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BACKGROUND

Technical Field

10 In general, the disclosed embodiments relate to devices and
methods for the introduction and subsequent evaluation of therapeulic agents
to biological tissue, and-in particuiar to the simuttaneous introduction of a

plurality of agents to the tissue in vivo.

Description of the Related Art

15 Numerous cancer-related therapeutics are under phase | or phase
It clinical trial and evaluations at any particular time; however, most of them will
fail to advance. Infact, it is estimated that more than 90% of cancer-related
therapeutics will fail phase | or |l clinical trial evaluation. The failure rate in
phase Il trials is aimost 50%, and the cost of new drug development fro.m

20  discovery through phase 1l trials is between $0.8 billion and $1.7 biliion and
can take between eight and {en years.

in addition, many patients fail to respond even to standard drugs
that have been shown to be efficacious. For reasons that are not currently weil
understood or easily evaluated, individual patients may not respond to standard

25  drug therapy. One significant challenge in the field of oncology is to exclude

grug selection for individual patients having cell autonomous resistance {o a



.can take between eight and ten years. I n addition, many
patients fail to respond even to standard drugs .that have been shown to be
ef fi caci ous. For reasons that are not currently well understood or easily
eval uated, individual patients may not respond to standard 25drug therapy.
One significant challenge in the fiéld of oncology is to excl|lude drug

sel ection for individual patients having cell autononous resistance to a 2-
candidate drug to reduce the risk of unnecessary side effects. A related
problem i s hhagai8 &l r48LSY FicemaiCofapnRent Ay iskieseffscts.r Raelateeld for many
oncol ogy drug candidates in efforts to achi eve a desired concentration at a
tunor si t eprabfen ssiet @xmepsivh Gystebyc pepserialignp afr fa¥ e foT Mafany
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for performng efficient pre-clinical and clinical studies of candidate
oncol ogy nedseilarzed tamdrsf(Gunpdelratiaty it 880 Oiar Gpeetfes SHEB3hg i ncr eased

l'i kel i hood of benefitting,individual . j .. r [javention

addr esses these and é'ﬁﬁ{‘fme"ﬁéseﬁé‘rg%@"f‘?rﬁ?o? wg}ﬁ&eﬂrei a{ tesqalngdvant ages.
BRI'EF SUMMMRYhods for testihd) afd delivdrirdseailer tieapiegsaaldinguentoved refers to a
nmet hod of rating one or nore candi date agents for devel opnent_ into a

t her apeut i eneigedniogienfopesprging efficient) prermlinisalenthelinigsd sBidigitle candi dat e
agents to a region of,a solid tissue ir ] : e -subj ects, by
di stributi rﬁ"j’”a'gé £ Qeology &”%‘ﬁﬁ‘&?ﬁa?%ﬂefé)égdrﬁ%g%oé) %‘%%‘%FFW’@P posi tions

al ong an ax&=eddmialikdtR srasiriting igiviuaLeEsdts oThappegentrinveatidry par al | el
axes within the region in each subject; (b) conparing at |east one
effect of eachessesimse amdﬁimﬂamm@%aﬁdioa‘m@ gerpiaied AE¥RBRASHN agent -t hat
results in a greater beneficial effect when introduced to the solid tissue
receives a higher rating for devel opnment into a therapeutic agent for
treating t henee sdvidsFowe, and an agent that results in a | esser beneficial
ef fect when introduced to the solid tissue receives a |ower rating for
devel opnent into a therapeutic agent for treating the solid tissue; wherein
said one or nore subjects is a pre-clinical nodel -and is a non-hunan

mammal . 2h '



Al so described herein is a device for delivery of a fluid to a solid
tissue, conprising: a plurality of needles arranged in an array; a
plurality of reservoirs, each in fluid comunication with a respective one
of the plurality of needles; and a pbagrality of actuators operatively
coupled to respective ones of the plurality of reservoirs and configured to
control a fluid pressure within the reservoir. In certain exanples each of
the plurality of actuators conprises one of a plurality of plungers, a
first end of each of the plurality of plungers being received in a
respective one of the plurality of reservoirs, and in certain further
exanpl es the plungers of the plurality of plungers are operatively coupl ed
t oget her at respect invefiseasprdt ibadseseat iagerttionbefess tna mathed obiyingleps esvald e.
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ot her exanpl es each of the plurality of actuators conprises one of a
plurality of fluid transm ssion |lines having first and second ends, a first

end of each of the,plisahiidiNg odnd lovi Mhoks asmicest aydntnes beiegpncolipl ed to a
respective one of the plurality of reservoirs. In 8t hqejr %ml eshtr}e devi ce
conprises a fl us@lidhkiesiguineeaduiof @neapid A erSEIet hie OB PRI S0 “N30
actuators Comrggﬁsca%dfdéd%%g%%@% ROpRELNOESF AdteriddbmbriRr 86 Shusewsblr ce and
a respective one of the plurality of reservoirs. In further exanples the
fluid pressure swuragorn imsack esibaect| waslong faussally %ﬁ%@le@?@r‘,’“'ﬁ”\/‘ﬁ@uum
accunul ator, a per.istal tiﬁ: p,. a master cylinder, a mcrofiuidic- punp,
and a val ve. |n' &Hot H’é?a%xg% €,” each of the plurality of needles conprises
a plurality of ports distributed along its length. In another exanple there

i's provided a devi for delivering a fluid.t | j-d_1I:LiS , ising a
di spenser i ncl udi r@?a‘:oﬁé@?ﬂ‘%‘g P?gv':eﬁgt &Gl gﬁf% igg/%gﬁ?pdgr%és'bd?gﬁgﬁ% al ong
a length thereokan@ddh@seigeits, | Whéteit dagoagum cit oresuitsh it he dregsensi ng
needl e, and a plunger having a first end 1Joo iti ?@ed in the. res r.v8|rr; and a
pl unger driver Geoplidal effed Walh it ettt ntd%ﬁ“?arr?&eﬁ"gﬁfaieﬁ'ﬁ 8d to

depress the pl unger, at, @eée%&%ﬁ@'irycoVa?trthéH@lp@ufi@tagenﬁ Forc@eaBhd thelsbier
exanpl es the dispenser Is one of a plurality of dispensers

ranged in a
di spenser arr ay tiseaghasorasr 2genk thatheestlts, inaar i@y ?W‘?ﬁ%d&réecﬁl‘gﬁ%r
having first and - : ' thelvep*atmhL g5r HbgeipbwREer
driver is coupl é%%%&%et%gg%o%d{aeﬁ%%?#ﬁé&%Iaunger_ of (baach of the plurality
of dispensers ancko 8 tenipedicdgent feprestingatr 89lid Hesyrumgergn said
simul taneously. In certain other fur .8 | [ OfRLESeEsS a
plurality of cyl9WdPl d8P™ 38@%8%;? rlgnatgggéicﬁﬁggpg‘r??da%hﬁ(?%s%?ﬁ ing to the
di spenser array,meaghaiof the plurality of cylindrical tubes being sized and
positioned to receive the needle of a respective one of the plurality of
di spensers. In certain other exanples the plunger driver conprises a



driver shaft coupled to the plunger and having a threaded region, the

pl unger driver configured such that rotation of the driver shaft in a first
di rection depresses the plunger a distﬁ$ce corresponding to a thread pitch
of the threaded region and a nunber of“tevolutions of the driver shaft. In
certain further exanples the device conprises a notor having a rotor
coupled to the driver shaft of the plunger driver such that the rotor and
the driver shaft are rotationally fixed with respect to each other, the
notor being controllable to rotate the rotor at a selectably variable rate.
In certain other further 4 exanples the device conprises a notor having a .
rot or couphleddescribhé heeinier deliigétforof t he pl unger driver such that the rotor

d the driver shaff . ational ly fixed with, ' her, th
Potor bei NS B P TUBe a0 s SESts compritin R Ay RIb E PEetss et Rhgndt o+ ("¢
rotation. Qﬁ%h%&,g? ngﬁéi@géf @XERBE Se KB fiLKEcAmMERRIdaBbh SfithaPrisbetkiveo t he

not or, the cont Ing programmable to control direction and speed of
rotati on obn¢ betheqiianaligrd neediesnamdb punalityisd echiatare gpeeaiivelyowualast art  of

rotation to an end of rotation. ,ln pther examl es.of , e cri bed
device. b Gresenednesar i Sty ol Eherel X eRadu =t Is BREYS AT, of
t he di spenseks ¥ hithHake AREAARSIndaRahas@mMbRisTeachRE @ maammads portion of the
di spenser cylinder defines the needle. In another exanple the plurality of

ports are stwetbrasdmpdsés dmmetia aiuaily cheluneaig B fisst andeoimeshIcdthey as to

deliver a substantiall ual amount of fluid:-a ' «l gcation al ong
the | engthP Eft)‘@% H‘é‘@@%@%%‘rﬂ rgqg{vr?ﬁ,m ENE i e ﬁg\eg:]%?egbﬁ%%&:por ts is
evenly di SidgsRIi8hnliPB&Han RIPHEI SRrkiled the dienrgtdofake phirlinesidl e. In certain
exanples a size of each of the plurality of ports is inversely related to a

di st ance obiirigers aspreritivehperupisd thgethariah respecive serenieifissC ahiocert ai n

ot her exanpl es di stribution,_densit. the i f_ports is

i nversely @ISEE‘E@@”?‘B‘_S %pgeisgﬁ%ig. Q?r’f@ﬁgﬁ"{fggtﬁggﬂa\'fﬁé’%go%%?'ﬁ 8% a tip-end of
the needl e-pidrgge?%ﬁ%@f' dBrabiven t@@%ﬁpés%sal[t&%@bwrﬁlt* b¥plohgeerdta i s distributed
in a spiral pattern along the length of the needle. In certain other

exanpl es t keleptivehavarieplestteplyrather sxagmiesrpst of ihepdirelty®f ports on opposite

i des of th di i th i1 of ated. i 1,h
Cespect t o UGG EMBARES 0BF oL T U NG dfos FavhE R aht
Accor di ng tR 664 bakS LhBEENESPERIES tHE PRIramp o eIt erahsnlifiesieline timyi ded a

met hod, conprising placing an agent in a reservoir of each of a plurality
of di spensepupleetil @sspeetiveont vfihearvrably of rasepiolib dniother éka@pP8penser

the device comprises a fluid pressure source, and each of the plurality of



needl es into a selected region of solid tissue; and introducing the agent
in the reservoirs into the selected region of solid tissue by

si mul t aneously overpressurizing each of the plurality of dispenser needles.
in certain further exanples the introducing conprises introducing the agent
in the reservoirs 5 into the selected region of solid tissue froma
plurality of apertures along each of the plurality of dispenser needles.
Certain other further exanples conprise at i magi the solid

| east f
tissue pri crcteaoreommises & fhid covrlgoheivee, i 8?%5@5‘3 E%‘Hgﬁlgﬁ‘éﬁtly with
the inserti ”gpeec@g%%ﬁ]é;gﬁb%gm}%  SLbeh b R Slantdhes 8961 L ng- 1D certain

other furtH& rtirng conprises inserting an array of

i ntroducer meeslreSouretomBishl @t isast oseot & ngmpaedsoofa vamaupt ural ity of
di spenser needles into a respective one of the arra

res . y of . i ntroducer needl es;
and ext endi #RPUSLIFRE. GrRETSIANRYMBY 2 PRSI YHRAS § TYFOHHE enyap: HECR! es
beyond a i 9,600 Qo Be EASAECLLN B %104 B AdUCHprsst boducer need es

and into the s€elec reg tissue. Certain further exanples conprise
removi ng st yluedisy srpomstdieributed ethngeits leegtl es of the array prior to
inserting the plurality of dispenser ne%dcj es. 1n cgritai.n exanpl es the

sel ected region dp apptsgiexampleee: BiRsAVidRd & 9eYiier PRVET81B) ect, and i n

certain f u;ﬁ{ﬁ@ rtcin S@%ﬁr@ki?&e{ BSmEHQ%Q%tdE%ﬁer%@? irRfudind’h @ekiR iaing®del and a

human pati n-certain’other eXanples the nmethod conprises excising at
| east the ppitdionoiofortshiisitivoted sdrga iarvth thereddacesgvoiCarfitid n f urt her

| i t | t ¢ fo i the t i t i Si ,
PTG NGt haChTSCEURR BTARE BFPRNEHE PRE xBTS PR PaE Ao RR 115! THe tror
after to th_Bng(gﬂtméc{iﬁgh% L& ehiit aha Oh8Eer B RBPLADILN® 8¥EESHNEnEoMpET Ses

exci sing at ortion of the tunor at a tine that is a selected
period of tiphmgef ted configueetiioi depresrethegeunger lah aseracaily vanatheratexdhpl es t he

sel ected period of tinme is one of a range OI tine g 1 ni mum period of tine
for excisi ngertaipdrhespenriesihslisnsasyis gf“?r@ ?84“'%’%‘? s‘ﬁ?&.ﬂs?rﬁ certain
~exanpl es th%@ﬁé@%@&'d@ﬁéhé& oyt B88 ESmBridRg bomkeaNs aadsagoitfaritoair s. I n

e e se

certain exanp ected péeriod of tinme is a range of between about 72
and about 96iunger bavingfirsErrdaiesork angs. éxcartedn Bitheceedrathed of time is a

eri od exceed one week. Accordi to_certain,.other ¢ l.; t he above
geslcri be)o(l mXUNSET At YRS !%15%?@9%%\%&9&8“ GBS:S)?H?GI @gﬁ%%%gg%ﬁﬁ?fﬂ{aend t he Y

pl aci ng Comééﬁ&z oPLRGEAEE26R i9EohitRred 1 abblegs @bcAgetHesplungest he
reservoir of a réspective one of
simultaneously. In certain other further examples the device comprises a
plurality of cylindrical tubes arranged in an array corresponding to the dispenser
array, each of the piurality of cylindrical tubes being sized and positioned o |
receive the needle of a respective one of the piurality of dispensers.
in certain other exampiles the plunger driver co'mprises a
driver shaft coupled to the plunger and having a threaded region, the piunger
driver configured such that rotation of the driver shaft in a first direction
'depres_ses the plunger a distance corresponding to a thread pitch of the
threaded _regioh and a number of revolutions of the driver shaft. in certain
further examples the device comprises a motor having a rotor coupled to ”
the driver shaft of the ptuﬁger driver such that the rotor and the driver shaft are
rotationally fixed with respect to each other, the moior being controliable to

rotate the rotor at a selectably variabie rate. In certain other further



6 the plurality of dispenser needles. In certain further exanples the
plurality of agents conprises at | east one of a negative control
conposition and a positive control conposition. In certain other further
exanples the plurality of agents conprises at |east one position marker. In
certain other further exanples at -least one of the plurality of agents is a
candi date effective agent. In certain other further exanples at | east one

f th I lit f t npri i ndi cat f effi whi ch i
certai n f uFtHERe N AES DERFTSe ok Tage IR SorPis RS cle. o
tuct , i ndi cat g t ai t.h t | t
of he. pl usaet By g &P Lo Ba b B et AP Y doronst rat od-

ef ficacy ofr,iREndifIREE Miterea88Ako chih 681k ahB rRbdtBebeihycbhesiladxatmpl es of the
above descri bed neéthod, the nethod conprises assessing, with respect to at

| east one abtatenibepotar @l d sgjeaidbiagegie of rafationeGsttaipherthsr exgmplgacy, activity,

and toxicity of, the agent. In.angt her . t | ovided a
met hod for 'Daé?ﬂs?f%‘lﬁgmﬂ%ﬁ %Q‘i%%d @ftp? &%?%&%E 5%‘[%8%% gf‘?t"??%‘% ’ﬂa“gaetﬁ s for
treating a {8uBh®SidirecABPES 5PSed Bi REtioRGhIARE Fotef atd ) stridol & ywaibesandi dat e
effective agents into a respective location in an injection site in a solid

tissue in aegussdom a stagioratgtionrte entand of (plant Iethpe@@mMRI#Rofi nj ection site
of the solid tissue, and evaluating the excised inj ' pte for an

ol tered: pnyBe apots feadibd Ueiclane Werd ke YalRRtes SURPEhET Shider, &

ther ef r om i genddriar Sonedistenker @fihtisaddPRsahe résermlit batis secohd apgefrs.  1'n
certain further exanples the excising conprises one of excising at |east 48

hours af t ef thehdispanseceinggr deficessthageatlel leapothep exaupls 8 t er the inj ecti ng,
excising 72 .to

.96 hours_after i ng, .an ¥ t one
week af ter ?‘Hr@“i:yn‘f@é)@t'ﬁsr%? %]Z%Sefﬁ@[%glrn%%g%@ tthﬁér egq tﬁy %’re g%e Ledécg_g%et hod of
operation of dhlivées a@estbntalig@yliseameeTof figiog sryanaimigeatioresieny thier of each
of a plurality of needles with a respective one of a plurality of agents;

i nj ecting, lengthiof heewesley in ansther gkample the Qlugalitt §f ROMSIHBYAY into a
respective r.egion of |0 ] . ing an effect of each of
t he plural i?'gﬁ%’fj{éggaé%ﬁ%g%ﬁhﬁ;}qeéfﬁgg%ggﬁ?&etﬂ}é?&%g% In certain further
exanpl es the inj echicagain @RBMpRES S Faaichof theeiwhiity af pors ief agents into the
solid tissue in vivo, and in certain still further exanpl SS the 7

inversely related to a distance of the respective port from a tip-end of the

needle. In certain other examples a distribution density of the plurality of

ports is inversely related to a distance of the respective port from a tip-end of

the needie. In certain other examples the plurality of ports is distributed in a

spiral pattern along the length of the needie. In certain other examples the

pluraiity of ports is arranged in pairs of poris on opposite sides of the needie,

with each pair of ports rotated 80 degrees with respect to adjacent pairs of ports

along the length of the needie.

According to certain other examples disclosed herein, there is

provided a method, comprising piacing an agent in a reservoir of each of a

plurality of dispenser needles; inserting each of the plurality of dispenser

needies into a seiected‘region of solid fissue; and introducing the agent in the

reservoirs into the selected region of solid tissue by simultaneously

overpressurizing each of the plurality of dispenser needies. in certain further

examples the infroducing comprises introducing the agent in the reservoirs



met hod conprises excising the solid tissue prior to the evaluating. In
certain exanples the nmethod conprises inmaging the solid tissue, which in
certain further exanples conprises inaging the solid tissue in vivo. In
certain other exanples the injecting conprises distributing each of the
plurality of agents into the solid gissue along an axis in the respective
region of the tissue. In certain other exanples the nethod further

conpri ses assessing, with respect to at 1east one of the plurality of

agent s, - .atintcethstsetzntedofegef of saty fisaet fruinta/plusaity cbapariurgs slongiegchgent . Al so

ided h i : di. i | i hod of d i Ni
Dt f1 cacy of tae pufifrdrdsiinia feBhes Caddif Mer Rurtedy &Ryt Do baiy T
i ntroduci n&)rﬂg{ﬁ/\’is%gﬁrléaét%n@ o@'id#é@h%r?é SEidPRSLEIRRS td theansatihg itnagig i n a

subject in vivo; renoving the fromthe subject; and eval uating an
effect of theeolgénsuororidueeniynwith ifre imsertiog, Bnd deaging the eelidiésuedaigpl es t he

agent conprises a pluraljty of ents anpd . .the introduci.ng conprises

di stributih§ "’é“‘&(it_ﬁ'gp{” %*%&WJW%?%F eggmg%@ﬁlgglqsg%ggrcgglsgg% ve one of the
plurality i?zfser!ﬁﬁg'awé’d‘bﬁf diintrRickHABEdIed hid BAUBRICtEXSETENG chBiebetnes provi ded a
met hod, conprisrng I ntroducing an agent to a region of solid tissue in a

subj ect bypidradity ofdispanget heedigeinto & oespasiive @netey thef apey bt inBAEUSETong an axi s
within the region of soljd tissue i.n_vivo; renoving. the region. solid
' soue 1 oRvalles Gl g UEvR L Brry e PR G ot s uPagk The
regi on of galdrh 4 1§ 248 of theebputivk Bnd JfiRd Bfhy eX aftibldacéeeddgl amd of solid

tissue conprises a tunor. In certain exanples the axis is one of a
plurality info {hersaldctsd ragies of issuheCerdan Sitther exanplgs cPWBIRE and wherein the

i.ntroduci ng conpris istributing the agent.along each of urality of
paral l el ak® 9‘%913@&5_1? E{PW [F’ﬁr"i%FPéinT’ é&%ﬁp‘ﬁ% O{ 1e 3 r%rfalc’ﬁé? ﬁqgs e@i@p@%ses

si mul t aneoygiingbsdishOntdr ngcdiBe agent along each of the plurality of
paral |l el axes, and in certain other further

In certain examples the selected region of tissue is a portion
of a tumor in a subject, and in certain further examples the subject is one of

a preclinical model and a human patient. In certain other examples the

method comprises excising at least the portion of the tumor after the
introducing. Certain further examples comprise at least one of imaging the

tumbr prior to the excising, imaging the tumor concurrently with the excising,
and imaging the tumor after to the excising. ih certain other examples the
excising comprises excising at isast the portion of the tumor at a time that is a
sékected period of time after introducing the agent. in certain further
examples the selected period of time is one of a range of time, a minimum

period of time for excising, and a specific period of time for excising. In ceriain

examples the selected period of time is a period exceeding 48 hours. In
certain examples the selected period of time is a range of between about 72
and about 96 hours. In certain examples the selected period of time is a
period exceed one week.

According to certain other examples of the above described

method, the agent comprises a pluraiity of agents, and the placing comprises:

placing each of the piurality of agenis into the reservoir of a respsctive one of



exanples the plurality of parallel axes is arranged in 'an array. In certain
ot her exanpl es the nmethod conprises introducing at |east two position
markers to the region of solid tissue along-a respective one of the
~plurality of parallel axes, and in cgrtain further exanples the introducing
at | east two. 8 position narkers conprises distributing the at least two
.p05|t|on mar kers al-ong respective parallel axes within the region of solid
tissue. In certain other exanples the at |east two position nmarkers each
conpri se atikeplectinisf dispanssr needies.ils cerdie furthgr examplehegiyaly consi sting of a

- radi ol abel , .a radi o- opaque | abel., a fl uorescent |abel, a cal rlnetrlc

label, a dyb20RRSERIREES &t [eaBre o TORBAPECONP BPPOSHAN BNOR n. o
certain ot bty Sxanploesaledis Ahare-dssiLhed JIELARd.d Beragent | s one of a

plurality age S "ah Is1S one o el axes
arranged i ofageaisraynprizet Iaetaaegmmp@sﬁst:s:mmaken ds ne;taawrrdheﬁertiaem t he

i ntroducing conprises distributing each of the plurality of agents to a
plurality chxappkstdt sest anosigha piueihedtagestsone cefiditdiie effectival i ty of parall el

axes. in Ce”ﬁ{ Th QLN otﬁéﬁ”ﬂh&é{%ﬁm taﬁ?&s??!@%hﬁ&% nﬁénné&a“ one of i maging

the solid t9%sue prior u 1 Ng, olid tissue
concur r ent Iagemstdmmmneess an mwammgefﬂm whﬂgumgerta‘neflsﬂ)br ekammesue after the
introducing. In certain other exa e eval uati nag‘ﬁi n%rl ses sectioning

les th
the regi on GIMises @t {gaskpRe ph Hage rﬁ?iﬁl R OENGFIUCUE:. PIeaToT ¥t he
paral | el Vifi%o rtif oﬁ%rrtegz?rﬂpigé'éf BEr BEBHES NG B %Gl b LY i ses

detecting vmt inthe solid tissue an altered physiologic state that results
fromat | edﬁsedrtm otl trlntﬁlym!amca‘istra;ed(ﬂfﬂa@amfsthe Irasp@e’twaagerﬁturlm hentaiaxanpl es

t he 'det ecting rlses spect t the L east .one of the plurality
of agents, equ ?F%‘ﬁ@p@ﬁ ‘%BT eag%oeﬁ&eﬁcr ar”eeé A ﬁ%‘ggl on of the agent

t hrough theco?ﬂ;!)r‘é%éta 2L6n da%r%%h@a t8 a@m eﬁeeemncahraﬂfyfa%tgeafs ghe agent

on the tissue tect ng a pharnacol ogi cal effect of thé agent on the
ti ssue. |n leestaeofaiimcyeadivity,emd thriciy af tret égapt.conpri ses determ ning the

Whin the regi on ToAnRe v Petd Bartvoct e PR et et dfin o oe the
eval uating féﬁfﬂ@'é?ﬁc?ad%t&ra%lﬂx‘a'ﬂﬂ/ dihgyeptd ‘%?Ttr%ai?ﬁg Qtsubﬁéﬁtcoliﬁbﬁsﬂb t he

plurality of agents on adjacent positions within the region of the solid
ti ssue. |n ingactiag saoh oéa péxaiﬂpbésamm@a‘f@\ﬁiaﬁaw agerisinge iagespefitiveer ent i at i ng

a degree of iocQF one;n aencltnje% ion s;te s Lo'& ss%fe ih raesLl%ljeucrt aex'cir:sYngoifror%qth s on
subject at least the injection site of the solid tissue; and evaiuating the excised
injection siie for an altered physiologic state at each of the respective locations,
and therefrom identifying relaiive efficacies of the plurality of agents. in certain
further exampiles the excising comprises one of excising at least 48 hours
after the injecting, excising at lsast 72 hours after the injecting, excising 72 fo

- 96 hours after the injecting, and excising at least one week after the injecting.
in another example there is provided a method of operation of
a therapeutic device, comprising charging a reservoir of each of a plurality of
needles with a respective one of a piuraiity of agents; injecting, simuliansously,
each of the plurality of agents into a respective region of a solid tissug; and
| evaluating an effect of each of the piurality of agents on the respective region.

In certain further examples the injecting comprises injecting the plurality of

agents into the solid tissue in vivo, and in certain still further examples the



different sections of the solid tissue according to different
characteristics of the 9 different sections of the solid tissue. In
certain other exanples the evaluating conprises conparing a first effect of
at least a first one of the plurality of agents on the solid tissue with a
second effect of at |east a second one of the plurality of agents on the
solid tissue. In certain other exanples the evaluating conprises, wth

t t t | t f the pl | t f, ts, | t
.élz :e)i fC |n cagyhiateta@ggws”P;QE?%WO '%”@(emﬁ %chr} 6’:%3 %g”ﬁ?‘g e@ﬁseaﬁﬁ@ﬁﬁszhi %’é%lté eas for:
i er e east one o e
plurality 6@ @Bgﬁ?@e & g%oﬁﬁ‘%é’sdr g;m%; é@ﬁhodt%%n%%ﬁiblﬁ"&

Das e e ev Certain ot er exanpl es the
met hod conﬁnntrwaxsrebieetomgrims inegiy tmwidfttssmmphmmP@riaﬂb@’fha@ents based on

t he eval uat n%\Pieﬁn%C%irt Or%&‘?%e m’“ﬁ@gég‘ﬁﬁ%?ﬁ%'ﬁ e%%s prioritizing

at |east twW?® agents t| ng. In certain

ot her examh@héggc{%&%&% L8RS ﬁiessersb@&wmgw%f@wf@uet Yinof agents to

a plurality ong a respective one of a plurality of
paral | el amstahmdtﬁmrrexampbg|tlm1mfhosld!uriﬂwrth@QU@ea/mSlasmn@aﬂm of a plur aI ity of

subjects. In certain further exa e t hod conpri.s one

sel ecting JeSPAR aUﬁESTcﬂ“ﬁ‘Pféh%ngﬁﬁftYP a%‘?nqgg%ﬂ‘?%éﬁ %f?aﬂﬁeac M&f uati ng,
(ii) desele e of the plurality of agents based on the

eval uat i ng,gﬁd@gfﬂ? ‘l)ﬁ%rsaltgoﬁlptl zing at least two of the plurality of agents

based on the eval uatismprovited berre!raﬁwocwmﬁo C@k‘ﬁfﬁﬁ’@@mq‘ﬁésﬁet hod conprises one
of (i) selecti ng at | east on of subj e d on the

eval uati ng, m@'mo %Q?@Win%ﬁ%‘gf’w BQ%F %'(?Ia %ﬁ% FELP %%%pg'g I§‘gubj ects

based on th %11 ro@urtdngs bhla)geﬁﬁb%wazw sitRRSH atsnd @imahe
plurality o ect ased on thé evaluating. In certain other exanples

t he eval uaté rsgbjednpmmemrdmmg thmﬂun’g)rarorretrél subfecs] art %‘CEIWIW@SI ifct state
of the soli gf t%“aé 25&% ogqtr?er tu%:[rorlme \6}:%% !%nc%rtam furrﬁ'\er%lxgern%!es tl¥e agert? aral | el
comprises a piurahty of agents and the introducing comprises dlstrrbuﬁng each
of the plurality of agents to & respective one of the plurality of positions in the
tumor. in another example there ié provided a methbd, comprising
introducing an agent to a region of solid tissue in a subject by distributing the_
agent to a plurality of pesitions along an axis within the region of solid tissue in
vivo, removing the region of solid fissue from the subject; and evaluating an
effect of the agent on the region of solid tissue in vitro. In a further example
the region of solid tissue comprises & tumor.
| In certain examples the axis is one of a plurality of parallel
axes in the region of solid tissue, and wharein the introducing comprises
distribu;ting the agent along eaf:h of the pluraiity of paraliel axes. In certain
further examples the introducing comprises simultaneously distributing the
agent aiéng each of the plurality of parallel axes, and in certain other further
examples the plurality of paraliel axes is arranged in an array. in certain
other examples the method comprises introducing at least two position

markers to the region of solid tissue along a respective one of the plurality of

parallel axes, and in certain further examples the introducing at least two



axes. Turning to another exanple there is provided a fluid agent-
delivering device conprising (i) a plurality of needles arranged in an
array, each of said needl es having, independently, one or a plurality of
ports distributed along its length erein at | east one needl e has said
plurality of ports, (ii) a plurality of reservoirs containing the fluid
agent, each of said reservoirs being in 10 fluid communication with a
respective one of the plurality of needles, and (iii) a plurality of

pl ungers, aokitios maekets cbresishs distritgingies atlersciopasition manespalePtve one of
the plurality of reservoirs apd second .end af each pl.un ei ng _
depr essabl &eEwehva parRliglayea YaITRy! a@ﬁ‘oﬁ‘lcﬁﬁ'&gg %F%Léeul Wsc%ﬂ%'r?%ﬁ%}éti on of the
fluid agen o i bloyt@fe Needl es. In

anot her extgﬁ% @8%?%&]{2&5,?@ﬁﬁﬁn@o‘ﬁﬁp%?g?&gﬁ?ﬁr\?ghﬁ%Ebt here is provided a
met hod for sl gedtiveslebd vieny thef graup consistingeoit a tasliclaiell & sedip-9eaaye

conprising (a) introducin luyrality of needles of_ a fluiLd
agent - del | Vgl leRIGHeEt ﬁ%‘-’i %) F@OQWP{% ifq’@sﬁgyea%e?@ﬁm%%kﬁ?ﬁ?ts?eri ng the
fluid agent %Kh'éocaé,hgvif@,'séﬁbioﬁﬁ”e by injection through said needles. In

certain further eXanp e solid tissue has been renoved froma subject.
In certain other fimctarmin ethanptaswpiese thobdbavetdessileed rsethpd.dheubj ect. In

tain furth I t t | i d t h N ' i
[ her apeut | Gy SRR D AGTHEETH L PEe TS oL pHA SAafs ' "
out si de theySaldrhnbbd 116 o185 iRgRINeoioh Fisbligtisdud, anadeirehan e, or (i1) if

det ect abl e out si de e solid'tissue, the agent is present at |less than a
nmi ni mal  dosietroduciecdraprsaxdinpbetng becrsd the piursiy ©f eeapiEite aPatfymbr . 1 n

certain further ex | es the,.tunor selected fr eny nd a
mal i gnant tﬂ?ﬁﬁtl‘qnslaipr%e? feRRechYhape Pt&‘?ﬂjg ra anﬁpﬂaé%@ %’é&t Dho%%ﬁlgg]@é?gct ed
froma pringanmhdifemetad Eavpsdesat lsasDoneasfdmaging tressalitiitissuapror. in certain

other further exanples the tunor conprises at |east one cancer cell
sel ect ed f riortha ifircdstageinczgicg theceiif tisaud censtrrandilvein e introdycds) on cancer

cell, a lung cancer cell. . a brain ncer I I cancer cell.
In certain %‘?‘ﬁ@?agfrl?rtﬁﬁg?ﬁde%&%laggr tﬁ%énq!%gtﬁ%rﬁéégﬁ%&%ggg\ eg%géa%n@g? sel ect ed
. from adenong,g @&ﬁ&%ﬁ?%@m@s SEEHEHMUB eGeGbn A kGIidIEsue ibmsablucdint of

carcinoma, snmall cell carcinoma, large cell undifferentiated carcinons,
chondr osar ceemtioandorhidb fobamaoatal axes. ibaertainfudhdiexampigaies the solid tissue

is selected frombrain. . liver. 1 ung..Ki . t / i een, |ynph
nade ¢yt ofteo Rk rBesR et i Rl (REES R e R A oi
esophagus arghs trarpsdiis Fdnt 81 leakinomed dfehe ekaaity o apbesf Iucetiagémtheconpri ses

an aggnt that is selected from(a) a. gene t her apy agent; O? 3?6 a chenot her apy
agent; (c) @&xamples the detecting comprises, with respect to the at ledst one |
' pluraiity of agents, at least one of detecting a degree of permeation of the agent
through thé solid tissue, detecting a physicochemical effect of the agent on the
fissue, and detecting a pharmacological effect of the agent on the tissue. in
certain other examples the evaluating comprises determining the effects of
at least two of the plurality of agents on a same paosition within the region of the
solid tissue. In certain other examples the evaluating comprises
determining the effects of at least two of the plurality of agents on adjacent
positions within the region of the solid tissue.
In certain other examples the evaluating comprises

differentiating a degree of the efiect of at ieast one of the plurality of agenis on

_different sections of the solid tissue according to different characteristics of the



11 small nol ecule; (d) an antibody; (e) a protein; (f) one of a small
interfering RNA and an encodi ng pol ynucl eotide therefor; (g) one of an

anti sense RNA and an encodi ng pol ynuci eotide therefor; (h) one of a

ri bozyme and an encodi ng pol ynucl eotsi de therefor; (i) a detectable | abel;
and (i) one of a therapeutic protein, polypeptide, and a peptidom netic. In
certain further exanples the detectable |abel is selected froma '
radi ol abel yga-hadhBoRPSAHE sbiRbREue. an betdn egreBkarhplbethe a col orimetric

| abel , a dye, an enzymatic |abel, a GCMS tag, avidin, and biotin. In

certain exgipl s &@ﬂ&%@tcoh@aﬁﬁ?%@keﬁeﬁdﬂbm &t past piseondof gy agent t hat
conprises at |east one operably |inked pronoter, ii%ﬂj snal | inaerferi ng
RNA- encodi piraity ghagsnéeon dee soligttissuppinsa geend @‘ngq o e%%%r%ﬁgpg) | i nked
pronoter; (iii) an antisense. RNA;encodi. pol i n{pj;}%t conpri ses at
| east one g’ﬁ@r" B\efihrf??meﬁa 6%'\"% ,soﬁﬁhg%e\"/?‘ ééefﬂérgl cgg%frrég{%encodi ng

pol ynucl eotdeydihainCompirises switt rdspast ioaitécagtenalof thel plotedity gragedtser . | n
certain further exanples the geperabalé% | i nked pronoter is, sel ecE. d froma
eagaratsyy

const it ut i aesgasiTDatdEasiveD! &, @ EnerEly on /&R A S20F 1 1 furt her
exanpl es the regqul at abl ronot er, i - +dnA@ecCi bl e pronmoter, a
tightly red&Fu gacmtﬁgfewﬁeas tpfia;ms%}gécg%%angﬁsiggeg%r%%ntngr. In certain other
exanpl es t hese ohs dptrRvbidesiyaninehethdset al therdvauatinphirstataigpthestate in a
solid tissue, conprising: (a) introduci n(ig a plurality of nc?edl es of a fluid
agent - del i \aminplpsdey methodroopribes sRqtiag ef baseene{dq Pyralilfii stering the
fluid agent_in I i LA kRimbiRE Hé0hemaiid needl es.

In certain % gﬁ%aéggpﬁﬁéegfaidagﬁgspgéﬁélgOﬁn{l;e:rhod i1E)or obt gi ni ng bi-ol ogi cal
sanpl es fr osfngorled aiblifiaing bt Ipastitwoaishe pluaalitpbf agarits bassd @@%@ri sing (a)
introducing a multiple needle device into the solid cﬁs‘ stﬁge, tt her eby pl aci ng
a plural i t yevsluatisgdn esrtaip ofhep BXAEPIES {Pegrethed COMBIRSS FPHIINPi" %S ue: and (b)
generating ne i vie r : [ et apsed Iresictis@ble Bkt i pl e '
needl e devi@@'%ﬁ&a%trag%ﬁéﬁﬁ @H@ﬁggﬁoﬁgg&;ogfs,“ me suﬁi (;i eﬁrﬁ to draw into said
needl es a phiufity dpavhlidardogitisiala reginpl aisofid dasusawihipleacalof episeliBosi tions
in the tissue, and thereby obtaining biological sarrgl es ffr( ma plurality of
posi ti ons i of whjectsi Estpstain fudhgrexaepiesithe BENIAN O WRBT 879 8

for obtaini | Q9Lsa!l . B dRny Bhdddorohenagidatiagsilpl ong an
axis in a Sg%:@lr& %g%%%%oggﬁpme?ﬁ?!% id?lJtnr oduci n0 a mul ti‘pl e needl e device
into the sobbekitdtbgust ledshenebythel ciakity af q@eot%baaeg aFtha exalugEng 2 :

D 57l ur ai filgororitiEaEEs ks et BF SiselY PLAEenIRSd bh ¥ Biighane® By Sssure
mul tiple neegd m%%‘&%?zﬁﬁ'l???he%?ﬂb@ LOmBriaRb e (iRséleciigsaidasti ent to draw

into said needles a p alrty of biological sanples _fromsaid Iursglity of
posi tions i mntheéthd plsweity eirmibjsety kagedoit Werfvadiabne (@b#ﬁiecglgﬁﬁ'?&a roma

plurality of positions alang, an axis in fhe Lissue. i) nrioritizing b certain
exanpl es t hé&fg Q?g’epﬁ”b‘(a“g’ég %bmgt‘sﬁ%%segforg@:é eeeJr%uﬁangg’u%?de(c"%)g n]p grmré igibility
to partici paLesy ik 8f el gy of iisjeciebaRBE oprtheeieluagent i, caripothst ng ( a)

i ntroduci ng one or nore agents to a region of solid tissue in one or nore
subj ect s i n exanpideyhelbedivatingtoomgrisescdetemminiag 8 lagepftalterss! a plurality of

oot s i n staitpiskyhelouluathg omgriserciploT of
Fogi on of ccivRoRasCHE g salHe iheh 9L R Ao R e SObr R "ach

region renovgd.in (b) for an effect of each agent on the respective
position along the axis within the region, wherejn ei ) for any given

. h
agent or agents pr eseTmf@”@)io@“Qi?éﬁr@é?@%leéh%r@f‘%ef{”@?d?aff”&jeé%e it or agents on
th lid tissue, i f .t.he . i . adi f;
ol eI, LR stk s i

subj ect for ni'ca r gent or agents,
for any gives agPRbedibs ASBRS Sn@hmpaestnione afet sotatityl of peftbeliatripftedai d agent
or agents on the solid tissue region fromthe subj

el cat
i nel i gi bi | i tgioog its kngtuihersin folEaPAne 395 NBRHSAIR Pﬁéi”‘& FedraRian of ¢ he
agent of agen Sy le bl %«58%&351\39 RA0%uid hdent! SochrisBldre8XABME B8iInbhere is

provi ded a

rovi ded a nethod



candi date agent for devel opnent into a therapeutic agent for treating a
solid tunor, conprising (a) introducing one or nore candidate agents to a -
region of a solid tunor of known tunor type in each one or nore subjects
having a tunor of the known tunor type, by distributing each of said

candi date agents to a plurality of positions along an axis within the
region in each subject; (b) removing the region of solid tunor from each of
sai d subjects; and (c) WD 2009/023798PCT/ US2008/ 073212 13 conparing each
regi on renmfigdticommib)cation with aebépertive forearihe aheittaobneasiien. avd (Fha

respective positiaon along the axis within the regian her ej t that
results in %Uf@#'%’aqféﬁtur@@%ﬁif{f?{aﬁ”de&fe@& Wrﬁ)ﬁmggrgﬁglgﬁrbé ? %}%be,?: ﬂ\r!r%?en :
receives a hi b RkLiRg of RsclBUE LR ERM contehddoridaeh pRAYEr bemgent for

treating t h@%@ﬁf‘% pg{r{a}ﬁg% @gnﬁﬁgﬁ a&gengﬁdﬁgt&r esul ts®ii1ﬁ1ga I gzlger _benefici al
ef fect whenddpresaticathtthat depreasing eadtpiungsr reshiggisriniegtiomef thefluifevel opnent

into a therapeutic agent for treati t he lid tupor. These and ot her
aspects of Qg%“ﬁ?@@@'hfheirﬁ%%e?ﬁt’i"%ﬁnﬁﬁq?lg”%ﬁlt‘:'fi%@y bfnds Ihar ent upon ref erence

Lot o v o5 SHA GO geie et Wanawvas. R
a schemat i cisdiragdedre ofietaodhize dblective agiivass ehaflyidfagent 19 280ihEFBFol ogi cal
220 and FUTBUHBGIANER UBec BUbar ey o ¢ BUR eBPRCUERRRG: on o o
Figures 4A aagd.4RsRNde LN nalbRadiiisenyg premlieagad o the solid
tissue by injection through said needies. In certain further examples the
solid tissue has been removed from a subject. in certain other further |
- examples the solid tissue is in a subject. in certain further examples the
| agent is deliverad to the soiid tissue in a therapeutically effective amount. In
certain still furfher examples, outside the solid tissue, the agent is either (i)
undetectable, or (i) if detectable outside the solid tissue, the agent is present at

less than a minimal dose. In certain examples the solid tissue comprises a
tumor. In certain further examples the tumor is selected from a benign

tumor and a malignant tumor. In certain other further examples the tumor is

selected from a primary tumor, an invasive tumor and a metastatic tumor. in
certain other further examples the tumor comprises at least one cancer cell
selected from a prostate cancer cell, a breast cancer cell, a colon cancer cell, a
iung cancar cell, a brain cancer cell, and an ovarian cancer cell. in cerfain
other further examples the tumor comprises a cancer selected from
adenoma, adenocarcinoma, squamous cell carcinoma, basal cell carcinoma,
small cell carcinoma, large cell undiﬁeren’tiéted éarcinoma, chondrosarcoma
and fibrosarcoma. In certain other examples the solid tissue is selected
from brain, liver, lung, kidnay, prostate, ovary, spleen, lymph node, thyroid,
pancreas, heart, skeletal muscle, intestine, larynx, es.ophagus and stomach.
In certain other examples the fluid agent comprises an agent

that is selected from (a) a gene therapy agent; (b) a chemotherapy agent {c)a



insertion needle in, respectively, an insertion position and a delivery
position. Figure 5 is a diagrammatic view of a delivery assenbly according
20t o .an enbodi nent . Figure 6 shows a portion of a needle
array, including a reservoir, according to an enbodi nent. :
Figure 7 shows el enents of a delivery assenbly according to anot her

enbodi nent. 25Figure 8 is a diagrammatic view of a delivery assenbly
according to a further enbodi nent. ure 9 sh

Fi

di agr ?_mmt iscrﬁl)ll rg%&ggt}dgz (tgi)7 ag soﬁt/acadyg (@i Prateinsth ane ﬁilgg el émtﬁﬁ%i\”sgoRNf\he

I nvention. - 0 - ' [

di agr am of aé‘dc?é‘t%"cﬁPB‘é?é?zwg‘Te %@%‘ gﬁé@%iéé%ﬂé%{ (a)na&‘f?trse%gﬁ %%QQ%T%\?L:EE :
)

DESCRI PTI OnEb&ing 8 fAlEIebitethersIor; i(8) shd 64 BBotyine and ahreneotindi ment s as
5descri bed herein to devices and nethods for deli ve%@of fluids to solid

é i ssue; , darmly'nmcb@ti@@ tharefor; dirsotitaeable labe: and (JHotiaor Herapriiifer ei n

escri bed enhodi nts.relate in.part t. J L Si d h t of
unr ecognt 2 P A ATRULE. Tir St puiine G ek du e R A " er ve. ©
from exqui sddies9Btd4rR isodeiddisd frofad r=tiolabaipy rbdiegdatuetated, | ui d delivery

to solid tissue. These and
fluorescent label, a colorimetric label, a dye, an enzymatic label, a GCMS tag,
avidin, and biotin. In certain examples the agent is selected from (i) a gene
therapy agent that comprises at least one operably linked promoter, (i) a small
interfering RNA-encoding poiynudeotide that comprises at least one oparably
lirked promoter; (iii) ah antisense RNA-encoding polynucieotide that comprises
at least one operably finked promoter; and {iv) a ribozyme-encoding
polynucleotide that comprises at least one operably linked promoter. In certain
further examples the operably linked promoter is selected from a
constitutive promoter and a regulatabié promoter. In certain still further
examples the regulatable promoter is selected from an inducible promoter,
a tightly regulated promoter and a tissue-specific promoter.
In certain other examples there is provided a method for
‘altering a physiologic state in a solid tissue, comp.rising: (a) introducing a
plurality of needles of a fluid agent-deiivering device into the solid tissue; and
(b) administering the fluid agent into the solid tissue by injection through _said
needles. | |
In certain examples there is provided a method for obtaining
biological samples from a plurality of positions in a solid tissue, comprising {a}
introducing a muitiple needie device into the solid tissue, thereby placing a
| olurality of needles at a piurality of positions in the tissug; and (b) generating
negative pressure at a port of each needle of said muliiple needle device under
conditions and for 2 time éufﬂcien& to draw into said needies a piurality of
bictogical samp_ies from said piufaiity of positions in the fissue, and thereby

obtaining biological samples from a piurality of positions in the fissue.



10rel ated enbodi nents feature the precise positioning of delivery needle
outl et apertures, including positioning of spatially defined

mul ti pl e-needl e arrays and/ or of needles having nultiple outlet apertures
at defined |ocations, and further igcluding the use of fluidics

- configurations that provide extrenely fine control over fluid delivery
events. The invention provides inproved accuracy l1l5and versatility to

screeni ng therapeutic conmpound h. ti - ts f i
treating solid tulePs‘ieﬁaﬁ%XB@P%F?@eg%ff&?r?‘%a?%?fﬁqgﬁéffo?g r€}]5‘?”3%(r)reelrjlisﬁgl gr ogram

or a therapeutic, regi nen of candida r. ' u : | s may be
resi stant. S’Q\E’@%F P}ifzsr}f%?’ aéﬁ‘éfﬁ'@é’?&?%ﬁﬁ% ﬁIog’ﬁ\t,)%{d% %?r?éh‘t %Q%ibefltges#%l atg di rect
20drug del {¥ap¥sih® (B inRbdtkitd & PHtRE nkedeldevd iplee Woliditissu, ieraby f or ces
that elimnate or™reduce mechanochem cal damage to tissues while permtting

preci sel y pacigpgteplutaiiy apreaadies atgeplurali) phrasjians in &t iesger 8dd(b)si tes. These

and rel ated enbodi nents permt advantageo i i ry of

t her a{)eut2 ggza?@ﬁ?g ngat"ggq’ﬂeﬁsff?ga%h‘frﬁ%ig\f%Oﬁ%q%cs'ﬁ%%%gbégtsgﬁ tsz gf f ec'ii ive

amunt , i Beddle bokhiehukipkai-edi-atthast tiddreecohbiBioagant fors timdet ect abl

out si de the sol?d ?i sgue oLrJ l|§s present at Iesrs thagag m nirmal dose. ﬁenge,
_,ﬁ_|o(r]I obl ems (eufjcient oxdreivt ipjo it PEpRips alPlyRl-Afbideisal semplgs BBGEIGt ed with

-sadm ni steri xcessi.vely. hi st eni .at L. OnsS.. i bt ai
Cher apeut | BATAI BF Bttt T lsSs PEE B PRBL PR A s8R o ot o

in a desi rgcbhgghﬂyq,ftpio@,mgﬁs@-[@,_g(@fﬁ;@@mhbyisgb@, presently discl osed
enbodi nent s. Additionally, certain enbodi nents contenpl ate

= direct delivery of hutariajs exasmipgdherednaiioised adnei§ed of #REBFHY agent s,

P BSOS e L TP RSB s L
axes in a $8hipdsigyaY MirodusingdBedr Wk tgent, a fogidrosfedlid ftswer inareesi r ed
time interval, by.excision o? the treated tissue and eval uation or analysis
of the tisouadresubkcéeine/¢t by aistrioring rach of s3IAgoeaEdP & R ad¥ T cacy nay be,
for exanpl %os&i:g%se Gl & Lid i\oﬁtﬂhwotﬁeq‘gﬁBﬁ’ YndSch DA)9RATH rShB¥ing the '

region of solid tissue from each of said subjects; and (c) evaluating ea_‘ch region

removed in (b) for an effect of each agent on the respective pos_itioh along the

axis within the region, wherein either (i) for any given agén’{ or agents presence

of a detectable effect of said agent or agents on the solid fissue region from the

subject indicates eligibility of the subject for participation. in a cfinical triai of the

agent or-agents, (i) for any given agent or agents absence of a detectable

effect of said agent or agents dn the solid tissue region from the subject

indicates ineligibility of the subject for partibipation in a ciinical trial of the agent

or agents, or (iii} both (i) and (ii).

In certain examples there is provided a method of rating a

candidate agent jor c_ievaioprﬁent info a the'rapeutic agent for treating & solid

tumor, comprising (a) introducing one or more candidate agents to a region of a

sofid tumeor of known tumor type in each one or more subjects.having a tumor of

the known tumor type, by distributing each of said candidate agents to a

plurality of positions along an axis within the region. in each subject; (b)

removing the region of solid tumor from each of said subjects; and (c)



10nanostructures or other conpositions that conprise a reporter nolecule
whi ch provides a detectable signal indicating the physiological status of a
cell, such as a vital dye (e.g., Trypan blue), a colorinmetric pH indicator,
a fl uor es&entoo@aiipbund t hat may exhibit distinct fluoPeddepdevE3iZza f uncti on
of any of a nunmber of cellular physilél ogi cal paraneters (e.g., pH,
intracellular Ca2+ or other 15physiologically relevant ion concentration,

m t ochondri al nmenbrane potential, plasm nmenbrane potential, etc., see

 Haugl and, Thaplengkack reglorCrindeveldan Bb)for ars effatt dPreable saadidateadgehnt ng

Technol ogi es (10th Ed.) 2005, Invitrogen Corp., Carlsbad, CA),. an enzyne
substrat e, e EseeFfvePasitinaieng BeadrVma Hee P%G%Mﬁf%’f‘ a@&?&?ﬂt Bt he 1i ke.
Control co tif 9%%%??2?@9 ic}e® EFEA A EntBEUA t48h@ e eBLiged Bal have

been previously de to cause no statistically significant
al t er at i on hiafheptsigdbodécadpratritieto siherapasitis bgent fof teatingrihe salid ne, DVBO or

ot her vehicle or huffer ntrol, inactive enantioners,. SCr | e epti des
or nucl®ot ﬁ‘d@gf’a@ @.n;a%‘ggﬁé_é?%it\?éné FBP%“%WQ' eﬁg ewybeé'b‘ﬂ%gg%({ﬁ otgsl y
denonst r at ggk k@ndraUERVEs 8 I Shiisior YeSbiepehtmts a Mdrapaiticeyent for

physi ol ogi cal state, 25such as an FDA-approved therapeutic conmpound.

Typi cal | y aredting treesaliditampr.ef erred enbodi nents, the excised tissue may be

cut into a plurality-pf seri hi st ol ogi.cal secti : | el planes
that are substantial -Irﬁe%eo?rr‘éséhfg&aéqe,dspggrt%%r%fésceﬁ\tt g&ﬁ?%%‘?%&?ﬁ? from
per pendi CU'a?paﬂ%ht apovsiBrarge lo thd fobowihg detailed descBptiod, arltattabhed 12, 13, 14,
15, 20, 3025, 30, 35 or nore degrees) to the parallel axes, for analysis by
any of 1& \WORWI0ES/ 023798PCT/ US2008/ 073212 16 nunber of known hi st ol ogi cal,
hi st ochem cal , i mmunohi st ol ogi cal, histopathol ogic, mcroscopic (including
nmor phometri ¢ anal ysi s and/ or three-di mensi onal reconstruction),
cyt ol ogi calBRIEBFAsBGRRTIOND b TrE GEMERAL VIEWIScOHTHE DRAVBINGE2I |
i mmunochem cal , imaging or other anal ytical }echn{iﬂ%ues, S5whi %P 1‘Iechni gues
are known to persons’ §F¢ [l d32iSANETHRIG WRERANPT 3 NPSdigaLrayAsgembly Tor
injecting biological tissue with therapeutic agents according to various
embodiments.
15 Figures 2A-2D and 3 show delivery needles according to
respective embodiments.
Figures 4A and 4B show portions of a delivery needle and an
“insertion needie in, respectively, an insertion position and a delivery position.
Figure 5 is a diagrammatic view of a delivery assembly according
20 to an embodiment. _
Figure 6 shows a portion of a needle array, including a reservorr,
according to an embodiment.
Figure 7 shows elements of a delivery assembly according o
another embodiment.
25 Figure 8 is a diagrammatic view of a delivery assembly according
to a further embodiment.
Figure 9 shows diagrammatically a portion of a tumor ilustrating

principles of the invention.



Bancroft and Ganbl e, Theory and Practice of Histological Techniques (6th
Ed.), 2007 Churchill Livingstone, Oxford, UK, Kiernan, Hi stological and

Hi st ochem cal Methods: Theory and Practice, 2001 Cold Sprin% Har bor

Labor at oryORP®E&3379%C0l d Spring Harbor, NY; M A Hayat EEFUS200ERHEEr i magi ng
- 10Vols. 1 and 2, 2007 Academic Préds, NY. |naging nmay be perforned
before, during or after dispenser needles are inserted into the solid

ti ssue. Positional markers are known and include, as non-limting exanples,

netal or plastic clipgurd i@’%&?@%@l‘ﬁmgf@@bw\?)@@é%m{; Bgdtami dbicordimi & or
pl asti c beads, dyes, Stains, tundr paint (Veiseh et al., 2007 nc. Res.

67:6882) ornckadipest ti onal markers, and 15may be introduced at desired
positions. Markers may include any subsequently | ocatable source of a
. detectable signal, which may be a visible, optical, colorinetric, dye,

enzymati c, CEOVELEBDESRRIPIONI otin, radiol ogical (including radioactive
radi ol abel and radi o-opaque), fluorescent or other detectable signal. A

det ect abl e mar ker t hlike pEgpepbinyeMtissis dirapiedue cafainemkndigiengiagent i fi abl e
h t t . h
O T R RRE AR, RS LML L Rk PRGBS RIS U

or in conbigmatih part@alad ehteidahtts | Wesalit turesrsniihet heesin dBgcrisad of i1l ustration
and not limtatjon, various different conbinations of one, two or nore such

GCMS tags RPaskmaRiadeiateoin RAl i RHAIN $URETING AP NFetPEs HBAACE@ 28 Hescr i bed
herein in %d@&ﬁhﬁgé%td?ééloéé%rin?éat&P&et%!%W, TR ldeRAE FoFPSRIUKRLcohfioP®
identified on't

asi s of a‘“unique signature”, thereby permtting
any sanpl e df iz jocsticsy bsegmé and Yimeesn divier gadiveryon sfid itinfect Thaseragi on t o be

traced, back its needl f origin for identificati.on purposes., Exanpl es
of F agelatetsTaeT Dent Penie ik Pscle aartonns B VY TEERE CBehnt of i ne.
any of a nurhedrdl Qi hAGliortRe 8! SanamaAl SRHEcmMORipRLARIIEENMd ag conpounds
havi ng 1 eadi U o O R o 17"i denti fiabl e GOV

si gnat ur es amidemof deedine taviogditlipasutitrpariseaatdeiings legadions.andabl e from

P o R g AL e s Bl PRI B b = MO
chr onat ogr aproCalerfior digdedVaidnad| Bnd nosmitirgsrafides irmprovétimoughcy he use of
t he devi ce descri bed herein, which includes i
15 and versatility to screening therapeutic compounds such as anti-cancer agents
for use in treating solid tumors, and permits early exciusion from a screening
program or a therapeutic regimen of candidate drugs to which tumor cells may
be resistant.
Accordingly, for example, certain embodiments contemplate direct
20 drug delivery to a solid tissue at low fiow rates with low shear forces that
eliminate or reduce mechanochemical damage to tissues while permitting
precisely targeted therapeutic agent delivery to defined focal sites. These and
related embodiments permit advantageous and selective delivery of a
therapeutic agent to a solid tissue in vivo in a therapeutically effective amount,
25  while in further related embodiments the agent is undetectable outside the solid
tissue or is present at less than a minimal dose. Hence, problems {e.g.,

toxicity, detrimental side-effects, efc.) assaociated with administering excessively

high systemic concentrations in order to obtain a therapeutically effective



configuration (e.g., by placing at | east one positional marker in one or
nore known | ocations) of the nmultiple needles in a nanner that permts
ready identification of the effects at a particular |location, if any, of

t he cont eENP0PEREI8ed from a particul ar needl e at the RGTESEY8OERYEL i on t hese
and rel ated 10enbodi nents thus cont effpl ate nmet hods of sinultaneously
conparing the relative therapeutic efficacies and/or toxicities of a large
nunber of candi date therapeutic agents. Such applications may find uses in
met hods of cdnogntsaticeemenigsied sdidigssliesce veegorsunhthapresenlyeiddasiedal ani nal
nodel s to idebnqtéé{]g and functionally characterize potential new

t her apeut i &1 Wﬁstance, a 15plurality of siRNAs may be adm ni stered

intratunoral iy and tpgikioh&labénadddirm&sts kentenafidedmen: @RERSSI on of a
desired target gene may be conpared. Qther simlar enbodinents may find

uses in cl imultele deegr eandidateairugxdmpbing agentsd positiena marserseindifateite from

consi derati . known.thera tic.agents that .hav ef.f .4n a particul ar
Cunor . 3 ner By AGY ARe 2E5AERY v RREPhEot R AR BB A gerent of a
patient by cufiaedidtatibMealbagpaciie! axe inrddibeisss esich ablesdiddemef,f ect s t hat
may be assocjiated wth admnistering an ineffectual treatnent regi men. The
present i nfelpwash afeor dasiseccling dypvab iy expigianetiibe Feptestisgie aideful for the

cl assi fi catdapABHLPLndlLR LY MRl 0o Al ttthe Fhatfical itargRpPUI at i on,
including for use in drug discovery and I n pharmacogenomcs. In these and
rel at ed entsfitbargmis,; be dor @tamtpio ndatéctable indicaior eompolirgisa nahoatticés.er ed

physi ol ogical state with a positign at ich a %i ven cand!ieg@te agent has

wh :
been i M r odIRIBATHFUERSSEI P CREOSIHRYS Bt GREWIIE SgRUGASRRIeSHE TR s
responsi veragnatoa dieddifio BRNENhERbR] A ¥ioRfaica sRRE bCAbAL shibprapeut i ¢

£
treatnment; related 30e nts contenplate this approac or
"desel ect i anvital dye é&.gmiTmgtandriug ), e meion® <200 pHREZA8 PETIHWS2SEBE 073212 18
consi deration_ as nﬁg{:}%nti al t. candi dat.e (ﬁ%ents i n.whi ch no

cvi dence. of CACPAnEdBhy el BF HETad ol a S ~harGTen e XLFt e of
i nt roduci Nohirbdrite cEMNE physiological parameters (e.g., pH, intracellular Ca®* or other
15 physiologically relevant ion concentration, mitoc_hondrial membrane potential,
plasma membrane potential, efc., see Haugland, The Handbook: A Guide to
Fluorescent Probes and Labeling Technoiogies (10" Ed.) 2005, invitrogen
Corp., Carisbad, CA), an enzyme substrate, a specific cligonucleotide probe, a
reporter gene, or the like. Control compositions may be, for example, negative
20 controts that have been previously demonstrated to cause no stalistically
significant alteration of physiologicat state, such as sham injection, saline,
DMSO or other vehicle or buffer control, inactive enantiomers, scrambied
peptides or nucleotides, eic.; and positive controls that have been previously
demonstrated to cause a statistically significant alteration of physiological state,
25 such as an FDA-approved therapeutic compound.

Typically and in certain preferred embodiments, the excised tissue
may be cut into a plurality of serial histological sections along parallel planes
that are substantially normai (e.g., perpendicular or deviating from
perpendicular by asmuch as 1, 2,3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 20,

30 25, 30, 35 or more degrees) to the parallel axes, for analysis by any of a



As described herein, determnation of |evels of at |east one indicator of
altered physiologic state may al so be used to stratify a patient 5

popul ation for eligibility to participate in a clinical trial. These and
rel at ed ewbodPIHEs¥8 are contenpl ated as useful |y provilfiTHg2eE8¥al3tages
associated wth eval uation of candi d#te therapeutic conpounds at an earlier
stage of devel opnent than is currently the case. For instance, it is not
currently standard clinical trial practice to establish biomarker

par anmet ers ' - 1 he, basi.s . f -ﬁ.m; ' f.osubjects) prior to
Phase |11 srﬁﬁ@?eggﬁ qﬁ%%?ﬁ?%@%%%ﬂ%@‘%%ﬁ" esc@?g@o &1 &i n may provide
usef ul r esuligtspategicnnidresaipiefmeuding extrabdmstiedinbivsisearidéer tbragk-eri a, for
exanpl e, at Phase Il. Accordingly it. is envisioned that through the

pract i ce ofTRERTANH "BrRSEHENS e Eeleaisah AT RLTE MASPBYEAE i n or mat i on
on the propgsibt@sr BblodiceRMdhiRbenaaral, iMBYing bp ol rabbRtieAde@ridudal 1n a
solid tunor oncol ogy drug devel opnent programthan has previously been the

case, idcl wdhiglytachnguaaareknaw thperagns skitedeibithe relevant adnBasostg.ef fecti vel y

. Vi : T cal ot subi Lor t
Br benet i t AhrofbAn, SRk TieBat s Pl disn LR R T i B T DB o o
candi dat e FBATLChAORDLivergRaNe Oxgdrtiabit iKGednaaNHRto/egipatdrent popul ation

according to levels of at |east one indicator of altered physiologic state,
det er m ned /#4stogee@icabiigthasicel heorirgyiddrregiage 280U &OILPPRRG RBMAR t h which to
correlate t j candi _har [ ' Hsed in
cancer subere]dg)to g%tBQﬁ%?‘qt{%égbgggi fggtg‘iégt@! Sﬁg—gé{}ragg%%ggg%nsc’gﬁaoﬁgﬁ ponders
or pos$h bl ev@breapdaded(y. Academic Press, NYRelheaginggal ibesterfoombd gafeel, a

needl e arra ,assenla\‘%l8 100 is shown, including a pluralit f needles 112, a
plurality d¥“”r“8§€ ?ij@Pﬁﬂ%ﬁr ngepleg2af insgrige ‘%@I’“i“‘%%‘?‘&fj %@Péa?z’ 9Fo88kh as, in
the pr esentrp&r‘k@@%z@kn@@"]@?iﬁci%@’ asa;%-mmatefx%{p‘?és, Mie drafdbtielciipdie

plurality of needles ixed in position relative to 30the others of
t he pl ur al iftupredceneeddregm dotgl indie i, ongjere dadicllidedni dyesoplaimst funedry WO

2009/ 023798PCT/, US2008/. 073 9 | to be fi i it] d
S ol ¢ aeodte! (ERGhE o e CorC HB B chefSo S el Bl mee R e, °f ) o'
conmuni gat irﬁQY Ve limrcivcBs BEGEAIND IRk, takBIsUhal intlaefanyen®sy@idrmiyl14, and

each of the plurality of plungers includes a first end positioned in a
respecti ve 'opwiable sonecenivr dateetpblef sigral ewlish mayltaa Visfide, etigant rol ler 102 is

operatively . e f 2,.0f 1k : i f.:plungers
116. The Co‘ﬁﬁ)"gﬁ %tg[?’ ‘?@’ %ggﬁﬁégjtﬁcr’ e'E%f M% t?: n rt%[ﬁ %{Iéﬁar :%ir%;%i)c,"aﬁ %{?fgu%iﬁ%ngers
Wi t hin t he meketia radwidde! bas pasit-dpaqapg fidoredtsitanotheraiRtbatiisiesignah  of

novenent . Movenent of the plurality of I,ungers 1%{% ina first
direction creates a Aedpiesiablegpakerinusimay FRMPEISR HIGES Ped&rdlr s 114,

?;‘;‘;“;2?? 3&%@@@%& ShrBIEHgrAsnITBES shbMidhdtRl @ENS) IRSRbKeLfS Vvia the

Numerous such GCMS tag molecules are known to the art and may be
selected for use alone or in combination as detectable identifier moieties. By
way of illustration and not limitation, various different combinations of one, two
or more such GCMS tags may be added 1o individual reservoirs of the device

25 described herein in a manner that permits the contents of each reservoir to be
identified on the basis of a unique GCMS “signature”, thereby permitting any
sampté that is subsequently recovered from an injection region to be traced
back to its needle of origin for identification purposes. Exampies of GCMS tags
include o,o,a-trifluorotoluene, a-methylstyrene, o-anisidine, any of a number of

30 distinct cocaine analogues or other GCMS tag compounds having readily



112, thereby charging the reservoirs. Each reservoir 114 can be charged
wth a different agent, or sonme or all of the reservoirs can be charged
with a common agent. Movenent of the plurality of plungers 116 in a second
di rect i onWere@E9% positive pressure, or overpressur ECTURE’EEspect i ve
reservoirs 114, forcing 15the content’s of the reservoirs out via the
respective needles 112. In this configuration, a relatively
smal | amount of a.plurality of therapeutic agents can be sinmultaneously
del i ver ed diendifiable GOVS sienftoresamdeobeihad sandéiongsior stanggl aagfeon and

anal ysis. In enbodi t t he nt, _of her i del i vered
to the ti S%gﬁq%geefrg%ggﬁg?qﬁ%@pg_gp.a(ﬁ@eg%@%,?ﬂé&éﬁ%@gﬁ gttgf’" %gﬁggfreé%he tissue
106 and t he cefsf MRAC IhcRldind8ushitd @ prsdudihesapieat i€ thagudaicoeb0gByed thereto
can be used, for exanple, to screen potential therapeutic agents for

subsequent cBramategraphyicalalonand avaitelee fiemiTamadient i ¢ treat ment deci si ons
based & Lhe rel ati Ve, ghih SRE YsObs MG Re! RREHBLS nAURL LihidiinkiBed | SSue 106.

25According to various € any nunber of needles can be used. For

exanpl e, asohfiyuratoweg., bwplachig dthees oneqdist®nabmaiier is@ts oramdreaccordi ng to
sone enbodi nents, nore than one thousand needl es can be used. According to

an enbodi néRPWNdaeaiops) ¢fiee Ruditie sepriep (a&narnsr PP omeaR8rts or
2B orssc MERMERETNSshhgel el bRy o conttts . o,
vari ous contiegeeafrbons pafiicoieedéede B2 hedissus anation feperand2aladeows a del i very
e 2B P Ry R P S AT B DR BgRIRES L o1 0es,
rotated 90 rdpaveaferibdlicTtfRRes 4rid/Gradkiaessbs BHrs nAinbRPbf Sarddiig t he
| ength of the needle 120a. Wien fluid in a
therapeutic agents. Such applications may find uses in methods of drug
screening and drug discovery, such as in preclinical animal models to identify
and functionaliy characterize potential new therapeutics. Forinstance, a
15 piurality of siRNAs may be administered intratumorally and their relative abilities
to knock down expression of a desired target gene may be compared. Other
similar embodiments may find uses in clinical contexts, for example, to
“deselect”, or eliminate from consideration, known therapeutic agents that have
no effect in a particular tumor, thereby advantageously advancing the
20  therapeutic management of a patient by avoiding the loss of time and the
undesirable side-effects that may be associated with administering an
ineffectual tfreatment regimen.
The present invention provides compositions and methods that
are useful for the classification and/or stratification of a subject or patient
25 population, inciuding for use in drug discovery and in pharmacogenomics. in
these and related embodiments, correlation of one or more indicia of an altered
physiological state with a position at which a given candidate agent has been
introduced in a solid tumor may be used to gauge the subject’s responsiveness
1o, or the potential efficacy of, a particular therapeutic treatment; related

30 embodiments contemplate this approach for “deselection”, or elimination from



reservoir in fluid comunication with the needle 120a is subjected to an
overpressure, it is forced fromthe needle via the plurality of apertures
122. Because the reservoir holding the fluid is to the right of the needle
120a, as WPeNe#2iPB t he figures, an overpressure in t h&CTASHFBI3 LI | |
~result in the largest 10vol ume of fI4id being forced fromthe right-nost
ports 122, such that the fluid will be delivered in a progressively

di m ni shing volune along its length toward the tip-end 124. The rel ative

vol une of fthusideditich bk Patadial herapeas bf ehndibatepigenal intwhich npevidend®??2 al ong

t he needl e 120a nmay be inf I_uenced,%a nunmber of factors including, for
exanpl e, vickapsgitesgdgthysistogicalspte isietaried ahAdite GhEEREHENE dh NS ol i ds
suspended therein, t LLY meab, LLt Y apg It f ghkSsSue in
whi ch the needle is %gstﬁlﬁ&z‘h%,h%}ﬁ{e& eg?'lenl’el%?org\r}ﬂr%ﬁée%sﬁfrea? I?ﬁg soi ze of the
ports, etcindicator of alteredFpoysiciogiB sthewmay disbilveugedaeddtstifi? @bpaliardr ding to
anot her_ enbodi ment,_in .V\hi..ChgrPOFts.122 are lar gﬁt neﬁb the ti F n& 124 of
the needll e PPBYOEEN fan@ligkdty & dariadpale B droigiceh '@  ABCYT @&l qge f ports
s inverselopy@hAbed 4@ GolbAbRRSE a0f udhal BRARGI] ¥8vARAGed Basddidigat i p-end
of the needle. Thus, while an overpressure of fluid in the needle will be
gr eat est atwithhevalugtir wbstangoiate t@apetiat coirippuats @t ban adissnatbgest port,
and, conversel whil.e the overpressure willL be | owest., at the f {,- most
port 120, CRAEORBIRt et ) SRV e Febestor BHE. dbit di B 2 ng o
each of theiRks clfdal illeHraeRei8 chZHisk dbrhgrkeophiagibied (WaiclahbyBE a
substantially equal volune of fluid at any given | ocation along its axis,

or al t ¥} natth& diapis fareexniusitre of swblsstsg ovriar gior Biiase Matidiey. wWhereds db8or di ng

t | d.. di st ribut.i fil | ' ' f
Lo oot o S ERREI SR PEBLeF Thg8 bRy s eoe B pe e
apertures cAresiailiyhed ngmamer 3iegngtdr ofarbpie, aeetkee fil omcabuiitgiY itOd mm or

| ess to about 0.25 nmor nore. WO 2009/ 023798PCT/ US2008/ 073212 21
Fi gure 2C &iviRoneddetial etfongladitee 1pmetise coifdi 65D RIPSERBGJIARSIASEH N whi ch

o sy RIS VRl b bt s Bgl ol ot
needl e120c.bd obtatreereasierda, a tbiel pondrsork@boy dsgsteveptiemt torggremdtha24 of t he
has previously been the case, including in a manner which may time-efficiently
and cost-effectively permit elimination from a clinical trial of subjects for whom
no response or benefit can be expected based on a nonresponder result for a
particular candidate agent.
20 For example, stratification of a patient population according to
levels of at ieast one indicator of altered physiologic state, determined as
described herein, may provide a useful marker with which to correlate the
efficacy of any candidate therapeutic agent being used in cancer subjects,
and/or to classify subjects as responders, nonresponders or possible
25 responders.
Referring first to Figure 1, a needle array assembly 100 is shown,
including a plurality of needies 112, a plurality of reservoirs 114, a plurality of
delivery actuators such as, in the present example, piungers 116, and a
controller 162. Each of the plurality of needies 112 is fixed in position relative to

30 the others of the plurality of needles, and the plungers are likewise operatively



5needl e 120c are the nost closely spaced, while the spaci ng between the
ports grows increasingly greater as the distance fromthe tip-end

i ncreases. Accordingly, when fluid in the associated reservoir is subjected
to an oveWprRewsY’8s the vol une of fluid per port 122 WCF{USHESHREERt est at
the right-nost port, but a lower vol¥nme of fluid per port will be offset
toward the left by the 10 progressively closer spacing of the ports. Thus,
the overall distribution of fluid along the length of the needle 120c can
be made tOcbapisﬂbsta@ﬁbibélﬂxﬁd(impséuﬁcbreﬂmd biynudicatoiidyboighiehEgubraf $he 22 as
descri bed above, or can be made to conformto agother electegfdlstrlbutlon

profile by PHERIGEF Perdies &1 2& N dHIdForpRENgaten wi @i%ﬁp WM& ioRS %8S he ports
along the BRegieor RTHIGYSA 4 andbault 6 RRpIdallF o pRIngeRARELEed 3Gk 5 shown

according to an er enbodi ment. Ports 1 the néedle 120d are formed in
a spiral pantigositontd in @ aedpepiva omedithe ¢blL@litwiof Feseseyrect14 ofhedj acent ports.

In the enmbodi 2 26 f b
wir e oot COBOIr dBeT Bar vl FasRET it i e RBRre RN ng ¢ ne
ports 126, dligerepid ?H@eslntwn%rls%m@u% 16 2phtrsctGaNRE tseheated to

control the port size, while the pitch of the spiral can be selected to
control t havidinstheirsseivoin witbriespa! torspesed, gistanse1 26d gastiogu &Pves & lown i n

Lo E 20,20 b O MR N, B oBERER REndpaLaggom ] 1ef e ence
needl es 12Qrgdiean rkgafiay ﬁi%@s@'yé eligs ﬁa{@pé@t%l ratervoid hod, drewaigudi ng, for

exanpl e, laser cutting rjiet cutting, chem.cal etchi ng rrgchanl cal
drilliHy ﬁh@’ﬁpmﬁ%ﬁe%pwfﬁefﬂwd into the regeEvqifsyia HigsTespactyF ek ieneeou es 120

are shown as zbﬁx'e %&rgaz&ﬂg%ﬁ‘é’ré%‘émﬁrgdﬁgéﬁ98§é?b&91‘i@céz%@ chﬁﬁg%@f\&xfh a"pencil

poi nt" needl €s§, or exa and Wi tacre needles, may be
| ess darragldlf@arem dyedk agisoale Mlﬁ@‘&h@réﬂea\mmsezxml bet ¢hppeed wike @l cosnmon

Qggb} Ioggglgg%@p; Uglgg%g;e%@ga\gg@}éa ity o% I iaggeers% 16?9 a s\é@ond direction creates
a positive pressure, or overpressure, in the respective reservoirs 114, forcing
15 the contents of the reservoirs out via the respective needles 112.
in this configuration, a relatively small amount of a plurality of
therapeutic agents can be simultaneously delivered directly to a region of solid
tissue 106 for evaluation and analysis. In some embodiments, the amount of a
therapeutic agent delivered to the tissue is less than 1 L per needle. The

20  evaluation of the tissue 106 and the efficacy of the different therapeutic agents
delivered thereto can be used, for example, to screen potential therapeutic
agents for subsequent ciinical frials or to make patient-specific treatment
decisions based on the relative efficacy of the therapeutic agents in the fissue
1086.

25 According to various embodiments, any number of needles can
be used. For example, as few as one, two, or three needies can be used, and
according to some embodiments, more than one thousand needies can be
used. According to an embodiment, each of the needles includes a piurality of

poris or apertures arranged aiong the length of the needle.



pencil point side-port needles tend to remain in the tissue rather than

| eaking fromthe tissue via a channel formed by the needle. Such
considerations are explored in nore detail in U S Patent Application No.
2004/ 01 GWo2y%2¥a%e also U. S. Patent No. 5,848,996 - WRIFEHZWPE2Hcor por at ed
herein by reference in their 5entireéfies. Neverthel ess, the scope of the
invention is not limted to pencil point needles. Bevel-tipped and

bl unt - Upped needl es can al so be enpl oyed according to various enbodi nents.
In particular, the iny@HOIG RAFQuERTINODEdatRE! ConfigLIRGioRs 6f BéeIes W th

bl unt-ti pped needles which perforned satlsfactorlly. Figure 3 shows a
solid-core ?a@ﬁr@éh@wﬁe&gu@e 28chpusiadelaen needle 1 90a Deiudiiitha plwally ebves 132.

agent 15 naP adre Epafe BatPoRFLLE & P RbaR, LEERI R Brerdy, 02, TTE ¢

carried i ntspatdttalbhg stsarigin.t Eec@b@@m@taléaeoadg%emmreseedebl very-type

needl es_i ncl ude, for exanple, needles with mcr | ts over the| r surfaces,
needl es® coé’@@&eﬁl &JqﬂrSr%ereraéongaWe *ﬁ%ﬁloég“'%‘%ﬁfé"ﬁﬁ - p¥eadIURiING i al s. Such
a needl e i g, é |€J B%ﬁn{dn%é'ugn@@tﬁ%e%@%dlélﬁfﬂ)b% @Uﬁ;e%ﬂe@% L charge, and
is then |nser arget tissue he case ‘of the needl e 130 of

Fi gure 3, tohrermeenune, :t:xariorhed@kbar @@dwdeyﬁdmalﬁ@ biuragity yf abegphees 182.0 t he agent.
A porous needl e i i

t, but t t
n oo vl AT GO TR il ek diibig e 1o
| onger ZOD‘%MV% han&8LINET ah bVerpRAsHR: infH® QUSRI WilGESuIPh thB1drh¥stdescr i bed

herein as using active delivery needles, 1.e., needles that acfively force
fluid 1tht o vohensai fiusd hdingdotcied Stwen tHaaMVenqstpas‘.sﬂQé stmhtheﬂinerf@eijl es such
as those des |be acc

above can al so b ed esi gn
par anet or s (0 P8 AGINAIRO (b PreuEriEY SRnBnREShRE e dredratBai T on of an
i nserter nQﬁQisﬁ-eﬁéQﬁnd‘r@ ReilvE 9Biueie & iR U%ﬁhﬁté&?ﬁ&h%a&ﬂ@;f&idﬂ lar to those
described with reference to Fi gures 2A-2D. In Flrgure 4A, the inserter

needl e 140 Alwaliysf preadd2 sing thaaeedlse 20pgnanke Hepeed Readwimbeso) needl e
120 ext e”dSfa&HsQH&LM;nggﬁégg%@Ba n o8l tc{??hé ﬂ&zﬁr{n%r%bl%gd EorkdPtralidy L Ni s

configuration, € ne I'ns need can be Inserted
t hr oughs t heofskiids eifspansedireesin, Beclensiy, depatiainty, ond WegbbilitNof tissue

2009/ 023798|r|? %ﬂc%st%g%%{agigg %)%Sl%gned the degree of overpressure, the size of the
ports, etc.
Figure 2B shows a delivery needie 120b according to another

embadiment, in which ports 122 are largest near the fip-end 124 of the needle

20 120b, and the relative size of each of the plurality of ports is inversely related to
a distance of the respective port from the tip-end of the needie. Thus, while an
overpressure of fluid in the needie will be greatest at the right-most port 122,
that will aiso be the smallest port, and, conversely, while the overpressure will
be lowest at the lefi-most port 122, that port will also be the largest. By

25  appropriate sizing of each of the ports 122, the needie 120b can be configured
to deliver a substantially equal volume of fluid at any given location along its
axis, or alternatively, the needle can be configured to deliver fiuid according to
any selected distribution profile along its axis, by appropriate selection of the
size of the respective ports 122. The size of the apertures can vary along the

30 length of the needle from about 0.01 mm or less to about 0.25 mm or more.



nodel . The conbi nation of the needle 120 and inserter needl e 1406 are
configured to have sufficient stiffness to penetrate the skin w thout

bendi ng, and the tapered point of the tip-end 124 assists in the

penetr at i B®.208ddbwEonal | y, the inserter needl e 140 covEITgUR2pis/opurr s 122 of
t he needl e 120 and prevents 5contam #ati on of the contents of the needle by
non-target tissue, and vice- versa. Wien the tip-end 124 of the needl e has
penetrated to within a small distance of the target tissue, the inserter

needl e 140 is held i pigoesptipawal dQivbRERIddION20d addirdingesihe 120 continues
until it is correctly positioned in the tartget tissue. The insertion

di st ance oferabrdimagidnidichha difitibulico dearitbel e rdwalid ospers 182 ifat t he needl e
120 i . |t | f. th
o R BB o B B T

i nserter nee ne 0 can be

provi ded wirdeda20oLIM ehet @6tdsOtheamshsStaIpelosest &nthet theehd K4 ohihed of

contam nation can be mnim ccordin tégpgggal ternate
‘i‘i‘@@gl tiffen

m zed. A
embodi nent ,negdls 140 are tha mMeskclosdli saased. ¥4¥iRdhe ARYPG PS
t he needl e 8 i 3 | ; i insertion. Once
t he inserte@ Bﬁgg{ﬁ %ﬂﬁﬁf?é&a%%i&?s?@g%%&%%@&gﬁ ?/ g?%ggﬁiérregsﬁéog\;ed and the
del i very nekmtoedidd9, wisen fasié i thek. adsogiates! 'Bsesvoa islsaiyeandat ao vi ew of a

delivery assenbly 150 according. to anoth enpodi nent . e delivery
Gssenty 18veTmEtoHiedng bl bidpengo 552 VFSS hiates ol ResI e, an
act uat or assfTBlLYa kvfr \Bihd YEfLIADBEPHE WilllsS ofidot GOWhIIGhe 3BTy 160, and a

frame 162. The frame 162 provides a substantially rigid structure to which
ot her &0 eneprpgrestiveleicses epsting 065G eaqetsc Jinpk elhe omeealindisttbuetion efdipid 52

ther embodi e TRgndtn R eute Tbe e e Pl iRl ot hane. 162,
Each of t heympdigtriliidgthefporeedizaacyddcnbed abdebd or Sak @ephas tadonforfi fost  end
170, in a respective needle aperture 174 extending in the
another selected distribution profile by appropriate selection of the distribution
density of the poris along the needie.
15 | Turning o Figure 2D, a delivery needle 120d is shown according
to another embodiment. Ports 126 of the needie 120d are formed in a spiral
- pattern, with each port rotated 90° with respect to adjacent ports. In the
embodiment shown in Figure 2D, the ports 126 are formed by wire-electrode
electrical discharge machining (wire EDM). In cutting the ports 126, the depth
20 and the length of each cut can be selected to control the port size, while the
pitch of the spiral can be selected to control the distribution density. Thus, ports
126 configured as shown in Figure 2D can be differentially sized or spaced as
described with reference to Figures 2B and 2C.
in addition to wire EDM, the ports 122, 126 of the needles 120
25 can be formed by any appropriate method, inciuding, for example, laser cutting,
waterjet cutting, chemical etching, mechanical drilling or grinding, etc.
The tip-ends 124 of the needies 120 are shown as being closed
and pointed. According to some research, “pencil point” needles, such as, for

example, Sprotie and Whitacre needies, may be less damaging to biological

30 tissue than bevektipped needies. Additionally, fiuids injected into fissue using



needl e bl ock 168, and conprises a |lunmen 176, having, in the illustrated
enbodi nent, a nom nal dianeter of .15 mm extending substantially the
entire 30l ength of the needle cylinder 166. Each needle cylinder 166

i ncl udes WO NW/R809/ 023798PCT/ US2008/ 073212 24 reservalGI/ B8R regi on
toward the first end 170, a needle 120 in a region toward a.second end 180,
and a tip-end 124 at the second end 180 of the needle cylinder 166. In the
enbodi ment shown, the tip-end 124 is tapered to a point. 5Each delivery

need! e 120 johlBhi SR trhddtisAbht Yo Rim AR TioR2u e HhIgHENG |13

|l ength. The length of each of the plurality of needle cylinders 166 and of
t he respectifore theciéasiue vial 2 Ohgmane! ésmaetcloy tienpetie. t Brchecthsdienativns dra one

enbodi nment , ch,needle cylin 6 .is lLonger,. t whi | e .accordi ng
Co ot her " erBOR LR EOLH LT S AT dRICaRE eSS P2 o g0 om
between 5 ameareickh) Nens, sa8doRs- #RRhtardhodrsdrhtddaiREpidyelafendd kambise,
according to various enbodi nents, each of the plurality of delivery needles

120, def i neantipstieshdgysrthelens.ghe sheps ekihe dnvengon éeadtdingigditagencillpsnal ong
whi ch t he 1 > e i.s..longer than 1 I r. than 2 cm
| onger t haﬁ%rz?hc%r%' %aer@['ﬁ%f\%ncf%laﬂé%ppcer%gn%}qnn%lgﬁ)gre?%g(g"éergbI y 154

conpri ses acpbtiiy iotwariolis eraRiHiresnte atdhbesicdi4l 6o kathrd BadcoiBRidder bl ock
192 in respective inserter apertures 190 extending therein in a

conf i gur at i'/BHSHRRE RIeloheesvsbivp-iinreddieesinge wiiph rerformed satiefpatolyl i nder s
166 in the needle bl he 1,0 [(F1 RV dl e
cylinders 166 can be? og%?%gﬁz)é%vh\%cghﬁiaér?”gggé\’seg}ég%%gH?ﬁeﬁgkbt%g’tj%yuraI ity
of i nstwt erofmeediaegrdb4Bs 482 s TbemekedieH Juis e pasdibe deiheey tamvicessenbly 154 is

axially slidabl.e gver the needle cylinders 166 between a first position, in
whi ch onl y THREPS &iﬁ&&e@ﬁaueﬁ agRIHs Bet qaixerredHde” PIASSHRFAM P66 extend from

respect i ve 88850 but iSteRlUS Bhirbd b tho B85S REBHRSs 149. (e Second

position, in which the second ends 180 of each of the needle cylinders 166
ext ends fr diasabekelivargpynt heedieniveluder fonexadinple]l A0cdiedinithanices witef dveci ent to
clear all qfof DGR Redfids Watbdith SRS AL End! BEENEE YrnalRGhrS pbais
15 matenials. Such a needle is immersed in a qu.uid agent for sufficient time to
charge, and is then inserted into the target tissue. in the case of the needle
130 of Figure 3, the needle can be charged by being briefly dipped into the
agent. A porous needie wiil carry more of the agent, but may require more time
to charge, and may likewise need to be left in place in the tissue for a longer
20 period to deliver its charge.
Embodiments are primarily described herein as using active
delivery needies, i.e., needies that actively force fluid into the surrounding
tissue. However, passive delivery needies such as those described above can
also be employed, according to the design parameters of a given application.
25 Figures 4A and 4B show a portion of an inserter needle 140 and a
portion of a delivery needle 120 similar to those described with reference to
Figures 2A-2D. in Figure 4A, the inserter needie 140 is positioned such that
the tip-end 124 of the delivery needle 120 extends slightly beyond an end of the
inserter needle 140. In this configuration, the needle 120 and inserter needle

30 140 can be inserted through the skin of a subject, such as a patient or test



According to an enbodi nent, a spacer is provided, configured to be
positioned between the inserter block 192 and the needle bl ock 168, sized
such that when the inserter block and the needl e bl ock are both engaged
with 30t HEOMLEe#798t he inserter block is maintained i RCIRE24BOEE1posi ti on.
Renoval of the WD 2009/023798PCT/ US2008/ 073212 25 spacer pernits novenment
of the inserter block 192 and the needle block 168 relative to each other,
to permt placenent of the inserter block into the second position,

relative tondédw Waedbmbiafick of Heenanliala2®andssenbl yeddé 1406rpra ses a
plurality of plungers 200 5coupl ed at respective first en 04 to,a
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the needl e,y #‘f’?& ?ﬁﬁlnﬁ@f AGplhS 4 1i§§ ﬁ\%@%ﬁéu&r‘?&h%@auém i, ®esecond

end 208 of eac e plurality o ungers e positioned within
t he reser vomgerﬂei‘&eetﬂieaﬁmeﬁpemttha@octsdzﬁfof theengddie AR Bpd pfevanés needl e

cylinders 166 as shown. An O-r 10 | I’OVI 10t he ,second end 208
o?‘/ eactP of SCRERNENC) 9fthe 6?”%[‘[?7{8&%% ng é’ @@qﬁfﬁ%sﬁﬁﬁaé’ '®he wal | of

the respectyeys, |\WreR tie/ fio-ehll8 286 UM Medks RESBENet/REd B WANRGNEHAIFES an
actuator 212 coupled to an actuator block 214, which in turnis rigidly

coupled to Ct!$tanq:ﬂ qﬁgerta!‘gebmﬂsuaome inserten @eeelecdiore heldsh Gweitiop Milact uat or 212

conprises a m v 220 havi ng .a t hi 5224, and
o e B EYRRTEE nefi £ Sy i idle SBpFEV G ERpneR i i e 0220 27
coupl ed to tishBgef TAEMsERDNSACS BRthePhssHee ndedlel SI0rRinaiaddiyctedsptied to the
actuator block 568 so as to control translational novenent of the actuator

bl ock @I attheethe sresple ¥20dfsomectly Msdiaties cawePdol apts t68aieCea 9br at ed i n
. Olmm | ncr r“s%ﬂe%é«?cp@ P %an% 289 iy tﬁmagﬂhe{ Rk 980 hnbRe thimble

222 and a ITB.XI mim STToke 0 hus, each ete rotation of the

t hi nbl e mmvuea@mmfméﬁauﬁi pro®ctiby aaf snbpmg,eamf thé hhmhhmo'dh}fn t he Iurren 178
of the respectlve needl e cylinder 166 and displaces about .0001 cnB of

vol une, or SOMEMINgHen ¢/ BE MAINIBIESIThus, gi ven a naxi num stroke of 15 nm the

gg)c() 'u[mgn ﬁLspenSI Ng Capagking thaneéﬂé‘eané’cE il dthfabistetf istRRfbasd #20 1S
15 the inserter needle to stiffen the needie and prevent collection of a tissue plug
during insertion. Once the inserter needle 140 is positioned, the stylette is
removed and the delivery needle 120 is inseried.
Figure 5 is a diagrammatic view of a delivery assembly 150
according to another embodiment. The delivery assembly 150 inciudes a
20 needle array 152, an inserter assembly 154, an actuator assembly 156, a driver
assembly 158, a control assembly 160, and a frame 162. The frame 162
provides a substantially rigid structure to which other elements of the assembly
150 are coupled.
The needle array 152 comprises a plurality of needle cylinders
25 166 and a needle block 168. In the embodiment shown, the needle block 168
is integral with the frame 162. Each of the plurality of needle cylinders 166 is
coupled, at a first end 170, in a respective needle aperture 174 extending in the
needle block 168, and comprises a lumen 176, having, in the illustrated
embodiment, a nominal diameter of .15 mm, extending substantially the entire

30  length of the needle cylinder 166. Each needle cylinder 166 includes a



25The driver assenbly 158 conprises a stepper notor 230 such as is well
known in the art, and that includes a notor casing 232, a notor shaft 234
coupled to a rotor of the notor 230, and other elenents such as are well
known i n WBaoee379%he notor casing 232 is rigidy couplC@AeYsPREIX rane 162,
and the notor shaft 234 is slidably #oupled to the thinble 222 of the

m cronet er device 30568 while being rotationally |ocked therewith, such as
via a spline coupling, for WO 2009/023798PCT/US2008/ 073212 26 exanpl e.

Accor di ngl ¥esér%|?‘mz9r}gééé 5%@8%@ At &‘%"70?%%%%?18%@@51 ré@Bﬁm tted to

the thinble 222 X novenent o eis not Timted by the
not or shaf ttow&Bulcdh secunel enmgtSCaraed\mm-ekm@M at thet degoméehdrigfalf ther t s. The

st epper notor 30 of t illustrated e dinept js c red t di vi de
each 5rot atqe(? & Higder; %%st*aﬁée eﬁ%ﬁgim%’ggﬁo}”ﬂc{;‘@ﬂ@n? é%%&f’?‘?fﬁ C&tep of
the notor Z3ghrotates the thinble about 3, displacing a volune of about .8

pL per reservoir 178. The controller assenbly 160 includes a
control®er 240 and aE@ohﬁBb\Iel’EHw@QZQQ is Hafineskipyeagiuralityof pos E2Atroller to

t he st epper 2 0 for .contraoll irecti.on peed, and
degree of %@%lﬁ%ﬂ iqngt#igﬂgtth ?ngf‘qtﬁfgﬁaﬁf?g{rﬁgdﬂ ﬁﬁ@toétﬁ'e??%mthe
controller C%iﬂﬁérg 166%@&%@@!%&@&% adiad B0 Meicstichblingabthe 242 in a
manner that is well known in the field to which such notors bel ong

Accor di ng t%n%ﬁ‘@ﬁﬁbdﬂr@ﬁt@mbwwhﬁﬁ@m D@?diﬁ§ym®@ﬂ§ﬁﬂ%lﬂ“§@*’ ﬁ&‘aﬂﬁéir can
program t he, ¢ QRLk %&8{)&&2 %{%b?ﬁﬁ’%‘?&dthgf 0%%% %’ﬁl{ﬂé{er%farg e kH'&&&eP om 15t he

del i very needl es e speed ron urme of

fluid teli \mazreclohw mhmén :Blgrrtdf‘r&f T&lﬂbﬁén@bs&ﬂbﬁla@lz engdrespegthvetye rotations
of the rot Accordi ng to anot her enbodi nent, controller is manually

oper at ed, iBHACCHARLIC @I SMPosImaRts. g#d ‘Eﬁtp%@{“i‘"%'ﬁy 81 99IEBt i on of 1t he
mot or 230 'd’éeﬁfe%'ﬁd ABfindf 6P RHidIP otk PbECbRUD AdLaB M inddra eBrdidng and

control |l er assenblieés are

which the ports 122 are spaced, is longer than 1 cm, longer than 2 cm, longer
than 4 cm, and longer than 8 cm.

15 The inserter assembly 154 comprises a plurality of inserter
needles 140 coupled to an inserter block 192 in respective inserter apertures
190 extending therein in a configuration that corresponds to the arrangement of
the needle cylinders 166 in the needle block 1688, such that each of the plurality
of needie cylinders 166 can be positioned within a respective one of the

20 pluraiity of inserter needles 140 as shown in Figure 5. The inserter assembly
154 is axially slidable over the needie cyiindefs 166 between a first position, in
which only the tip-ends 124 of each of the needle cylinders 166 extend from
respective ones of the plurality of inserter needles 140, {o a second position, in
which the second ends 180 of each of the needle cylinders 166 extends from

25 the respective inserter needle 140 a distance sufficient to clear all of the ports
122 of the respective delivery needle 120,

According to an embodiment, a spacer is provided, configured o

be positioned between the inserier biock 192 and the needle block 168, sized
such that when the inserter block and the needle block are both engaged with

30 the spacer, the inserter block is maintained in the first position. Removal of the



200om tted, and a user controls fluid delivery by manually rotating the
thinmble 222 of the actuator assenbly 212. Charging the
reservoirs 178 can be acconplished in a nunber of ways. For exanple, a

char gi ng V&34802¢8% be provided that includes a pl uralfAFSBH8EIRE or
compartments in an arrangenent that ©orresponds to the 25arrangement of the
needl e cylinders 166. The user first places a selected fluidic agent or
conbi nati on of agents in each of the cups. The delivery assenbly 150 of

" Figure 5 i spposi mémﬂednm\ietnherttIméthee‘es&r&ar@ddkn‘c%‘r@qaﬂﬁemaed@ Idodm\%ﬁd as shown

in the draw and the spindle 228 of the actuator 212. ext ended. The
frame 162 if@gﬂm%w{]ﬁ? ¢ heHibaapaseny G5 SEURT YOSO MRt ne
fluids int HRSREAIMSE i RSedld BRcRDt or 230 is then controlled WO

2009/ 02379 CT/ U82008/ 073212 27 to rotate in the reverse direction, draw ng
the spindle 228 i nwaifte antiagardssagblyseptamerises sooraliveiraingris £0 ¥n turn

i i ngP ¢ NG OPPI S PG Y hBed 204 G ABRE wbae sPE I TRESTIABR R orls 120

Wien t he r apgr sidspoRdstostb fahehgambit cﬁhﬁéﬁ@ddler@hmdrgnﬁefanﬂhl% Srotor is
halted and the needle array 152 is withdrawn fromthe charg| ng vessel .

I'n order tdn%ﬂs’tarmedkeﬁé@wapgéﬂatwaﬁ /] 298sH eaehBbiieRivEly&ich of the
needl e cylig é‘eé% 166 9k 3%23%@%9& ﬁ:;tfortﬂ¥ r&ée?rv&?'l?@ﬁ’fé'%b% Vdlofe pESPect i ve

one of thef nee e 1Tnserter assenb so that the

ti p-ends l?tBe@furalhsa ohtredhasiicldfinpest 18808 $ivawym. t Ae G- m@m(érs psremdbésat 140,
10substantially as descri bed wth refereane to F m The del i very
8 p t?ﬁ@a“

assenbl'§ 156¢S8Cenbanh 89’ of sprdtriithe alurality 'ﬁﬂﬁ%rﬁt G998 ssue
region of athé'd@ll‘%ﬁtth@%ﬁ%éﬁfé%ﬁabﬁq %X'T%'el%téé%o:t%nﬁ 156 Brsgnds of the

needl es 120 penetrate the subject's skin. Axial translation of the delivery
assenbl y 1Extbmmmmamtumm 212 brmudiedtocardactdier bfock Rd4nebighdn Byhisders 166
have penet rr?gttcﬁg C%Spi\émdtto he glunger%(foc(?(dmﬁ in the embodiment shown, the
actuator 212 comprises a micrometer device 220 having a thimble 222, a barrel
15 224, and a spindie 228 such as are well known in the art. The barrel 224 is
rigidiy coupled to the frame 162 while the spindle 228 is rotatably coupled to the
actuator block 568 so as to control transiational movement of the actuator biock
relative to the frame 162. The micrometer device 568 is calibrated in .01mm
increments, with a spindle travel of .5mm per rotation of the thimbie 222 and a
20  -maximum stroke of 15 mm. Thus, each complete rotation of the thimble moves
each of the plurality of plungers .5 mm within the lumen 178 of the respective
needie cylinder 166 and displaces about .0001 cm?® of volume, or .1 nL per
revolution. Thus, given a maximum stroke of 18 mm, the maximum dispensing
capacity of each of the plurality of needles 120 is about 3 nlL.
25 The driver assembly 158 comprises a stepper motor 230 such as
is.well known in the art, and that includes a motof casing 232, a motor shaft 234
coupled to a rotor of the motor 230, and other elements such as are well known
in the art. The motor casing 232 is rigidly coupled to the frame 162, and the
motor shaft 234 is slidably coupled to the thimble .222 of the micrometer device

30 568 while being rotationally locked therewith, such as via a spline coupling, for



15di stance of the target tissue region. The inserter assenbly 154 is then
held in position while the frane 162 and the el enents coupled thereto
continue to nove axially, such that the needles 120 extend into the target
ti ssue reylOenyMIen t he needl es 120 are correctly posidiIgreesam@lenent of
the delivery assenbly 150 is halted %nd the frame 162 is held in position
relative to the 20subject. The stepper notor 230 is then controlled to
rotate the thinble 222 in the forward direction so as to cause the spindle

228 to ext endmpl.| XédHiihg§, mt%%%f%rgeoﬁ]oﬁn%g rhdir &%ﬁ%%%)ﬂén@ﬂﬁﬁ 166 and

creating an overpressure in the respective reservoirs t hereby forcing
fluid fromteHe thisgkle\2ai2r while axibembaergent dfitbs tlimbéegisowt innded betmorts 122 of
t he delivery_.needl es.120. 25Delivery can be perfornmed in a few seconds, or
[t can be. SREBRGEIT S shuRlTgs et LG BE HSHEr I Gy T

over pr essurstegpRr RICHIAR QAP IRERaRBIMIIAINBNOE bRfgdhkdid divieteddre

surrounding tissue. According to the enbodi ment described with reference to
Figure 5, tpiatien 83padrs stans , €ah iperepmntalobiadidnelcstepobihe rmdtor 280 or f ast

50067 02570 FRAE RS SOER, 4095 S s A9BahRE o Vtime Wanuts ReLassareenall s ow

enough thatt78. single rotation can take many hours, Figure 6
shows a portion of a_needle array 250 accordi ng to another enbodi nent. A
portion of a needl e &% FRRtER!Ie1 8Semably HERAMNCIudRfR RERtrOIBr ¢AP 1RNE &orti on of a

needl e bl o i I I i's coupl ed
to a first %lggﬁ?l?cgr?@%? %@%gﬁﬁggseﬁ %rtggfég{?%%ggﬁ %g%khg'ﬁﬁ[e)m%gggl e bl ock
252. THe ap®grais or2btrolicd didedichhepddd, ahd plegtécsr REtion if tedmbristeki ve t he

needl e cylijyder 166, and .a second rtion 258 having an increased di aneter,
In the enb@g’lgr?éﬁ ragRRiied TR R %ﬁ’%g’g?r 810 ?%@GS%WQWPW%V’%@@ has a

10di anet er cohiroliolatbadlies ARFABAHRPILIAN AR AAhLAER @ vifSeEYel 1 that i's in

fluid conmunication with the needle cylin e second end of a
pl unger 260n¢tergeribng. oAecbriingtihanseumniiment; theoror2B8er miprdgramnizlié.ng 262

seal i ngly o0gRgedn NShShne! dnkBRer 20 LBAS T Re RS UiDSS o flid L5 ence to
15 the delivery needles 120 by selecting the speed of rotation, and a volume of
fiuid delivered by selecting the number of partial and complete rotations of the
rotor. According 1o another embodiment, the controlleris manually operated,
such that a user controls a rate and direction of rotation of the motor 230 in real
time. According to a third embodiment, the driver and controller assembilies are
20 omitted, and a user controls fluid delivery by manually rotating the thimble 222
of the actuator assembly 212. )

Charging the reservoirs 178¢can be accomplished in a number of
ways. For example, a charging vessel can be provided that includes a plurality
of cups or compariments in an arrangement that corresponds o the

25 arrangement of the needle cylinders 166. The user first places a selected
fluidic agent or combination of agents in each of the cups. The delivery
assembly 150 of Figure 5 is positioned with the needie cylinders pointing
downward as shown in the drawing, and the spindie 228 of the actuator 212
fully extended. The frame 162 is lowered until the needles 120 are fully

30 immersed in the fluids in the respective cups. The motor 230 is then controlled



15assenbly 150 of Figure 5, the second end of each of the plurality of
plungers 200 is positioned in a respective one of the needle cylinders 166,
and the reservoirs 178 are conprised by the needle cylinders. Thus, axial
novenent Wi 200982008 t he plurality of plungers 200 w t hib§T{Us0BHBR 176 of a
respective needle cylinder 166 displidces a volume equal to a transverse
cross-sectional area of 20the lunen, nultiplied by the distance of travel
of the plunger. In contrast, because of the dianeter of the second portion

258 of the t@psiatelinehe fverde Hirdive, drawirg) tispidio22d ewvdirdaad eulliog thde | unen
176, axi al novenment of the plunger 260 di splaces a volupe that is greater
than the valingery2edHaway. ﬁ“%{'rbquﬁh@'@ﬁfe?(ﬁ)“@ﬂatﬁﬁé]ﬁ?%g%e BYthg reSRYYFS of 25,

for a gi Ve"l?‘é‘réi‘aﬂ%% %b?e’h"f“b‘?éwmggﬁe‘! ﬂ{uﬁg'wﬁo tﬁ&n@éﬂé%?t‘irﬁ;%‘?s %6 gaupe vol une

of the reservoir I 'unger igure 5 nust "travel 25 tinmes as far
as the pl ungetic2@isi 122 hﬁhemttw\daspmwsam 26ficiently hisaraperrotation ofthes, gi ven

ot herwi se identical elenents, the de er sse 50, of . Fi e 5 i's
capabl e of ra@éiﬁ%ﬁl@ldfwgtg@ﬂeﬁa*eoeéfqugzy‘ t@ n@?*’q‘éﬁﬁp?ﬁ"& ®1uid than
a simlar assenbly hﬁ'}’érﬂgrfoe@éfvéptﬂescr%%h RIcHA@HSro LRl dribsBsens edbdescr i bed
with reference to Figure 6, while the latter is capabl e of delivering WO

2009/ 023798PCW WSRO 8YIDTBL 268 of therrpediecarsnt 133 spositionpdina fespestiv ven

pl unger stroke length; u ver stro nL for the
embodi ment W%l%%%@ %edg%%?%(g ﬁé’ﬁf’ [ 835N r?sz%{r é’%*e*ﬁ%@ry, one of
ordinary skdrds 1%'dftﬁ@ﬁ@e§l:ﬂé§¢2® bedtridedrone el ipssitgramodfeseid, as reservoir
sizes can be selected to accommopdate particul ar 5requirenents

Tur ni n§P novsubstapiigliras Jescsbedwiihg’ efﬁf@%@%télF*@‘é’ﬁﬁ”’as@@rﬁ?tﬂ)’e@?@%&@% hown

accordi ng t i ge
plurality o Oﬁggﬁeﬁ%spgm}%gr;g?%ﬁ@eﬁegﬂaﬁtﬁbé %née ZS%r ou nga} glr’\d@(g in a

cl osel y spagredtraisisayd aNe&ydks@t!tathmmdﬁbadéﬁﬁthameprea\/immpwmtaeI y, in
various l1l0assortments of |engths an ers aci n%%aof ports.

In use, a uddjecsapkip sb‘xéﬁ“ﬁf@i‘?ﬁ@f"o%f)f H@&ﬂi'é%"yﬁ?‘sﬁ@%’ s&? ‘f" i CHHPY NI ar
prOCEdee, tgzﬂone | £600mE *ﬁ%eez@réy! ﬁ&ér?ﬁ@@%%%%eﬁwréteg% withRGa sébasiing each in

a respectiv the plurality of apertures 274 of the needle block, in
an arr dhgenisiantdat thesargpel tetuedepon. (The ipsartar@sbemblyriddda tiras hefé user may
position while the frame 162 and the elements coupled thereto continue to
move axially, such that the needies 120 extend into the tar_get fissue region.

When the needles 120 are correctly positioned, movement of the delivery
assembly 150 is halted and the frame 162 is held in position relative to the

20  subject. The stepper motor 230 is then controlled to rotate the thimble 222 in
the forward direction so as 1o cause the spindie 228 to extend, driving the
plungers 200 into the needle cylinders 166 and creating an overpressure in the
respective reservoirs 178, thereby forcing fluid from the reservoirs to the target
tissue region via the ports 122 of the delivery needles 120.

25 ' Delivery can be performed in a few seconds, or it can be
extended over minutes or hours under a relatively low overpressure to promote
complete absorption of the fiuid into the surrounding tissue. According to the
embodiment described with reference to Figure 5, the stepper motor 230 can

be controlled to rotate the rotor fast enough to depress the plungers 200 the full



15require only a small nunber of needles, such as one to five, for exanple,
or may require hundreds or thousands of needles. Furthernore, the needle
cylinders 166 can be of varying | engths and configurations. The user

sel ect s tweawtasrgenent of the needl e cylinders 166 i PCIHSZW8BEEE bl ock
272, and their respective lengths arld configurations, at least in part
according to factors such 20 as the size, shape, and position of a target
tissue region in a subject's body, the desired distribution density of

ctc. The nacd' yrseihan ShesBRRT arslly FRUERARR 1 Kbl kB BNgte L, any

appropri at enaeinsgrsi ncl udi ng, for exanple, soldering, brazing, and by
25adhesi ve. Al ternat TE,\/er F‘he need| e cfyl i nders 16 an be sized and
configured to be fixB@US 5hawe aRPHEN Pha Beede ar@X 260accarliig Bnat | for

exanpl e, ¢ fholidr SimieRinglh. 96515 EHL hoByll iRean @ shbRabgaml v | noreased

outer dianeter. The user drops each needle’c into a respective
apertur®e, & pdriibho$e,neebenblpck 252.t Tiiee fiskdha 1€Q [of Haeneddia oylinder apert ure
fromthe other sid t he needl e b) ock 30unti he first. end is firmy
engaged | n RS BRARERILS Tt BOOIRGGS LT GIEHRIAT 50 fennd in R nbSad
2009/ 0237 98Jr8eld! 2652 ORR Aet e 238 indhsRIsHBE fibdt QRKicRr 25215504 R6 RydefledheW t h

respective pluralities of apertures in arrays corresponding to the array of
needl e apernegdisscyindetioneed laessasboa portiPne Sshavingmar Micrassgeiameigo and

inserter n e 40. concurr Ly, W t.h N I 66 for
operation ﬁﬁ%@ %@ha@ag}e&t §§%Vgﬁ‘gf‘§)é§%tﬂét%§ﬂﬁ% 'E% ggégéé'gbgggé%\ﬁi h 5reference
to Figuwre SiaMeryoflgd hhe TR Sodnt sRéidrss detstdhesaretitieatay i fiber s 166 in
pl ace can be reversed, the needle block 272 _can be reused repeatedly for

di fferent [fos¥BHUE@tion with the needle cylingar e dTke BREYK SPOIHRMAIEEES gure 7
;g e??ﬁlrjtesS ;g gg%zg%%&mag Secdnd 5okl BBE CKRESS O-ARS 282 S ARRYPSAJHRYS! v 1. 600
therein.,
in the arrangement described with reference to the delivery
15 assembly 150 of Figure 5, the second end of each of the plurality of plungers
200 is positioned in a respective one of the needle cylinders 166, and the
reservoirs 178 are comprised by the needle cylinders. Thus, axial movement of
one of the piurality of piungers 200 within the lumen 176 of a respective needie
cylinder 166 displaces a volume equal to a transverse cross-sectional area of
20  the iumen, multiplied by the distance of travel of the plunger. In contrast,
because of the diameter of the second portion 258 of the aperture 256 of Figure
8, relative 1o the diameter of the lumen 176, axial movement of the plunger 260
displaces a volume that is greater than the volume displaced by a plunger 200
of Figure 5 by a factor of 25, for a given distance of travel. Conversely, 1o
25 displace an equal volume of the reservoir 178, a plunger 200 of Figure 5 must
travel 25 times as far as the plunger 260 in the second portion 258 of the
aperture. Thus, given otherwise identical elements, the delivery assembly 150
of Figure 5 is capable of accurately metering delivery of smalier quantities of
fluid than a similar assembly having reservoirs and plungers configured as

30  described with reference to Figure 6, while the latter is capable of delivering



10about 1 mm apart. According to other enbodi nents, the needle bl ock can be
any appropriate shape and size, fromas small as 1 or 2 centineters across
to as large as ten or nore centineters across, and can have any nunber of
apert ur esywaraoomze®h or fewer to several thousand. Acc@/ERGIBO7IZEY | ous
enbodi nents, the needle block is pro¥ided, for exanple, with 200, 400, and
15800 apertures. The | arge nunber of apertures provides significant freedom
to a user to control spacing between needles as well as the particular

pattern of (&fyerguastities Dheuideeds giveh @hkhgds 2trbise BhGWN upitd MoaLhexeagonal grid
array of apertures. The apertures can also be arranged in other grid

confi gur at 1 6&e g hermmays. ¢ ok fexdhmarebodinettefdivHe Sard’ i PR IR .Va*%ﬁ% needl e
R | N o . .
cyl1nders Wa%r&e%?ﬂhéﬂggﬁ%g@v S04 re@b‘éni%@]lorr%\é It/r%r&ése%eiﬁg&@é ¥s

exenpl ary. e deliv actuators®o odi nents have
been descr ivesibasiesphuoitgetes. cadwestdected iy ascormmbtategedriitatar can be used to
control _an anount of therapeutic agent delivered fromthe reservoirs into

t he nee_%l e.re%'f'er_@?(%tﬁpl e, fluid pressure such as by conpressed air or
pressurized liqui dCaﬁu%?b%n%?@'_FkRnré?(?Pél’éﬁ{en?é‘oiaé@é!%rspésééh%l@w@”ak& agent

delivered to a region Iological tissue via the reservoirs and needl es.
Ref erri ng rehwwroadeoglingtSanahelsmbedisneat sémiskegle3dock 275holwdes adargedi ng to

anot her enbqdi ment.. The del.i ver ssenhl v..300. i ncludes _a plural.i of
eedl o oyl HETS SoedB rl e HESRERT B PEoadef Bl e e
120. Fluid B laﬂﬁg. BEadR! BaRddrae caafd bfoviddd steisieROm Varickkuid WO
2009/ 023798PCT/ US2008/ 073212 31 communi cation with a manifold 304. A fluid

pressuil@ sciRsEENBOE elriengths RO¢ UTBSHRHZe6 URTE SET AR R986h be placed in
fluid commnication y L the fmaltol d.308eP¥r QR UL Medorg! ve 310.

particular procedure, and selects the particular needle cylinders 186, placing
each in a respective one of the plurality of apertures 274 of the needie block, in
an arrangement that is selected for the particular procedure. The user may

15 require only a small number of needles, such as one to five, for axample, or
may require hundreds or thousands of needles. Furthermore, the needle
cylinders 166 can be of varying lengths and configurations. The user selects
the arrangement of the needie cylinders 166 in the needle block 272, and their
respective lengths and configurations, at least in part according to factors such

20 as the size, shape, and pasition of a target tissue region in a subject’s body, the
desired distribution density of fluid in the target tissue region, the permeability of
the targst tissue, efc.

The needie cylinders 166 can be affixed in the apertures 274 by

any appropriate means, including, for example, soldering, brazing, and by

25  adhesive. Alternatively, the needie cylinders 166 can be sized and configured
{0 be fixed in place by an interference fit, such that, for example, the first end of
each needle cylinder has a fractionally increased outer diameter. The user
drops .each needie cylinder into a respective aperture, tip-end first, then pulls
the needie cyiinder into the aperture from the other side of the needie block

30 until the first end is firmly engaged in the aperture. A plunger block and an



According to the enbodi nrent of Figure 8, the needle cylinders 5302 are not
fixed with respect to each other, but can be individually enplaced, in a
target tissue region, for exanple. The reservoirs are first charged, by

pl aci ng t W& de2§¥Py needl es 120 in a selected fluid, BETES20E07RET apeuti c
agent or respective therapeutic agent’, and the fluid vacuum source is
placed in fluid comuni cation with the manifold, drawi ng a negative
pressure into the 10reservoirs and drawing the agent into the needles, The

user then pResird t ' ; iti 5%&9 i en they
are all in pl acéé%ﬁed?ﬁaani ﬁgmﬁ%ﬁg |ﬂ§s%€%)§§hs\;§raéi§%qdhééf or Ci rn;%u’?% iﬁlnd raprgom t he
reservoi r s cofrespeiding (¢ the anegdif aeeyllel apbeiusesl 68 he inaetiedipa t Bhel@®rof t he

respective delivery n | es.. Whj |l e Figure 8 shows si,nple fluid circuit,
it will be 't e?"é‘f‘%%‘ae?ﬁﬂa?ﬂ"di‘HS%&€€%S§§9WO§CBﬁf?@ﬁi“t’“h%_’&%’red i ncl ude any
of val ves, qiessy86TSAWPRERn inREdIvEA) dse imilat & ®ht 8bsbribe@ WA, vacuum
accunul ator, conpressor, controller, éetc., all of which are well known in

the art$ an@feignes o Rigeredhi Piovided the mateodtisest @i attach tek needlesybuleset and

configure f a diven | i cation. Accordin n di nren lid tissue
“nto hi oh (oo ey B 1Rt e s BoB8are oA S BRI TRRk 10! e 1 s
subsequent Ifyr diffarek eebcktiamst he subj ect and eval uated. For exanple, in a
case where the target tissue is a cancerous tunor, the plurality of agents

i nj ected therein canhacegdle Memre ey Mogereet Fiabeel s 6M &f f ect on such

tunors is qp%ﬁ i t.] | | 0 I v, i vivo then
waiting a sé e%?éé’gyg@r'h%3%’%%8?%%%%’10%%”%‘%2 1f§dm)ri, %Ee g‘%?%%‘? of the
agent s1Gn tdeut dmom dpartsiAagoahmy foeothevesbogiatonts, tHdhhsede ékekvaa she t unor
m croenvi ronment and di stinguishes this nethod fromcurrent ex vivo or in

vitro ther ZBRARREIPTEAIG FIART BRF REeHERS asARalhihy Of R&EHTRETHB RIS ised ar e
conf | gur ed d0aARl A¥@h & rAUBSIGRBEALL UoRAAhnPERYREDEn hitheddr any i ven

| ocation along their length, as descri ove Wth reference to Figures
2B- 2D, t he angehresd &oinvianad fyertacievefal tHwaisaed.dhesording tw@arious
2009/ 023798@'?%%#%%9} s?éhogr:})’eze%%e g%ck is provided, for example, with 200, 400, and
15 800 apertures. The large number of apertures provides significant freedom to a
user {o control spacing between needles as well as the particular patiern of the
array. The needle block 272 is shown with a hexagonal grid array of apertures.
The apertures can also be arranged in other grid configurations, such as, for
exampie, rectangular and quincunx. The needle cylinders shown are about 5
20 cm in length, but this too is merely exemplary.

The delivery actuators of previous embodiments have been
described as plungers. However, any suitable actuator can be used to control
an amount of therapeutic agent delivered from the reservoirs into the needle.
For example, fluid pressure such as by compressed air or pressurized liquidcan

25  be used to control an amount of therapeutic agent delivered to a region of
biological tissue via the reservoirs and needies.

Referring now to Figure 8, a delivery assembiy 300 is shown,
according to another embodiment. The delivery assembly 300 includes a
plurality of needle cylinders 302 comprising respective reservoirs 178 and

30 needies 120. Fiuid couplings 312 place the needie cylinders 302 in fluid



evenly distributed to the surrounding tissue along the delivery axis on
whi ch the respective needle 120 was positioned during the delivery of the
agent to the tunor 320. Over time, each agent perneates outward fromits
delivery =imov@3smsgreater or | esser degree, dependi ngeaanmuszeastoes2sz such as,
for exanple, the 5density of the sur3iounding tissue, the viscosity and
conposition of the agent, the wettability of the tissue by the respective
agent, etc. Typically, the portions of the tissue into which the agents

spread are aPRhGKCERIEIN 6 GhaBISERNeAl fluRUbreBSIE @aXIcRI 308 AfY & Rgiar espect i ve
delivery axes. According to various enbodi nents, a region of tissue is |eft

in 10pl ace YesHuRIALIGRdPBHEaDEag! be Plgeed ieflliydicagmydeioadvittige exanpl e,
48- 72 hour LR&c{!Q%Q% % I Hﬁ%fﬁa‘i@%ﬁﬁt to be generally sufficient for a
jﬁ a delye(g’faaab

tunmor to exhrbi e response. 'In other cases, the wait period may

be hours, days, - or weeksrdirdCioardenr@otiPnan it FRbed| thenicdld bgintéssue regi on
is imaged usi ng known nethods to precisely |ocate the target regi on of
tissue priot0%eined dxed with 183rect Reeasdadides butrean be lidsidually epwlacrdyed
repeat edl y ;hef | J Pl aleh FiYst gnge to the
regi on of t’ﬁ%stgég%t%&@’fég%n’%e%@{ rediofr-\%é th%eotdﬁ%r ren%gogﬁa nt ’s,!?a plurality
of agents grlacidgthevgsivdnt meaallqpot2( iore edflettes dluel, eign, a tepam=utivagenes of a

lurality of needles of a.needle array after the portiogn of. tijssue is
Feacct ed, JGRBTAMPITaRBNA Sart qudng Tl Vo BFe ks RgherngoB 1 's shown,
fol I owi ng aghrhRLEEEIGNWRR GLRh BN adHRSL ABER Ve RE& e Mo tHd1e tumor 320

has been sectioned into a plurality of sliceS 322 along planes that lie
subst af®i al legemvoirsrahd deawihe thtehgard into dxepeedss.uhe shaipedn gekiioes (her egi ons

228 Cell e A0S Lo PAORSDlaRELIEALl ! 5 ESREE A oS maAllgX o1

the regi ons3@RK pregsuniebd ercpasiuiy frost @etrabdrootDoRedthedf thepegtiver al | y at
| east two readily detectable position markers 324a, 324b are anpbng the

agent s i nj edtiegdersgicbyiathepasispstdaidbe rerpsciighdeliveneneriies cihile FhTdver | ay a
Lot o D} ELIER LANG, et s R A NELKcAXE Ly ke
15 could inciude any of valves, pressure regulator, peristaltic pump, microfluidic
pump, vacuum accumulator, compressor, controller, etc., all of which are well
known in the art, and within the abilities of one of ordinary skill to select and
configure for a given application.
According to an embodiment, solid tissue into which a plurality of
20  therapeutic agents have been delivered is subsequently resected from the
subject and evaluated. For example, in a case where the target {issue is a
cancerous tumor, the plurality of agents injected therein can include some
agents whose efficacy or effect on such tumors is under investigation. By
tnjecting the various agents in vivo then waiting a selected period before
25  removing the tumor, the effect of the agents on-the tumor in sifu can be
investigated. This preserves the tumor microenvironment and distinguishes this
method from current ex vivo or in vitro therapeutics evaluation methods.
Assuming that the needles used are configured to deliver a substantially equal

amount of fluid at any given location along their length, as described above with

30  reference to Figures 2B-2D, the agent delivered by each of the needles is



WO 2009/ 023798PCT/ US2008/ 073212 33 detectabl e position markers 324a, 324b
of a given section 322, thereby |locating the remaining delivery regions
324. The position markers 324a, 324b can be any conposition that is

det ect abl WOB)9A2§78%r . Vari ous exenplary position nmar k&I RRWIEBSEr i bed in
detail elsewhere in this disclosure.32According to an 5enbodi nent, the
position markers are selected to resist perneation and diffusion into the
surrounding tissue and to remain concentrated in a narrow colum, as shown

for exanpl @yahiy3Rdabuts® i@ ehd Qurkf: Hﬁbﬁ%&@@%ﬁmfg%e ARiver aRdesh WeEH a5k af ter

n
the injection procedure, and to provide an accurate guide for positioning
t he t enpl atresperfve naedetli26rwasopqeigined alurima the dsijverpnt thelagegtisttbenray al so be

th ts.injiected, F | t] t 1ol . i
substance (9B 320-2OVEHTEPeoTth SHREPE b R ECR oM i BN eRGRAT IR cont r ol
can conpri @@eaﬁeﬁ@:mﬁ%é‘rdje%?eém@be@din@bh fadtoFNIAGRN TS dahipkeriesl i ndi vi dual 'y

at other delivery axes. I5Follow ng sectioning of the tunor 320, a user
conduct® séleagitedf the shrsunding éssuee tlye viegpsiinsraxpryiosiieniad ke aganti ons 322 of

devi cos. and eeRARESR M Bl HIRE TR, ab8 ko, IBIRER Tb bellortiar ng ¢ ne

efficacy ofof thegissen ingemiciothd diertdisMead e applokpamylyabluagebhspat vari ous
delivery regi,ons 324 can be 20eval uated and conpared. Additionally, the
ef fect of ACgPUeROBERWItIORevashestive palivesy 8kes-he tunor can be eval uated,

both vertically and Qg&é@g@%tglkx%%géwg?wﬂtg% rfegﬁan\;eéfztﬁglﬁe Qfie agent in a

delivery region 324c at s I on exanp Its effect in the
sane rtyi opi824or admseetibons tid2HefardeitPesetied. ¢hf erdmple, 483L fagent on

di fferent tissue conpositjons that na ccur,. vertically 25can, be
i 11 or ont i dPERGSARNTERY [y hODSE @ BrngeRbeiy SLlipagk wiet Mk GaSatoLBver al
del i very a%}%‘@edtébléh@spﬁfnéé)/én 5th@r caé’e%‘}ﬂweﬁﬂgit §3ﬁt9d n%@ﬂaetrﬂﬁ:r&%a%,' ye effects

at those locations in a given section 322 can then be conpared, providing
hori zont al veiekseAenoiding orsoms einbodisidntk ibavissuse telgoras imagedlgglical tissue

S Lo TSRASHSRS: B BoRLS ok b1 1 TR e b DRET, Py POt
but m ght, odthd heedies. The region may be imaged repeatedly before and after delivery
of the plurality of agents to the region of tissue.

According to other embodiments, a plurality of agents are
delivered to a portion of tissue via respective ones of a plurality of needles of a
needle array after the portion of tissue is resected.

20 Referring now 1o Figure 9, a portion of a tumor 320 is shown,
folloWing an injection procedure and subsequent resection. The tumor 320 has
been sectioned into a plurality of slices 322 along planes that lie substantially
normal to the delivery axes. Column-shaped delivery regions 324 define the
regions of permeation of the respective agents, and exiend perpendicular fo the

25 planes of the sections 322.

Many of the regions 324 may not be easily detectable o a user,
so generaliy at least two readily detectable position markers 324a, 324b are
among the agents injected, at widely separated locations. The user can then
overlay a template on which the locations of each of the delivery axes is

30 marked, aligning the indicated marker positions of the template with the



WD 2009/ 023798PCT/ US2008/ 073212 34 ot her hand, be extrenely effective on
others. Such differential effects can be detected and eval uated as

descri bed above. Anot her val uabl e aspect that can be eval uated
is the efWeep9ER3I™AUIti pl e agents in regions where thePGIABSO8ET32HI t hi n t he
tissue. Delivery 5 regions 324e and3324f are spaced nore closely together
than the others, resulting in the respective agents interacting in a region
324ef where the respective delivery regions overl ap.

di scussed idatdchehid poits o natkarecbhaaXh dffa giveh sedtosB2R, thadrény loadting i al s for
cancer related therapeutics are incredibly _exg‘fensi ve gnd jnme 10
consumi ng. e ramaiping defwing re@pys Pabor PARPSIHEN BIANKRE SPARYS UL PG or agent s

that have gl abhyelin01eateloROLEN bAb u8s SkdusidiohiifariiRsRss as possible.

Agent s subjecte such screening are sonetines referred to as candi date
ef fecti ve agkés.ar@dessitreganidetpiinesdvatbre inviblisvdisclpbarel dgceatity aardi dat e

agent in a respective Petri dish with a gromh nedium A cancerous tunor is
rgducecﬁtoeé'" pHB?I‘E}g e‘%ﬁ?ét’oé‘l'ﬂﬁﬁl‘?rsa?f&qegeg:('j‘?cﬁorrieﬁﬁggﬁméﬁ'ﬁa apﬁe Petri dishes

and | ncubatoﬁﬂ;siomﬁtooﬁh%%%oaﬁ&n%%@me_ SH@{Hahash EoRcdrvdiatpinionared cel |
growt h. Agents that appear to have I npeded growm h of cancer cells may then

be advancedofuonn,fagrshieen fot exiynplei@hdiés, sotad © heedeiedtapls fonly engrgethal |y
effective, faor several 20reasons, Firs many,.can S.are. to be

monvi abl o GGG ECSIR DSl Rcuo T o BB AL LIS bl oo
supply, et gositidAfgftad terh@la@r OW i n vitro under any circunstances. Screening
tests |like that described are therefore ineffective with these. In sone
cases 1@ is not know adsiioratogwsttionunaikes cantfolgents May elsedePedory pri or

Lo _conduct g b b fsled TRE. é?%’ﬁ{"%a% Sebifile AIuXBENSLKBHAN shbdiBinoe

25consuni ng i's‘rnconc tunor cannot be sal vaged for an
al t er nat i veusegsis.a Vdhidib e bihary of the @bjeatsr anda posiive controlray doensisa® ti ne
bef ore another is available for alternative

. testi .
Second, t heCOFRPBECHAGSH BLak el BgPIgnts j*t’Wé’dr‘g‘i‘ﬁ'bﬂgfg’ APVt i cs of a

tunor. The pgrocess involves essentially pureeing the tunor,

15 Following sectioning of the tumor 320, a user conducts selected
assays on delivery regions 324 of various sections 322 of the tumor 320, as
described in more detail later. One benefit of the devices and methods
disclosed herein is that, in addition fo evaluating the efficacy of a given agent
on the tumor, the efficacy of agenis at various delivery regions 324 can be

20  evaluated and compared. Additionally, the effect of a given agent on various
parts of the tumor can be evaluated, both vertically and horizontally. By
comparing the effect of an agent in a delivery region 324c at section 322a, for
example, with its effect in the same region 324c at sections 322b and 322¢, the
effect of that agent on different tissue compositions that may occur vertically

25  can be differentiated. Similarly, the same agent can be deiivered at several
delivery axes in the array, e.g., 324c and 324d, and the relative effects at those
locations in a given section 322 can then be compared, providing horizontal
differentiation. As is well known in the art, biological tissue is rarely
homogeneous over even relatively small distances. A given agent might have

30  substantially no effect on some tissue structures of a tumor, but might, on the



30whi ch conpl etely destroys any structural differentiation, and may render
the WD 2009/ 023798PCT/ US2008/ 073212 35 cancer susceptible to sone agents
that woul d have no effect on the sanme strain in vivo, resulting in a fal se
posi ti ve, WeeWEHA%gh such agents m ght be usel ess f oPUIEBRF212he cancer
in patients. The result is that many¥such agents are not elimnated until

| at er phases of study, after much nore noney and effort have 5been
expended. Third, the sanme reduction process can al so produce

fal se ”egatdtNéﬁwgnEPb%’?%ﬁ&né@@fe@W&ﬁ of¥s.f 8lith bifretdHiibPiffectStan gEOW N i N

vitro, but wou e ective in treating the sane cancer in vivo. This
resul ts i n deferign endibvaileatellias destrined eboveone agents that m ght ot herw se

have becone effective 10t herapeutic options. Many false, positjves or false
negatives are gener asﬁ‘at ?HV?EHgbl&ﬂSP@ﬁttt?‘@WE\ﬂ %e\‘)&?‘“?’tﬁd\'ﬁ ﬁ%oesftﬁt 0)Fl;ecaus_e
tunor cell Sn@fiﬁle%%@ﬁfsﬂﬁ PELIbROIMERSINEY TRtEFRENNHINAREBEue. D 8ivensur roundi ng

non-cancerous cell’s, blood, hornones, paracrine factors, oxygen tension,
cel | -ced | degnnpdedse ponS24bare dpesed moresosebfiopethboimen the pthefs.whi ch may

i nfluence whether. gertain therapeutic agents_have n have activity
i n cancer ({3%5[ g inthé reSpeCE’Ve ag%ﬁﬁl’r{tﬁf%ﬁ%w %%’%n g%%%&g{egé ﬂbenl y the nost
gener al i nfregpentiiveGepaty bsyicheLanrgrpf rom such studi es because the test
conditions do not renotely resenble the conditions in which the cancer

normal |y lives and gfewiscuasel indhebapkaraund seelionred dhia gliscipsuep &iiticelal | y.
ooy S8 SRt B SBluRonl LRI MRSk LESEL S
agent 18 tymneamming. ilnisebéredhresent reoranetonsfectiesis isbicenffor ageartd thascr eeni ng,
A S eelafivaly Groater potonial ¢ caily in (he Progess a5 Roseible, Rgeits
gni 1 cant
subjected to such screening are sometimes referred to as candidate effective
agents. One screening method involves placing each candidate agent in a
respective Petri dish with a growth medium. A cancerous tumor is reduced to a
15 homogeneous slurry and is distributed among the Petri dishes and incubated.
The dishes are later evaluated for indications of cell growth. Agents that
appear to have impeded growth of cancer cells may then be advanced for
further study.
However, this method is onily marginally effective, for several
20 reasons. First, many cancers are known to be nonviable outside a live subject,
for reasons such as lack of a blood supply, etc., and fail to grow in vifro under
any circumstances. Screening tests like that described are therefore ineffective
with these. In some cases it is not known that a pariicular strain falls in this
category prior to conducting the test. The result is that an expensive and time
25 consuming test is inconclusive, and the tumor cannot be salvaged for an
alternative test. If the tumor is of a rare strain, it may be some {ime before
another is available for alternative testing.
Second, the reduction process can alter the response
characteristics of a tumor. The process involves essentially pureeing the tumor,

30  which completely destroys any structural differentiation, and may render the



25potential. Even in animal nodels, it is expensive and tine consunmng to
induce a tunor and allowit to growto a practical size, which nmakes
extensive early screening by this nethod inpractical.

Finally, wwenosmiere general efficacy of an agent in trREaEvENgsa’Earticul ar
cancer type, subtype, variant, strai¥ or the |like has been 30denonstrat ed,
it is not uncomon for the cancer of a particular patient to be W

2009/ 023798PCT/ US2008/ 073212 36 whol |y unresponsive to the agent. The

patient is ddndsr uERepkfe (OsdMe agbhRNheXNs I Radk 86 @fbor én tiedsanexéteaihy of the
treatment - not to nention the cost - w thout significant benefit. Wrse,
because t hd? ¥@ntesgltingdt pdalbe pesitive ave) thohRIGRASANTS BIIM bR o18§ieser i od
while the t fipal i . e i i f i ferent
reatment thatoay SHre nadeo o Bliero TR RREMIE Kok rhhynSioh doch S

Wher e a si mlinanatedivotaer ahases @guahs efter @iuch aglee weregaind-effacichane i n a

subj ect_of a drug study, the results of the study can be skewed. To avoid
this, it | PH¥VFHPE S necessary to resort to larger test groups to mnimze

the 10statistical i Mgy Ak Sgﬁ%ir egg&pﬁi BHecsddichh aﬁ%\)b%uge sad ch further

i ncreases the cost of such st e i nventors have
r ecogni zed ndgativéheén whizbisbimeyagants hayKaibteninhibit ceth gaaebrimvigoy bplosdtiton an

agent in tiss i.h vivo,.especially with respect to other agents, and the
"habi 11ty (% Pcpe HinB)Re Rafe PR PO TUe RSP DL aEA s pr event
nor e ext ensdimgnatitih d¥eBafd sdeths thee nfidhtiothetvi® dletsdcoais effditlvé | kewl se, t hat
i f such accuracy could be achieved, significant benefits in research and

t her apif codherapeuieaptionsd. It has been noted above that the

vor e ot 1119 0 b ek D Bl de s Bt
current ex vivo or in vifro art because tumor cells are separated from their
microenvironment, e.g., surrounding nor-cancerous cells, blood, hormones,
paracrine factors, oxygen tension, celi-cell communications, and host immune
15 functions, all of which may influence whether certain therapeutic agents have or
do not have activity in cancer cells.

Fourth, even where accurate, only the most general information
can be gleaned from such studies because the test conditions do not remotely
resemble the conditions in which the cancer normally lives and grows, and in

20 which it is treated therapeutically.

.lt is also known to inject a test agent into a tumor prior {o
resection from a subiect, for subsequent examination. However, in such tests a
single agent is typically injected, so they are not feasible for early screening, but
are usually reserved for agents that have already demonstrated significant

25 potential. Even in animal models, it is expensive and time consuming to induce
a tumor and aliow it 1o grow to a practica! size, which makes extensive early
screening by this method impractical.

Finally, even where general efficacy of an agent in treating a
particuiar cancer type, subtype, variant, strain or the like has been

30 demonstrated, it is not uncommon for the cancer of a particutar patient to be



20m ni mal dose required to produce a detectable effect in an adult.

Dependi ng on the agent, the effect may neverthel ess be detected on the very
small region inmediately surrounding the delivery site. Accordingly,

candi dat ewgr foete2318 agents can be injected into a tunoRGT/ESR0sEREMDbl e, in
situ, w thout danger of harm ng the %ubject. Additionally, a significant
nunber of different agents can 25be sinultaneously delivered to respective
delivery axes within the tunor. The procedures descri bed

above can handijnl¥RbrisRee el e THILRIICAT ISR BXRRLATS 1RGN 1 1 cul ties

that contribute to the cost and del ay of devel oping effective cancer
t her api es. Pdiemxdispdreforivevhigzisity hbthednsditmant— agbtetreeniion Heldosered in vi vo,

h i s ' ' bed, and so its,30 i h
w1 Ve 10ROk sRbERN Bl L0 dechlh PR Adp SRR Fsb R 0o
2009/ 02379 8ROIAINIZ P &/ 107 P BdRo BWhd 812t trddimiehers irigc &ld ypmirfupal tore

quantities. The incidence of false positives and fal se negatives is

si gni f i 2ant§it ied diffegent treatment that mightbawhbeemeeapietely sveaasid Mayar ge
nunbers of \ageats can be delivered to a tunor without significant danger to
the subject, It is practical to 5use the procedure to screen |arge nunbers
of candidate agents &dndrg d simiibeidiosghdragc pFpoass ~ gpeadahsreef -ricoatsi ng t hose

t hat show the | east Prom’ se, flaggigﬂ t he nost prom sing agents for
addi ti onal '§%§2J996P Bidreg pippy, the Teafigicd hestugdycar Heiskewedt J@2avoithi r d,

iy, Toorang, Ghs el e ogly WENS LS e RiBEY e o 10 8,
agent s10r edsigiisigabimpelct of matrréspgpnting studpsubjedts subick derthenindieaslisdbgncrati c
FESPONSES. ost of such studies.

The inventors have recognized that the inability in the known art
to accurately position an agent in tissue in vivo, especialiy with respect to other
agents, and the inability to later identify the locations of agents in tissue,

15 prevent more extensive and beneficial use of in vivo injection, and likewise, that
if such accuracy could be achieved, significant benefits in research and therapy
could be realized.

it has been noted above that the volume of fiuid that is delivered
by each delivery needle can be vanishingly small, much less than would be a

20 minimal dose reguired {o produce a detectable effect in an adult. Depending on
the agent, the effect may nevertheless be detected on the very small region
immediately surrounding the delivery site. Accordingly, candidate effective
agents can be injected into a tumor, for example, in sifu, without danger of
harming the subject. Additionally, a significant number of different agents can

25 be simultaneously delivered to respective delivery axes within the tumor.

The procedures described above can be employed to resolve a
number of the problems and difficulties that contribute to the cost and delay of
developing effective cancer therapies. For example, because the candidate
agents are delivered in vivo, the tumor is not otherwise disturbed, and so its

30 reaction to each agent will tend to be indicative of its reaction if exposed to that



Fourth, when enployed in a therapeutic setting, a patient can be tested for
response to a large nunber of treatnents and the nost prom sing 15 can be
identified early in the process, thereby reducing the nunber of patients
who under 9® doned2be8t i ve treatnments and i nprovi ng the |P&etzb@adstihat a
patient will receive the nost effect¥ve avail able treatnent.

According to an enbodinent, a plurality of candidate effective agents are
delivered, in vivo, along nmutually parallel axes to a region of solid

20t i ssue, saesi aﬂﬂnbaééiemi@éiy@ﬁa@ﬁ{@gﬁbrﬁiﬂ@&%h@h&id@%w ke pOLitickd | ssue is
subsequently resected froma subject and an effect of each of the plurality
of agents oidfrisesdatives ssugnificandy sgdusedd. Based on the eval uation, one or

nore of the pluralit e Loriti r.f r..i.nvestigation.
According to alter na%éee%éﬁ%’gocﬁ%égﬁ‘éeﬁatgjﬁbﬂg{ﬁen@ﬁgb%'g Ot’c ﬁéé'tbtgﬁcra lelrét y 25o0f
agents are dativeidad soiuntie sathe ot gghificint dangéen thavesietigatd practiddsed on the

eval uation. According to anot her enbodi nent a plurality of
agent s P hatUSehe PheesduEn Blicred, lrsmenymberspd pendidpimagsniseamendbei vered, in

vivo, alon : I [ i ; i i 'hﬁsceu : regi on
of solid t?tsegﬂtﬁedJ ?‘Jg C%%%E%@ea&%ee#ﬁﬁ @a?t[r gg@?éeg‘%? rgﬁon\? ghés%%jbg%@ and%gﬂ&ggf ectg of
each of t hehplnosiprarisofg a0ABi20 A640R3TAIRET, UEROOBIZB2MAidReapent s on t he

solid tisstj(ert'bs eval uat ed. Based on the eval uati on, one or nore of the
plurality otdgetits-are prioritized for therapeutic treatnent of the

subj ect. According t ayak! RIREAIBAIAERIde n0ABPS! SIS Bt EiepB! Ur al ity

of agents are selected or desel ected for therapeutic treatnent of the
subj ecf baddidewd toleetufey apaiantiad atudy subjects can be Aveenelt Ty respoanstiher

her apeat i ritaddrnls Soad e almnpi Pect i s SHEEE Y paral Lol axes
to a regi ondpRkysahiicrdshspews. i n each of a plurality of subjects. The
respective regions of solid tissue are subsequently resected from
Fourth, when emploved in a therapeutic setting, a patient can be
tested for response to a large number of treatments and the most promising
15 can be identified early in ihe process, thereby reducing the number of patients
who undergo ineffective treatments and improving the likelihood that a patient
will receive the most effective available treatment.
According to an embodiment, a plurality of candidate effective
agents are delivered, in vivo, along mutually parallel axes {o a region of solid
20 tissue, substantially as described above. The region of solid tissue is
subseguently resected from a subject and an effect of each of the plurality of
agents on the soiid tissue is avajuated. Based on the svaiuation, ong or more
of the plurality of agents are prioritized for further investigation.
According to alternate embodiments, one or more of the plurality
. 25 of agents are selected or deselected for further investigation, based on the
evaluation.
According to another embodiment a plurality of agents that have
been shown to have therapeulic benefits are delivered, in vivo, along mutually
parallel axes to a region of solid tissue. The region of solid tissue is

30 subsequently resected from a subject and an effect of each of the plurality of



10each of the subjects and an effect of each of the plurality of agents on
the respective regions of solid tissue is evaluated. Based on the

eval uation, one or nore of the plurality of subjects are selected as

candi dat e&§OR019/0Ri1P% her study of the therapeutic effi cXEFBRUBAE2ZEr nore of
t he agents. According to alternate é&fbodi nents, one or nore of the
plurality of subjects are desel ected as 1l5candi dates for further study of
the therapeutic efficacy of one or nore of the agents.

Accor di ng La.RAE, RERAT BN HISRYLER, HLRNSAHE SARIAKEGALoRHERETT vel y

and broadly erapeutic agents to live an e tissue (e.qg.,
sol i d ti sswéihe plulisuddjseetits aveereritizedieg thegapautivdteatmgoi ofdde anbjethe ti ssue

is not 20suybsequent!|ly resected.  The subject nm e nmonj.tored according to
appr opr | at CEPITCL IR HEr TS AIPOUPOaS SR PO SHIE AT POIGHERET | n U hee
and rel at e@e@@%%r@é&%@a‘técﬁon“cr![éra&[ﬂ.itiﬁgr@a?rﬁéﬁttcﬁQhé batiesl gaidd &ampd y hi gher

| evel s of the therapeutic agent w e achieved wthin the solid tissue
t han wdul d eveiughen.case if the agent were delivered systenmically, although

det ect abl t 25the th ti t . b t]
fdenti f1ed outside «ECEHB® AROBRE S RETtn Hike By ARRR R Bhs
non- i m ti REreXMNBhdsr iNRLSAEh RRRRILIRAL FRHFCOHRE 8RRl g il éﬂbhﬁmJSCm ar

i ntroduction of 'a gene therapy agent for treating nuscular dystrophy (e.g.,
an engi neemedugihepaipkglees (o auegion of prliddiseuein cagenta pFslly 8lg nanoparticl e,

et I AL B AR DE £0,rac

2009/ 08B 798BCH bUFROOAH| S 282 a8 Rffebt &fi 2p5\0f SRegiurminsof ddentoom #es  peri odic
nonitoring of the circulation for |eaked therapeutic agent and/or
subsequent "8FRAHES EeREINFOHAFRdS U sEVRBIRted . Based on Hese@dualine. @9 Bt s of

R R e
the therapeutic efficacy of one or more of the agents. According to alternate
embodiments, one or more of the plurality of subjects are deselected as

15 candidates for further study of the therapeutic efficacy of one or more of the
agents.
According to some embodiments, needle arrays are employed to
effectively and broadly deliver therapeutic agents to live and viablé tissue (e.g.,
solid tissue) in a subject, wherein imaging is not required and the tissue is not
20  subseguently resected. The subject may be monitored according to
appropriate clinical criteria for assessing clinicél improvement. In these and
related embodiments, it will be appreciated that significantly higher levels of the
therapeutic agent will be achieved within the solid tissue than would be the
case if the agent were delivered systemically, although detectable amounts of
25  the therapeutic agent may be subseguently identified outside the solid tissue
{e.g., in the circulation). As a non-limiting example, one such embodiment
contemplates direct intramuscular introduction of a gene therapy agent for
treating muscular dystrophy {e.g., an engineered therapeutic virus, a

therapeutic agent-carrying nancparticle, efc.) to one or more skeletal muscie

30 injection sites in a subject, without the need for imaging, surgery, or histology



solid tissue may be i nmaged using known techni ques to evaluate the effects
of the agents. The inmaging can be by any suitable process or nethod,

i ncludi ng, for exanple, radiographic inaging, magnetic resonance imnmagi ng,
posi tron WEi28&¥0839% onogor aphy, bi ophotonic i magi ng, etPETASAB8HTARI2

enbodi nents, the 10target regi on nmay3%be i naged repeatedly before, during,
and after the delivery process. According to the enbodi nent of
Figure 10, a data processing system 350 is used to carry out or direct

oper at i ons onaiéhdyHcdMfsns? OFf QRRES Yeriddd radvltorngRMHe/ cidafatioh e pr ocessor
354 communi cates with the nenory 15356 via an address/data bus 360 and al so

comuni cat égakgiditherappeiitegerimngdipr subsathient 363lysinal a bipwsly SAECIEEENNI ng devi ce
364. Th i i i j di nbodi ,
€ piae:é.g{&tas%(éggp#n&fe%%y {Jﬁﬁe%gé?fhcgn fﬁ%ggfgg?ﬁgﬁe,'@séig%?g enbodi hent

to assi st acing e needles 0 array enbly 362 in a
patient incehyiesad for non-invasive anal ysis of target tissue regions
usi ng i magi ng techni ques, such as radi ographic imgi ng or 20nucl ear nedi cal

assays. 5 The pr oce_ssoF"' abar %@HO@@%&%MV&P'F‘?%@% tlhgﬁﬁ@ebFegé%'F@m
M Cropr 0Cesa04 iisﬂ&%ﬁi%tﬁﬁéé@ hsiné'kﬁﬁﬁb t@érﬂﬁ@%%% e%la:%f@th'e'é%pts?rche memory

356 can include any nory udevi ce or st ge nmedi a containing the
sof t war e anie da¢risuFed imegingmaenenty amesditabét pronasd drymeihoduintisidengd nodul es.
The menory 356 ca iincl ude several. categories aof 25software and data

any of ir
used in théo‘b%ﬁaé’_‘ Fdé ogranyiciaaing ”%?Efﬁ“‘é SSABHCR AP, PG Bper at i ng
Syst em 366 o3BRbh EHHbRRaBR HHRIHSinadh e QUi me Bvbea M ars 370; and

data 372. The application prograns 368 are illustrative of the prograns

t hat i Hpl ereiget tdeon/mey desmigad menestedly befereidusingt sndaitentbeldeenaccor di ng
to some enbodi nents, and the data 372 represents the static and 30dynam c
data used Wo?er?é' application progranms 368, the operating system 366, WO

2009/ 023798PCT/ US2008£80ta#b20 the embodiment of Figure 10, a data processing
' system 350 is used o carry out or direct operations, and includes a processor
354 and a memory 356. The processor 354 communicates with the memory
15 356 via an address/data bus 360 and also communicates with a needle array
assembly 362 and a patient scanning device 364. The patient scanning device
364 is used, according to an embodiment, to assist in placing the needies of the
needle array assembly 362 in a patient in vivo and for non-invasive analysis of
target tissue regions using imaging technigues, such as radiographic imaging or
20 nuclear medical assays. The processor 354 can be a commercially available or
cusiom microprocessor, microcontroller, signal processor or the like. The
memory 356 can include any memory devices and/or storage media containing
the software and data used to implement the functionality circuits and modules.
The memory 356 can any of include several categories of
25  software and data used in the data processing system, such as, for example,
an operating system 366, application programs. 368; input/output device drivers
370; and data 372. The application programs 368 are iliustrative of the
programs that implement the various features of the circuits and moduies
according to some embodiments, and the data 372 represents the static and

30  dynamic data used by the application programs 368, the operating system 366,



40 the input/output device drivers 370 and other software prograns that may
reside in the nenory 356. According to various enbodi nents, the
data processing system 350 nmay include several nodul es, including an array
cont r ol | eWOZP@/0239%8 canner 5control |l er 378 and the |i k&CTI@I08HEAII2s may be
configured as a single nodule or addi’ti onal nodul es ot herwi se configured to
i npl ement the operations described herein. For exanple, the array
controller 376 can be configured to control the needle array assenbly 100

of Figure [ . I , the
rel ease of ]t?%e élgg'u Pgbéﬁgﬁgé‘%ﬁ?gﬁnb@é%@%@v |a?€95%2€@§\%%% needl es
112. The saasideln thenhewbhess5@78 can be configured to control the patient

scanni ng devi ce 364. , ~ Certain enbodi nents descri bed herein

rel ate to introduci n§CeRrdigdRtvarinus embediments.itee data progessiig eieMand/ or
exci sing al ; i i ':ﬁ.&r j , o 0l

obt ai ni ng odﬁﬁ)??h%ﬁ@%b%gﬁ%i@a %séaqrrj}:??des %%%bgg]fggoﬂaé%? ié$aSye tr%;t. may be
i n a subj eciontraltet/378 wtttherikag Toaenaiulammey beljoaéysretiars asingiecaddule i al
eligibility, /or, any nunber of other thods th may involve a subject,
whi oh | ncl iECaR0HBLICD PTSNSREGOEHR e febiement ine CPerstorRe  subj et of
bi ol ogi cal fQEFRES RE%IPSF S UMk, ORe QF}B\t;r BUARS AR BRkn 1R donff$eanbC or

cl oned or tissue-engineered (including through the use 200of " stem cells)

organi sm &opirohtkeyeedld arcap assecnbdy 160 bt tigereatiapt exhtoding the astuates udi ng but

not limte 0 neticall i neered. cell |jnes that ontain

O ompeomar 115~ AAE BEbadRisntly. SBErd88 0, Elhattiaatent Hon e P T 8 uences.

| mort a6 1 zerh 6ia tHEMEdAEd 76D Bné ebdnrier BESHoIRP TEBIcBNGRI donflyiretido cel | | i nes,
differentiated or differentiatable cell lines, transforned cell lines and

the |ike. |19nBtEeRAiAN@ENaINOLteviassdY nents of the invention, the subj ect
or biol ogi cal sour Ced@?t%irpgm%'&ﬂ%ﬁseges%b%‘é‘Y\bF%n P%%@gbﬂqro%lucfn:gszh]f or having
certain preferred enbodi e

a malignant condition, and’in ments o
invention tdyensitg ecbiid tishicohepstadct sat/ceextiyndal snawortivo dfe dotiee of a

risk or pr esenc? of such disease, Certain preferred enbodi pents contenpl ate
a subj ect dissue from a subject, and/or obtaining one or more biological samples from a
15 solid tissue that may be in a subject, and/or screening one or more subjects for
clinical triai eligibility, and/or any number of other methods that may involve a
subject, which includes a subject or biological source.
The subject or biological source may be a human or non-human
animal, a transgenic or cloned or ﬁssue—engineered (including through the use
20 of stem cells) organism, a primary cell culture or culture adapted cell line
including but not limited to genetically engineered cell lines that may contain
chromosomally integrated or episomal recombinant nucieic acid sequences,
immortalized or immortalizable cell lines, somatic cell hybrid cell lines,
differentiated or differentiatable cell lines, transformed cell lines and the like. in
25 certain preferred embodiments of the invention, the subject or biological source
may be suspected of having or being at risk for having a malignant condition,
and in certain preferred embodiments of the invention the subject or biological
source may be known to be free of a risk or presence of such disease.
Certain preferred embodiments contemplate a subject or

30 biological source that is a human subject such as a patient that has been



30bi ol ogi cal source that is a human subject such as a patient that has been
WO 2009/ 023798PCT/ US2008/ 073212 41 di agnosed as having or being at risk for
devel opi ng or acquiring cancer according to art-accepted clinical

di agnost i aveicy/ersrw, such as those of the U S. Nati onabcfageedoknstitute
(Bet hesda, MD, USA) or as described un Dc Vita, Hellman, and Rosenberg's
Cancer: Principles and Practice of Oncol ogy (2008, 5Lippincott, WIIlians
and W1 kins, Philadel phia/ Ovid, New York); Pizzo and Popl ack, Principles

and Practi cgia@hodRadisaidviry WP aVridiaras h . ippi ncot t,
W1 lians and'%{ﬁw,ki e e s d%@%ﬁég@ﬁﬁ%%@;& stein and
Ki nzl er, Thccgedied icaBaseepted cliniealwiaxgmoestis cifiiSde onathexi thbsmof BBQA2S. MG aw

H Il Profesgi I ; rtai i.ment s _cont eppl ate a 10human
subj ect thalﬁél 3 ggmh?gytiggﬁl‘gt_)ef@% % agmﬁm%%)&r aﬁﬁ?ﬁ@?é%\%@ﬁ ng or

acqui ring cdaiean, ndReenbbidLCERcerPHAGHB s Ghh¥raSiRUH RMsyQe06€ Pl ate a
non- human suybj ect or biological source, for exanple a non-human primte

:
such as®a ndeRifet WiliemsaaceWilkigs, Philageiniéa/\add, New Ygat)aRizzeabdon or ot her

non- human | 151 ncl udi : - |,ect be known to
T art s o B PrbSioRS il MRS BRI BT Blfbn 2 1001 1 G
t unors and/loppiotdte Wilianeearsi Waking 2P nilaaeptia/ @io die® Yosk )cont 9opbiatet a

non- human suty"g.ct tZﬁ;[ .s a manmal , for exanple, a nouse, rat, rabbit, pig,
sheep, hor <89 Bg¢ieh ,eg%%’i’e,'t’c pf Hiwgag Canceisiasend sdiiosr 2ther mamal :

P oel i ni cal oode) TR el e Br ol kBt conEmBle 2% 01 4
t unor s1T@nd/Bimat sidried daids Engwn tp be Tab whdgiskdor taving, developing or
acquiring cancer by such criteria.

Certain other embodiments contemplate a non-human subject or
biological source, for example a non-human primate such as a macaque,
chimpanzee, gorilla, vervet, orangutan, baboon or other non-human primate,

15 inciuding such non-human subjects that may be known to the art as preciinical
models, inciuding preclinical modeis for solid tumors and/or other cancers.
Certain other embodiments contemplate a non-human subject that is a
mammal, for example, a mouse, rat, rabbit, pig, sheep, horse, bovine, goat,
gerbil, hamster, guinea pig or other mammal; many such mammals may be

20 subjects that are known to the art as preclinicai models for certain diseases or
disorders, including solid tumors and/or other cancers (e.g., Taimadge et al.,
2007 Am. J. Pathol. 170:793; Kerbel, 2003 Canc. Biof. Therap. 2(4 Supp!
1):3134; Man et al., 2007 Canc. Mel, Rev. 26:737: Cespedes et al., 2006 Ciin.
Transi. Oncol. 8:318). The range of embodiments is not intended to be so

25 limited, however, such that there are also contemplated other embodiments in
which the subject or biological source may be a non-mammalian vertebrate, for
example, another higher vertebrate, or an avian, amphibian or reptifian species,

or another subject or biclogical source.
Biological samples may be provided by obtaining a blood sample,

30 biopsy specimen, tissue expiant, organ culture, biological fiuid or any other



2007 Am J. Patnal. 170:793; Kerbel, 2003 Canc. Biol. THerap. 2(4 Suppl
1):S134; Man et al., 2007 Canc. Met, Rev. 26:737; Cespedes etal., 2006
Ain, Transl. Oncol, 8:318). The range of enbodinments is not intended to be
so 25 | i mweehoohmsmever, such that there are al so cont epplatReketier

enbodi nents in which the subject or htological source may be a

non- manmal i an vertebrate, for exanple, another higher vertebrate, or an

avi an, anphi bian or reptilian species, or another subject or biological

sour ce. : Bi ol ogi cal, .s | es may be provided by obtaining a
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fluid or angrebirher em¥EXiaRhel PRHASEED LANIOHUR 2GR IR URAE COl |

preparation froma subject or a biological source. In certain preferred
embodi ment sUSSHE (Bidel DYlEdHmeninsing theyheaseinalssaripatidéviceniar sanie thyssue

(e.g., a solidgd ) ' erei.n descrjbed device, faor exanple, by

i ntroduci nghgg%#ﬁ?él%ﬂﬁr}ggglﬁéggé%‘@@ Pig Sl s, %ﬁé@e?ia‘f‘ﬂ%@eby pl acing a
5pl ural pty mhratibeslresdils 2 apiuasly dfboaltioRdFH theRsué NarddWerddside. and
generating negative pressure at one or a plurality of ports of each needle
of the mul tﬁ’%ﬂ%@"ﬁQé%ﬁséred%tm?eoma@fa!@bﬁmqﬁwﬁa@hmeadle f the multiplé f i cient to

draw into t . |y aki i pl.0gi Cal i samples fromthe pluralit
of posi t1 ore o thact a8 conBltbhy ol 1 U SR SR B e B

uses accor cd higralty ¢lielogmahsgmpike fioadthenbodiityeriteskiohs iM@eitRti@duct i on of
agents to, and/or the wt hdrgwal of Dbj o] ogical samples from a solid
tissue, which may beVE€8/AN¢TMEROdR BjSeloeSH hels gy iRE usas AgCdBEItPd ti ssue

that myy becareaepeshddiénbBsdinidies Wdingdhy fo‘ﬁccﬁ%ggﬁts 8 a3t ey be

excised, for _instance incident to a surgical procedure according to
st andar d neMthdaawpleidiolegisal sehBoes tlomi a Sobd tissue, walidh kapwe dresdrie aredi cal

d el hesi , pally di -fluid defined
anatom ¢ comoitt iAo PRLSRLS BoliCrestBlbeiiyey ne Srotmsc oahonsi i cel | ul ar.

i nt er cel | ulsargicali BetteiLad Hrahattho Be kEBLY &6} sfincs Widldé t@a surgical .
t hree-di nensi onal | y defined conpartnent that nmay conprise or derive its

struct ural RIASRUHT BGCrditem ta stansiesd eedisshpecticas ti ssue and
15 Solid tissues are well known to the medical arts and may include

any cohesive, spatiaily discrete non-fluid defined anatomic compartment that is
substantially the product of multicelluiar, intercellular, tissue and/or organ
architecture, such as a three-dimensionally defined compartment that may
comprise or derive its structural integrity from associated connective tissue and
20 may be separated from other body areas by a thin membrane (e.g., meningeal
membrane, pericardial membrane, pleural membrane, mucosal membrane,
basement membrane, omentum, organ-encapsulating membrane, or the like).
Non-limiting exempilary solid tissues may include brain, liver, lung, kidney,
prostate, ovary, spleen, lymph node (inciuding tonsil), thyroid, pancreas, heart,
25 skeletal muscle, intestine, tarynx, esophagus and stomach. Anatomical
locations, morphological properties, histological characterization, and invasive
and/or non-invasive access to these and other solid tissues are all well known
to those familiar with the relevant arts.
Certain particularly preferred embodiments as disclosed herein

30 relate to a method for selective delivery of a fiuid-phase agent to a solid tissue.



20may be separated from ot her body areas by a thin nenbrane (e.g.,

nmeni ngeal nmenbrane, pericardial nenbrane, pleural nenbrane, nucosal

menbr ane, basenent nenbrane, omentum organ-encapsul ati ng menbrane, or the
like). NoWIAZHHEZPHG exenpl ary solid tissues may i ncl udTHEPE7I%yer, | ung,
ki dney, prostate, ovary, spleen, |ynph node (including tonsil), thyroid,
pancreas, heart, 25skeletal nuscle, intestine, |arynx, esophagus and
stomach. Anatomnmi cal |ocations, norphol ogical properties, histol ogical

char act er i z&d aiso notatbaboveasichesaisetiverdaliosryichviasesvibeaceddsr exaetsbiese and

other solid tjssues are all Il known to those famljar with the rel evant
arts. systemic concentrat ?\fggihﬁ’%‘ﬂ'?EGP%‘M’@&‘S@@PSH'E&”%‘FFBB&C Es as

di scl osed haeRipRuBMIG!AettitlcdhcBRI-ARs R ihsS 8BSk é@%a@@é&é{%ﬁaregy a |
fl ui d-phase agent to"a solid tissue. W) 2009/023798PCT/ US2008/ 073212 43 As

al so not ed aMeilieg chucHlyseltroentaktodisitios e yriobvivad §ssudseantedsd Byeidegcessi ve
system ¢ concentrations of therapeuti r _candi date. nt,s in der to
achi eved t hetriEaliTh e sty e tstecrr PE Lo nBadmeny eneSriafnbediainad sol i d
tissue, thenghntiavehdppeoved ddinBribty ag@its HBDGRbudroxdisdtiveiiiVaryudianvol ved

ti ssues and al so avoi di ng 5Sundesirable side-effects. Rel ated enbodi nents
cont enpl at esdlifdispiesst Wiigost wishingda beypavsd bapgheevetccostios Hathestigent s t hr ough

such sel ect} |_L.ver 0l i j ' i shi e bound by
t heory, ac c%ﬁr‘g?cﬂgmb }(;S’ td ﬁ%&stgef%ﬁ%odcj itﬁee%%rzq%&%ﬁa%bp%l}hee\é\%ozﬂ5%g¥%1ge'§andi date
agent on t haligadmdritdadsiscebuged bgdt Vito bunMiigtrain fbtovescabyat edoby in vivo
admnistration fol]l owed by ex vivo 10anal ysis of excised tissue, wthout

|
t hr eat &R ng?ri%éq_k’n%%?’%qi?e@f%?ﬁ% %M%&Fﬁaﬁawdg% neAEh giuibe W?@&F'f or direct
admi ni stratp.on, Epge &{)% gsgéd! dr Eii'réc?légrﬂiﬁistfré’tfanl Eﬂ}’éftf;fats?qgﬂﬁéél% Chely zaﬁbr dose

that woul d ot herw se mni stered system ca e mniml dose is the
smal | est antbanthomititmel dgrenthat watidwithdrwieoiok egmanisiesdrsydtephigaiyol{ogeé c ef f ect

' the subjeetik eSSl baolal 87TRS 200 hV RGeS desired
physiologic effect in the subject.) Given the minuie voiumes and iow pressures
15 of the present modes of fluid administration, and full or partial patency of the
solid tissue as a physical property that promotes retention of the administered
fluid (also determinable by existing methodologies, e.g., by imaging and/or by
use of a detectable label as a tracer), the agent that is selectively administered
to the solid tissue according {o the present disclosure is either undetectable
20 outside the solid tissue, or if detectable outside the soiid tissue, the agent is
present at less (in a statistically significant manner) than the minimal dose.
Such considerations pertain in related embodiments, wherein
detection in a solid tissue of an altered physiologic state subsequent to
infroducing an agent or a piurality of agents includes detecting a degree of
25 permeation of the agent(s) through the solid tissue, detecting a degree of
absorption of the agent(s) in the tissue, detecting a physicochemical effect of
the agent(s} on the tissue, and/or detecting a pharmacological effect of the
agent(s) on the tissue. Assays, including fluorescence assays, of drug
permeation or penetration in solid tissues are known in the art and have been

30 described (e.g., Kerr et al., 1987 Canc. Chemother. Pharmacol. 19:1 and



150f the present nodes of fluid admnistration, and full or partial patency
of the solid tissue as a physical property that pronotes retention of the
adm nistered fluid (al so determ nabl e by existing nmethodol ogies, e.g., by
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2009/ 023798PCT/ U52008{m@@@bﬂméﬂfsebéﬂﬁ@éﬁndﬁﬂdr?énbﬂéﬁ@i Riferdedergran et al .,
1981 In Vitro 17:290; Durand, 1981 Canc. Res 1: 3495; Durand, 1989
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| abel tthat dn@sdrgmmoﬁ@naaﬂw st Qé;%lbi)t ant eaysiatiude réteation ofﬂhe@geht)mexm sion
and secti oni n wi th an agent of interest. I n such

enbodi nent XY @?*#&%&%ﬁe@f exEarAlipE Mt ef BrasspeiatioWib L8t retention of
an_agent | Nnbfrsl dilinifdhtn| N peAfcliurpdl pers%tﬂcf'fré% Lf the needle from

whi ch the agent was intr uce usive o usion (entry into
physicochemical effect, which refers to microscopically detectable mechanical

disruption of tissue that results from the needle insertion or fluid injection itself,

15 or from non-biological mechanical or chemical tissue disruption caused by the
agent (e.g., damage to cell membranes or disintegration of cell-cell junctions).
Pharmacological effects inciude statistically significant aiterations of a celi or
tissue physiological state that are detectable as conseguences of the molecular
mechanism of action of the agent, for example, cytoskeletal reorganization,

20 extension or withdrawal of cellular processes, or evidence of bioiogical signat
transduction as may be detected using any of a number of known cytoiogical,
biochemical, molecular bioiogical or other read-outs. Comparison of serial
sections may permit distinguishing the nature of the effect that is detected
histologicaliy.

25 Particutarly preferred embodiments include those in which the
solid tissue comprises a tumor, wherein agent delivery may be made to, and/or
sampie retrieval may be made from, the solid tumor. It wili be appreciated by
persons familiar with the art from the disclosure herein that in the course of
practicing certain embodiments described herein, a selected region of a tumor

30 may comprise the site info which the needles of the presently described devices



10and di spersion via any bl ood vessel), and may include retention of the
agent in extracellular space or extracellular matrix or in association with
a cell menbrane or intracellularly. Perneation nmay be distinct froma

physi coch¥Ri2B%028P% ect, which refers to microscopi cal IR-TAERE8PEBI%
mechani cal disruption of tissue that*results fromthe needle insertion or
fluid injection itself, 15o0r from non-biol ogi cal nmechani cal or chem cal

ti ssue disruption caused by the agent (e.g., damage to cell menbranes or
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det ect ed hizstatdmigiiemdiiby, adeRaiblityciultas byurpe ef ersueglcal phocbduen tdegrawcdiude t hose

in which the scil id tissue conprjses a tunor, wherein agent delivery may be
made to, an@PBYaLZRIINLT 085" 2 may be made from the solid tumor. It wll

be appreciated by pe?%@c’i‘ﬁ.:rﬁ@r@‘:dfiaﬁ{/t))’ﬁeté}etc@ﬁ%e(?;ﬁcﬁ!atfeﬁ%ﬂerﬂf‘g giigsloprre herein

that in the course of practicing certain e ments descri bed herein, a
sel ect ed r dofieorengibn asingribe d8dinay desmiped deraihe istertain ptajend ch t he needl es

of the,presentl descr.i be evices VWO 2009/ 023798PCT/ US2008/ 073212 45 are
i nserted, i%@?‘%%ﬂ?@&’ {ﬂﬁ %ﬁ‘ﬂ@%ﬁ%@%&&%ﬁ?%ﬂ TR ?rr?em?tﬁ?ﬁﬁ"??‘*fﬂ%“ regi on may
be sel ect edyifgh ARy fOMIRSSe QbriRRSERIMdINGH HihBRe Bapetod rsimehiRGuildat nay be
conducted before, during or after a step of needle insertion, introduction

or cont act i pRytain eMbadEteda cPMEIINRIC coivlit deragr et epraprisfupnangl @ progtater
excising t I13‘?&mcer cell, a breast cancer cell, a colon cancer cell, a lung cancer cell, a brain
cancer cell and an ovarian cancer cell, but the invention is not intended to be so
15 limited and other solid tumor types and cancer cell types may be used. For
example, the tumor may comprise a cancer selected from adenoma,
adenocarcinoma, squamous cell carcinoma, basal cell carcinoma, smali cell
carcinoma, large cell undifferentiated carcinoma, chondrosarcoma and
fibrosarcoma, or the like. As aiso noted elsewhere herein, art-accepted clinical
20 diagnostic criteria have been established for these and other cancer types,
such as those promulgated by the U.S. National Cancer Institute (Bethesda,
MD, USA) or as described in DeVita, Hefiman, and Rosenberg's Cancer:
Principles and Practice of Oncology (2008, Lippincott, Williams and Wilkins,
Philadelphia/ Ovid, New York); Pizzo and Poplack, Principles and Practice of
25  Pediatric Oncology (Fourth edition, 2001, Lippincott, Williams and Wilkins,
Philadeiphia/ Ovid, New York); and Vogeistein and Kinzler, The Genetic Basis
of Human Cancer (Second edition, 2002, McGraw Hill Professional, New York).
Other non-limiting examples of typing and characterization of particular cancers
are described, e.g., in Ignatiadis et al. (2008 Pathobiol. 75:104); Kunz (2008



5 solid tissue froma subject, or based on other criteria including but not
limted to anatom c | ocation, accessibility in the course of a surgical
procedure, degree of vascul arization or other criteria. Solid
tunors of WapowopEsare contenpl at ed as bei ng suit abl e HOVUS20088732ENt | on

usi ng the devices described herein. 4n certain preferred 10enbodi nents, the
solid tunor may be a benign tunor or a mal i gnant tunor, which may further
be a primary tunor, an invasive tunor a metastatic tumor. Certain
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et al. (2003aDmles, VistlababiRgyceld ProBBation, apopiosis, cellulAnrdsidtarerced atiirsi ol ogi ¢

state" nmay he de ect bl e.para er that directly rel at to a

ondi tion, $Pufbdigne Gtiffy SHICIE SPRRTTATE O 2RISR B KEPSEVPY ty i n
a soligsti &rsuaefcj@@dad.rﬂg @rﬁ@;ﬁn%sr @et;@meidfﬁm of Bnlo§Edsts, b BRe) ch{é%Udl ng in

a region thereof or a portion therefrom further including a biol ogical
sanpl e obt AsR@vidad hefgiom and that pernmts detection of an altered (e.g.,

reasurablY changed, | nfhBhall S pER e VAN B bR e SUEB | Comr,
subj ect where any structure or activity that is directly or indirectly related to a solid
tissue function has been changed in a statistically significant manner relative {o

20 a control or standard, and may have its origin in direct or indirect interactions
between a solid tissue constituent and an introduced agent, or in structural or
functional changes that occur as the result of interactions between
intermediates that may be formed as the result of such interactions, including
metabolites, catabolites, substrates, precursors, cofactors and the like.

25 Additionally, altered physiologic state may include altered signal
transduction, respiratory, metabolic, genetic, biosynthetic or other biochemical
or biophysical activity in some or all cells or tissues of a subject or biological
source, in preferred embodiments in some or all cells of a solid tissue, and in
more preferred embodiments in some or all cells of a tumor such as a solid

30  tumor in a solid tissue. As non-limiting exampies, altered biological signal



10 or biological source. The nethods of the present invention thus pertain
in part to such correlation where an indicator of altered physiologic state
may be, for exanple, a cellular or biochem cal activity, including as
further noR-29¥28Phg exanples, cell viability, cell prélfF@HarTB8R,
apoptosis, cellular resistance to ant/igrowth signals, cell notility,

cel lul ar expression or elaboration of connective 15ti ssue-degradi ng
enzynmes, cellular recruitnent of angi ogenesis, or other criteria as
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bi ochem cal i pcal activity in some or all cells or tissues of a
subj ect or %’?%ﬁegéﬁg‘ggﬁ?gﬁr ce, in preferred enbodinents in sone or all cells

of a solid tissue, apdcordinguoespaef gesedyountdhperidsembodioretsotheal | cel |'s
of a tupnor such as a solid 30tunmor in a solid tissue. As noa-lin‘iting
e 8
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resistance to anti-growth signals, ce ity, ce ar expression or
el abor at i orbioibgicanmratietees thamoeridtg oha catce el sesh as @idselraviewedbyi t nent  of

angi ogenesi s, Qr oth criterjia inc i i nduction of apaptotic.pathways
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ability to evade apoptosis, (if) acquisition of self-sufficiency in growth signals,
(iiiy insensitivity to growth-inhibitory signals, (iv) acquisition of tissue invasive
and metastatic phenotype, (v) unlimited replicative potential, and (vi} sustained
20 angiogenesis. Persons skilled in the art are fTamiliar with mutltiple approaches
for detecting the presence of these alierations of physiologic state, which can
be adapied fo a particular excised tumor system. See, e.g., Bonificano et al.
(Eds.) Current Protocols in Celf Biology, 2007 John Wiley & Sons, NY,; Ausubel
et al. (Eds.) Current Protocols in Molecular Biology, 2007 John Wiley & Sons,
25 NY; Coligan et al. (Eds.), Current Protocols in Immunofogy, 2007 John Wiley &
Sons, NY; Robinson et al. (Eds), Current Protocols in Cytometry, 2007 John
Wiley & Sons, NY. Non-limiting examples of parameters that may be assayed
to identify an altered physiclogic state include assays of cell viability, cell
division, apoptosis, necrosis, cell surface marker expression, cellutar activation

30  state, celiular elaboration of extracellutar matrix {ECM) components or of ECM-



physi ol ogi c state as provided herein, including by assessing any of a
nunber of bi ol ogical paraneters characteristic of a cancer cell such as

t hose revi ewed by Hanahan and Wi nberg (2000 Cell 100:57) and in the

r ef er enceWOHEd3Pherei n. Therein are discl osed net hod$lTGEPEE/1E12
determining the effect of a candi dat® 15agent on one or nore traits

exhi bited by cancer cells, and detectable by any of a variety of techniques
known to the art for determ ning one or nore of (i) an ability to evade

apopt osi s, deytadirrentyrids, Abreforfelit-apalyeisC brBaYioh Dr stediibn o gsmlig, (111)
insensitivity to growth-inhibitory signals, (iv) acquisition of tissue

i nvasi ve amiPGRsEas tatdskelgiit rerrgpeizaiian, allarednaared Pepisiaaei ebp®t ¥t i al , and
(vi) sustai ; i i ski j h t, famliar with
i i ple. apnrod AR aARREBLRocRE IR S ShBELR 4n20B 4 it Pons o

physi ol ogi @0st3MoeintrabehagaibshRogdent @tatimtdniard | CaNaret akcigsd/ Cairor
system_ See Boni fi cano et at (Eds.) Current Protocols in Cell

€. g,

Bi ol ogy? 2(3%?’713]%?133%?6‘?/"@‘%5, NY; Ausubel et al. (Eds.) Current

Protocol s in Ml ecul i ' - : Lgan et at
(Eds.), ?:ulrrent Pr ch)t %{é:*gﬁsla{l %%Trﬁ%g\%é% H&O%'{?S%/%%r?ﬁw 89 &%ﬁ@tﬁg;

Robi nson ets ahdertibds and Gatgrenitalife oy avelskilled ilOHeoseivapt ar20@eeJolgn Wley &
Sons, NY. n-limting e es a ters that may he assayed to

i dentify a'rg)eé'f%&]é’f&f Sﬁisﬁ%f e @{35[3@[ ﬁ‘gﬁ pﬁ@@naﬁﬁ@w% Bﬁ»e%a‘s“w%&bi lity,

cel I divisinp, 1692RE85dran BEA! @¥sS GldtinharSaiid BAMaRRI KRS PRATHRSRIgRB!

cellular activation 30state, cellular elaboration of extracellular matrix
(ECM) tonpdiasia ¢ Therafeuion 10" Vmiito0 Hoganos PCIYSUSROCBGR3218. 48 degr adi ng

enzynmnes, met ri.c lysis,, extensi on.or retr.actjon of-cell ular

o ovesses 20V HRRVLE POMRT Ghn AP B S Rark G BTk RBP 2 Pe . by
in situ hyhiagteos,afipdindatd apiishechernnsiking, PRildelphiidad et al ., 2002
J. Anat. 200:309) intracellular phosphoprotein |ocalization (e_g., Gavet et
al ., 1998 Jarkr PigandRoplaksgyincigias anee acties of Pediatric OncoRgydEpiidh of

ot or mi nabi Sy Sag R Ar WURBRE FRFRLRRY. SBRRrd SVIEHSERIMELE, oy

eds., The Marcks Mea dteatrhbbh FedtiicarandVBackecaotiCiiocal FRamaygiody dnd 1992,

Goodnan et 7a}ll ., eds., Goodnan_and G | man's The Phar nacol oggcal
erapeutics, 3rd edition, ADIS Press, LTD., Wiliams and Wilkins, Baltimore,

MD. {1987), Ebadi, Pharmacology, Little, Brown and Co., Boston, (1985);
Osolci al., eds., Remington's Pharmaceutical Sciences, 18" edition, Mack
Publishing Co., Easton, PA (1990); Katzung, Basic and Clinical Pharmacology,
20 Appleton and Lange, Norwalk, CT (1992)). Candidate agents may be selected
from resources that disclose listings of investigational therapeutics, for instance,
the National Institutes of Health (Bethesda, MD) which maintains a database of
ongoing and planned clinical trials at its “ClinicalTrials.gov” website.
Candidate agents for use in screening methods and in
25 methods of rating candidate agents for development into therapeutic
agents such as a therapeutic agent for treating a solid tumor may be
provided as “libraries” or collections of compounds, compositions or
molecules. Such molecules typically include compounds known in the art

as “small molecuies” and having molecular weights less than 10° daltons,



10Basi s of Therapeutics, 10th edition, Perganon Press, Inc., El nsford,

N. Y., (2001); DeVita, Hellman, and Rosenberg's Cancer: Principles and
Practice of Oncol ogy (2008, Lippincott, WIlians and W/ ki ns, Phil adel phi a/
Ovi d, Newwvoohdy23PBzzo and Popl ack, Principles and Pragti/ceesfo’Redi atri c
Oncol ogy (Fourth edition, 2001, Lipp#ncott, WIlianms and WIKins,

Phi | adel phia/ Ovid, New York); 15Avery's Drug Treatnent: Principles and
Practice of Cinical Pharmacol ogy and Therapeutics, 3rd edition, AD S

Press, LTD-prei‘éVréth%@é& aid W diiRshs B GliRiGe WerdtiPdds trighah®,
Phar macol ogy, Little, Brown and Co., Boston, (1985); GCsolci al., eds.,

Reni ngt on' gdaMeasnaceuti cal Sci ences, 18th edition, Mack Publishing Co.,

Easton, PA (1990); Katzun asic .and C inical Ph 0 Appl et on
and Lange, Norwal k, %?r (%‘%B?%aac%l%ﬂa’af’é ’B@Eh‘?@ ﬁégﬁﬁgﬂagg?égctf d from
resources tdamipdlings!@pend intblngst 88 chRvigstel AaitORAk refiehapeussies, for
instance, the National Institutes of Health (Bethesda, NMD) which maintains

a dat abase Bmopehneyn topivan eeaeh ORe eala plpfalilysofagublecis having a

"Cinical Try . goy” ' i ; ' rieeni ng net hods
and in 25 ﬂ‘r%e Oﬁocgs%gf \kl}?og'ﬁ tr%‘gm%’g@g’%dg@ﬁﬁggﬁ{ﬁ@ f%&hdéﬁg?éo%ﬁéﬁ@ g?}nt o]

t her apeut i cagr@edtcs aspiGhaligSofapdStRINBPELLG @nagen vithpr thier egidmin @actol i d t unor
may be provided as "libraries" or collections of conpounds, conpositions or

mol ecul es. SsREFtnBNeAllees splsictest PeripghAf fiee d8rthodn@EIRNWH™EN & he art as

"“smal | nol 8Sy i 1 ks ' &ioh g timofR) tons, WO
2009/ 023793@%%2%@%)3%%&2?%‘3%gggﬁgbg{eaﬁwp%%s}than 104 dal tons and still
nmor e pheéf eralbkcly thessarndidaie I@@Rntkalhbvashedfointexdanpd esanabpl ioregkeidt 97 of nmenbers
of a Iibra;l)é of te conpoungds, can, be .introduced as Eandid te agents to a

t .
regi on of d°8¥Ed f?(gnt rSUBFeCk ritth SREE7IIPN GRMPATEL Y G6HEUBE & pl ural ity

of subj ect SefRRYIGng) bUEREh Bderitlh HROMBPEMTRY pdeitRey wibindh8regiBH! | Ng each of
the candidate agents to a plurality of positions al og)? an axi.s within the

regi on in gachnstabfecby detdmainingr whaethwr ean calteped | Wysiploaic midatgeisy. , a range

of tinme, a minimoumtine riod or ,a specifi.c tine,per]j e_regi on of
solid tumrpﬁeﬁerﬁﬁs \Bﬁ?‘ﬂ%&fﬁSPeé’&nEﬁl%ﬁ'Fe%aBSﬁﬁ%%ﬁqénvgp ééeﬁg% ntb?to t@ced can be
i maged18r rpsmue dithromrepsdentd by peivideintbreiac Whicegiaund epngragredudzy det ecti ng
an effect (if any) of each agent on the respective position within the

region, forn¢ ﬁﬁ@%@%@a’fw cgatrey A AireRpikidetarsebla ffart@peivoprgidl ogi c state
I's present as provi ded, iRffl DuekiE el ndyPo BRI hBridRs 5691 on that are

combinatorial library, which preferably includes synthetic agents prepared
according to a plurality of predetermined chemical reactions performed in a

20 plurality of reaction vessels. For example, various starting compounds may be
prepared employing one or more of solid-phase synthesis, recorded random
mix methodologies and recorded reaction split technigues that permit a given
constituent to traceably undergo a piurality of permutations and/or combinations
of reaction conditions. The resulting products comprise a library that can be

25  screened foliowed by iterative selection and synthesis procedures, such as a
synthetic combinatorial library of peptides (see e.g., PCT/US81/08694,
PCT/US81/04666, which are hereby incorporated by reference in their
entireties) or other compositions that may inciude small molecules as provided
herein {see e.g., PCT/US94/08542, EP 0774464, U.S. 5,798,035, U.S.

30 5,786,172, U.S. 5,751,629, which are hereby incorporated by reference in their



15treated wth control agents as provided herein, which would either
produce no effect (negative control) or a readily detectable effect
(positive control). Candi dat e agents further may be provided
as nmenber Y0028 ERbi natorial library, which preferablRHRePE#eBiSynt heti c
agents prepared according to a plurality of predetermnined chenical
reactions perfornmed in a 20plurality of reaction vessels. For exanple,
various starting conpounds may be prepared enpl oyi ng one or nore of

sol i d- phas&ryetlede STRosd RAMIISHITAP dRMiARE é@%ﬂ%r@&ét%%hé{”é’d{vé%@ ded

reaction split techniques that permt a given c Ituent to traceably
under go a psgpdieniofosucpdibrarteatmanbke amebaoed eoniingttd esbtithadact i on

conditions. The resultin roducts .conprise a |.ibrar hat can be
25screened 18 E’?%@%_aﬁ\‘? t?%gﬁéc?rﬂa@r ggtlugg&? B8R aé.'_riad‘g?/tﬁf H%@%esre‘%r ocedures, such
as _a synt hehkdcrefghaiTas@icnabcddr@hghy trf pre8Bht dleSod#ge €. 9., PCT/ US91/ 08694,
PCT/ US91/ 04666, which are hereby Incorporated by reference in their

entiret¥es) or other Gitgrpssididatnageiamaydye piattineléndueing therbpeutices as

rovided h i S . ) ) 4/ 08542 0774464 .S, 5 798,035, U. S
505, 766, 1790t EbsBe et i, BOR ey AALHTS PP or ence i
their WO 20Q9/M2hA8 Pk USR0RS AR 2hibbhaididsairicedi ikd keseirtay i ng
ordinary skill in the art will appreciate that a diverse assortnment of such

libraries B BBl SPNESRT BB BEERHEEs Bneasting heskraytis piedisls éxciuding t est ed

for their i LAdk ¢ - |\t 1, pa £ i on,
accordi ng tdgﬁ"t E}e pé ggg%%&%@%?’ﬁ%ﬁéﬁ'%‘a&ﬁe@@gﬁdi tégﬂgﬁ%éﬁ(?gn%&%%e
protei & (iRNAdhich in hertaipduthes eprtaicehass, mpepdmdes; apepéiadininketi cs,
pol ypepti des

bty NI PR N CE LTI
Formml | R Bk e R R R “Wh ch 1 n
certain furir@etesihdionsiis dttirwy noaigbedtsiole dranepiptabl iy thd alkethcproditet er such
as a const icto'é}‘u!':ttve%ngﬂgerrr%tr %Eere%rre??sorr)ecgrual gsts%lgel-s?pe%;rﬁ%rﬁ?’ct)%ater.s Hﬁ:er’ghgosoiggr}es
15 for preparing, testing and using these and related agents are known in the art.
See, e.g., Ausubel (Ed.), Current Protocols in Molecutar Biofogy (2007 John
Wiley & Sons, NY); Rosenzweig and Nabel (Eds), Current Protocols in Human
Genetics (esp. Ch. 13 therein, “Delivery Systems for Gene Therapy”, 2008 John
Wiley & Sons, NY); Abell, Advances in Amino Acid Mimetics and
20 Peptidomimetics, 1997 Elsevier, NY. _
Other candidate agents may be antibodies, including naturally
occurning, immunologically elicited, chimeric, humanized, recombinant, and
other engineered antigen—spéciﬁc immunogicbulins and artificially generated
antigen-binding fragments and derivatives thereof, such as single-chain
25 antibodies, minibodies, Fab fragments, bi-specific antibodies and the like. See,
e.g.. Coligan et al. (Eds.), Current Protocols in Immunology (2007 John Wiley &
Sons, NY); Harlow and Lane, Aniibodies: A Laboratory Manual (1988 Cold
Spring Harbor Press, Cold Spring Harbor, NY); Harlow and Lane, Using
Antibodies (1999 Cold Spring Harbor Press, Cold Spring Harbor, NY).



i nduci bl e pronoter| PTG inducible), a tightly regulated pronoter (e.g., a
pronoter that permts |little or no detectable transcription in the absence
of its cognate inducer or derepressor) or a tissue-specific pronoter.

Met hodol 0§i0e8091B8®8 prepari ng, testing and usi ng these@anib2et8ioz2ed agent s
are known in the art. See, e.g., Ausilbel (Ed.), Current Protocols in

Mol ecul ar Bi ol ogy (2007 John Wley & Sons, NY); Rosenzwei g and Nebel (Eds),
Current Protocols in Human Genetics (esp. Ch. 13 therein, "Delivery Systens

for Gene Therapy”, 2%8rrﬂ@clmmnwty&atc&p§mmarw¥bs,foAtvelrépeuﬁdwaeeeewem Ani no
Acid Mnetics and 20Peptidom netics, 1997 El sevier, O her

candi dat e AGEWNIN Mg PRRIMAEHHRARES 2N At @Rﬁ%@eﬁépﬁ?éﬁmweo’@cur ring,

| munol ogi %@é;{g%af‘drfs%ﬁa%gc&&é&éhfénc_%%szﬁ%tﬁﬁﬁg%&)w% th, ot her
engi neer ed ns tificially generated

anti gen- bi rdiitngo83)adie ekampled stigite saine\aedl giHmpb@:e-bLﬁfmem saineiangl e- chai n
25ant i bodi es, m ni bodi es, Fab fragnents, %gem fic anti bod| es and the
T

i ke. e, REV§ologisH! phARaRPe amed.( 69339)""3’“@? pilizsr 8t HEs 1PN munol ogy

(2007 John boratory
Manual (198 Clcl%fyyd%pr??\ngay% 8&71%%!?21"&%%’}%0 %%%Lrn?@%bﬁﬂ;?%%ﬁon ﬁIFY)éfa Har | ow and

Lane, Usi ngixAmplda(mﬂeEm b&@ﬁmté;cHod:)iSpmdr@dl-mt%rofDr!a@squ@em:bs@pmdng Har bor ,
WO 2009/ 023798PCT/ US2008/ 073 1 ||
Nekept Al o T8 PE SHEST 67 iRt G ot 244 o Inaqdiion, spicTdRand" | o' 1Y

phar maceut igabeddihy a886tsah8y BE8SEd. bR, “Pﬁﬁfmﬁé@ﬁ@élﬁr adcBpBEe SOt edfers
Phar maceuti cal Sciences Mack Publishing Co. (A R "Gennaro edit. 1985). For

exanpl & sti@r‘sﬂlt%OE@ﬂanﬁ@anhdgﬁm@Omdlﬂ% epedingapn 8Esweh SlAy@Insisogi cal pH
rrm;z Bg gfgséiné! %’F&ﬁ;@\kl‘w dr ‘ﬁ&pﬁé% J ‘::?éi %dd g&}itgggr erﬁ_.gr@'anﬁ:n&" ll‘aél‘aéﬁcg?ﬁm S
benzoat e, ssysbl(baee:a@bzamlsa@en"ﬁe @bemshyﬁmmga@n@el cfonammlated for use
herein may be used in either the free base or salt forms, with both forms being
considered as being within the scope of the certain present invention
15  embodiments.
The pharmaceutical compositions that contain one or more agents
may be in any form which allows for the composition fo be administered o a
patient. According to certain preferred embodiments the composition will be in
liquid form and the route of administration will comprise adminisiration to a solid
20  tissue as described herein. The term parenteral as used herein includes
transcutaneous or subcutaneous injections, and intramuscular, intramedullar
and intrastermnal technigues.
The pharmaceutical composition is formulated so as to aliow the
active ingredients contained therein to be bicavailable upon administration of
25  the composition to a subject such as a human patient. Compositions that wil
be administered to a patient may take the form of one or more doses or dosage
units, where for example, a pre-measured fiuid volume may comprise a single
dosage unit, and a container of one or more compositions (e.g., drugs) in liquid
form may hold a plurality of dosage units. A dose of a drug includes all or a

30 portion of a therapeutically effective amount of a particuiar drug that is to be



may be added as preservatives. Id. at 1449. In addition, antioxidants and
suspendi ng agents may be used. 1d. "Pharnmaceutically acceptable salt”
refers 10 to salts of drug conmpounds derived fromthe conbination of such
conpoundsWaI94A378¥ gani ¢ or inorganic acid (acid addi thAAP3WBOBRIDr an
organi c or inorganic base (base addi®ion salts). The agents, including
drugs, contenplated for use herein nmay be used in either the free base or
salt fornms, with both forns being considered as being within the scope of
the certai RdpiQsRRdd ity #RhheNardPeVEI iMEB BLSicient to attain or mainthif a _

phar maceutical conpositions that contain one or nore agents nmay be in any
f or m whi ch dgpiresheotaentratien snaecyithe drugt toriestanid, @i dasdpe gonesrdrasani ent .

i o for reoro e Bl PRk RiheRRe YePRY HEs OISl b8 sl ot on 1o

a solid 20tangsureshdlgissnbbeshdign ef the drhg tilcahpricestelvak walsvatged herein
i ncl udes transcutaneous or subcutaneous | njections, and intranuscul ar,

i nt r anetul [B&FOERY Pribe 851k thapuljer niediols tissue and other criterigndtnpWaiFimceut i cal
CONMpOSi ti ofd Sifi @?ﬁcﬁﬁgﬁ‘%r%l BS sl ih Yl ?ﬁh@%#ﬁé%ﬁ%&@h@glcﬁf‘éﬁd cont ai ned
allable t

therein to be Dbioa upon adm nistrafion o he "conposition to a
subj ect sucgihamsacelticatando@ldted tirts Conposiit eohedintatis wt leksbievoadbsenicst ered to

a patient take the form of one or nore doses or _dosage units, where for
2 i d 5 40855

exanpl e, [YgeRaYy, PE RUPTIYIsterero 3Ren RBTRIR G ebofiveAt) ge Bunit, and

a contai nerg 9f RPRGr8HoEBE ey WPARhhised(e. 9., drugs) in liquid form may

hold a plurality of dosage units. A dose of a drug includes all or a
30portibn of a ther apdiuidgaidrinasédicet corepasitemas ose@hgrmein, iwhethar inlr ug t hat
is to be nﬁp ﬁ$09/ 023198PCT/ us2008/ 07@ 1%. 5% adm ni st rded in a manner and
over a timi e Fi%rIa SHPRETIBO" e Jomn JBaYy PEHOEREHPAE on range

of the drUQJ_.ftﬁ@foitbﬂﬁ?%&@&an&:dﬁéﬂilé%ﬁiuéﬁﬁ%@@ﬁ B8 tiR8r fopmgetioh, ddkaedrug in the
imediate vicinity of a delivery needle in a solid tissue, and where the

absol ut e arfdifionoprefaiablimiysiolegicat amine; Ringea's gobdion $alinggelptisacedrdi ng to
he drug. - | ; 2 g . et h
the drug, t ?ringygdhﬁg,t OF i &%Be%'%f%ot{n#iérﬂ"m%n% E&E'%’ﬁ‘;dht‘sﬁﬁez f}g]sh,t&ﬁg\h' ch the

skilled practitioner w VIew 0 e nedi cal

and ph#d naceighize alyntedc redrat@diigidetideb Whes inaly eahadingantenabr | east two
doses of the drug may be admi njstered, and in certain other enbodi nents 3,
4, 5, 6, 7,5ugpersing picgiumpplyriddare aigolscoixeriiPEIRYIRS, glycol or other

solvents; antibacterial agents such as benzyl alcohol or methyl paraben;
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or

20 phosphates and agents for the adjustment of fonicity such as sodium chioride
or dextrose. The parenteral preparation can be enciosed in ampoules,
disposable syringes or multiple dose vials made of glass or piastic.
Physiologicai saline is a preferred adjuvant. An injectable pharmaceutical
composition is preferably sterile. 1t may also be desirable to include other

25 components in the preparation, such as deiivery vehicles including but not
limited to aluminum salts, water-in-oil emulsions, biodegradable oil vehicles, oil-
in-water emulsions, biodegradable microcapsules, hydrogels, and liposomes.

While any suitable carrier known to those of ordinary skill in the

art may be employed in the pharmacsutical compositions of this invention, the

30 type of carrier will vary depending on the mode of administration and whether a



10A liquid pharmaceutical conposition as used herein, whether in the form
of a solution, suspension or other |like form may include one or nore of
the follow ng adjuvants: sterile diluents such as water for injection,
sal i ne sowatzp@nzs7pt ef erably physi ol ogi cal saline, R ngef7&s288pw2i2on, saline
solution (e.g., nornmal saline, or is@tonic, hypotonic or hypertonic sodium
chloride), fixed oils 15such as synthetic nono or digylcerides which may
serve as the solvent or suspendi ng nmedi um polyethyl ene glycols, glycerin,

propyl ene @bhettionhl Nishihed@gaBlctise AbkHactiRsd aFogBBh@rsiuch as benzyl
al cohol or nethyl paraben; antioxidants such as ascorbic acid or sodium

bi sul fite; aghuniaraiing, seehas sepriemastabinygationoftalg. He&@arﬂafa@@fafebf&m d;

buffers SUeBnea LAl Suiok BEALTSe 2, ZUBIRP RIS BpfleRRgRg, for the

adj ustnent 0 suc or| or de e parenteral

preparat i Ol’i?m@@@pib@"e@f(l@ boqo@q/ladacwhgpmaghaw@h@lowﬁ |asg:esne®$ forul ti pl e
dose vials made of glass or plastic, Physiological saline is a preferred

adj uvart . Ape pmr@acgml@'ﬁﬁmpﬁﬁ@@m pltis EBbGPﬁft%‘r tSuiblesbiodegradaiey sterile.
It may al S%l@l%seﬁéﬂe (%SESEBSé{ﬁ]CféPQ)?a LIBEF, (#2C PARONRRYSS 4 '8@7t2|39 dpgepar ation,

such as deliver icles Inc I ng ut not' Timted to alum num salts,
wat er - i n- 0id, 0N lartkis rbgardelyisapteidrebleidccueimgtioastani dinhodietesits @atil si ons,

bi odegrada | e m crocapsul es dr els, and Wi | e
any suit abl e ERrPH IR RO OF B RGO R g %%Fﬁcrgl%ﬁ|wh'len°tbﬁ art may be
enpl oyed | %rﬁﬁlﬁhrﬁé%%%fé&%n&?ﬁﬁ@%ﬁt@ﬁ%t@fotﬂé'dﬁnéﬁ%&@rﬁﬂ' on, the 30type

of carrier will vary depending on the node of adm nistration and whet her a
WD 2009 023798PCT/ USRbadiareagdal cb8nosiivanmayraeiso soiemi dilkenraugheél ease i s

o o et et P Oa SIS i, 5 bE0 Bl Rid, b A SYRRISTRALR! 1 ection
about 10 residues) polypeptides, proteins, amino acids, carbohydrates including
glucose, sucrose or dextrins, chelating agents such as EDTA, glutathione and
other stébiiizers and excipients. Neutral buffered saline or saline mixed with

15 nonspecific serum albumin are exemplary appropriate diluents. Preferably, an
ageni (e.g., a therapeutic drug or a candidate drug) is formulated as a
Iyophilizate using appropriate excipient solutions (e.g., sucrose) as diluents.

For convenience, elements of various embodimenis have been
described as components of a number of discrete assemblies. However, in

20 practice, elements of some of the assemblies may be omitied or grouped with
other assemblies. Accordingly, the particular arrangements of embodiments
disclosed above do not impose similar organization on other embodiments or
the claims.

When used to refer to agents delivered from needles, the term

25  fluid is to be read broadiy to read on any substance capable of flowing through
such a needle, including liquids, gases, colioids, suspended solids, etc.

The abstract of the present disclosure is provided as a brief
outline of some of the principles of the invention according to one embodiment,

and is not intended as a complete or definitive description of any embodiment



conprises water, saline, alcohol, a fat, a wax or a buffer. Bi odegradable
m crospheres (e.g., polylactic galactide) nay al so be enpl oyed as carriers
for 5the pharmaceutical conpositions of this invention. Suitable

bi odegr ad&Bi280Hfi2gospher es are di scl osed, for exanpl e PGIASYSE7REX ent Nos.
4,897,268 and 5,075,109. In this reddgrd, it is preferable according to
certain enbodi nents that the m crosphere be | arger than approximately 25
m crons, while other enbodinments are not so |inmted and contenpl ate ot her
di mensi ons 4 JAPhBKIBASHS kRl refOTRES) 1 AlReTBMnALiSS (AL AbBfliddi:s Such as
buffers, antioxi'dants such ‘as ascorbic acid, |ow nolecular weight (Iess

t han about climesedhewdsiragaloggent lickishe peadectfithe c@muo aci ds, car bohydr at es
i ncl udi ng gl ucose, sucrose 0{ dextrins, cH,eI at i ggsar ents such as EDTA,

gl utathi one and ot he legieqis p J‘i‘_@r\@ﬁQH‘ﬂe@?@ BT‘%H_? rAlOVB PR éi%d sal i ne
or sal i ne woxfhett, bl KRR ERSHAABnS B4 BL AhIMTHOpRIVRPHARBY a7y appropriate
diluents. Preferably, an agent (e.g., a therapeutic drug or a candidate
drug) i%s f ermhddihentsadthaut gepdiing ramdhaspintarg peager éfahe irveotipi.eAll o§ol ut i ons
(e.g., sucros as .dil ts. I .For canyeni ence, el enments of
Var Pous entarne a8 b oatrnuageisalen PHRIGYRBEONT B2 BORLRIETS of

di screte asseiHN pfsnts HOVEYS batdnf apBikaBbREhhE Ron PRI PLBIGRioRS et t he
assenblies may be omtted or grouped with other assenblies. Accordingly,

t he parti cip &r thegr spesijisation snd/or bstbddi inenippligetiarl BetedSherivaredo not i npose

o agent s AOIORPi vl D el EREE IR Pt PSpEt R e dRSDUERS oaly o

read ot0 anyasulshaditied ibpeddseanftofdninbngoridapaiieitng wahoas paedtse, i ncl udi ng
| i qui ds, gases, colloids, suspended solids, etc. , The abstract
of the pre<PRIicaicasand pUblicalions & PEetHeyst AUthgrEmAITMERS. of some of the

principles of the inygnld Qr(ﬁ}i COLAY gtc%n%m%@%’;ﬂée&%bo& ntSinnot
intended as a conplete or definitiv escription of any enbodi nment WO
2009/ 023798igET0 B2 @08V dd82dad Géscription. In general, in the following claims, the
terms used should not be construed to fimit the claims to the specific
15 embodiments disclosed in the specification, but should be construed to include
all possible embodiments along with the full scope of equivalents to which such

claims are entitied. Accordingly, the claims are not limited by the disclosure.



t hereof, nor should it be relied upon to define terns used in the
specification or clains. The abstract does not |limt the scope of the

cl ai ns. El ements of the various enbodi nents descri bed above
can be conbined, and further nodifications can be made, to provide further
5enbodi ments wi thout deviating fromthe spirit and scope of the invention.
Al of the U S patents, U S. patent application publications, U S. patent
appl i catQL&EMSSE or ei gn patents, foreign patent applications and non- patent
publications referred to in this specification and/or listed in the
Application Data Sheet, are incorporated herein by reference, in their
entirety. Aspects of the enbodi nents 10can be nodified, if necessary to

enpl oy concepts of the various patents pRLi i i QNS to
provi de iyet furt hé‘rméﬁWﬁ?#n@z‘t”@. SAEBE Frord c%nd?d%f%%@%n%g)rot Eg,ro%?rp%ﬁges can
be nade to the gpbadhBRIPeSticrdenghtoropriting: above-detail ed description. In

general, in the followng clains, the terns used should not be construed to
limt the clainms to the specific 15 enbodi ments disclosed in the

speci fication, but,shoubgubsy cHEsbr uedrd @ahbrlaudegehts possirkhpneobadi ment s

along with the ful'l” scope of” equivalents to which EU%E cl ai s aa%ﬁ efntitled.
Accordi ngly, thsoligl Hesre Hr eadivel NG Pel%Be TEeEPsRY SURFPUtNEsL 8 A Vs: A
method of ral i nge NG, A DTG eRRH 4abirA e Wi dshiorficuRhgpafeaiisi Witiina

?, conpri sing: (a) Intr

t her apeuti c agen ) oduci ng one oOr nore candi date
agents to a regtimregion isebihl subiraier siceadnubRliyRaralieinprs WitBinettss, by
di stributing each .of .saig}g g'&date agents to a plurality of positions

al ong an axis wi tHPR T R# ‘gﬁon ‘in each subject or along nutually parall el
axes within the region in each subject; (b) conparing at |east one

effect of each of id one. or re candi dat , el t that
results in a great(z.’r HERRY g Q{gqu?te@pevxﬂﬁ%& ﬁ‘??gﬁﬁé’é%% E%rﬁr;ée%gorﬁlg?ti ssue
recei ves a hi ghepngigbie)Gadedits daviedrepnent agém ahbheraspiat irc aggraatéor
treating the solid tissue, and an gog nt th% re .gl ts in al 88S8L: Rgrnefl ci al
effect when i nt PeaaPERl QMNP TESAI 5542 TEGRY S &t 1A or
devel oprment int Qaﬂn%?@rr@é’\%i'éérﬁeﬁ@ﬂﬂb d ﬁﬁeﬂaF@@ﬁi& EFerﬁdﬁﬁarS@ééﬁwg itiss welid wher ei n
said one or nore su

jects is a pre-clinical node nd is, r}n-human
mammel . 2. The fisshedand a1 apentl thathegseits @aiﬂdeﬁﬁfﬁ%@&ﬁ%‘g SIERGH WS
delivery of sai qintﬁl&guc%rd {3058 &ﬁiﬂgﬁiéﬂs@bqw %g_%&% lbRef Patihglrby déedibpednt

| ocati ons al ong sard axes 1n said soli issue. 3. The nethod of claim1,

wherei n sai d i ntintedacthegerasiol egentniafeleeny e Widhtistugardetaididfat e
agents in a col um-shaped Ledl-on ¢oaxhal Wil HRend 9 & dehinahin axis.

mammal.,

2. The method of claim 1, wherein said introducing results in delivery of
said one or more candidate agents to spatially defined iocations along

said axes in said solid tissue.

3. The method of claim 1, wherein said introducing results in delivery of
each of said candidate agents in a column-shaped region coaxial with

respect to a delivery axis.

4. The method of any of claims 1 to 3, wherein said candidate agents

comprise a chemotherapeutic agent.



4. The nmethod of any of clains 1 to 3, wherein said candi date agents
conprise a chenot herapeutic agent. 56 5. The nethod of any one of clains 1
to 3, wherein said candi date agents conprise an agent that interferes with
RNA activity. 6. The method of any of 3laims 1 to 3, wherein said candidate
agents conprise a gene therapy agent. 7. The nethod of any of clains 1 to
3, wherein said candi date agents conprise an agent selected froma protein
agent, a peptide agent, a pol ypeptide agent, a peptidom netic agent, an

ant i body. age I I I tgf j odi ng
ol ymocbeals dhe BeRUBl o IR AT SR, B STRDLANLAN BehagaR oehs
ri bozynme- encedimpgisp@nyanesitebst hIéerfBFEEh\&tthﬂMmac@\fit\any of claims 1 to 3,
further conprising introducing at | east one position marker to said solid
tissue. 9. The nethod of any of clains 1 to 3, further conprising

introdugi.ng qRe Aletiity &fi it MAt deignofl ebf3 catereio saiddeaalidatet agsnis,

wherein said one or nore indicators, of efficacy conprises a detectable

i ndi cat or cofpBIRTEe aag%gﬁi??}'@lg@“ ‘a nanostructure, a reporter nolecule, a
dye, a colorinetric pHindicator, a fluorescent corrpound an enzyrre

substrate, a specific oligonucl eot| de probe, or report'_(éel_gi gtene
met hod of anyhef mathedref1amo o8, Claiies & foad: %?moﬁ%’d fangdid ecaﬂﬁ” ate

agents is a ggfiplhes AnkeAgelledbatr AR ibesnalod@as] papadenareab] ¥ |1 nked

pronot er.. any of clains wherei n said axes are

par al | el axespolypeptlde agent, a peptidomimetic agent, an antibody agent, a small
molecule agent, a small interfering RNA-encoding polynuciectide, an
antisense RNA-encoding polynucieotide, or a ribozyme-encoding

polynucleotide.

8. The method of any of claims 1 to 3, further comprising introducing at
least one position marker to said solid tissue.

9. The method of any of claims 1 to 3, further comprising introducing one
or more indicators of efficacy to said solid tissue, wherein said one or
more indicators of efficacy comprises a detectable indicator compound, 2
nanoparticle, a nanostructure, a reporter molecule, a dye, a colorimetric
oH indicator, a fluorescent compound, an enzyme substrate, a specific
oligonucieotide probe, or a reporter gene.

10. The method of any of claims 1 to 3, wherein at least one of said
candidate agents is a gene therapy agent that comprises at least one
operably linked promoter.

11. The method of any of claims 1 to 3 wherein said axes are parallel axes.
12. The method of any of claims 1 to 3, wherein at least one of said

candidate agents is a small interfering RNA-encoding polynucleotide that
comprises at least one operably linked promoter.



12. The method of any of clains 1 to 3, wherein at | east one of said

candi date agents is a small interfering RNA-encodi ng pol ynucl eoti de that
conprises at | east one operably |linked pronoter. 57 13. The nethod of any
of claimse 1 to 3, wherein at |east ogﬁ of said candi date agents is an

anti sense RNA-encodi ng pol ynucl eoti de 't hat conprises at | east one operably
| i nked pronoter. 14. The nethod of any of clains 1 to 3, wherein at |east
one of said candidate agents is a ribozyme-encodi ng pol ynucl eoti de t hat

corpr [ sgs, at ) astugite @0k Abky chiked B ATl feod e FBcrBNEH gfgany o

cl ai s o] wherein one nore of sai ate agents 1s a sm
nol ecul e ageoindidfte Byentetihodn oéntidemism RBA-sheoding paliydusaetife nifiaécul e

agent has a npl ecul ar i ght of 1 1 tons, or less than 103

dgl tons. 17. “§HE"REY HBXJ\‘%'?? Ogﬁfpﬁ&ifgpgggfrg%ag@'Mer ein said rating
conprises evaluating the effectiveness of perneation of said candidate
agents through the solid tissue., 18. The thod of any of clai 1.to 3,
wher ei n 4aj d%ﬁtﬂ?&"%‘%r&r Pg‘és&egiémétjrn@ eWBFffeé%th,i‘??égsorb% ng?%ld

candi date agegt&iahie bhen@Chl ¥ irbbzphet@xddeiing poiyriricdtigantizdabeamprgest s on
the solid tissue. 19. "The nethod of claim 18, wherein said rating conprises
eval uati ng t Bblesst epeiapenally livked PHAEOkcol ogi cal effect of said candidate
agents on said solid tissue. 20. The nethod of claim 18, wherein said

rating conprises detecting within said solid tissue an altered physiol ogic
state tH& ra@beal metfiodmfaany exfstlatnge bftosadi dvbened e oageats .of233id The

nmet hod of an : al . ising imaging said solid
ti ssue. 58 %@%ﬁiﬁ{ee ?T@%%dg %f%?igwr#@e \%ﬁgﬁ%i n said i magi ng conpri ses
radi ographi c i magi ng, magneti c resonance inagi ng, positron eni ssion

tormgoraipg?y, T?ure R’ie%rqggtgpicfairinnﬁgi, "Pherein said small molecuie agent has a

molecular weight of less than 10° daltons, or less than 10 daltons.

17. The method of any of claims 1 to 3, wherein said rating comprises
evaluating the effectiveness of permeation of said candidate agents
through the solid tissue.

18. The method of any of claims 1 to 3, wherein said rating comprises
evaluating the effectiveness of said candidate agents by the activity or
toxicity of said candidate agents on the solid tissue.

19. The method of claim 18, wherein said rating comprises evaluating the
effectiveness of a pharmacological effect of said candidate agents on
said solid tissue.

20. The method of claim 18, wherein said rating comprises detecting within
said solid tissue an altered physiclogic state that results from at least
one of said candidate agents.

21. The method of any of claims 1 to 3, further comprising imaging said
solid tissue.



23. The nethod of claim 21 or. 22, wherein the imgi ng occurs before,

during, or after introduction of said candidate agents. 24. The nethod of
any of claims 1 to 3, further conprising the step of introducing a negative
control to said solid tissue. 25. Thegnethod of claim24, wherein said
negative control is an agent that has been previously denonstrated to cause
no statistically significant alteration of a physiological state. 26. The
nmet hod of cI ai m 24, wherein said negative control conprises a sham

i njecti lin ey c id b VA=
scr anbl 22 pe dﬁé%gxs% 5%3% %i nh’@ épb%I Fr?_? @E&h@sﬁggagqugﬁ@m%f cl ai ns
1to 3, furtmeagmgnmagmang telsensnaEpiroagingt Poditicimgmissiess e negomYs ol t o
sai d solldtls EP The net hod of claim 27, wherein said positive
control corer? h& UGERESfat has been previ ously denonstrated to cause a
statistically significant alteration of phy5| ol ogi cal stat e 29. The net hod
of claim27, wherein said p05| tive §§nt r ol rIBrises .an a is an

t

FDA- appP3ved TheeMgperA i€ g8 otmdPr ‘ﬁ"ﬁ%feﬂfé gdznaqgla%yo baq?%e '1to 3,

further Comguﬁpegoa BB P It delsard el Bdbrbalents said sol idtissue. 59
31. The nmethod of “claim 30, wherein the detectable | abel is selected from

the group consisting of a radiol abel, a radi o-opaque | abel, a fluorescent

|abel . 3,c0l QELIRLESy |gbaly R difhe ANcENZYARLG Labghisrg BMBrdmar avidin,

and bi ot| n. he nme any Frece ing claim furthér conprising
perforni ng saittbdmitwd ragabivelcantiol ty saifl solifjisstesanpl es.

25. The method of claim 24, wherein said negative control is an agent that
has been previously demonstrated to cause no statistically significant
alteration of a physiological state.

26. The method of claim 24, wherein said negative control comprises a
sham injection, saline, DMSO, a vehicle, a buffer, inactive enantiomer,
scrambled peptide or scrambled nucleotides.

27. The method of any of claims 1 to 3, further comprising the step of
introducing a positive control to said solid tissue.

28. The method of claim 27, wherein said positive control comprises an
agent that has been previously demonstrated to cause a statistically
significant alteration of physiological state.

29. The method of claim 27, wherein said positive control comprises an
agent that is an FDA-approved therapeutic compound.

30. The method of any of claims 1 to 3, further comprising introducing a
detectable label to said solid tissue.



33. The nethod of any preceding claim further conprising the step of
stratifying a subject population. 34. The nethod of any of claims 1 to 33,
further conprising selecting at |east one of said candi date agents based on
said conparison. 35. The nethod of amg of clains 1 to 33, further
conprising deselecting at | east one of said candidate agents based on said
conpari son. 36. The nethod of any of clains 1 to 33, further conprising
prioritizing at |east two of said candi date agents based on said

compari sqn. 3fe rﬁgﬁxoﬁe&#‘eﬂurﬂf3@“oopeﬁeaﬁ'tﬁla.f&técﬂa@té%béﬁh@%@!é&t&wﬁ@wandl dat e

agents I'n"a dfug screen determning an effect of agents. 38.
The net hod othemyouf c:crhsasmrsg of soragiolaber 6i edémiddaevallakali AdTuserinses

determ ni ng effet .of t_t t f i date
agents on a Bog?f’f‘mﬁ%a} 'h?%‘ssal so%?gerﬁ’}éﬁs%eé %%Q’ 'I%gjé“gﬁﬂﬁ of any
precedi ng cl aimin, el siotint he solid tissue is a tunor. 60 41. The met hod of

any preceding clain1 wherein said introducing is performed with an array of
needl es.

32. The method of any preceding claim, further comprising performing said
method in a plurality of subject samples.

33. The method of any preceding claim, further comprising the step of
stratifying a subject population.

34. The method of any of claims 1 to 33, further comprising selecting at
least one of said candidate agents based on said comparison.

35. The method of any of claims 1 to 33, further comprising deselecting at
ieaét one of said candidate agents based on said comparison.

36. The method of any of claims 1 to 33, further comprising prioritizing at
least two of said candidate agents based on said comparison.

37. The method of any of claims 1 to 33, wherein said candidate agents are
used in a drug screen for determining an effect of agents,

38. The method of any of claims 1 to 3, wherein said evaluating comprises
determining the effect of at least two of a plurality of said candidate
agents on a same position within said solid tissue.

39, The method of any preceding claim, wherein the soiid tissue is &
tumor,

40. The method of any preceding claim, wherein said candidate .agents are
cancer therapeutics.



60

41i. The method of any preceding claim, wherein said introducing is

performed with an array of needles.



