; e3e&Vk&f f gdh@xi j 6kTVkgg B~ ~ R n |;~i, i~~~ -1 Bl OPSY APPARATUS AND
METHOD OF OBTAI NI NG BI OPSY SAMPLE TECHNI CAL FI'ELD 5 I n one of i1§ @ﬁpeggs,
the present-invention relates to a biopsy apparatus. In another oOf “¥¥sZi(3
aspects,. the present invention relates to a kit for obtaining a biopsy
sanple. In yet another of its aspects, the present invention relates to a
sanpl e coll ection device for use in a-fai opsy apparatus. in yet another of

its aspects, the present invention relates to anethod for diagnhosis of

nasophar yngeal 10 cancepIopsy Avireatys ABEIHIBIABE A bi opsy i s
aprocedure whereby a sa e body site as a
speci nen for testing in theQBBADNINGBIOPSY $AkRME pose of diagnosis or 15
screening of certain medical condition or disease. A biopsy can be
-performed in a hospital's operating roomor in a nmedical clinic in an
anbul atory SEIGHNICARFBROPSY can range in invasiveness fromsuch procedures
as an open l'ung biopsy for the diagnosis of |ung cancer, the closed needle
- bi opsy &Y i nterndhone gkits apedis, dise preaetit Mivegtibh eclites eybibpdy siparatisof
rejection after%tﬁ k{i}(fdne$/ tranrzlgl ant, to as 20 routine, a procedure as brush
bi opsy of t HB2PRUPEH & YSPsPetfs B PEessRhipvertiqnerelatesio ¢ Kifdet obtpiping &yt ol ogi c
brush bi opsy; I i . | f._concern by
means of br%éor?i%ﬁa&g@%é?rlggﬁlﬂgﬁﬁ? '([6 Eltg%éﬁ%g%@%%%u@ﬁm%n@é%%%t T %sh or a
brush speci fsamplel gplldetsingdmtkoef for ubdad a Moo SPpwatah Ieymvuestheedt §s from t he
25 area being sanpled. The collected sample Is then placed in a suitable
transport eﬁﬁnt?‘ﬁpréfs%glvéﬁn%ﬁ]@é‘?sﬁ‘é?m dder giagnesisoénasapharsmgsaht ory wher e
the necgpsalyndefil Spffeft Performed to provide the results for the di agnoses.
Epithelial tissues cover all external body surfaces and line all internal
spaces and cavities. The skin, mucous nenbranes, gastrointestinal tract,
‘the lining gf :Eg glggSer and the 30 lining of the nasopharynx are exanpl es
of epitheli A oS- Lfunctions of epithelial tissues are to protect,
excrete, and absqr ol i ng. | Loo~ee L~ i~ "
:.u~3 -2 epithel ?Xalfiolfslgssg]e ofgu%:%ﬁggb%g%agﬂ%%%ﬁtﬁ%@wﬁﬁ%ﬁﬁhw%@ car ci nona
spreads to eithes a peacisernforttbting énlyhd laboRicrs f@sihegmrpday boiRghssiPersh bi opsy
is arelatively nonjnvasive_sanple collecting procedure as conpared to all

ot her ' biPops¥CTREtRAcerAE Bedical conditiomen disnase AbISY ¢isboprfrmed in t he

patient. Br ' i ' - ful ness _whe the .areg fi-om

‘whi ch the sg%gfﬁg??gg?sﬁﬂé‘ﬁ‘é F‘f"g’?tz’%gf%‘!slﬁ’%@é"é? ?’i‘%ﬁé@g‘éﬁ“&ﬂl@?‘&ﬁ?ﬂﬂﬁs%t he skin
surface or Biepsyueosmage fuinvasiednesy frombiueh proce@adi hyar SiRAtidd BBpg, | n nost
cases, the Qrush_ biopsy nethodol ogy is for screening purposes, which if
resul ts posiQithediagngsis afdung sance;, fgﬁ&@s@%m@l%@@s}r teonel bygan lwectexami nat i on

g{ ogrs]yaddi tho Qﬂmi_nin%rtgg 'i{id]n%y tfé)rsﬁggs oF ?ejsecﬁgrll la%%% gq{it%}éyrgaa%gﬁal%f to s OPC"

- 20 routine a procedure as brush biopsy of the cervix for the screening of cervical

cancer.

In a cytologic brush biopsy, epithelial cells are collected from the areas’
of concern by means of brushing or scraping with a bristle brush, a broom brush
or a brush specifically designed for that pufpose which removes cells from the

25  area being sampled. The collected saimple is then placed in a suitable transport
medium in a sealed container for shipment to the 1aborat01jf where the necessary
tests are performed to provide the results for the diagnoses. Epithelial tissues
cover all external body surfaces and line all internal spaces and cavities. The
skin, mucous membranes, gastrointestinal tract, the lining of the bladder and the

30  lining of the nasopharynx are examples of epithelial tissues. | The functions of

epithelial tissues are fo protect, excrete, and absorb. Cancer originating in the



One of the nost conmmonly perfornmed cytol ogic brush biopsy is the

Papani col aou snear ("Pap Smear") for the screening and di agnosi s- ®fALT 2003
cervical cancer. The collection steps particular to the brushing action for
Pap Snear is generally as followss 15 1. Expose the uterine cervix to view
and identify the cervical os. 2. Insertthe central bristles ofthe brush
into the endocervical canal. Use gentl‘@“pressure in the direction of the
cervix 20 until the |lateral bristles bend against the ectocervix. 3.

Mai nt ai ni ng Fmgleé@h@q:sgeﬁ; s3lladrecarcispmpe When boaativedf aunindma Eprégdd iones in a
cl ockwi se di L.0on, ] t he. shaft between thunb and forefinger. 25
One particul g@g} %ega%fgﬁ%?g#eﬁ%%f% PRt he di agnosis is confirned by a

bi opsy procedur e Cstadagio (Brashyhiges) isCak 'ﬁl@'@ ' rigiLhates in an
area of the head, deep behind botp%} nasael%caﬂ intc)lhlg{g%‘ﬁed a olgeco%ée%mgoft :
pal ate, in aPFOsFHREE kRAMPaae tolad ofkes bishay yeshoda ambrausamiafmdl paindhar ynx whi ch

| i es posteri ose i $,bounded. superiorly by the skull base and
sphenoi d5 and‘ﬁﬁ%c%ﬂg}ogtpﬁlﬁﬁa%ggpgﬁ%ﬁﬁ’éqp%&‘% I Heefidnessadisrathe atdgses and t he -
Rosenmul | er ' Sofosiiah the\Siinpleobbing LORRAEHUA Y aHIAMBTlG A Gyl T ¢ O

t he space and [nferiorly an artificial line Brawn at
the | evel 'ofsuﬁ'ﬁée?ﬁhﬁmpmi@llffwb);rvistiﬂeomadi&sidﬂlﬁﬁ'ra}tﬁxIﬁﬁl@ﬁlﬂdaﬁh%, feophar ynx.

NPC is rare Aner i can .and European Caucasi ans with age adjusted
i nci dence ralﬁgg{]%lp B?”;eé{s&qqﬁg[?g% IHEY SERSEIBEPUIPoses SHishHireswlta @ositivedence of 5
PO N Sout Ishun 1B inadiagnddc bhALASh bPlneMalhaidy Boh M 00 eoP! ¢ who

| -

have noved out of the endem c regions Intarn their &T at us and
their stftcedispuamassmatigcicd by nadase ofiai oyenibiopsyr el ati vel y hi gh-ri sk status.
Wth an increasi nupber of Asians inmm.grating to the US and Canada, NPC
has beconme an irrpqg?% 8%%8@?%?“8%“‘#&&%&%@@8@%@@% hippsypisethent ti me
NPC i s det e®aBshiedlabeEmBYr (¥p glan L e..-nasopharynx or when the
pati ent becongs s rrptomati(z %?ﬁegrgrﬁlﬁ% %&P%@%gr#é Ig%osgrogc%ﬂ"’i‘?ﬁ?cal ly

vi si bl e. D £gnessi g'h@fcotlﬁéiomsﬁipsr}'na:i’ti;:ulahaﬂthedjﬁs’lﬁﬂ?ﬁtibﬁ foepdpRAtHgs @ random
mapped. orfa[%ggér%%égu?g bi opsy in the nasopharynx after anaesthetizing the -
patient withk a" T Wéeneral anesthetic. The biopsy sanples are then 15
submi ttigd for histologic analysis for the confirmation of diagnosis. Since
NPC originates in an area that is not routinely exam ned on general

physi cal exani natli on, Ehpesttheitesindbdriixaobicvaamesstiange visial | zation wit hout
proper training and availability of special nedical instrunents such as an
endoscope. NPC is of t & | eft undetected for a long tine w thout any signs
and synptons 20 gnti | 1 [ are a rent. Spread to
regi onal |ynph nodes i%@ﬁere g‘r%fegr%gl%?r%@g%%@%b@goﬁﬁ%eq%ﬂc% patients with
NPC. Patients often pres@inUsevgédilenasatiresinuhé idiesmn itBchasge, nose- bl eeds,

ear pa'bﬁ, or decreasin .Eﬁgri ng,, Crani al nerve involvenent 1s also comon
and may“cause faci al rlrlglg lateral bristles bend against the ectocervix.

3. Main_taining the gentle pressure, rotate the brush four to

five times in a clockwise direction, by rolling the shaft

between thumb and forefinger.

25 ' One pa;ticular disease state of which the diagnosis is confirmed by a
biopsy procedure is nasopharyngeal carcinoma (NPC). NPC originates in an area
of the head deep behind both nasal cavities and above the soft palate, in an area
known as the nasopharynx, a portion of the pharynx which lies posterior to the
nose and is bounded superiorly by the skull base and sphenoid and laterally by

30 the paired tori of the Eustachian tubes and the Rosenmuller's fossae. Anteriorly

the posterior choanae form the limit of the space and inferiorly an artificial line



signs, swallowing difficulties, facial pain, and aberrant sense of taste.
NPC 25 patients w th advanced di sease have very poor prognosis anél Al 2003
survival. Patients with early di sease have excellent prognosis and the
potential - of  cure if the treatnment is initiated early on. There remains a
need for a sinple procedure or nethod that can be perforned routinely in an
anbul atory setting for nmass screening @t the presence of NPC, especially
early stage disease, in high risk 30 popul ations. Epstein Ban virus ("EBV'}
is a human Diawmumbrthyileved ofiitht hand eatatedetimitartie diavephasmenkergethicC
potential. The %ssoci ation of EBV with NPC 6 f?~i; , Zp03 was first
suggest ed baSEH"8A™er ol ogi cal evidence. It is well established utilizing

ol yrer ave Ot 1 Rt 1 8ol SEUNLALE AR VIR e e o

“deoxy-ribonucleic acid is pre Invirtu

pr ecancer ous ad@piteh eldiddnce mtdsof 16sk tlemdaedril0e,000. M cohtedsg theCiatidence of ' -
di fferenti at| . EBV 5 has, not heen detected in healthy tissues. EBV is

“ubi qui toés, gg&w‘&%ﬂ??@%é%ﬂ@%ﬂ@lqtﬁioéﬁsﬁﬁefmp&ﬂoiﬁewbVslmlg?h‘@. EBVis
carried by 9Q%.0f L P&f | Lo ] Lt s .excl usivel y _harbored in

smal | subset of B-| ymﬁg%%&%qgﬁgglpgé)g??%@g%# trilnéthlﬁégtagfﬁaﬁﬁn%?ﬁe

urogeni tal t sumcessivéopariegiioablalo canaemt rnadd eyl gh-AsR Giigd)s Wikl wg particl es

are released. at 10 randomintervals several tines a nonth. EB V has al so
been i sol at ethCFRERSE PN i Aslgnglamigting tostheHyS g Canedh| N heent ai ned in

B- I ynphocyt eﬁecoﬁ‘?a}ﬂ- o‘?tﬁﬁﬁs%@iﬁlﬁcﬁng&igﬂi re common than the cancers that
t hey produce, i nfection 1s usually asynp fatic and mal i gnancy is a

relativéDy rare ol tionpreschhtms NFENBitdeteated ¢l e, vissd) eRGBinhGorEiMnRas been
studied for use as a 15 possible screening tool to predict NPC. The first

serol ogi cal RophaE¥NyeEhihenatignihegemessymnoasticwithsateldedesions that

/ e h ‘ (7ol oy ' ti ol odi

S0l o D P 4 e R S R A O A B B 2 1 ot o

serum I gA ti ztaﬁdomnhhp;ﬁa\drtdgg%téaqﬁnémﬁgy@nhkﬁénlagg@ﬁa,gﬁ,?o ﬁté{%esﬁ@ﬁlzihge degr ee
S.

of elevation is sonewhat parallel to the size of PC tunmor ma
Al t hough mosthe REsBh¥ithyospl e genesalvgnesthptiselhe hiopsit samepleysret theer , t he

maj orit ys of j: L t e . reflect.a positive tunor. This screening
et hod Lot eﬁ‘gﬁ#‘%ar/n§°6r1{‘é%@|5§'@§%’g%f"srgﬁ%f’?‘if%}'f”? 0%?}‘@‘6@&% city at different
cutof f points. Th8inepdPfdripina¥esOh ah hved tHaBtnot BubinaP btHNAR] & Ssiepdil Y One or

two positive test results out of one hundred positive test results wll
i ndi cat e NPQIsicakerasningtion; guep its difficudtpocesseny visTalizetidlewithoweropeFal se

Negat i . . i fiGity. of a test . i ndi cat f the abilit
of “the 1 ost TR by oBedi i Hoedicl S e b n o0 sbieokoms 11 o5,
Wi l'e the i nveCvewEeh 16T wkBictdd fobe 168y 8hRRFRBL: wa\ﬁgné éad%ﬁ%&grl y

S ac C

understood. It _is however, known that EBV infection or and a 30
precur s&f t onibthe ey effpess obthe jumerfase appardne. Sraeal tocedidma] lySiptatades Basal e, of
the stratifi, Ethel iumthrough mcro | esions af pi.thelia. The
generation olg q?%ggoé?ga%%g?ﬂde?&gﬁ ﬁnsmﬁétgf’ﬂ?n'éﬁﬁﬁbgﬁ)?fnﬁé%e%% oftfe basal
l'ayer. Theseyrpdeng®¥ith nashl stuffiness, ¥QBarp, Sodetbitdis é’ﬁf}ﬁin, \';\ﬂ.ycﬁﬁreﬁﬁﬂ by
ordinary cell novement migrate to the stratum corneum ich s Fhe

upper nost | digeringf Cramnial serveinvbivethenids else boramon Yid tey édusafagial misclyears for a

| esion to be.yj sualized, &He BV }nf ?cted and, cancerous cells are
signs, swallowing difficulfies, racial pain, and aberranf sense of taste, NPC

25  patients with advanced disease have very poor prognosis and survival. Patients
with early disease have excellent prognosis and the potential of cure if the
treatment is initiated early on. There remains a need for a simple procedure or
method that can be performed routinely in an ambulatory setting for mass
screening of the presence of NPC, especially early stage disease, in high risk

30  populations. _

Epstein Barr virus (“EBV™) is a human DNA tumor virus with an
extraordinary diverse oncogenic potential. The association of EBV with NPC



omi present in the nasopharynx ahnost fromthe first day they begin to
migrate 5 fromthe Stratum Basale. Collection of these cells to Sérégh g
the presence of the EB V genone; which is a surrogate nmarker of malignancy
can be performed-and the presence of NPC can be predicted. A conbination of
brush biopsy nmethod for cell sanpling and using the sensitive PCR techni que
for the detection of EB V genone is a-$éuperior possibility for a NPC
screen, particularly for early 10 disease. PCR instnunentation used to

det er mi ne t hwapfisstsggestafbared @l seodogiosl evidehdte 5B MIIRsEBASIddWELED t he
nunber of Vigf’%l eno copieﬁs present at the beginning of the process. The
nunber of E Y@g%ﬁen%ﬁ\ag’s gackipnt KePQR G igrlyqus that  BEY prenceds i n part
precl udes t hgQul , 3 - asophar ynx . i tuat ed deep

behi nd bot h nasgIr%ggg?lt&?eagﬁglﬁiﬁésgﬁn%negﬂﬁ@p%Sﬁeo%g’l(éjﬁlegi Iﬁgﬁf My and; r aps

nasal'ly or tpragsicenoas byithelihiecells,apespragdd of Ksfofodidal ﬁﬁf&@ﬁffgt{oipllﬁa@”ﬂ can be
ities such as a

diffi culj% t ﬁ] rform-{a%npati ents with anatom cal abnornma

devi ate seglp has mot pesn dstested in bealthsigisewes. be aprobl em as the bi opsy
apparatus transvegge¢ : | : iti.es can ¢ e injury.to the nasal
nucosal surface. T e§%éﬂa}tﬁg{bgg’gﬁeﬁr\ggé?%dIPSV?FHQQP'?{%O‘EWi‘léh‘Fgltés Pkt vel y

conf or t abl e BBV anchrriedby 30% otk worRRARI Php@sSs Stt I<exLhRIAASRRRGYNX Wi th

m ninmal or no bl eedin There renmains a need for an appardtus to access and

perform brudhs ﬁglysegéf B-hanphostish and inexorstadgniselita apdsnahabrogenit#.  Nor mal | y
consi der abl n . I i nfectious.virus panji¢les are excreted into
sal iva at rglr']aggméﬁﬁ%gﬁélg?gg%cgb@%nstq ﬁ%@c%uﬁﬁ’ﬁw P&ﬁh"j%gaﬁeﬁéleﬁ,féi%ual 25 in

the moulth f amdoey imervald ayeraltingbswiihdin. BB hal bissBuldiedeabraple to have
a bi opsy apparatus designed to obviate the occurrence of contam Ration with

EB virus fr&fMaaiand £itsklats dhraugh dbelblodds sergainkd lie-B-iyhplasitds, BRY he
nasophar ynx:: ¢ ontain_.substanti al l reater nunbers of vial
genome copi enéfg?l%an%%%iéu%ggbre@gcgpgn?ﬂ%ﬁ eﬁﬁ%‘%%%ﬁ’ét Y Brodugas imfacHan i on from
sal iva. Thuss usiillyesiebrahase b H0lganky BUschavbata.auREscr een with

e bi

maxi mum sensitivity by designing t opsy apparatus- such that it
m ni nmi zes or excllii§sEergihefonmone tesporanpd EB3Ohisdeth erudiddeforwisé bs gal i va or

ti i i h . 1J17 f~~) -6 DI SCLOSURE OF THE
| venTiCN | PopdbiE bt BRI Fiies NPCT R 7 sesblseat sudies i ¢ gat o
at | east ondembnithecddbehtLaritihany {ifel ' ! rior art. It is
anot her obj e(e:t gf t he %iréesent' ?h{\%ﬁ%fion&t?g?g%%@}?[ggo@aﬁgg%P%Fsotb% 5

appar at us. Fenfals yugeesting sreetialbgiceck infthd tiseqseedrmost m@aph&gggéaz provide a
novel it ¢ RhA a0, Souch serple, At 4o vet gnather off ect of the
bi opsy appabaérsosedGal ! fe Yelre@OPYBRRICAN. sShkw AL HDSRTSSENL, L nyent i on to

provide a novel nethod for diagnosis of nasopharyrngea a patient.

Accor diffigl y NEGhiugtes nefsh.tAlthasigh ciost Nabaphpryegeslttuindmentli Baveds pyiiges A bi opsy
apparatus c section having an opening at a distal end

1 Si npg: bod
t her eof ; 1595?%13%%%% I’&%?liltg' iRPALYE A5 8 op Betiach R mgsidivisi tupwy. Fmpl e; and a

first actuak@kerdi RE@YE A8rFEAGh | . . en_t.he. sa col | ection

means and the body secti on mﬁﬁﬁugﬁgﬁﬁ%ﬁlggﬁﬁﬁ%ﬁlggﬁyﬁ@hgrepg oper abl e
bet ween a f Futeff poinssr bt epeqificityt obthisrest B GRstRAbleext SNGeshdPGSHid on. In
anot her of jts.aspects theOEresent i nvention provides a kit for obtaining

20 a bi opsyPEAR &5t Tepidlts | qu SR Ryadredypositivotest rwawts will adicatgNRC openi ng at
a distab entspeBecROl =(True Negatives)/(True Negative + False Negatives). The

specificity of a test screen is an indicator of the ability of the test to classify

healthy individuals as having no abnormalities.
While the involvement of EBV in the development of NPC is not clearly
- understood. It is however, known that EBV infection is 2 cofactor and a
30 precursor to NPC., EBV typically infects the basal cells, Stratum Basale, of the
stratified epithelium through micro lesions of the epithelia. The generation of

infected daunghter cells begins and continues at the basal layer. These progeny



a detachabl e sanple collection means for obtaining a biopsy sanple} /iy mn3
first actuator. to provide relative novenent between the sanple collection
nmeans and the body section-wherein the sanple collection neans is 25

oper abl e between a first, retracted position and a second, extended
position. I.n yet another of its aspects, the present invention provides a
det achabl e sanpl e coll ection device f@r use with a biopsy apparatus, the
.devi ce conprising: attachment neans for renovably attaching the sanple

col | ection asitithe bhsa! fer Lnd18YordRReY AN Mot thRSAERILLIRANS,LONPr i Si ng
an opening; and 30 a flexible, sanple collection surface connected to the
attachnent FREEM. ¥high {3 thsunnernost fryesefithe strajfiedepithelinms uMidle & s ng

noveabl e t hr i twee i1st,. fold-in positign and a
~second, fol 58%3{%&% (?)63 iaﬁ ?Sgélﬁ ﬁ%e@?sg&%e@, @‘9?15(? Hifﬁ"é'?é %?fi)‘f%??mﬁ cgllsgraspect s,
the present onmugredenioin the asbpiesyrx gmamimeﬁﬁgaggﬂﬁg@tg%ﬁl%gﬁ?ra&e steps of:

(i) inserting a distal end of a biopsy apparatus i nt e nout’h of the
“patient ? t héPRpHESHAYR Beswis iGullegtiomotibdse colis to smediefor tg meseapesi ng at a

distal 5 t : | || ecti i bt ai ni bi \

Sanpre; ana e 15V Eond AIPLE si80e ¢ e P AR enfisy b be padoweadn ¢ ho

sanpl e col | aut iamesans oNPQ b Bed¥oash! ANehBgtish bES AAMLEC0l | ecti on
a S nd, ’

means is operable between a first, ‘retracted position an
ext ended poethogaer cell samplingpnid meing He sepsitiveiRCRtedhintuei fophy depimat us in t he

nasopharyn f atient: (ii.d.). eopl Qyi the first actuator to nove

the-ganp%/exgﬁﬁ?g(,g[e%]%ﬁe aal Ee’i‘%pg’lf‘lééé"i‘g'cggaw?‘é’ﬁ%&a‘lﬁﬁiaﬂf&ﬁf?@ﬂ(ﬁ}’v) brusxi ng

the nad0phadisease OPCR tsbratieaAtioNided 1b B eSATRHE @g&#@?&%ﬂﬁ%&% {0 obtain a
VYW

bi opsy sanpl e on the sanple collection neans; avvlenlé1 t he sanpl e
col l ecti on Feattgple otensitive nadophamperxobiirthgerpatd eapics résegr bt fhst |

retracted pQsjti-on:..{vi) w thdraw n i opsy apparatus fromthe nouth of
t he pati ent?é%élnﬁ%}%tﬁ?p)fﬁséy "t‘ﬂ%&ﬁ%g&\gg%@%%&@ﬁ@bﬁmﬁl@r t he
presence ofagaépbﬂp}&egg{ﬂpa\tgﬁrb@u@ég %ﬁcﬁﬁ%%ftkféaég}&m- As will be apparent
to those of skill in the art terns "diagnosis” an screeni ng" are used

i'nt er changeabl y ‘Bnasemharyxénsiedtedaetmbehihdbothaweal eraiticgnd shbfes t he
presen?sinv té)er t%avcz giflscovered bi opsy device which 25 obviates or
mtigates at 1east~Ohd S ert??élsfr’ﬁfaég'o‘i’rnﬁméﬁ aly.ankhegeansotastlweutsrisor art. The

sanple col | ebl/5RARAd @hn oS ARAR! & Horsd %?}tﬁrﬁg%tgﬁww AEASeT @ cover

or a shroud while the apparatus is in transit to the
nasophar ynxabnpmealiticysiches a ddvissedseptmnt. (Rentheymeneisisbdifg édneaprati@n col | ection
means i nmedj gﬁeb.to t he nasoggarlynx After the sanple cells are collected,
the 30 sanpl e cBPRERPPERUNESTerses the pasal cRNHIS Salk case injerydo Preoessit | ve cover

and then t o@gédREsudBcd) aftle tihs Bﬁ?rcgﬁé/ {sG8eaMal ﬂgg fs‘é@g@%}@@}% %@@%ﬁ%?e O the

patient. Alternatively; the shroud may exte
col | ec?t on andampon-Tienatic. meap of agvess to. thetndsopharyix with méhima€ht ngaterial is

recovered ij;-om t brush. and transported to the |aboratory for anal ysis.
I, e R ARk

BRI EF DESCH TS ARRATRNS &0 atceshanperet biuskrent i on wi | |
be descri »bqgoﬁgymtﬂeq;a%mwm%qﬁe AGEOIMARY NG drawi ngs, in which:

Normally considerable concentrations of infectious virus particles are

excreted into saliva at random intervals several times a month and can be residual
2§ in the mouth for several days afterwards. Thus, it would be desirable to have a
biopsy apparatus designed to obviate the occurrence of contaﬁaination with EB
virus from saliva or oral mucosal tissue-while in transit to the nasopharynx. NPC
cells contain .substantiaily greater nwmbers of vial genome copies than the
aggregate of all possible viral contamination from saliva. Thus, it would also be
30 desirousto have a NPC screen with maximum sensitivity by designing the biopsy
apparatus such that it minimizes dr excludes confact ofthe sample collection area

with saliva or tissue which is not the nasopharynx,



The above as well as other advantages and features of the pr esent jJr_]\venti on
wi |l be described in greater detail according to a preferred enbo (R YIRS
t he present ‘invention in which: 10 Figure 1 is a perspective view of a
first enbodi ment of an apparatus for brush biopsy according to the present
invention; Figure 2 is a top plan view of the apparatus of Figure |; Figure
3'is a perspective view of the extende® brush of the apparatus of Figure |;
15 Figure 4 is a side elevation view in section of the brush end of the -
appar at us ofHSGLQSUREOMTHE BIVENAIGNde el evation view in section of the
appar atus of Fi gg{e lé{]?n %gﬁmgr ocess, of the brush end being extended;
Figure 6 is a side éPPHE PERRCRINYGIESE te elbYiptger ofitighte atdpgsaonas us of 20

Figure 1 w ofiuiduobé ¥l ARISHn EIIUF e hrlof o8 ST de el evation view in

cross section in view of the apparatus or glre 1 and the process of

;ﬁt racti ngt t he ?ﬂﬁ;i_gmnoﬁie%@bggetcﬁo{ %e@éﬁé&ﬁir?bﬁ@ i"o‘?c’wdt%dﬂd%ﬁg‘giﬁﬁi} secg ion of
e appara of Figure 1 wi e brus ully retracted; ure 9 is a
si de el gvat %ﬁar?ﬂlﬁw illustrating the insertion of the apparatus of Figure 1 -
of the Soft pal ot TE mottEx SoRELSE G SR ARGl mivUdF £ b fitder ng tne
ext ensi on ofbteinngz bivpsBeampito t he nasopharynx cavity; Figure 12 is an
illustration and, side el evation of the brush biopsy sanple collection; -
catll:, 203 _9_ Hily¥st@naties ebigst of fhegseseatinvantion o piodiicalnevelisimpleri ew of t he
L?é@aﬁigﬂe@‘?&?ﬁ%‘gf‘é“éﬁ R A0 Boph Tt he. mout n and 5 Figure 15 15 a
si de el@vation vitéswetnathaabisd o oeiseR Mveatioh e present
i nvention. ]jéa)ﬂl_ng MODE FOR CARRYI NG £T THE | W%hrtlbﬁ)é%ﬂgﬁéﬁ%%Z?gﬁqui nventi on,
in one aspett YHEBOTHaEn3sgPhanngasbeansein afpetied) obt ai ni ng cyt ol ogi cal .

sanpl es by brushabif : atuys .allows for the sanple to be easily
obt ai ned and pr ot ectg%%}yf%%%g§g€§%ﬁ§§’i%rwp§lﬂﬁe’{tw&PH?Vé%g?\tp‘PRﬁb’edure. A
preferred eappeditussommfsiighe apparatus and its use in obtaining a sanple

fromthe nasal ph,gr ngeal is illustrated in the attached figures. Figure 1
illustrates a p cESehen baEng an operingéter distdl exitthetiesnt of the 15 brush

bi opsyjsappar at u i nyention, nerally indicated by the
numer.al” 10. Thes&_la%%n rlgt@%@gcﬁéﬁﬁée@% %ﬂ%tﬁ"l B@ggﬁf’pﬂ syRplegandanpl e col | ection

region 14. Gip a dgstonctiBoi 3o gabeide! delatide NG yid lN.shape with
finger grips,.16, extendiqgg on giﬁt her sei dleetobt%ﬁeg%tﬂg%éﬂﬁapﬂ?ﬂ to be
easi |y hel FOUPEHNIINEHS ang the bedy sestipp whateinthei satrpld bdleph@PReaidasi ti on for

col | ection tus 20.10 is generally hollow, and the gri
regi on 12 io?t%ﬁtc')alrB gew geg&% F@E%%{rg%ﬁ%’?ﬁ&‘%“ﬂﬁ%ﬁ@‘?‘ﬁs\%ﬁ%@ﬁ@%ﬁi@@h acti vat igonIo
| ever 20 ext enddn adbthenyref alperts, Bl prdientHHBRoR Gl YR L R 7l S%E5n;20 W 11 be

descrifed. fyrther herein bel ow. - mg
. a biopsy sample, the kit comprising:

a body section having an bpening at a distal end thereof:
_a detachable sample collection means for obtaining a biopsy sample; and
a first actuator to providé relative movement between the sample
collection means and the body section wherein the sample collection means is
25 operable between a first, retracted position and a second, extended position.
In yet another of its aspects,l the present invention provides a detachable
sample collection device for use with a biopsy apparatus, the device comprising:
attachment means for removably attaching the sample collection device
to the biopsy apparatus, the attachment means comprising an opening; and
30 a flexible, sample collection surface connected to the attachment means,
the flexible, the sample collection surface being moveable through the opening

between a first, fold-in position and a second, fold-out position.



Sanpl e collection region 14 at the end is provided with an aperb@r?,gz ,
t hrough whi ch -the sanple collection brush 24 is able to extend and*#”t?@Bt.
25 Figure 4 illustrates the sanple collection brush 24 inits initial
retracted position. Sanple collection brush 24 is constructed of a suitable
el astoneric material to enable the brush 24 to roll inside out during the
operation of the apparatus 10. This el-4stomeric materi al may be an
evaprene, silicone, rubber, or other suitable bioconpatible elastoneric
material that wi ¥ XHhaBeleR ¢fdisnepgsss; thomaesent mvemionthevid® adipgiostivs. As
illustrated i anpl e col l ection region 14 1 s provided
B ol Bighme bE: 8

wth an interior cavi ol ds the sanple collection brush 24.
Sanple  ~L'i; 2003 - lisatihpedistawndbrsbioddy AnrAuds ClQps- section
el l'iptical shape with the tip 28 ofthe cé%gy bei ng coﬁﬁggHgﬁﬂ}%ﬁgﬁe end
of t he brush REHeRty HeiqpRatagiscompaisingh @ body sewionttaringanppeniaghd £gikiapn br ush 24

is provigled i i hch is retained. within a groove 32 | ocated on

“the ext ejrji ore\f)ﬂg?ﬁé’tr%’eff %%ﬁ@ﬁ\ré@flefgogfne@%ﬁ)ggm}néngsa sPIysamplsnandegfizsh 14. The

appar at us 1Gchatos iiE redative @beEhd i bl it ampl.-e col l ection
o R sk o W BN yf

brush 24 being covered by an al um num foi | es 5
through 8 i IR é?‘élqlﬂﬁgﬁilﬂéhﬁsﬁamplmﬂenmnmm tropefableetwiariBigstcol | ection

brush 24. | jUEr e B. t hunb pressure is. placed on the brush activation
| evel 20, tEeetl[:decgegpg)fgﬁﬁéla%‘rd&sﬁ?ccﬁj@fisvgllﬂ&&i’oﬁ’é\?@i 20 i s extended, pushing 10

agai nst the sanpl(g) coldhgaineGhe éﬁ;’% I . saml e coll ection
brush 21§ Thi s czgq)ses t%gisgarrplb% co %&??oh%@ﬁ%ﬁﬁ%&htﬁge?%%% de- out,
ext endi’iNg i PfH@Wﬁﬁmﬁ he end of the-aperture 22 of the sanple collection
region 14. Figure.6 il trates the sanple collection brush 24 inits fully
ext ended posi ti oﬁhl?or o Zoje%ﬁ’leﬁ'\ii&ﬁué@fFootﬁ?“’@aﬁﬁql@lémlleéﬁ@ﬁmnaﬁﬂ ush 24 is
provi ded w tdithaBecthtastveicdqlokitiba; col | ector region 36 which may be a
Kraton~ (Shell Corporation) or non allergenic thernoplastic
el astomer s/ t her nb¥et  brushinesh¢uasgphargix dfdenpatienibhgile sipitotbdtlonPr OVi de for
the abrasiv eﬁx‘fsttioo'?) ﬁﬂthe brush 24 en the sanple is collected. Once the
sanpl e has been QOIFER ASIPPSY sERPlenm thy sampplo gollgofian meanssanpl e attached is
retracti®d into t cawithdr ' : essure on the 20
brush activati onb?ever 20.%i'ﬁlg?iﬁ@ﬁ%@%ﬁ%&%ﬁ%nfggﬁaﬁ%%%h 24 back
into the ca%ithy paiiend el therfoste citmctedpositibhect ed sanpl e from cont ani nati on
while it is bein ivx,ithdt@ﬁvm .fr&r%? the patient. Onee the apparatus is
wi t hdr awn from tHe pal'GffavIRg Ky blonsy eppasetas fioartbp monthaddhepatient;pl aced
within the gainpl e collection brush 24 and the aperture 22 of the sanple
collection region 14 covered for transport to a 25 |lab. Alternatively, the
col | ect ed sanpl e(vifdy ,mayiagﬂmd:idmyeaxﬁplemmfﬂb'ﬂmﬁﬂhebfc@éiﬁ:@gf‘ﬁps?éiﬁe for

0

transpggt tﬁa&@e IaboratorgéBThe operation of the apparatus the present

i nventTon for° cott edt e B24hish bi opsy sanple from the nasal pharyngeal

by a transoral tgeRalIBEadsRrdnkt kd! bn. Fhgures 9 1o 14. This sanple is
‘col lected for determ nat i%ﬁr of tﬁ%dsgé?glldgglgn%g 2L eI Aagesis) Agdal
car ci nona tf#eiseAgA pol ymer ase chain reaction screening for the presence of

Epstein Ban_virus (E ome,  ~r~~'~ ?E13 -11 As illustrated in the
Fi gures, th%eﬁegéﬂ&gmggaﬁghﬂﬁﬁegﬁe@ﬁéwb&‘re‘fb@memsarﬂnganced into the -
mout h- and the sofgusPahdbie t | i.gn . the aperture with the
nafppgga:_‘r) yni< c@(o)rf@.t és[lcg SE%E;E dcs%sz;ﬁséﬁqﬁg?ﬁ)ﬁgjg%ge eg lﬁwggbldie@&et"&“?]h_et b_rUfh
-act.i vatbr u:s) a t sad Pl the o26d HRMVRRYSE Ak rt1nto
contact w t he F rl)ggeogharynx. Once the s_aérrpl e colgecti on&E)drrus‘ has been
ext ended, foOPWATH GreSeuoRmeansefihe enparatas iswotacted b aregnsof scdvetished with a

' count er cl 0GW SBrafad v Rk ] I tjon (e.qg., +20 to -20). This
. brushi ng acti on acgiraagg{slgtﬁ}e@ g%ag‘%gﬁ%%g?%angﬁvﬁ%g&@% moBlFe [ tikep and
resul ts i nnaephatynadethecedvier bebitgnaid teh 6x90§iﬁ§ﬂf&ea]afn gOLdiREHLPN T egion.

d gshtlp wth the

Once the brushing action has been 10 conpleted, the br

~col | ect ed é’b?apﬁgﬁﬁnﬁ&aﬁee‘loltge nasopBARYREL Adiepiperseinplesellp fretcolledtbile pr essure on
the brgsh aghi (4[]8 Thi: ts . he sanpl e coll ection brush

bei ng encapgﬂtij1 Baétaégge%étdéﬁﬁ ?é\stnog?hgldéag@ﬁ%&%%o#‘e?%e nﬁ'ﬁﬁ%ﬁc@dlfb@%i on zone of
the brush begiheraasopaii g the dbAE RathdefwO Frohh ehd hSSHE cﬁaffgé Saidfie brush is

t hen vvit'hdrr'@%n fromthe moyth and the brush nay be capped, "of the 15 sanple
may be washetF Y EYathe shtond mayiexignd foeaver tissample coleniopmndans, oT e

| aboratory. A variation of a sanple collection brush, according to the
present invention is illustrated in Figure 15. This variation of the sanple
collection brush is provided with a pistol grip shape for the grip region.
The pistol grip is 20 confortably held within the hand and the brush
activation lever is easily accessible to the thunb for activation of the

o o, e Y oy

{1




25 mani pul ati on of the brush apparatus to place the sanple collection brush
~at the appropriate location for the collection of the sanple. G}fte.a‘{}gqu;ﬁ\g
apparatus is placed at the proper location, the actual sanple collecti 6%
brush i s extended fromthe body of the apparatus to collect the sanple by
braiding the cells fromthe area of interest. Once the sanple is coll ected,
the sanple collection brush is retractgd 30 back into the body of the
apparatus to protect the sanple from contamn nation, should the apparatus
acci dent al | ycelbnmterial {3 recoveaat from iQn he body during its
insertion or rempval fromthe pﬁ?%n%m@dﬁ%gfﬁgg%%e‘% aeéﬁé%%rppar at us
of the presef®¥Sfvention is useful in any brush biopsy procedure for

col l ection of sanples by abrasion of ‘the tissue surface. Exanples of such
procedures include collection of cervical cell sanples for PAP snear and

ot her sanpl eBREH DESCRIBTION ©FEPRE fgthe present invention is
parti Culngrly 5 useful for collTection o les fromthe nasal pharynx for
det er mi mati on of Erﬁbom@mséaeq:fes&nmmhﬁoﬁmznbyddseﬁbaﬁmmﬁér@néé%s cel |

sanpl es as L odi ..on 0of .the.possjble presence of nasopharyngeal

car ci nona. %ﬁ%h%ggﬁrékﬁg%ﬁwmﬁe“gwg@hht invention pernits the sanple to be

easi |y obtained Vite tb@aRSs /byt i ich ¢ s’ | ess _disconfort to the
patient than a trans-nasal brus C‘Eﬁ%ﬂ@&%ﬁ“&ﬂ@ﬁ% ef Piothe Rrgeamt bi opsy. In
addi tion, tHBVEIEER will be deshmbealip greaterdetsit a&hﬁi@g@%%&feheasﬁbbﬁim@k' ows for

t he col | ect io?[ﬁ'gglrestehg' san%l esw&rill y fromthe area of interest. i'le the

i nventi on has been descrt _ @ nabove with reference to various prefesed
embodi nENts and $PAEE I bblmshl ients.. it wll be clearly o
‘under st ood by those of Sklb| Isﬁl?%n f %ﬁ%ﬁﬁ%@%@%&twyﬁa@ﬁﬁd

vari ations PBisgpiopes apecedisg tethe prdsestiimaatispand specific illustrated

enbodi nents are possihl.e i¢ch do nat .depart fromthe spirit and scope of
the present inveﬁl%%?lﬁﬁgg’ﬁ@?%‘@ﬂy,‘)fﬂteﬂpﬂal‘@mstOétﬁgml:éd that such

nodi fications toFamee Y34 4 Al f. referred epbodi ments and specific
illustrated_enbodi ments agéer %2?;‘6@”‘65‘%}52’289%@&?%33gmﬁg?ﬂfiﬂéengpparm@oﬁww 2003 -
-13 What isF@u hed is: 1. A biopsy apparatus conprising: a body section

havi ng;3n openi ng. at di st,gl end thereof; a sanple collection nmeans for
obt ai nihg a biop ‘ﬁu‘éeagﬂfsél, s1g, glexatinn wewoln| sectivwios the dnshbeidgr get achabl e
fzom t he boghpasetdfay@nd a first actuator to provide relative novenent
bet ween the sanpl e coFIecfion means and the body section wherein the sanple

col | ecti on neansFigeredpisaaticelehationsasw & deefish of ekt lidon and a
second, extt%nded %O(tht{légn 2. The biops appa?at usﬁ%g%t?%cé@%%{ﬁreclllﬁi m 1,
rsty

wherein, in tREFP el sod keingyegendedn, the sanpl e col l ection neans is
di sposed in a regepl-aghe, iyt ody. section. 3. The biopsy apparatus
defined in any ong of ¢ gisﬁlg eT&’fﬁg Peih®Topth stofien i tbp @pparrtue rfed

posi ti &4, tifigursdrpitle tledirhdodiiandedreans i s exposed to enabl e coll ection of
t he bi opsy sarrpIeFe. 4., .The bi opsy apparatus defined in claim1, further
conprising a sh 4&e 7 1s a side elevation view in cross section in view of the apparatus

of Figure 1 and the process of retracting the brush;

Figure 8 is a side elevation view in cross section of the apparatus of
Figure 1 with the brush fully retracted: |

25 Figure 9 is a side elevation view illustrating the insertion of the apparatus

of Figure I into 2 mouth;

_ Figure 10 is a side elevation view illustrating the elevation of the soft
pallet;

Figure 11 is a side elevation view illustrating the extension of the brush
30 into the nasopharynx cavity; |

Figure 12 is an illustration and side elevation of the brush biopsy s
“collection; ‘ _ '

ample



which is retractable with respect to the sanple collection neans. = 5. The
bi opsy apparatus defined in claim1, further conprising a sheatthqh q‘rﬁ
reversibly retractable with respect to the sanple collection neans. 6. e
bi opsy apparatus defined in any one of clains 1-5, wherein the body section
. finther conprises a reseal abl e cover over the openang. 7. The biopsy
apparatus defined in claim®6, whereinghe reseal able cover is operable
between: (i} a first, unsealed position in which the sanple collection
nmeans may noved t]hgmtl@u&aiﬂﬂhﬂﬁaﬂ@ﬁ\i&?ﬂdéél gﬁa‘éﬂ ion and

t he second, ended position, and (ii) ae‘é%iggi%ewégg%% osllp?fs%%\ in which
the sanpl e brus Al G Z~J03 -14. collection neans is substantl ally seal ed

from exposure to I out si.d ar at 8. The biopsy
.appar at us defi nedlﬁl EUI% g%yg%{r}ie au(?flélf‘flrﬁ%f el;:va\}d YIEVP Lfltﬂlf?ereﬁ’@é@l afdbe i on
conpri ses a apparatus et the i agdsecond section anguiarly di sposed wth

respect .t o one anot her. 9. The bi opsy apparatus defined in claim8, wherein
“the first secoad dﬁ'&etﬁelss%@tﬁﬁcbls%manewrcﬁ‘ atseaondobhbedimangbe tMé t h r espect

to one anot Eﬁgna‘%gof% {‘{H?lg .ar atus defi ned_ in claims§S, wherein the

first secon e se are at angle in the range of from about
90 to about 135 with . respect to one another. 11. The bi opsy appar at us
defined in claim 8 vvherel n the first second aad the second section are at
angle in thé : 3%l AB INVENIAOM t h respect to one -
aim8, wWierein the fast

anot her. 12. Thelal-lhggs {)?ara us def| ned in cl

second andt he second S&Ct FON AT Yt onfngipect Hrqvﬁgsr@ﬁg"é afpatatasmfabout 100 to
about 1125 wobfaini logical %ﬁ)l@snlgﬁﬁﬁfh T pparatus .defined in
claim 8, wherei n%ﬁ%@f fgrst secon ané b@S e?@@é@:@ Pﬂaﬁf etu’éfh fangle in

t he range oFaﬂﬂIﬂéﬁﬁ%ﬁﬂ%ﬂﬂquan@ctﬂndhnmtbct&dfmﬁmtammﬁﬁﬁﬁmhn eheHigpsAnot her. 14,

The bi opsy e s..an of clains_ 8-13, urther conpri si ng
angl e adj us?pﬁg}{hﬁ. i‘r%r §Fﬁn}39\?131%5%&% 8PRAFS end Heuspriglobtaiingeen t he
first secti mﬁa@ﬁ&eﬁﬁwﬁ%ﬁ?ﬁfalﬁ@}luﬁ ed-m‘ﬁﬁ%r&tgﬁgdﬁ aratus defined in

any one of clains |-14, wherein the sarrp e Cco Ion 8?15 conprises a
nmugbened sur f aceFigure I illustrates a perspective view of a preferred embodiment of the

15 brush biopsy apparatus of the present invention, generally indicated by the

numeral 10. The apparatus 10 has a grip region 12 anda sample collection region
14. Grip region 12 is generally a hollow cylinder in shape with finger gnps 16
extending on either side to enable the apparatus to be easily held within the hand
for manipulation into the proper position for collection of the sample. Apparatus
20 10 is generally hollow, and the grip‘ region 12 is provided with an opening 18
through which a brush activation lever 20 extends. The operation of the brush

activation lever 20 will be described further herein below.
Sample collection region 14 at the end is provided with an aperture 22
through which the sample collection brush 24 is able to extend and retract.
25 Figure 4 illustrates the sample collection brush 24 in its initial refracted position,
Sample collection brush 24 is constructed of a suitable elastomeric material to
enable the brush 24 to roll inside out during the operation of the apparatus 10,
This elastomeric material may be an evaprene, silicone, rubber, or other suitable
biocompatible elastomeric material that will enable the proper operation of the

30 apparatus.

As illustrated in the Figures, the sample collection region 14 is provided

with an interior cavity 26 which holds the sample collection brush 24. Sample



i i lef i [ one of clains
T~ A 16. Tlie biopsy apparatus defined in any _
1 1?"Wﬁg$§iﬁzfﬁe sanpl e col 2ection neans is detachableffrfn]hgqfiggﬁg2mn
-tuétor 17. The bi opsy apparatus defined in any'one_oI c aLeriaI i8 .
aﬁerein'ihe éanple collection nmeans is nmade of a erX|?_e Pa erial - I8
bi opsy -appar at us defined-in'clain117,_§?$Legn%O}3eéh$n Lg:iiion racted

I ti col |l ecti onnmeans r&*- . - posi _ t

Egighhonéngﬁqsgﬁplgiti n, the sanple pollgptlon_neans kjgin'a fz[ggd out
posi ti on. i BispmeenerrlycheodsmectiomelHpticab HRme i i 75 ok

: : - l.e col[ection s and
thef 115t act Larar e 2gRE ppbcRiaR BT e et s wetoni i o126 Tha Basevhor ei n d
thefirst actuator. : . s oll ecti on neans an
the sl i dabl eofdhasampletcatibatnybiut o1 50 PRI L SHIPLE WO

: Iglgmedt cl ai ms
e firs . 7l The biopsy appar atu _ Y
tlf‘gof o hiy %{ﬁrPEY%aZ dogaedau the extior of thedimvhele  IRFGARRL, AL t he

S, O I B AR LS ki s
Lo mpotenseonits s 1D 5 S BB 3
B Dt Ly T T
:Sl'ggt ibio(rjnpigrrpeﬂ?%{eigﬂ gﬁrr%\eliedagﬁ'g F'\;é'q{%%ag&g@?? ﬁéeisggi Lsmig;egtS dire:cll_j;fgsfgi@ﬁ;:ogyw ndow
paratia defined | o et e buettaciivafon (R0 Slnted mobape
ngﬁgszgfeg%%@%? gg@gaéﬁﬂk@mndnpﬁ?ZQamE%gﬁﬁ?ﬁgﬁgﬁ?ggge@gﬁ%ﬁ%%E&IcoIIectlon
? ];1 eL |hte c g Irrglto I§48/I ?%maeg&leﬁ i el/?%??&? g‘glhqtcggﬁé’?%c%ﬂo@grogmiﬂ?gﬂk gtgtiesdgnﬁo 9{5 2 :ngt at a
between a saupl e corl ot o s 2P 6L R el s o eaissyih Hipire aad 1 he

noa sgn A samplesebipttioncintusie 04 iR ks fulPafende JHRYAR &, het ween a
Cfirst, retraghed PRsis! Vhniple cSlicetion brush 24 is provided with an abrasive cel]

15 collector region 36 which may be a Kraton® (Shell Corpoi‘ation) or non

allergenic thermoplastic elastomers/thermoset rubbers (e.g., silicone rubber)
which will provide for the abrasive action of the brush 24 when the sample is
collected. Once the sample has been collected, then the brush 24 with the sample
attached is retracted into the cavity 26 by releasing the thumb pressure on thé

20 brushactivation lever 20. This rolls the sample collection brush 24 back into the
cavity 26 and protects the coliected sample from contamination while it is being
withdrawn from the patient. Once the apparatus is withdrawn from the patient,

then a suitable transport medium is placed within the sample collection brush 24

and the aperture 22 of the sample collection region 14 covered for transportto a

25 lab. Alternatively, the collected sample may be washed into a conventional

transport tube for transport to the _lqboratory.

 The operation of the app;étﬁs of the present invention for collection of

" a brush biopsy sample from the nasal pharyngeal by a transoral technique is
illustrated in Figures 9 to 14. This sample is collected for determination of the
30  presence of nasal pharyngeal carcinoma through a polymerase chain reaction

screening for the presence of Epstein Barr virus (EBV) genome.



~a sanpl e collection neans for obtaining a biopsy sanple, the sanple
collection means being attachable to the body section 27. The ki#dgf.i ned
is claim26; wherein, in-the first, retracted position, the sanple ™" 2003
coll ection neans is disposed in a receptacle in the body section. 28. The
- kit defined in any one of clains.26-27, wherein, in the second, extended
position, the sanple collection meansli-s exposed to enable collection of

t he biopsy sanple. 29. The | Q defined in claim26, fiuthei conprising a
sheat h whi ch is AstHugiatas) is the Figurassibe btushafiehenssabbehe @il @8k N Means.

30. The kit L ned. | | aj.m furthei conprisjng a sheath which is
reversiny'?@?&%@gﬁtgeﬁvﬁoﬁhl@ég% H&g?ﬁ‘tql\%%g%ﬁg B ppesirowithibens. 31. The

ki t defi nednasoplatymonfth@©hasal @i, TREA WP section further
-conprises a teseal abl e cover ov[fzr thel?%gsesﬁlﬁé%g]fm@#eg%%Pa%@%%ed in claim
31, wher ei nleV$etor@dend tislsempbmerlleciomprshlahé bHag WeRmo critictavifl st |

unseal edposy ... Qni i t he saml e col | ecti gnpeans may :

- movedt hgref%érs%%g]v\gg‘ﬁ? § Pple cotlpcliondupsishas baearmitendsé clormrdext ended

‘- $ ~ U ~ RO&Q8reid dpplasi dnld9ke érir]!])? ed.posi.tion in which

t he sanpl e coll eclti%% means irsuégg%s ant g%ﬁg@@g&aé@ﬁ%ﬁcwﬁ&g re to an

~ envi r onmentclepkgsaretationalapytiondigs +283t0 - 307, Rhis brehinB @tidnkbAidys ge of clai s
26- 32, wher .Ftﬂelﬁtﬁﬁ&g()d Bgct%ilqn q?ogpri ses a first section and a second
section angdlarty Iss%gr i LAV Spcind sl ntha plrededell Beimg kit denned
i n clai m 3%tavar & thet &1 ki : ; nd section.,are at an
obtuse_angle w th resepect E?lg&glﬁgqgﬁgghgpﬂcég% ﬁﬁé | t'acglgfli}}?éd’e??i cl ai m 33,

wher ei H t heomplated, decomsh tipaithithe seltvored ep'ﬂ@dﬁabéblﬁﬁ@re@ﬁct@@gg?eléag?]t he range
6

of from ab 90 to about 135 with respect to one nother. . The kit
Ui tﬁ{lg’%,prﬁﬁ‘?&rree‘?% fhgush; scgvatipadeyar. dies temedissipcbnsimpdet i on are at

defined in clai

angl e i n t kel&nagehdth e t t..130 with r ect tn one -
another. 37. The kit defi e%ﬁﬁﬁg‘g a?%%gg?ﬁgmtg%ecgﬁlqﬁg ?fﬁ@tsagg nd and the

second sectPBertigngone ofithglbeushrboidyeavoithgecotfarhiaid oMb iR shfipgbout 125
with respecltc.jnebo ne ang{itg r. 38. The kit defined is claim33, wherein the
first secondSHINEHESR WEQm b raeugh and the Grushimeytbeeaprdge i f r om about

100 t a5aboyhmgidSmal the %ﬁﬁéﬂc;mg r. 39 The kit defined in any
one of cl ai msﬂl26-§%, furt her co%pgﬁgﬁbgﬁ%ﬂsgﬁ"g é‘gjeuéfr@ﬁﬁp%%éheto allow a
user to adjaberateye angl e between the first section and the second section.
40. The kit defi,ned.in any one of clainms 26-39, wherein the sanp3e

col l ection meané ¥BHHIIN &Y 2, s3pplgHeaksetionubrusheaccording to the present

invention is illustrated in Figure 15. This variation of the sample collection brush

is provided with a pistol grip shape for the grip regioﬁ. The pistol grip is
20 comfortably held within the hand and the brush activation lever is easily

accessible to the thumb for activation of the sample collection brush.

The brush biopéy apparatus of the present invention allows for easy and
accurate collection of cytological samples by a brush biopsy technique. The grip
region is comfortably held within the hand and allows for very accurate

25  manipulation of the brush apparatus to place the sample collection brush at the
appropn'ate location for the collection of the sample. Once the apparatus is
placed at the proper location, the actual sample coilection brush is extended from
the body of the apparatus to collect the sample by braiding the cells from the area
of interest. Once the sample is collected, the sample collection brush is retfacted-

30 back into the body of the apparatus to protect the sampie from contamination,
should the apparatus accidentally come into contact with ofher regions of the

body during its insertion or removal from the patient.



.~~ 2C3 -18 41. The kit defnedi nany one of clains 26-40; whereinthe sanple
collection neans is nmade of a flexible tnateri al. 42. The kibzﬁgjmnggﬁgn
claim4l, wherein, in the first, retracted position, the sanple coll on
means is.in-a‘folded-in position and in the second, extended posifion, the
sanple collection neans is in a fol ded-out poesition. 43. The kit defined in
any one of clainms 26-42, wherein a slii®able shaft intercornects the sanple
collection neans and the first actuator. 44. The kit defined in claim43,
wherein the stidaﬁheaphmﬁWSdﬂhh@bﬂbﬁyihﬂﬁﬁbﬁqgﬂﬁﬁﬁﬁﬁiﬁg;ﬁﬁgﬁhgI%%IIection
means and the first . .actyator. 45. The kit defined in arly one oY ¢l ai ms
26-44, furt hB’FOcﬁcg’r%fqr§Pﬂ5°t’Qn§’éé%ﬂ%lat Faesion efghp tissue derfamey Examplsaf t he

sanpl e col | egtdueRniRadifed i t.end 0si ti 46. The kit
defined in cl aium 25, V\hgérlgfltrlllatgﬁ@ﬁgfe?@g%fcf%é’&%a&g%g?aﬁﬁiﬁngEéP FHEHENEnal
novement of ether swp eolleotidresc tThernppeans ofmetph@eﬁﬁﬁpagiﬂnqgg%@%g%ﬂ?osi tion.
47. The éit deb_igged ils any one of clainms 45-46, wherein the body“section -
conpri sed a 95 QUG HRIRS sawpeles fiem thpassahphare fof detekninatied ofid i n any

f clai . L0 khe sect i se. oveabl e wi nd
over the opanciacéEMREn Befl LAC oBRN BB colBaBRR e Homiitaden atlent or -
49_ The kit mssibleguciencaofnaoph@inghbéaiEindaa4The }Egﬁe{trgﬁﬁ o‘f’?ﬁ%’ér%ge?r? a

C a er

renovabl e caver for connection to the sanple col Ion nea
col | ecti on JRVFIMETBFBRESthe sarapls to be easify obthinkd vidtra@BbralaschnSue whiget achabl e

sanmpl e col | ke i 1.t.habj.opsy apparatus, the device conpri sing:
at t achnent Qrf‘eég#\ésgl g}iisrgglﬁlgo\?g%ﬁg%?te Ewa)é’iaﬂgg%%ﬂyl‘@b’@l’ﬁb@[ rsgedevice to a
body sekft i orrofimdittsioiyoRssddinma iRidéSisn bPee A5 ARRIBhe FRANS nHRIRLA ST N an

openi ng; and . :
allows for the collection of the samples only from the area of interest.

While the invention has been described hereinabove with reference to
various preferred embodiments and specific illustrate embodiments, it will be
clearly understood by those of skill in the art that modiﬁcations to and variations

15 ofthe preferred embodiments and specific illustrated embodiments are possible
which do not depart from the spirit and scope of the present invention.
Accordingly, it is contemplated that such modifications to and variations of the

preferred embodiments and specificillustrated embodiments are encompassed by

the invention.



a flexible, sanple collection surface connected to the attachnent neans,
the flexible, the sanple collection surface bei ng noveabl e througq;th
openi ng between a first, fold-iaposition and a second, foId-out,pos#%FbﬁmB
Sl . "The device defined in claimb50, wherein the sanple collection surface
conprises a roughened sarface. 52. The device defined in any one of clains
50-51, wherein the attachnent neans provides for nechani cal attachnent of
the device to the body section. 53. The device defined in claimb52, wherein
t he attachnent neans includes a threadg%_section for threaded engagenent

bet ween the device and the body seciton.” 54. The device de&ned in any one
of cl ains 50-§§Mngﬂﬁhg%%i:onprising a renovabl e cover for connection to the
sanpl e coll ecti'on™neans after collection of the biopsy sanple, 55. A

di agnostic method conprising the steps o (i) inserting a distal cad of a

bi opsy apparatus into the nmouth of the patient, the apparatus conprising: a
body section Bayi nd HAPAPRATRYISFEIRTANET al end thereof; a sanple col |l ection

means for obtainin I X d AN or to provide

rel ati ve novenent g?%g%eﬁﬁ?ﬁéa‘g%gp%%%%ﬁ%%l#gﬁésrg%d th a body section
wherein the sanpl eacambkciollettioremasns fr obeihhd & Hieisyaanpk, thedamplet ract ed
position and a second, extended position; g AU : 203 -20 (ii) atigniag

t he openi ng ofPLssBoRs BNy bamsaletachable Fomthe bediswphen A% of the patient;
(iii} enploying th ' afol 4gt ; SAnp! | ggt ] ans to

t he second, ext endgdﬁ%%g%tl o%#g(%yﬁg Rhitie TIH& b%h&%h the éagﬂﬂge

brrshi ngt henas opleatiyn xehtdwepiahe dofysdchivh edaregd teckngit dolisctiopancansds obt ai n a
bi opsy sanple _on . the sanple collectjon_peans; (v} wthdraw ng the sanple
collection ne ?gwggaﬁééo‘ﬁﬂé‘f R"%"P‘i"’r?é‘dﬁaitef;é?ﬁ e’f"’é"‘{eﬁé’oﬁ’i 8¢, retracted
position; (vi) wthdrawi ng the biopsy apparatus fromthe nouth of the
patient; and (vii) assaying the biopsy sanple. 56. The diagnostic nethod
defined in cl@& m 55he biopp sppiarsius definbdiint ¢ieim bivelpsreinf inghe Ststyretragied of
lifting the Sﬁésﬁﬁ&?h%t seaugﬂcle %orfec &k 'n?e%s 1s disposed in a receptacle in the body

section.

3. . The biopsy apparatus defined in any one of claims 1-2, wherein, in the
second, extended position, the sample collection means is exposed to enable
collection of the biopsy sample.

4. The biopsy apparatus defined in claim 1, further comprising a sheath
which is refractable with respect to the sample collection means.

5, The biopsy apparatus defined in claim 1, further comprising a sheath
which is reversibly retractable with respect to the sample collection means.

6. The biopsy apparatus defined in any one of claims 1-5, wherein the body
section further comprises a resealable cover over the opening.

7. The biopsy apparatus defined in claim 6, wherein the resealable cover is
operable between: (i) a first, unsealed position in which the sample collection
means may moved therethrough between the first, refracted position and the

second, extended position, and (ii) a second, sealed position in which the sample



57. The di agaosti crmet hoddefined in anyone of cl ai ms 55-56, wherein, in the
first, retracted position, the sanple collection neans is disposegéjg 2
receptacle in the body section. 58. The di agnostic nethod defined i"nh %NyEMB
one ofclains 55-57, wherein, inthe second, extended position, the sanple
collection nmeans is exposed to enable collection of the biopsy sanple. 59.
The di agnostic nethod defined in any one of clainms 55-58, wherein the body
section further conprises a reseal abl e cover overthe opening. 60. The

di agnostic nethod defined in any one ofjscl ai n8 55-59, wherein the body
section of the biopsy apparatus conprises a first section and a second

secti on angul ggleiel ABARGEBiNABIRACE b LASANI LB irend sl agnost i ¢

met hod defined I n alm 60, wherern the first seco an e second section
are at an obttseppagiue with respect to one anot her. - ~A y '"Lt~I3 -21

62. The di agnostic nmethod defined in claim®60, wherein the first second and
the second section are at angle in the range of fromabout 90 to about 135

W th T eSPect §0. Ot Kbk ionaii: dendliin b 8RO T UerlR £85GaY N Ol ai m

60, wherein the first s the second section are at angle 1n the
range of f r om sdbood c@bptises alfost setB6n md & scopspeattiohanguieriydizpbsed wild. The
di-ragnostic nethod defined.in claim60, wherein the first second and the
second secti OWBREEIANCAIGHET | n the range of from about 100 to about 12S
with respect to one another_ 65. The diagnostic nethod definedin claim®60,

wherein the first second and the second section are at angle inthe range
of $om about 190 t oTkikiopsyrpsaaius defivadin claim 8, whayelnils finst secasl arflithe

di agnostic method, def.ined in one, of ..cl ai 60- 65, .wherein the biopsy
appar at us ang%egg%ddTeﬁ{;?rﬁrg%ta!t ﬁ%gﬂés? %‘g&‘f %tﬁlr%sljgcgé? OIE‘%QQHT%st t he angle
between the first section and the second secti on.

10.  Thebiopsy apparatus defined in ¢laim 8, wherein the first second and the

second section are at angle in the range of from about 90° to sbout 135° with

_respect to one another.

11.  Thebiopsy apparatus defined in claim 8, wherein the first second and the
second section are at angle in the range of from about 95° to about 130° with

respect to one another.

12.  Thebiopsy apparatus defined in claim &, wherein the first second and the
second section are at angle in the range of from about 100° to about 125° with

Tespect to one another.

13.  Thebiopsy apparatus defined in claim 8, wherein the first second and the
second section are at angle in the range of from about 100° to zbout 115° with

respest to one another.

14.  The biopsy epparatus defined in any one of claims 8-13, further
comprising angle adjustment means to allow a user to adjust the angle between
the first section and the second section.

15.  The biopsy apparatus defined in any one of claims 1-14, wherein the

sample collection means comprises a roughened surface,



67. The diagnostic nethod defined in any one of clains 55-66, wherein the
sanpl e’ col | ecti on neans conpri ses aroughened surface. 68. The

di agnosti cnet hod defined in any one ofclainms 55-67, conprisingt el AUG 2003
fi,rt_h_er step, after Step (vi), of detaching the sanple collection nmeans
fromthe biopsy apparatus. 69. The diagnostic nethod defined in any one of
cl ainns 55-68, wherein the sanple collection neans is nmade of a flexible
material ~C J~U6 ~CC~ -22 70. The diagnostic nethod defined in any one of
clainms 55-69, wherein Step (iii) conpriges noving the sanple

col l ectionneans fioma fast, retracted fold~l in position to a second,
extended fol d-out position. 71 _ The diagnostic nethod defined in any one of
clainms 55-70, wherein a slidable shaft interconnects the sanple collection
means and t hdéfi r Stheddopsytapparafi@. defined th agnosd ob claiih bd Sdeherédthien cl ai m
71, wherein the s&dgble shaft detacliably interconnects the sanple

col l ection né%’ﬂglséé’ﬁge‘{t’r?@@‘?%fs %6%"@5‘?15%0%1@? B @clE®Enost i ¢ net hod defi ned
in any one of clains 55-72, wherein Step (iv) conprises noving the

bi opsy~apparahxs with the sanple collection neans in the second, extended
posi tion. 7417The Tik dgomeytappambishetinebin agdonnohginene-16f whkmimthe55- 72,

wherein Step (iv) ¢ yises rotatjng the_hiopsy, apparatus with the sanple
col l ection mé eicﬂﬁ%ﬂmtﬁm@&‘%ﬁﬁﬁlﬁﬁw. 75. The diagnostic
nmet hod defi nedin any one ofclains 55-74, wherein Step (vii) conprises

assayi ngt hebi opsy sanpl e forthepresencet he Egstein-Barrviral genone. 76.
The di agnost 8- mefhe&apsy rpnagatondefingd imelaios 17 Mdienedn 56 dvsirsiyetrasied St ep (V)

i.s..conduct ed_ R o. St Lo . . ‘e .

CAY. A AN . Al ?ﬁ%{‘%&%&?ﬁ%ﬁaﬂi\%iﬁ?ﬁ%@@&%ﬁ'ﬁ?ﬁ‘&?%@‘_@i\%ﬁ@@w. A\ N% A6
K<. A#1. Al\ P’ Qa8nded position, the sample collection means is in a folded-out position.
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20.  The biopsy apparafus defined in claim 19, wherein the slidable shaft
detachably intercommects the sample collection mezams and the first actuator.

21.  Tbe biopsy apparatus defined in any ome of claims 1-20, frther
comprising a second actuator to provide movement of the sample collection

means in the second, extended position.

22,  The biopsy apparatus defined in claim 21, wherein the second actuator
provides rotational movement of the sample collection means in the second,
extended position.

23.  The biopsy apparatus defined in any one of claims 21-22, wherein the

body section comprises a moveahle window over the opening.

24.  The biopsy apparatus defined in any one of claims 21-22, wherein the
body section comprises a moveable window over the operning, the moveable

window connected to the first actuator.
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109560 () - JHOAET (9 PRRHPLAEBOS P SRR e & Frele ORISR TR R <.
10BB! M y/ 10YBRik aé]g;%sy/saﬂi YRR the b&q% section wherein the sample coll

ection .
*1109B& ()-!f& 109 f&10%08 () - (Y- *}aB: 10BB!I'109%&' ()-!< Y@
% 0% () - <10%Eapy is mposige bptweks GOBYst, )retracted position and a second, extended

position; and

a samnple collection means for obtai.n.iﬁg a biopsy sample, the sample
collection means being attachable to the body section

27.  The kit defined in claim 26, wherein, in the first, retracted position, the

sample collection mezns is disposed in z receptacle in the body section.

28.  The kit defined in any one of claims; 26-27, wharein, in the second,

extended position, the sample collection means is exposed to enable collection
-of the biopsy sample,

29.  The kit defined in claim 26, further comprising a sheath which is
- retractable with respect to the sample collection means.
30.  The kit defined in claim 26, furthet compnsing a sheath which is
I
reversibly retractable with respect to the sample coliection means.
31.  The kit defined in any one of claims ;26~30, wherein the body section

further comprises a resealable cover over the ppening.
|

32.  The kit defined in claim 31, wherein the resealable cover is operable
between: (i) a first, unsealed position in which the sample collection means may
moved therethrough between the first, retracted position and the second, extended
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33.  The kit defined in any one of claims 26-32, wherein the body section
comprises a first section and a second section angularly disposed with respect to

one another.

34.  The kit defined in claim 33, wherein the first second and the second

section are at an obtuse angle with respect fo one another.

35.  The kit defined in claim 33, wherein the first second znd the second
section are at angle in the range of from about 50° to about 135° with respect io

one another.

36. The kit defined in claim 33, wherein the first second and the second
section are at angle in the range of from zbout 95° to about 130 with respect to

one angther.

37.  The kit defined in claim 33, wherein the first second and the second
section are at angle in the range of from about 100° to about 125° with respect to

one another.

38.  The kit defined in' claim 33, wherein the first second and the second
section are at angle in the range of from abont 100° to about 115° with respect 1o

one another.

39.  The kit defined in any one of claims 26-38, further comprising angle
adjustment means to allow 2 user to adjust the angle between the first section and
the second secfion.

40.  Thelkditdefined in any one of claims 26-39, wheren the sample collection

means comprises a ronghened surface.
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43.  The kit defined in any one of claims 26-42, wherein a slidable shaft

intercomnects the sample coliection means and the first actuator.

44. The kit defined in claim 43, wherein the slidable shaft detachably
~ interconnects the sample collection means and the first actuator.

45.  Thekit defined in any one of claims 26-44, further comprising a second
‘actuator to provide movement of the sample collection means in the second,

extended position.

46.  The kit defined in claim 45, wherein the second actuator provides
rotational movement of the sample collection means in the second, extended

position.

47.  The kit defined in any one of claims 45-46, wherein the body section

comprises a moveable window over the opening.

48.  The kit defined in any one of claims 45-46, wherein the body section
comprises a moveable window over the opeming, the moveable window
copnected to the first actuator.

49.  The kit defined in any one of claims 26-48, further comprising &
removable cover for connection to the sample collection means after collection

of the biopsy sample.
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sVssj KC attachment means for removably attaching the sample collection device

to a body section of the biopsy apparatus, the attachment means comprising an
opening; and

a flexible, sample collection surface connected to the attachment means,
the flexible, the sample collection surface being moveable through the opening
befween a first, fold-in position and a second, fold-out position.

51.  The device defined in claim 50, wherein the sample collection surface

comprises a roughened surface.

52.  The device defined in any one of claims 50-51, wherein the attachment
© means provides for mechanical attachment of the device to the body section.

53.  The device defined in claim 52, wherein the attachment means includes
a threaded section for threaded engagement between the device and the body

seciton.

54.  The device defined in any one of claims 50-53, further comprising a
removable cover for connection to the sample collection means after collection
of the biopsy sample, '

55. A diagnostic method comprising the steps of:

6] inserting a distal end of a biopsy apparatus into the mouth of the -
patient, the apparatus comprising: 2 body section having an opening at a distal
end thereof; a sample collection means for obtaining & biopsy sample; and a first
actuator to provide relative movement between the sample collection means and
the body section wherein the sample collection means is operable between a first,

retracted position and a second, extended position;
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of the patient;

(iti) employing the first actator to move the sample collection means
to the second, extended position;

(iv)  brushing the nasopharynx ofthe patient with the sample collection

'means to obtain 2 biopsy sample on the sample collection means;

(v)  withdrawing the sample collection means from the nasepharynx
of the patient to the first, retracted position; 7

(vi)  withdrawing the biopsy apparatus from the mouth of the patient;
and

(vi) assaying the biapsy sample.

56.  The diagnostic method defined in claim 55, comprising the further step,
after Step (i), of lifting the soft palate of the patient.

57.  Thediagnostic method defined in any one of claims 5§5-56, wherein, in the
first, retracted position, the sample collection means is disposed in a receptacle

in the body section.

58.  Thediagnostic method defined in any one ofclaims 55-57, wherein, inthe
second, extended position, the sample collection means is exposed to enable

collection of the biopsy sample.

59.  The diagnostic method defined in any one of claims 55-58, wherein the

body section further comprises a resealable cover over the opening.

60.  The diagnostic method defined in any one of claims 55-59, wherein the
body section of the biopsy apparatus comprises a first section and a second

section angularly disposed with respect to one another.

61l.  The diagnostic method defined in claim 60, wherein the first second and

the second section are at an obtuse angle with respect to one another.
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the second section are at angle in the range of from about 90° to about 135° with

respect to one another.

63. . The diagnostic method defined in claim 60, wherein the first second and
the second section are at angle in the range of from about 95° to about 130° with

respect to one another.

64.  The diagnostic method defined in claum 60, wherein the first second and
the second section are at angle in the range of from about 100° to about 125° with

Tespect io one another.

65.  The diagnostic method defined in claim 60, wherein the first second and
the second section are at angle in the range of from about 100° to about 115° with

Iespect to one another.

66.  The diagnostic method defined in any one of claims 60-65, wherein the
biopsy apparatus angle adjustment means to allow z user to adjust the angle
between the first section and the second section.

67.  The diagnostic method defined in any one of claims 55-66, wherein the

sample collection means comprises a roughened surface.

68.  Thediagnosticmethod defined inany one ofclaims 55-67, comprising the
further step, afier Step (vi), of detaching the sample collection means from the
biopsy apparatus.

659.  The diagnostic method defined in any one of claims 55-68, wherein the

samnple collection means is made of a flexible material.
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71.  The diagnostic method defined in any one of claims 55-70, wherein a
slidable shaft interconnects the sample collection means and the first actuator.

72, The diagnostic method defined in claim 71, wherein the slidable shaft

detachably interconnects the sample collection means and the first actuator.

73.  The diagnostic methed defined in any one of claims 55-72, wherein Step
{1v) comprises moving the biopsy apparatus with the sample collection wmeans in
the second, extended position.

74.  The diagnostic method defined in any one of claims 55-72, wherein Step
(i) comprises rotating the biopsy apparatus with the sample collection means in

the second, extended position.

75.  Thediagnostic method defined in any one of claims 55-74, wherein Step
(vii) comprises assaying the biopsy sample for theﬁresence the Epstein-Barr viral

genome.

76.  The diagnostic method defined in any one of claims 55-75, wherein Step
(v} is conducted prior to Step (vi).



