|edq@pnaﬁ3qgm@tycnghgpggs are found in one or more of these

" markers. In cases with unknown histology clonal genetic

changes are identified in 25% (1 of out 4) of the cases,
i{:i Dverall: dional changes aré jdentified by mic&osétellite
analysis in 80% of the lesiones (33 out of 4l1). This
molecular analysis definitively shows that approximately
80% of the lesions identified by the Mashberg-type

protogol are clonal,

CONCLUSIONS

Pravious studies suggest that only lesions with
clonal genetic changes are likely o progress to cancer.
All of these studies suggest that only lesions withlﬂp
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
#irtually 100% if other more advanced genaetic changes

(e.g., 17p loss or p53 mutation) are present.

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

loss varies from 28-75%. However, ih]the'study with the




dye in this patient population are clonal and are thegsgknésndrodehe
progression pathway to cancer. Although it is not certain that every one
of the identified Ilesions will progress to an invasive cancer it is clear
that the initial clonal expansion has begun in these patients. eased on

t he above nentioned studies a conservation estimte woul d suggest that
50-75% of these |lesions are likely to progress to invasive cancer.

Ther ef or YOURKRE&¥6c| onal patches place these patients in a pegmsolrghiri sk
category and that conplete excision of the affected area is warranted. 26
Septenber 2006 WO 02126266 PCT USOQ 26%5ly.- 20- Anot her inportant point
derived fromthis Exanple relates to the issue of staining and nonstai ning

areas. In alﬁwégtabbg@@&%&ﬁmaﬁjﬁﬂ&hﬂ&éﬁi&ﬂg(f@@)no@ﬁéa#f§ﬂga§ﬁé§§% share

the same clonal genetic changes. Based on el ucidation o

progressi on ppdghept ;a3 %@gtgdwggé&ecaﬂceeé,%#;%é%%éﬂ%%iéga nmost patients

wth head and neck cancér that recur have | Bnor mal
epi t hel i um ISy qt r pri.sl.ng at bi opsy away from the staining area
woul d al so s %%vé?ﬁﬁgsgﬁé glthﬁgl gtélﬁ’ﬁ i%he'c"ﬁa StUdiRg tipelydedndzd are at
| east three cases . . -

patients with a previously resected primary tumor and
- raflected a higher rate or progression (45-78%). In the
' <:>‘ most recent study, the authors made a clear

recommendation to reseot 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 ideﬁtified
lesiaﬁs 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 1ike;y to progreés to invasive cancer.
Therefore, these clonal patches place these patients in a

__very high risk category.and that complete excision of the

.affected area is Warranted.




where only the biopsy fromthe stained region reveal egs geptéhispadosgenet i c
change while the unstained areas did not show these changes. It is
probably due to the presence of smaller clonal patches in these patients
and further supports the use of dye staining in identifying abnornal

| esions. Clearly, the Mashberg-type protocol identifies patients with
carcinoma in situ and cancer confirnmed by standard norphol ogi ¢ anal ysis.
Remar ka{loyas/dchgs vast majority of other deleted | esions appgarschessy mal or -
dyspl astc under the mcroscope (and woul d have otherwi se been classed as a

"fal se positive" fromthe Mashberg progqQcol, but still those |esions

har bor the critical 26 Septenber 2006 "W)™ 02/ 26266 PCT/ US00/ 26551 -21

cl onal genetic changes t hat are ecess ry [_can QQr ession. Thus,

t he Mashberg-typ® c OB %ﬁ&ﬁ?%]gﬁ%?hgglgogﬁﬁﬂ? cancers
as well as lesions that are ver Ilkely to progress to cancer. In this

regard, |trﬁ¥9§ﬂﬁw%@rtﬁ?e1§6uﬁl6§s§tﬁHBlP@Eﬁ&§;QQﬁﬁﬁﬁ#ﬁ%%gb9r9§?aln|ng

which may (A) result in a cure because the |esion can be renoved in it
entirety byl wainhest all ¢ases both the staining and nonstaining

areas share thg same <¢lonal genetic changes. Based on
elucidation of the clonal progression model of head and
{:)l “ neck cagcef} it is clear tﬁat ﬁoéﬁ patients'with head and
neck cancer that recur have large patches of abnormal
epithelium. It is not surprising that a biopsy away from
+he staining area would also show the same ¢lonal genetic
changes. Importantly, thére are at least three cases
where only the biopsy from the stained region revealed a
clonal genetic change while the unstained areas did not
show these changes. It is probably due to the presence
of smaller clonal patches in these patients and further
' suppﬁrts the use of dye staining in idéntifying abnormal

lesions.

Clearly, the Mashherg-type protocol identifies
patients with carcinoma in situ and cancer confirmed by
standard morphologic analysis. Remarkably, the vast
.majority of other deletéd 1eéicns'appeared normal oxr

_dysplastic under the midroscope-(and would have otherwise
 been classed as a'“faLse positive" from the Maéhberg

~_protocol, but'still_thdse lesipns ha:ﬁor the d:iti¢a1 




resection, or (B) appropriately place patients in a hpg8eptdmieka008t egory by
docunenting clonal genetic progression. Having disclosed ny invention in
such terns as to enable those skilled in the art to understand and o
practice it, and, having identified the presently preferred enbodi nents
thereof, I CLAIM 26 Septenber 2006 -22 CLAIMS: 1 An in vitro prognostic
nmet hod for early prediction of eventual devel opnent of invasive cancer,
sai d net"MBé28&Hpri sing the step of: deternining whet her DRATARIWASTd from
resected tissue exhibits allelic |losses or nutation of tunor suppressor
genes, wherein said resected tissue is.pghtained fromthe |ocus of a clonal
patch, said clonal patch having been identified by visual exam nation of

ti ssue thatchesabegenadionicsia®iced WHA: 3 Yddikane robi gAnkaysel ectively
retai ned by mtochodria of neoplastic and preneoplastic cells. 2. Use of a
stai ni ng dygrhBrkBgipheparation of a clinical test solution for early
detection of eventual devel opnent of invasive cancer, wherein when applied.
to tissue, said staining dye is capable of being selectively retained by

m t ochondria of neopl astic and preneoplastic cells, thereby staining sites
of said tissue for_identification of clonal 8atches by visual exam nati on,

‘said clonal pat chéS Ui ithf AR GnkYRe ( PEtRCPL BEPEesgnts a

powerful method to detect cancers az well as lesions that
) {:) S are very likeély to progress to cancer. In this regara,
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
.f’ . . .
“;) practice it, and, having identified the presently

preferred embodiments thersof, I CLAIM:




be resected, and wherein said resected tissue is capabgegdmdefgotsdi ng DNA
determ nation of allelic |osses or nutation of tunor suppressor

for

CLAIMS:

-22-

An in vitro prognostic method for early prediction of eventual
development of invasive cancer, said method comprising the step of:

determining whether DNA extracted from resected tissue
exhibits allelic losses or mutation of tumor suppressor genes,

whe?reinv -said resected tissue is oE:tairAed from the locus of a
clonal patch, said clonal patch having been identified by visual
examination of tissue that has been administered with a staining dye
which is selectively retained by mitochodria of neoplastic and

preneoplastic cells.

Use of a staining dye in the preparation of a clinical test solution for
early detection of eventual development of invasive cancer, wherein
when applied to tissue, said staining dye is capable of being selectively
retained by mitochondria of neoplastic and preneoplastic cells, thereby

s’taining sites of said tissue for identification of clonal patches by visual

~ examination, said clonal patches having a locus where tissue is able to

be resected, and wherein said resected tissue is capable of providing
DNA for determination of allelic losses or mutation of tumor suppressor

genes.

genes.




