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BACKGROUND

Technical Field

10 in general, the disclosed embodiments relate to devices and
methods for the introduction and subseguent evaluation of therapeutic agents
to biological tissue, and in particular to the simultaneous 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
i clinical trial and evaluations at any particular time; however, most of them will
fail to advance. In fact, it is estimated that more than 90% of cancer-related
therapeutics will fail phase | or Il clinical trial evaluation. The failure rate in
phase Ht trials is almost 50%, and the cost of new drug development from

20  discovery through phase lli trials is between $0.8 billion and $1.7 billion and
can take between eight and ten years. |

In addition, many patients fail to respond even fo standard drugs
that have been shown to be efficacious. For reasons that are not currently well
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

drug selection for individual patients having cell autonomous resistance to a
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sel ection for individual patients having cell autononous resistance to a 2
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provi de a device for delivery of a fluid to a solid tissue, conprising: a
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pressure within the reservoir. In certain enbodi nents each of the plurality
of act uat oraideesfigsitbese andsigtilannepds: anpoffest olppurRialed 2d%anpEes: end of each
of the 20plurality of plungers being received in a respective one of the
plurality of

BRIEF SUMMARY

It is an aspect of the present invention to provide a device for

delivery of a fluid to a solid tissue, comprising: a plurality of needles arranged in

15 an array; a plurality of reservoirs, each in fluid communication with a respective
one of the plurality of needles; and a plurality of actuators operatively coupled
to respective ones of the plurality of reservoirs and configured to control a fluid
pressure within the reservoir, in certain embodiments each of the plurality of
actuators comprises one of a plurality of plungers, a first end of each of the

20 plurality of plungers being received in a respective one of the plurality of
reservoirs, and in certain further embodiments the plungers of the plurality of
plungers are operatively coupled together at respective second ends so as to
be simultaneously depressable. Certain still further embodiments comprise a
piunger driver configured to depress all of the plurality of plungers at a

25  selectively variable rate. In other embodiments each of the plurality of
actua.tors comprises one of a plurality of fluid transmission lines having first and
second ends, a first end of each of the plurality of fluid transmission lines being
coupled to a respective one of the plurality of reservoirs. In other embodiments

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



reservoirs, and in certain further enbodi nents the plungers of the
plurality of plungers are operatively coupled together at respective second
ends so as to be sinultaneously depressable. Certain still further

enbodi ments conprise a plunger driver configured to depress all of the
plurality of plungers at a 25sel ectively variable rate. In other

enbodi nents each of the plurality of actuators conprises one of a plurality
of fluid transmi ssion lines having first and second ends, a first end of
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of the plunger .of each of the urality of dispensers.and.is configured to
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that rotation of the driver shaft in a first direction, ,
simultaneously. in certain other further embodiments the device comprises a
plurality of cylindrical tubes arranged in an array corresponding to the dispenser
20 array, each of the plurality of cylindrical tubes being sized and positioned 1o |
receive the needie of a respective one of the plurality of dispensers,
In certain other embodiments the plunger driver comprises a
driver shaft coupled to the plunger and having a threaded region, the plunger
driver configured such that rotation of the driver shaft in a first direction
25  depresses the plunger a distance corresponding to a thread pitch of the
threaded region and a number of revolutions of the driver shaft. In certain
further embodiments the device comprises a motor 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 motor being controllable fo

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



25depresses the plunger a distance corresponding to a thread pitch of the

t hreaded region and a nunber of revolutions of the driver shaft. In certain
further enbodi ments 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 redpect to each other, the notor being
controllable to 30rotate the rotor at a selectably variable rate. In
certain other further 4 enbodinents the device conprises a notor having a
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certain enbodi'nents a siz e plurality of ports 1S 1nversely
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is distributed 1n a 20spiral pattern al ong ngth of the needle. In
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inversely related to a distance of the respective port from a tip-end of the

needie. In certain other embodiments a distribution density of the plurality of
ports is inversely reiated to a distance of the respective port from a tip-end of
the needle. In certain other embodiments the plurality of ports is distﬁbuted ina
20 spiral pattern along the length of the needle. in certain other embodiments the
plurality of ports is arranged in pairs of ports on opposite sides of the needle,
with each pair of ports rotated 90 degrees with respect to adjacent pairs of ports
along the length of the needle.
According to certain other embodiments disclosed herein, there is
25  provided a method, comprising placing an agent in a reservoir of each of a
plurality of dispenser needles; inserting each of the plurality of dispenser
needles into a selected region of solid tissue; and introducing the agent in the
reservoirs into the selected region of solid tissue by simultaneously
overpressurizing each of the piurality of dispenser needies. In certain further

30  embodiments the introducing comprises introducing the agent in the reservoirs



25provi ded a method, conprising placing an agent in a reservoir of each of
a plurality of dispenser needles; inserting each of the plurality of

di spenser needles 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 needl es.
In certain further 30enbodi nents the introducing conprises introducing the
agent in the reservoirs 5 into the selected region of solid tissue froma

plurality dhicaperstikers ragiondfealidtisfuetien pl plo@liiytof apbridiespaorgeeactneed| es.
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enbodi ments the 20exci si ng conpri ses excisin t he portjon of the
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introducing. Certain further embodiments comprise at least one of imaging the
tumor prior o the excising, imaging the tumor concurrently with the excising,
and imaging the tumor after to the excising. In certain other embodiments the

20  excising comprises excising at least the portion of the tumor at a time that is a
sélected period of time after introducing the agent. In certain further
embodiments 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 certain
embodiments the selected period of time is a period exceeding 48 hours. In

25  certain embodiments the selected period of time is a range of between about 72
and about 86 hours. In certain embodiments the selected period of time is a
period exceeding one week.

According to certain other embodiments of the above described

method, the agent comprises a plurality of agents, and the placing comprises

30 placing each of the plurality of agents into the reservoir of a respective one of



and about 96 hours. In certain enbodinents the selected period of tine is a
peri od exceedi ng one week. According to certain other

enbodi ments of the above described nethod, the agent conprises a plurality
of agents, and the placing conprises 30placing each of the plurality of
agents into the reservoir of a respeétive one of 6 the plurality of

di spenser needles. In certain further enbodinents the plurality of agents
conprises at |east one of a negative control conposition and a positive

control corpeurbR of URpERLHeRIRINGH EHERIGANGIRAGLIIRRRE o BiRagya | LY of
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efficacy, activity, and toxicity of the agent. In another enbodinent there
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15 relative efficacies of a plurality of agents for treating a subject, comprising
injecting each of a plurality of candidate effective agents into a respective
Jocation in an injection site in a solid tissue in a subject; excising from the
subject at least the injection site of the solid tissue; and evaluating the excised
injection site for an altered physiologic state at each of the respective locations,

20  and therefrom identifying relative efficacies of the plurality of 'agents. in certain
further embodiments the excising comprises one of excising at least 48 hours
after the injecting, excising at least 72 hours after the injecting, excising 72 to
96 hours after the injecting, and excising at least one week after the injecting.

In another embodiment there is provided a method of operation of

25  atherapeutic device, comprising charging a reservoir of each of a plurality of
needles with a respective one of a plurality of agents; injecting, simultaneously,
each of the plurality of agents into a respective region of a solid tissue; and
evaluating an effect of each of the piurality of agenis oh- the respective region.
in certain further embodiments the injecting comprises injecting the plurality of

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



I n anot her enbodi nent there is provided a nethod of operation of 25a

t herapeutic device, conprising charging a reservoir of each of a plurality
of needles with a respective one of a plurality of agents; injecting,

si mul t aneously, each of the plurality of agents into a respective region of
a solid tissue; and evaluating an efflect of each of the plurality of agents
on the respective region. In certain further enbodi nents the injecting
conprises injecting the plurality of 30agents into the solid tissue in
vivo, and imethedtcamprises ekciing thesolenirxsde pent & theevallating hbucartsimpri ses
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region of solid tissue conprises a tunor. o
15 of the plurality of agents to a respective one of the plurality of positions in the
tumor. In another embodiment there is provided a methcid, comprising
introducing an agent to a region of solid tissue in a subject by distributing the
agent to a plurality of positions along an axis within the region of solid tissue in
vivo; removing the region of solid tissue from the subject; and evaluating an
20 effect of the agent on the region of solid tissue in vitro. In a further embodiment
the region of solid tissue comprises a tumor. |
In certain embodiments the axis is one of a plurality of parallel
axes in the région of solid tissue, and wherein the introducing comprises
distributing the agent along each of the plurality of parallel axes. In certain
25  further embodiments the introducing comprises simultaneously distributing the
agent afiong each of the plurality of parallel axes, and in certain other further
embodiments the plurality of parallel axes is arranged in an array. In certain
other embodiments the method comprises introducing at least two position
markers to the region of solid tissue along a respeciive one of the plurality of

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



In certain enbodinents the axis is one of a plurality of parallel axes in
the region of solid tissue, and wherein the introducing conprises
distributing the agent along each of the plurality of parallel axes. In
certain 25further enbodi nents the introducing conprises sinultaneously

di stributing the agent along each of 8the plurality of parallel axes, and in
certain other further enbodinents the plurality of parallel axes is
arranged in an array. In certain other enbodi nents the nmethod conpri ses
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plurality of agents amngetdie othdrenisbdimenisfof thgbboal ddseribéd peetiadd, ehe axes

arranged in an array in the region of sqolid tissue,, and V\[nerf;ei_n &%e
10i nt r oduci #FNE Ene @fe%p!&r%wwgﬂﬁq%a%m Bfis tNPhA BITRIYY BkPalgiflts to a
plural ity ohROmtdoantn 8haRdyth IRSRERH SSoldGisdlc, LAE iidilthey of parallel

axes. In certain otgh nment the nethod conprises at |east one of
i magi ngot heinsotlicing tempesqsrdistribtiing bach oft the luolity of Bganis g atphealilylafd ti ssue

tl ith the introducing, d i i th lid ti t th
concury et S ulih e LILE oo PR IR SRReP S BBl e 1
secti oni ng ¢MBodiRMNPthetheBlicniprss at idakPore B iiRird thedblig Bssid@pfRormnor mal

to the parallel axes. In certain further enbodiments the eval uating
conpri ses diettbe tiitragiuginghimedingetheddlid tisses gencurently edtddhe igidechg ¢ st at e

o et o] PO i8R0 AR AL o RorBBSIA SR T o
one of 15he @REvdnaking YoRbrisgesddionitlg theasgionde seifd WL edttorgpiaratiggsfee of
permeati on sogc{i%gg ng?rgég]ltto the parallel axes. In certain further embodiments the
evaluating comprises detecting within the solid tissue an altered physiologic
state that results from at least one of the plurality of agents. In certain further
embodiments the detecting comprises, with respect to the at least one of the
20 plurality of agents, at least one of detecting a degree of permeation of the agent
through the solid tissue, detecting a physicochemical effect of the agent on the
tissue, and detecting a phaﬁnacoiogical effect of the agent on the tissue. In
certain other embodiments the evaluating comprises determining the effects of
at least two of the plurality of agents on a same position within the region of the
25  solid tissue. In certain other embodiments 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 embodiments the evaluating comprises
differentiating a degree of the effect of at least one of the piurality of agents on

30  different sections of the solid fissue according to different characteristics of the



through the solid tissue, detecting a physicochem cal effect of the agent
on the tissue, and detecting a pharnmacol ogi cal effect of the agent on the
tissue. In certain other enbodi ments the evaluating conprises determ ning
the effects of at least two of the plurality of agents on a sane position
within the region of the 25solid tisdue. In certain other enbodi nents the
eval uating conprises determning the effects of at |least two of the
plurality of agents on adjacent positions within the region of the solid
tissue. different sections bhtheetiaitinswed. higr cestarodihee anbotineernty tleuat | ng
conprises differentiating a degree of the effect of at |east, one of the
plurality diValiding SOBIPTSERCPTRAEN ag"é%tq?fgﬁfsoéﬁﬁeiaﬁgagﬁ'?tio(ﬁ]et{?sféi%%e accor di ng
L e“ﬁlur%*ﬂg_f dHegRhisd e sgsﬁzd tib&ue Witd ol JeRORALHEQUf 2P RasPh sbbhdsol i d
tissue. In certain other enbodinments the evaluating conprises conparing a
first effectneodf the plizality ohagénts bndhe solid tisseepllncattainptiedr axgleodivess t he

solid t|ss W t second effect of | east, a s nd, on luralit
of agen,f_'s gtﬁetep{gm§§q?g HOWP%%W@H‘%E%‘?‘%;‘? ﬁgé?ﬁte‘?neeﬁgﬁip%ﬁ’ﬁg8&?@%%‘%’5& uat i né
conpri ses, aésteasihg%%%fst 8% 8l ofti@RSL 2Bty Ohnd hisidhl Bhahé Fagioh obgstiat s,
assessing at |east one of efficacy, activity, and toxicity on the region of

sol i d ti ssuissugn iiceertain ether ieerbosirents e methotkcorapingg d@5HHCHR@ St desel ecti ng
at | east ong _af th | ural,i.ty. of n ed " In certain
ot her enbod’ qno[nbe (?ﬁﬁe @}gggg%%ﬂ??@gég%gﬁgﬁ ?%SU%F‘%I Z’?@ H%hed?o "t he

plurality oémbé&gentstheanetiodRoirpeisey sbisalingg least onerdf ghepiotdigy oferrbodi nent s
the nethod conprises prioritizing at |least two of the plurali t%caOf agent s
based 38 theossiabased erythe svakatingi in seraip ofysanbraimeneiie At conpri ses

distributin > ]l { r.aki shihons, each
along ar es(g)enéﬁfs\?g %H;?gih%;bé’gf’]&aur a |?ffhgpﬁ'ﬁgiktglofééélﬁﬁgés%@t hi n a region of
sol i d ti ssuevahidtimgh le achaiafotiermnisalimeptsitbeinatbdy ecmnprisdandiseibtitibgntiieur t her

enbodi nents the net hod conprises one of (i electing at .| east one of the
plurality o@lu?é‘ﬁfn‘?@%%"&r%ﬁ’ufﬁ@/ %{}éfﬁifé)tni(snéa,ét@\?“Qié‘é'g?%“ﬁ‘?’ﬁ@ng???east one
of the pl urgalid; 3 ik i Fithi Rigfa)pl@aliQri ti zi ng
at | east tm@bga%ily%ﬁgpag‘?lﬁé?tgﬁ?%’gﬁ@? ﬁg&@ﬁggég@%@i@mﬁ;@%l l?;tipn? n?n certain

ot her dfiboddiribiests. hia cesteioliribenpmbedisnantethef methpdsemasiseagnal (itast 20one
of the plurality of subjects, based.pon the eval uati Ll L.desel ecting at

| east one o‘fe‘?ﬁg"g;ﬂtd‘?%ﬁl%lof‘? nghes@Bfaé‘ %gwggsdb%sﬁ%twgﬁ‘gvegﬁ!ﬁ)gthﬂﬁ’g((,ﬁ; and (iii)
prioritizi ngedtieding s Id2800Ré of the Mlialig] ditagenfs s entthe baakdting) dnde
evaluating. In certain other enbodinents the eval uati n& conpri ses

det er mi ni ng(iig prigvitzing At leestieriihe sluselBy ot agenis based PRE&BYd RN dlie near

at | east On@er?a{in t()H'neer %Hgoﬁkrhér)(ts%e R}%”(ﬁdd c%mprises one of (i) selecting at least
20  one of the plurality of subjects based on the evaluating, (ii) deselecting at least
one of the plurality of subjects based on the evaluating, and {iii) prioritizing af
least two of the plurality of subjects based on the evaluating. In certain other
embodiments the evaluating comprises determining a level of altered
physiologic state of the solid tissue near at least one of the plurality of paraliel
25  axes.

Turning fo another embodiment thére is provided a fluid agent-
delivering device comprising (i} a plurality of needlies arranged in an array, each
of said néedies having, independently, one or a plurality of ports distributed
along its length wherein at least one needle has said plurality of ports, (i) a

30 plurality of reservoirs containing the fluid agent, each of said reservoirs being in



25axes. Turning to anot her enbodi ment 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 wherein at |east one needle
has said plurality of polls, (ii) a BOplurality of reservoirs containing
the fluid agent, each of said reservoirs being in 10 fluid conmunication
with a respective one of the plurality of needles, and (iii) a plurality of

plungers, gufid EghrRta0bn GAMk RsHBARE PRI dTIhé 9ﬁ@éwsf hdbdled, @PAEH) hve one of
t he plurallty of reservoirs and a second end of each plunger bei ng

depr essabl eplgabty of rpazng@eq;raefysﬁ ergl @‘a&ﬂmhmlmgyérberr@g@peiyaﬂ i & igspecinegh of the

fluid 5 t t t dl

anot her - emB e oY of FRESRNEIG Seroecd Redhf phinbelleBETS orovi ded
met hod for &gregdablies il thﬁ%é@r@ésuﬁ? bhéh glungenesties i isjetiich &1 ths fiaid
conprising (a) introducing a plurality of needles of a fluid

agent - del i \egenhirdesh the l’ﬁﬁP@Wﬁ@“@(ﬂﬂ“@E piusdieof naedigs) adni nistering the
fluld agent tntothe sghbdlel Ab3HRYe Y SELLAR JlNAs8lonRER] €5 1N
S0l

certain further enbo een renoved from a

subj ect. | ris pesvidddna Mémdsd farskhetiveobindinneind ﬁuaﬁ@eﬁbﬂoiadsmlldstsseej sina
subject. In certain further enbodi nents the a ﬁ i S detr{&%{ered to the solid
tissue in £FMISHKEG INtRdUgingrd @Hfﬁ'%ﬁfaﬁﬁﬁﬂﬂﬂs Wi APl lef?"ﬂgfurther

T S A S o T o

15undet ect a e outsi he solid tissue, the agent
i s pregéent taﬁsué@sénjebllam throogh swd ndedles. Imcartin firtheeatmbddimeTtts thene sol i d

ti f t b d nt he t
Lol oot eq T Tasi TR R Bear e Bomha Uikt 1T GetGAth OFAT ZulteE, 1ot her
further emgdhsBestd e M%&sdétsﬁﬁh%b%tffnoéﬂr%trpfdﬁﬁéf ¥mbbfBient@thel Nvasi ve -

tunor and a netastatic tunor. |In 20certain other further enbodi nents the
tunor conpragssy issdeliverst todhe sobcthtisauedelal therapeutically effective amount. In

certain still further embodiments, outside the solid tissue, the agent is either (i)
15  undetectable, or (i) if detectable outside the solid tissue, the agent is present at
less than a minimal dose. In certain embodiments the solid tissue comprises a
tumor. In certain further embodiments the tumor is selected from a benign
tumor and a malignant tumor. In certain other further embodiments the tumor is
selected from a primary tumor, an invasive tumor and a metastatié tumor. In
20 certain other further embodiments the tumor comprises at least one cancer cell
selected from a prostate cancer cell, a breast cancer cell, a colon cancer cell, a
lung cancer cell, a brain cancer cell, and an ovarian cancer cell. In certain
other further embodiments the tumor comprises a cancer selected from
adenoma, adenocarcinoma, squamous cell carcinoma, basal cell carcinoma,
25  small cell carcinoma, large cell undifferentiated carcinoma, chondrosarcoma
and fibrosarcoma. in certain other embodiments the solid tissue is selected
from brain, liver, lung, kidney, prostate, ovary, spleen, lymph node, thyroid,
pancreas, hean, skeletal muscle, intestine, larynx, esophagus and stomach.
in certain other embodiments the fluid agent comprises an agent

30 thatis selected from (a) a gene therapy agent; (b) a chemotherapy agent; (c) a



selected froma prostate cancer cell, a breast cancer cell, a col on cancer
cell, a lung cancer cell, a brain cancer cell, and an ovarian cancer cell.
In certain other further enbodiments the tunor conprises a cancer sel ected
from adenonma, adenocarci noma, squanous cell carcinoma, basal cel

carcinoma, 25 small cell carcinoma, !l arge cell undifferentiated carcinona,
chondr osarcoma and fibrosarcoma. In certain other enbodi nents the solid
tissue is selected frombrain, liver, lung, kidney, prostate, ovary,

spl een, | yrgdainadieculbhid) @ncthntibatg eps prdieiar (tf) ok el asaiall muelfderdng RNfest i ne,
| arynx, esophagus and stomach. In cer}al n. ot her enb di rreg%li fluid agent
conpri ses &h a@bwcoﬁmlwa%ﬂ@é*e% ’r(S}rPE‘S)OfQ”@@ il i %f #ht; (b) a

cherot her an AgRE Lonbicdiod Bk nBAe6H Rbo ke i anicrooag () o

protein; I nter ng RNA and an encodi ng pol ynucl eoti de
t heref or; (pg;)yrmsnaomﬁe Hmraﬁer(QMeﬂaléieamblaandabb@m olg pergpruiiceot i de

th f f b d d I f
() & det edrasiTe PiBEPIe AT ReRaanei -t Ay ApUL L Bpr Boar bl hept | de.
and a pept i (ouiamkishel ﬁé“sé%@été@'fr@nfé'?éd?&ébﬁ”@@é’ﬁ;ﬁ%ﬂia&ué%ed%t ectabl e |abel

is selected froma radiol abel, a radi o-opaque | abel, a fluorescent |abel, a
col or i net r i fuokedseht iaheid?e:oicameﬁmﬂabat iaalyleaBelenzymatiniebeh g, CaVisded, and

Pher apy agditcibrg® 1560, St S EalHRlR b8 AR Aot d SR )
smal | 10i ntipefpyiaaanfiNAt 60O RatIeAs BHE lopetdbielinkeatpromnter Gipa satalll east one

operably linked pronoter; (1ii) an antisense RNA-encodin ol ynucl eoti de
t hat cééprngt@gfeavg R&Psﬁnmén@)péiwaww’qermétpwﬁw *G%Hg 5 %aﬁ:

B g ks =

l'i nked prond er e e operably

pronot er i sat$edtohedpbrany inkkbiqrositdriand gvipa dbatyere-ancbding egul at abl e
pronoter. In certain still further enbodinments th ul table ronoter is
Biviighed Bz

sel ected f rialyrislaotida dhali cOrrisRD eEleaskons gprp BF o étta'rbnd a
tissue- Specf'uf‘th&r ShBRHRInts 1Ha d(?%l é@w m@dtﬁbn\%@ng@@a@ fpd?ﬁ@e is provided a.

nmet hod for altering a physi ol c state in a solid tissue, conprising: (a)
i ntrodd&i ngcansBitipd prahotey aod arregtdbwleomromoﬂfhruﬂd C@@é!ﬁ?ts'ﬂdiéﬂlﬂh%rl ng device

It Ints gu; h gy S ?%,’f\g%(%!i’l’%ﬁyst fﬁ?dﬁ%wg%ggf“?g%&?sl’tég rs%airégtetcpf?om a'ﬁl Efth?&[ﬁg tprdrﬂ&%r,t he solid

a tightly reguiated promoter and a tissue-specific promoter.
In certain other embodiments there is provided a method for
altering a physiologic state in a solid tissue, comprising: (a) introducing a
20  plurality of needles of a fluid agent-delivering device into the solid tissue; and
(b) administering the fluid agent into the solid tissue by injection through said
needles. |
In certain embodiments there is provided a method for obtaining
biological samples from a plurality of positions in a solid tissue, comprising (a)
25 introducing a multiple needie device into the solid tissue, thereby placing a
plurality of needies at a plurality of positions in the tissue; and (b) generating
negative pressure at a port of each needle of said multiple needle device under
conditions and for a time sufficient to draw into said needles a plurality qf
biological samples from said plurality of positions in the tissue, and thereby

30  obtaining biological samples from a plurality of positions in the tissue.



In certain enbodi nents there is provided a nmethod for obtaining biological
sanples froma plurality of positions in a solid tissue, conprising (a)
25introducing a nultiple needle device into the solid tissue, thereby
placing a plurality of needles at a plurality of positions in the tissue;
and (b) generating negative pressurellat a port of each needle of said

mul tiple needl e device under conditions and for a tine sufficient to draw
into said needles a plurality of biological sanples fromsaid plurality of
posi tions in the i sgygenaRdribiehfibis NABIEHRIVILP: HARERE oBmGS from a
plurality of positions in the tis I'n certain

enbodi ment shitkgica! sa;fnpleeﬁnoded pairalﬁy bﬁﬂosﬁ;tmsnso:hibag lanmg;sbncd gdgiddabusanpl es
froma pluralit OSIt ons alo an is in agsolid ssue, rising
(5" e Foaseer el i du et e fewle it dos sald FSLEnSRT: coy

pl aci ng a p} It t e tissue;
and (b) 59e¢12§|g{;|an%uﬁggg? ?%lg@%rs Z‘atstsaﬁ)ri H?E&Jflphglgrgg ?f@bgisgg%rdtdsa chat ed al ong
a length ofgmzhﬂngemﬁa@vefprmcemmumi@ nhadi%lodemcaéonmdlaﬂgﬁboﬁl ti ons and
for a tine ffICI ntfto dr |nt015|d neeg daftﬁ ?f bi ol ogi cal
sanpl es fro dg i o said My 51‘16 BesY'e FEHEe U ?ﬁ%o'?q' (ﬁf‘ean 82t eby

obt ai ni ng bstﬁfi(QthQ@|dr§\mmb%§:df i@l el Q{)Mfeﬂﬂty sdbiBlogR@BEAhpRS flalwesigan axis in
the tissue. 10l n certain enbodi nents there is provided a nethod of

screeni ng sRiBjadbtaf Hositioak inyihsi tissug, ars! harabycaiaining ticlagiekt sarepies fremal  of
one or nore, S ing one or nore agents to a

regi on of so?%g‘g‘w ﬁ&g@dr’]dsoér%&g%%ﬁ%? i Eh dtjlr%c S in vivo by distribufing each

of sai dpagents to a MUéﬂézhtey‘n&B‘dtrﬁ@ﬁtBtth@’@Ss pravi: A nedthéd ol ddpéanivdie regi on
in each subéect rempving the 15 region of solid tissue fromeach of

sai d subj eci¥iedts f@&g}lb&%\%ﬂlﬁeatga@ﬁ ql‘@kﬁﬁbtﬁ‘afféfrﬁﬂﬁe‘ér mareagentar an ef f ect
of each agfﬂﬁm%:@&{é& [r?cﬁﬂﬁﬁr{gv&eoasrh&‘ @R)g? Fébg ot dt SoiltlsBL i &g T €9l on,

wherein ei any ‘grven agent agen resence of a detectable
ef fect of s@nrdow;artne&bsmgembgdcsmﬁuu@mbhdfm;ﬂz_|aapaufa1;tmmﬂ he subj ect
indicates eli lbl| of the subject for._particjpati nlnacmlcal trial
of the 20ag¥ ?%ax'f‘l"l”§‘ r&ﬂ&?“d?\?@ﬁhéﬁé’ﬁ rﬁ@@l’ﬂ’@t Bsence of a

detect abl e region of solsd tissue from each of said subjects; and (c) evaluating each region
removed in (b} for an effect of each agent on the respective position along the
axis within the region, wherein either (i) for any given agent or agents presence
of a detectable effect of said agent or agents on the solid tissue region from the
subject indicates eligibility of the subject for participation in a clinical trial of the
20 agent oragents, (i) for any given agent or agents absence of a detectable
effect of said agent or agents on the solid tissue region from the subject
indicates ineligibility of the subject for participation in a clinical trial of the agent
or agents, or (iii) both (i) and (ii).
In certain embodiments there is provided a method of rating a
25  candidate agent for development into a therapeutic agent for treating a solid
tumor, comprising (a) introducing one or more candidate agents to a region of a
solid tumor 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 positibns along an axis within the region in each subject; (b)

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



effect of said agent or agents on the solid tissue region fromthe subject
indicates ineligibility of the subject for participation in a clinical

trial of the agent or agents, or (iii) both (i) and (ii). In certain

enbodi ments there is provided a nethod of rating a 25candi date agent for
devel opnent into a therapeutic agenti¥or treating a solid tunor, .conprising
(a) introducing one or nore candi date agents to a region of a solid tunor
of known tunor type in each one or nore subjects having a tunor of the.
known t unorcdnygginglmactiregion berhovey e:a(@blfdnfan&éfem obentihdandideieagentios a

plurality of positions along an axis Ww the regjon.in eac bj ect; (b)
30r enovi ng Pﬁé@@@f“fﬁ]p%‘?m%?'f’ﬂgltrﬁﬁrﬁ?“sf"f’t&? tg’ﬁ(fﬁg'Bf‘ ‘g’h PES L PERY stﬁ‘%and (c)

13 conpari ngsgRcH ear g?"@bfé’? b%ﬁé‘ﬁ)cm%ﬁeﬁt When Trf%d%e@fcf $eltudbr RRelvegandi dat e

agent on the respective position along the axis within the regi on, wherein
an agent tﬁaghere‘amg&)rldavaogmeat ieto betm{apmta:lamﬁtrttraahemhaﬁ idduced to the

t unor ceives a he t|n f.or develo i nt her agent for
treati ng t HEMO5 5?"81'%? g sWyis ‘H@e’ﬁ?setr b%‘ fFe§?VV eal%%glééégﬁenefl ci al
ef fect whenybnthaAkeemet @ t&\hér rtatﬂﬂ?rforr&%lo\b%rﬁ i@ WRthefaplungagent felevel opment
into a therapeutic agent for trealing the solid tunor.

These and oW%mgdb@@@kcttummt he present invention will become apparent upon

reference to the fol Ied sehipti ravmngs

BRI EF DESCRI PTI ON OFL"Lﬁ)‘ %E%E 0@1%@8%%@5%%90&99 Figure 1
is a schermé;bp‘ar@hta@barrbme@ert@@ldé ﬁ)ll@Wrﬁ}’dfﬂéﬁ@;ﬂ@éSCﬂbﬁdm ang atthéiegl bi ol ogi cal

tissue with therapeutic agents according to various enbodinents. 15Figures

2A- 2D AAd 3dreéMégsdel i very needl es according to

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Figure 1 is a schematic diagram of a needle array assembly for
injecting biological tissue with therapeutic agents according o various
embodiments.
15 Figures 2A-2D and 3 show delivery needles according o
respective embodiments.
Figures 4A and 4B show portions of a delivery needie and an
insertion needle in, respectively, an insertion position and a delivery position.
Figure 5 is a diagrammatic view of a delivery assembly according
20  io an embodiment.
Figure 6 shows a portion of a needle array, including a reservoir,
according to an embodiment.
Figure 7 shows elements of a delivery assembly according to
another embodiment.
25 Figure 8 is a diagrammatic view of a delivery assembly according
to a further embodiment.
Figure 8 shows diagrammatically a portion of a tumor illustrating

principles of the invention.



respective enbodi ments. Figures 4A and 4B show portions of a delivery
needl e and an insertion needle in, respectively, an insertion position and
a delivery position. Figure 5 is a diagrammatic view of a delivery assenbly
according 20to an enbodi nent. Figure 6 shows a portion of a
needl e array, including a reservoir, Iccording to an enbodi nent.

Figure 7 shows elenents of a delivery assenbly according to anot her

enbodi ment. 25Figure 8 is a diagranmatic view of a delivery assenbly

according to a furt h%fq&éf%ci'% g‘?{% ram ofq ?ata prog es%lr% te?n ﬁP%m]g t? he

di agrammatically a portion o ustra |ng p nci ples o

I nventi on. aridmbodiment. Fi gure 10 Is a diagram of a data processing
system according to an enbodi nent. DETAI LED DESCRI PTI ON The present
invention is directed in certain enbodi nents as 5described herein to

devi ces andDE“qr]z\h_clt_cﬁDiE@rCng}n(y;qry of fluids to solid tissues, and in
particul ar enbodi ments, to solid tunors. The herein descri bed enbodi nent s

relate in par t to cethfw pmesant prvesiting lsamcbd’a@:i etmﬁ‘rtanreemboémﬂg?hs 2ed o
cavant 2es. e ABLTRERHD eI e ehe ot Mg b SR PLie,
These and and in particular embodiments, to solid tumors. The herein described
embodiments relate in part to certain surprising and heretofore unrecognized
advantages, disclosed in greater detail below, that derive from exquisite control
of the location, amount and time of fluid delivery fo solid tissue. These and
10 related embodiments feature the precise positioning of delivery needle outlet
aperiures, including positioning of spatially defined multiple-needle arrays
and/or of needles having multipie outlet apertures at defined locations, and
further including the use of fluidics configurations that provide extremely fine
control over fiuid delivery events. The invention provides improved accuracy
15 and versatility to screening therapeutic compounds such as anti-cancer agents
for use in treating solid tumors, and permits early exclusion 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 flow rates with low shear forces that
e%iminate 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
7 therapeutic agent to a solid tissue in vivoin a therapeuticalfy 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, probiéms (e.g.,
toxicity, detrimental side-effects, etc.) associated with administering excessively

high systemic concentrations in order o obtain a therapeutically effective



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 including the use of fluidics
configurations that provide extrenel y¢fine control over fluid delivery
events. The invention provides inproved accuracy l1l5and versatility to
screeni ng therapeutic conmpounds such as anti-cancer agents for use in

treati ng sotdrteniratiorsin satekidraolid sisesr e @xctarse by the presantbediegosaty program
or a therapeu%i&,re I men of candidate drugs to which tunor cells may be

resi stant. A B‘NQﬁ%y,'for exanpl e, certain enbodi ments contenpl ate direct

20dr ug del i very to a mahicHai, SSHSAmbOiE Bk AR A @usipsr T or ces

that elim nate or reduce mechanochem c amage to tissues while permtting
preci sel y tewfipledrugherampeiste druggeimagied agenty, pasittvedl mackefadadicaibtses. These

d rel ated di ment i t t d_sel ecti i f
her apell | coRERCY el pEU SpRmoRUEnS e lEk pLeRABIN Y 2t Fect i ve
amount ,  25WhéflrRdiibcdtisht RRng lrale Ax8sPos kORNMissub NELARGRNA sbifd WRdet ect abl e

outside the solid tissue or is present at |ess than a mniml dose. Hence,
probl ens ( efojowed sfiesiatdesirg@timenaisre!, ky ercisen etthe treated fissyesidl ated with
adm ni steri SSi . i ' trati i obtain a
e apeut | cATAETT BP0 U0k EleP SrrdR o r i Rl BB, udbER I le ore

over cone byeftibgcyohag e8! foy et dplepgerdcemioiisiatdrsompounds, nanopaididist | onal |y,
certain_enbodi nents contenplate direct delivery of nmultiple dru

candi ddfe dRIRASIURTHERS AiPtRgkFMaRoSiians thathramPRECKR FepOriE ROk wHiehs |
Sor ) cas) SoeRRE B AT AERRE S Lo BAUC B A ol
t unor, a vital dye (e.g., Trypan blue), a colorimetric pH indicator, a fluorescent
compound that may exhibit distinct fluorescence as a function of any of a
number of cellular physiological parameters (e.g., pH, intracellular Ca*" or other
15 physiclogically relevant ion concentration, mitochondrial membrane potential,
plasma membrane potential, etc., see Haugland, The Handbook: A Guide fo
Fluorescent Probes and Labeling Technologies (10" Ed.) 2005, Invitrogen
Corp., Carlsbad, CA), an enzyme substrate, a specific oligonucleoctide probe, a
reporter gene, or the like. Control compositions may be, for example, negative
20  controls that have been previously demonstrated to cause no statistically
significant alteration of physiological state, such as sham injection, saline,
DMSO or other vehicle or buffer control, inactive enantiomers, scrambied
peptides or nucleotides, etc.; 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 info a plurality of serial histological sections along parallel planes
that are substantially normal {e.g., perpendicular or deviating from
perpendicular by as much 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



followed, after a desired tine interval, by excision of the treated tissue
and evaluation or analysis of the tissue for effects of the treatnents.

I ndi cators of efficacy may be, for exanple, detectable indicator conmpounds,
nanoparticl es, l1lOnanostructures or other conpositions that conprise a
reporter nol ecul e which provides a ditectable signal indicating the
physi ol ogi cal status of a cell, such as a vital dye (e.g., Trypan blue), a
colorinmetric pHindicator, a fluorescent conpound that may exhibit distinct
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locatable source of a detectable signal, which may be a visible, opt'icai,
colorimetric, dye, enzymatic, GCMS tag, avidin, biotin, radiological (including
radioactive radiolabel and radio-opague), fluorescent or other detectable signal. -
A detectable marker thus may comprises a unique and readily
20  identifiable gas chromatography/mass spectrometry (GCMS) tag molecule.
Nurmerous 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 to 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
sample that is subsequently recovered from an injection region to be traced
back to its needle of origin for identification purposes. Examples of GCMS tags
include o, o,a-trifluorotoluene, a-methylstyrens, o-anisidine, any of a number of

30 distinct cocaine analogues or other GCMS tag compounds having readﬁy



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

Hi st ochem cal Methods: Theory and Practice, 2001 Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY; MA. Hayat (Ed.), Cancer I|naging -
10Vo/s. 1 and 2, 2007 Acadenic Press!? NY. |maging may be perfornmed before,
during or after dispenser needles are inserted into the solid tissue.

Posi tional markers are known and include, as non-limting exanples, netal
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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 treatment regimen.

The present invention provides compositions and methods that

are useful for the classification and/or stratification of a subject or patient

25 population, including for use in drug discovery and in pharmacogenomics. In
these and related enﬁbodiments, 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
to, or the potential efficacy of, a particular therapeutic treatment; related

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



10enbodi ments thus contenpl ate. nmet hods of sinultaneously conparing the
relative therapeutic efficacies and/or toxicities of a |arge nunber of
candi date therapeutic agents. Such applications may find uses in nethods of
drug screening and drug discovery, such as in preclinical animl nodels to
identify and functionally characteri®e potential new therapeutics. For

I nstance, a 15plurality of siRNAs may be adm nistered intratunorally and
their relative abilities to knock down expression of a desired target gene
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of established biomarker criteria, for example, at Phase [l. Accordingly it is
envisioned that through the practice of certain presently disclosed
embodiments, relevant information on the properties of a candidate agent may

15  be obtained earlier in a solid tumor oncology drug development program than
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 candidaie agent. |

20 For example, stratification of a patient population according to
levels of at least one indicator of aliered physiolegic 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 needles 112, a plurality of reservoirs 114, a plurality of
delivery actuators such as, in the present example, plungers 116, and a
controller 102. Each of the plurality of needles 112 is fixed in position relative to

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



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 ated enbodi nents are contenpl ated as usefully providi ng advant ages
associ ated with evaluation of candi dte 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
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delivered thereto can be used, for example, to screen potential therapeutic

agents for subsequent clinical trials or to make patient-specific treatment

decisions based on the relative efficacy of the therapeutic agents in the tissue

106.

25 According fo various embodiments, any number of needles can

be used. For example, as few as one, two, or three needles can be used, and

according to some embodiments, more than one thousand needles can be

used. According to an embodiment, each of the needles includes a plurality of

ports or apertures arranged along the length of the needle.



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
direction creates a positive pressure, or overpressure, in the respective
reservoirs 114, forcing 15the contents 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

delivered directly tquir§abRno Figiel pA-dm Senud Bnfi@irat®yal dakbarsand
anal ysis. 'In sone embodi ments, the anount of a therapeutic agent delivered
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15 of solids suspended therein, the density, permeability, and wettability of tissue
in which the needle is positioned, the degree of overpressure, the size of the
ports, efc.

Figure 2B shows a delivery needle 120b according to another

embodiment, in which ports 122 are largest near the tip-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 needle. Thus, while an
overpressure of fluid in the needle will be greatest at the right-most port 122,
that will also be the smallest port, and, conversely, while the overpressure will

- be lowest at the left-most port 122, that port will also be the largest. By

25  appropriate sizing of each of the ports 122, the needle 120b can be configured
to deliver a substantially equal volume of fluid at any given location along its
axis, or alternatively, the needie can be configured to deliver fluid 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.



wi |l be delivered in a progressively dimnishing volume along its length

toward the tip-end 124. The relative volune of fluid distributed from each
of the plurality of ports 122 along the needle 120a may be influenced by a
nunber of factors including, for exanple, viscosity of the fluid, the size
and concentration 150f solids suspendfed therein, the density, perneability,
and wettability of tissue in which the needle is positioned, the degree of
overpressure, the size of the ports, etc. Fi gure 2B shows a
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Figure 20 shows a delivery needle 120c accordi ng to an enbodi nent in which
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15 Turning to Figure 2D, a delivery needle 120d is shown according
to another embodiment. Ports 126 of the needle 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 confrol 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, including, for example, laser cutting,
waterjet cutting, chemical etching, mechanical drilling or grinding, etc.

The tip-ends 124 of the needles 120 are shown as being closed
and pointed. According to some research, “pencil point” needies, such as, for
example, Sprotte and Whitacre needles, may be less damaging to biological

30  tissue than bevel-tipped needles. Additionally, fluids injected into tissue using



port, but a lower volume of fluid per port will be offset toward the |eft
by the 10 progressively closer spacing of the ports. Thus, the overal
distribution of fluid along the length of the needl e 120c can be nade to be
substantially consistent by distributing the ports 122 as descri bed above,
or can be nmade to conformto another?ksel ected distribution profile by
appropriate selection of the distribution density of the ports along the
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pattern, with each port rotated 900 with respect to adjacent porfs. In the
enbodi nent fstrovine kissue arehabpeitfbemabby thel @dedie e Stioh nekidsratibnsearel ect r ode

Gepth' 20and IR AnGINe Plalie bl £ ha EaRpboalitn KL B0 Mol eReT S50d880r ¢ "
size, whil eyiNPbatih. ¢ sddiSosPivhiln S_NNESpSRKAREhEQid By £BEehes i #8ir -

di stribution density. Thus, ports 126 configured as shown in Figure 2D can
be di f f &r en@ntiieliss. seattheless phesgops ofithednvérdwnie nht lireitest lorssct 9oL gur es 2B

S5can be T ol by Pars HBAT sl Fark IReRPbeSrsen AR oSl o 1 acer
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grinding, etc. The ti g-ends 124 of the needles 120 are shown
as being clgstssdnipipiotpeswitinblewt-dprry pecderavhidspafermed spdistactonboi nt

needl es, such as, forg g AT\l {%ﬁ% | ess
damagi ng to bi ol ogi caﬁ'%?l)éshgﬁvg?ﬁg}# %%r\%e Elmtgggaﬁee es%A%W?lg ally,
f 1 ui ds10nj ecftathulartgodvessii®. ienteedh? 1 B@ Ch pasivetdetivalg” gevite,needl es tend
to remain in the ti%sau&rat her than | eaking fromthe ti ss%lre via a channel

formed by tHEAHBEANY. 2 BeaperlinsparlianPbrsivaFed W SYRPWHIABIR® detail in
U.S. Pat ent oQBRk§rR iriledi0is AR i %ﬁe%i%éu%instﬁéfgzé%%gg-#h C{fﬁéﬁm No.

5,848,996 - which are I ncorporated herein by re elr
5ent i r et i espastiecdalivehelype nebdles dmbeleo fortchanipheesedas with migro bitsrovesd t o
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performed satisfactorily.
charge, and is thén inserted into the target tissue. In the case of the needle

130 of Figure 3, the needie can be charged by being briefly dipped into the

agent. A porous needle will 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 needles, i.e., needles that actively force fluid into the surrounding
tissue. However, passive delivery needles such as those described above can
also be employed, according o the design parameters of a given application.

25 Figures 4A and 4B show a portion of an inserter needie 140 and a
portion of a delivery needle 120 similar o those described with reference to
Figures 2A-2D. In Figure 4A, the inserter needle 140 is positioned such that
the tip-end 124 of the delivery needle 120 exiends slightly beyond an end of the
inserter needle 140. In this configuration, the needle 120 and inserter needie

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



Figure 3 shows a solid-core delivery needle 130 having a plurality 100of
annul ar grooves 132. The needle 130 is a "passive delivery" device, neaning
that a therapeutic agent is not delivered under pressure froma reservoir
but instead is carried into the tissue in the grooves 132. O her passive
del i very-type needl es include, for e¥anple, needles with micro pits over
their surfaces, needles coated wth nanow re, and needl es nmade from porous
15materials. Such a needle is imrersed in a liquid agent for sufficient
time to changésl. 9ne dombimgnioiger hestle NRO ahbdndemicgatedleddl@ard n t he case of
the needl e 130 of Fi %ure 3,. the needl e can be char‘%gd,ﬁé t!:{eeig@ brigfly
di pped i nt conAguRgdanavashifrisaLstitess o prnetraty fhe skin withgyt 8RY, but
may requir I R, ki d i Bl fihel N pl ace
in the ti sgﬁg?é%réggﬁ%gfe@eg@g&gﬁ %Hj?éﬁglw? @%@?gﬁgﬁgré@ﬁﬁnﬁgaﬁﬁems are
primarily desatdrbeddler4dl covass heimgtsak? ofehel ebedlenOrmpddiressnts . e, needl es

that actively force fluid into . the surrqundin i.ssye. However, passive
del i very neSafaRNgliho @et‘%‘fﬁ?é‘t%%fs@?i“ﬁgagegﬁ’oﬂfg"{%%esigﬂ%%e'@é’ i oyed,

accor di gt hendRsiiee tifAhAMBUL $hOhedig ke HeRBRAEE 2 Wain 2EkbEUr es 4A and
4B show a portion of an inserter needle 140 and a portion of a delivery

needl e 120 distanteanf the talges tsslies thel ibeertatindedieet 40 isihedd inositgavgyle2A- 2D. I n

Figure 4A, .the.inserter nee 140 is ition . t. -end 124
of the del isg%e;r)t}orﬁgg eéw%gge @f@%ﬁ'@“???‘ﬁﬁ'ﬂ&?%&%@"@%'% i8?'tl?eﬁitééelﬁnserter
needl e 140.tgs0el The ieMidrodicRICOBf tHhAsAesHerdl2ieah harseletied soerdl e 30140
can be inserted through the skin of a subject, such as a gatl ent or test

23 nodéP. Thet berisiedis 1 Bhiseredy peutinedaeaHafithe Bpttel 2natutieandos are
configured 2Ry ALHECHE Mo I FiRGR%28 OIPRREKLP e hB5uIE 12D athteou!

bendi ng, and the Tapéred’ poin tip assists in

penet r at i onprofided Wibnaklishunt betdotisarandrsupped) andithe likektensl dfhe ports 122 of

the needl e 120 and prevents 5caontam nati on of the contents of the needl e by
non-tar get $aNéAYnatigngayPedvinplizeh. Wien the tip-end 124 of the needl e has

penet rat ed Lo W thin . SRl 1 ShAEREmbOimeAl Selyibhe BUSsitoRgaiimser ter

needl e 140 is held in posit e I1nsertion of the needle 120 conti nues

until 6 i stheconsester ngegledo stitherethei needeandppyent ¢afleciéan afivetisavedrsd on
di stance Ofdt}rﬂ% ii}ggﬁég.ebngg%% %s%#gr r(u:eaer(]ile.i,3 ?43 lesl peocsgt%%e u t%gstyiette' is
removed and the delivery needle 120 is inserted.
Figure 5 is a diagrammatic view of a delivery assembly 150
according to another embodiment. The delivery assembly 150 includes 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 substantiaiiy rigid structure to which other elements of the assembly
150 are coupled.
The needle array 152 comprises a piurality 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 178, having, in the illustrated
embodiment, a nominal diameter of .15 mm, extending substan’tiai!y {he entire

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



10t hat the needle 120 is correctly positioned once all of the ports 122 are
clear of the inserter needle, as shown in Figure 2B. In this way, the
needl e 120 can be provided with maxi mum protection and support, and the

| i kel i hood of contam nation can be m nimzed. According to an alternate
enbodi nent, a stylette is positioned? n 15the inserter needle to stiffen
the needl e and prevent collection of a tissue plug during insertion. Once
the inserter needle 140 is positioned, the stylette is renoved and the

delivery n ; S .1 0S: ' 14502, Al.agk i i~ew of a
dol 1 very acoeniapt 17807 2l BgeR A ana ShaWE ena' 7050 QBB iglR e ry
assenbl y 156werntcé sdemde2Dne@&dre atip-apd 132 at the semedteed BOsdrtbéy 154, an

actuat or assenply 156, driver assenbly 158, a contr assenbly 160, and a
e 62 FHETe udoh i8b. oinibe Gab ol TaRHr AR 1 PRI 8t B REERR e & o which
ot her el engfyjs. of the assenbly 150 are coupled. The needle array 152

conprises a plurality of needle cylinders 25166 and a needl e bl ock 168. In
t he enbddi nent shown Eachalefiesssineetlecid id 88fingd byraaduralitywif phris A1@2f r ane 162.

Each of the,plurali f | | | 166, ,_at,a first end
o Tn o rRHiEe Al RRER, o lebBh R 2atf crlie SRR 0oRHIES ¢ bi ock 168,
and conpri sgfinders UBankb/&. thd PadpRetivd Reddids 120 UatdPdRerandasiihgent, a nomi nal

di aneter of .15 nm extending substantially the entire 30l ength of the
needl e cyl i¢iHleedimest. Re %b@m@e@ylaaﬁuéleedl@ezyi!mru%sépng,@n%he@s*e& voir 178

second. and TBoVAIE arcfbl G bR EbGimdtnl BECherté fulefh 4B4-RH B ¢ °
cylindeg 166anH0 chj®etnbes Branans howhm, ahbestdhpriend dddrdspetiadyed to a

point. Likewise, according to various embodiments, each of the piurality of delivery
needles 120, defined by the portion of the respective needle cylinder 166 along
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 piuraiity of inserter
needles 140 coupled fo an inserter block 192 in respective inserter apertures
190 extending therein in a configuration that corresponds to the arrangement of
the needie cylinders 166 in the needle block 168, such that each of the plurality
of needle cylinders 166 can be positioned within a respective one of the
20 plurality of inserter needles 140 as shown in Figure 5. The inserter assembly
154 is axially slidable over the needle cylinders 166 between a first position, in
which only the tip-ends 124 of each of the needle cylinders 166 extend from
respectiv_e ones of the plurality of inserter needies 140, to 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 to
be positioned between the inserter block 182 and the needie block 168, sized
such that when the inserter block and the needie block are both engaged with

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



Each delivery needle 120 is defined by a plurality of ports 122 distributed
along its length. The I ength of each of the plurality of needle cylinders
166 and of the respective needles 120 varies according to the enbodi nent.

I n one enbodi ment, each needle cylinder 166 is |onger than 15 cm while
according to other enbodiments the n¥edl e cylinders are each | onger 10than
10 cm between 5 cmand 10 cm and as short as 2 cm respectively.

Li kewi se, according to various enbodi nents, each of the plurality of

del i very neggtespdafts refdmeatt dfyhd ineemarttioakn I anchtherresdirbipoie 16@8edl e

cylinder 166 al ong which the ports 122 are spaced, | 0 r than,1 cm
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|'ock 19 I NSE

inserter bl'o I'nrespective inserter apertures 190 extendi ng therein
in a configuration tfat actratesassedblyt 068 temprsesrrypiuaity of plungeraeal e

cylinders 166 |n the needl e bl ocgk , such that h of t urality of
needl e eyl i%’é’}e_éj altg%s%egﬁv%grséggﬁi% ?éggﬁaﬁwﬁgﬁcis%@ﬁé%?icggﬁiur@o t he
20pl ur al i t yingf cdrRSBHhES t@RHrkhobMenSt thEPeBdicyiih@bs e 68.andltRe i nser ter
assenbly 154 1s axially slidabl & over the needle cylinders 166 between a

first positinserferineedisisciOoniop thale seqondiedd 2084p0fsach 8¢ fheoplutaity ¢eed! e

cylinders 166 ext fromrespectivg.ones J I i . j rter
needl es 1407 u@%erg(i@ﬂézgﬂ ep%ossi?t{)q“gﬁ,mﬁ"r'{] %%irg%rtvélgg-srggg%ggéeﬁn%gg%ghgéf each of
the needl e gylhndRy S #kSnsadie BimderPTBERSE BRowes paQ-ring 2i 0deptosidedetdl e 140
a distance sufficient to clear all of the gorts 122 of the respective

del i vell§ netbalsecarxbend 208 of each of thaplusplity g§Plupaars 20R8ResEngly €898 icer i s

provi ded, canfi - ROSI Oﬁﬁ’d f ' nEBLydy ock 192 and
t he needl e %Fc\ﬁ’:%tglfg@? P%pggﬁ&s@bﬂént at ﬁﬁeﬁﬁg ?%}ségﬁ?gr glaock and the
needl e bl octorapseRcinactngaged2 sbiified 0t hreastpatebjodkhid 4, whimhtieturblivck i s
mai ntai ned in the ermts

nmovenent of MgiAY @Hg'{ébﬁéﬁgggbgbgg@ﬁsgﬁg ':ﬁ‘etgfﬁgtgg%eoémﬁg%ts %%’g‘%’( elative to
posi 1 o, 317 T oS e e e 1 58 ompr | ses
a pl ur dbi t y224, apdunsindle 228 Sobuwslard waell knowpdn thevartf The PasRta2DR4 to b
pl unger bl Oﬁgl}(ld!%%%uiplgda}o %»?é‘ %Lz%lérfaézi ﬁlfrxltie the spindle 228 is rotatably coupled to the
actuator block 568 so as to control translational movement of the actuator biock
relative to the frame 162. The micrometer device 568 is calibrated in .01mm
increments, with a spindle fravel of .5mm per rotation of the thimble 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
needle cylinder 166 and displaces about .0001 cm?® of volume, or .1 nL per
revolution. Thus, given a maximum stroke of 15 mm, the maximum dispensing
capacity of each of the plurality of needles 120 is about 3 nL.
25 The driver assembly 158 comprises a étepper motor 230 such as
is well known in the art, and that includes a motor 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 rotationalty locked therewith, such as via a spline coupling, for



that corresponds to the arrangenent of the needle cylinders 166 and the
inserter needl es 140 such that a second end 208 of each of the plurality of
pl ungers 200 can be positioned within the reservoir 178 of a respective one
‘of the plurality of the needle cylinders 166 as showmn. An O-ring 210 is
provided at 10t he second end 208 of &ach of the plurality of plungers 200
to sealingly engage the wall of the respective |unen 176. The act uat or
assenbly 156 al so conprises an actuator 212 coupled to an actuator block

214, whi ch dJanigis NAESorlin l)ﬂlﬁ{aﬁ&#é‘i"fcﬁge?r@mtﬂ% R&UPERA 9&@ d&%ﬁq.ﬁé@ the

enbodi ment shown, the acguat or onprises a mcroneter device 220 havi ng
a thinble 222he Hitbhleras?2, meaxiwmﬂ)vam&pt ofthe tRigdls isctotdisiteddywbé | known in
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m cronmeter device 568 is calibrated in .0lmmincrefents, with a spindle
travel of ./otatopéntori@bsiensn Bius, Bach icrashentabotationabstepwhitiematos£8Bke of 15
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166 and di spigaces about . 0001 crrB of vol unme, or .1 nL per revolution. Thus,
gi ven a maxi num stroke of 15 he maxi mum di spensi ng capacity of each of
the plurality of neea’h%omvgﬁe@saﬁ@aty w%ncluggsﬁ@omrp%r?-%ww y 158

conpri ses kPRSI @éﬂ%%i%nﬁ %bg@ﬁqéhéqn%% 4116%%9’% égg E%tcﬂ'@@o and that

i ncl udes a notor casing cou 0 a rotor of the
nmot or 2830, %rgdaleﬁchmon&b&ngm?ﬁrecmhpasd aire dejree bﬁMtJd!betth@n‘ﬁﬁdir shhfte not or
casi ng 2320%%! |d| led to the frame 162, and the notor shaft 234 is

slidably c dt Fehrthe contollsr 244 ko Fhecf‘r%%%fém*&é@?%aébsas whi l e
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di vi dewac hthe delivery needles 120 by selecting the speed of rotation, and a volume of

fluid delivered by selecting the number of partial and complete rotations of the

rotor. According to ancther embodiment, the controller is 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 compartments in an arrangement that corresponds to 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 defivery
assembly 150 of Figure 5 is positioned with the needle cylinders pointing
downward as shown in the drawing, and the spindle 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 controlied



Srotation into 125 steps. Thus, each increnental rotational step of the
not or 230 rotates the thinble about 3, displacing a volune of about .8 pL
per reservoir 178. The controller assenbly 160 includes a
controller 240 and a control cable 242 that extends fromthe controller to
the stepper notor 230. 10Signals for2%controlling direction, speed, and
degree of rotation of the notor shaft 234 are transmtted fromthe
controller 240 to the stepper nmotor 230 via the control cable 242 in a
manner t hattoirstaieln thk neverse dirédtienf tedvdng thevdriindie 288 inwart ang bdlingribe
According tqg an en‘ﬁgdi ment,_the controller is |Ero{ar amabl| §1 A _user can
progr am t he?'eReR™® sUP &PWaE- c biie i urg CrgRiesia SRoakYs KERSHTE" 1% BEFd°F Y om 15t he
delivery n i | | tdyRderdnge aia@kume of
fluid deli \e/@;ge 6&@%??@%@%&”@%‘%@3@?@32?t”?gfj@amonm ete rotations
of the rotoneedieporslii2d) YWhearibe hesereitsoatiesefficientiishawedr mitatan ofsheranual | y

operated, such .tha user controls ate .and di.rectio . tion of the
moror 580 | rdanatedatt Kool gy 2 B EhawB ik thafiind BeLe " an

control l er assenbl i esn afder 2088Nvek @b crltfe, aadédRInG RNGricvbmbbditietit daichvery by
manual Iy rotating the thinble 222 of the actuator assenbl yp212.

Char gi ng t hef the seedisioyknders 1660t e Reasimpray had is pPSEiongRYa R 83PSAEYS. For
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assenbll§ 15vibstantiafyipe desaibsgwith Giranss nFigHe ‘?’éeﬁip‘g dgtj‘f%s")'ﬁag?eé“ i nting
o e A el B, O o BRcA e UL RLE b st o 212
30i mer sed amd trhesiéfedizotimily so tiha the Siperids wé theupsediEht2hperatragsthel s t hen
controlled subject’s skin. Axial translation of the delivery assembly 150 continues until the
tip-ends 124 of the needle cylinders 166 have penetrated to within a selected
15 distance of the target tissue region. The inserter assembly 154 is then held in
position while the frame 162 and the elements coupled thereto continue to
move axially, such that the needles 120 extend into the target tissue 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 fo rotate the thimble 222 in
the forward direction so as to cause the spindle 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 fluid into the surrounding tissue. According to the
embodiment described with reference to Figure 5, the s‘tepper motor 230 can

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



27 to rotate in the reverse direction, drawing the spindle 228 i nward and
pul l'ing the plungers 200 upward. This in turn creates a negative pressure
in the reservoirs 178 relative to anbient, drawing the fluids into the
needl e cylinders 166 via the needle ports 122. \Wen the reservoirs are
sufficiently charged, rotation of th# 5rotor is halted and the needl e array
152 is withdrawn fromthe chargi ng vessel. In order to deliver
t he charge, according to one enbodi nent, each of the needle cylinders 166
of the needjs | bhi QS 1PRRES Sud cd@bnser ter
needl es 14gh§?ﬁﬁE@gF%gépf§$R%§2@%b y f@%”g%gtﬁﬁﬁ tﬁgﬁ%ﬁg-énds 178 of the
needl es 120mpnptowde fromthe inserter needl es 140, 10substantially as
described with reference to Figure 4A. The deliver ssenbl 50 is then
bosi 11 oned" 1 n axi al SIOGRASHOWSA ROHoD & gaperieal i 2 AGRTIN B subj ect - and
transl ated giRdd @g@@@ﬁf, /}Bsafohnsff%ﬁeg@% chiRBeNeEssashoh0t rrate the

subj ect's skin. Ax ransl ation o €l ivery assenbly 150 continues
until the twith emdstictoef ofieadiebinele@62. dykifindand 106 flibe sep@insvingdesd t o

within a se]ected 15di stance of t target tis reqgien. . The inserter
assenbl y 15446%{:‘5 QDHQF?SHBI&‘ It PAsY] ?5%9?9\9%?%&‘3@?&&9&%@@2'%&% e ﬁéﬁel ement s
coupl ed t hesigélo282NThE Bkt @GrePBEaNAULHES {rﬁé,ﬁrﬁﬁfdmémam,tén&dneedt@seﬂt%o ext end
into the target tissue region. Wien the needles 120 are correctly

posi t i oned, neasiie adindent 68, raddesecpedypariere 2Bt havisg anpdngigpsastdigmgtarne frame

162 is hel d.i i T4 rel ati . i ) motor 230 i s
t hen contrglpltg?i%?rgoordgﬁ%ﬁtés'%f)ﬁé' ﬁﬁ%ﬁ%@é@fé%ﬁcﬁgaPSE&&%@F&%,{I on so as to
cause tibe sqibfidie 228 ttn. €Xhe Bebordr poring 268 Eeftasng arsen2ZBGhanisdn flbid needl e

cylinders 166 and creating an overpressure in the resgfc{i ve resgé{ioi rs
178, t her eb§Pr@URicatCR with %\er renfile R¥indes dphoiThe seeonthend gt 3 eungrs

_ ! _ regi on
via the porisotiongl il fie skebhd BorioReR8, fin tA-riRg ek aliglf @fgageder f or med
in a few seconds, or 1t can be extended over m nttes or hours under a

relatively thewiover pressure to pronote conpl ete absorption of the fluid
into the surrounding tissue. Accordjng.to the enmbodi nent scribed with
reference to Figure 30 WHaTAEHRNE 4‘?68@?“2‘5%@" E%ﬁr geé%ﬂ}ercgeﬁllvgrc}' to rotate
the rotgr fasden@flPugh of PigtRPs aRs sbBEnPLHABLESCHEGNE PRirkRY bf plfigde MM i n

| ess than one second, or “sl ow enough that a single rotation can take many
hour s. 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 plurality of plungers 200 within the lumen 176 of a respective needie
cylinder 166 displaces a volume equal to a transverse cross-sectional area of
20  the lumen, 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 to the diameter of the lumen 176, axial movement of the plunger 260
displaces a volume that is greater than the volume displaced by a pi_unger 200
of Figure 5 by a factor of 25, for a given distance of travel. Conversely, to
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



Figure 6 shows a portion of a needle array 250 accordi ng to anot her

enbodi nent. A portion of a needle cylinder 166 is shown, together 5 with a
portion of a needle block 252. The first end 170 of the needle cylinder 166
is coupled to a first portion 254 of an aperture 256 extending in the
needl e bl ock 252. The aperture 256 i#cludes the first portion 254, sized to
receive the needle cylinder 166, and a second portion 258 having an

i ncreased dianeter. In the enbodi rent shown, the diameter of the second
portion 258&@@SqaamﬁﬁsdfaﬂmﬁGWagweniﬁnmmrsﬁbbekf@ﬁn@pﬁoﬁﬁnénmaﬁs defines a

t hat fl 3t th | linder 166. Th
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reference to t y 1l5assenbl Figure 5, the second end of
each of thewqﬂ!au:.rMmm;roﬁzqslwmsaleﬂedmap@zmmda@dsar’ﬂ\ctéafr espective one of
the needle cylinders 166, and the reservoirs 178 are conprised by the '
needl e 2yl irﬁé%f’%meﬁ{ﬁus axi al nmovenent of one of the plurality of plungers

200 within the | U”E”Tllﬁﬁné)ﬁo@ th ERRRE I YRS bea aplivongassckiifly d7splaces a
vol une equal to a transverse cross-sectional area of 20the |umen,
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pl unger 200 of Figure 5 b% a factor of 25, for I(P; %{1 dj stance of travel.
Conver 48| y,a&S@ﬁmt%ﬁﬂ lgpat &ﬁ“@(ﬁ‘&ﬁ]b%lﬁﬁ?é é‘f‘dtsﬁ%m RASE: 178, a pl unger

200 of Figure S Mt [@Ye] uZ cHldIRSa BBuRS offeddiés @ sGesq @90 1 0 the

second portion 258 of aperture Iven otherw se identical
el ements, tharticiahi mwdtaesamﬂ)t@ied@@h@baﬁ' cgiar eeédtewhmtﬁmﬂéﬁmiafac@ur ately

t del f [l t d bl
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of fluid for | unger stroke length; up to 75 nL over a stroke of 15
mm vs. 18 nLrehoa‘elohty aea:hmeﬁlnnmbewffn@ctﬁ& sush agongde five for p@mRe s given are

EXEPL2rY, 85 P S St o R For e iRl o 200 =
cylinders 166 can be of varying lengths and configurations. The user selects
the arrangement of the needle cylinders 166 in the needie block 272, and their
respective lengths and configurations, at least in part according to factors such

20  asthe size, shape, and position 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 target tissue, etc.

The needle cylinders 166 can be affixed in the apertures 274 by
any appropriate means, including, for example, soldering, brazing, and by

25  adhesive. Alternatively, the needle cylinders 166 can be sized and configured
to 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 needle cylinder into a respective aperture, tip-end first, then pulls
the needle cylinder into the aperture from the other side of the needle block

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



5requi renents. Turning now to Figure 7, elenents of a delivery
assenbly 270 are shown accordi ng to another enbodi nent. A needle block 272
includes a large plurality of needl e apertures 274 extendi ng therethrough,
arranged in a closely spaced array. Needle cylinders 166 are provided
separately, in various 10assortnents3%f |engths and nunbers, sizes, and
spaci ngs of ports. _ In use, a user selects a nunber of needles
to be used for a particular procedure, and selects the particul ar needl e

cylinders 1Lf R %Zﬁ%hp 8’ ' fied & int
apertures 27%“06? bﬁﬁgr}%‘ge e %Ptggﬁ’,ﬁ@ﬁp% bgﬁegﬁr}g%a?rei%t t %at irs Sel faa?/%ed for
t he parti cuoarespondieglty the dihey ofseredremgpetbres) of the neetile Hodnalhe usarber of

needl es, such, as one tao five, for ex le,. or may require hundreds or
thousands dFodBHPETs 20 HEPABTE, "R S re0Ren HU P Pess s, be of
varying | englifgeraN@sGonbperdfich inoNdelivEREastRhibly 8nfkk fo iNaedasdrmrasient of "the
needl e cylinders 166 in the needle block 272,  and their respective |engths
and conbi guefarensesio RgutedasPravitegahe maibot usedia atachdbe nsedlasiindags as t he

si ze, shape nd,position of a target Lissu Lon in L.ect)s body,
The dest rod & B ARE e M adn BRER 2770y Be UG on. i ne
per_rreabi I i tigr Qiffetdie phatic@ieted. | Ssue, etc. The. needl e cyli nders 166 can be
affixed in the apertures 274 by appropriate nmeans, including, for

exanpl e, sol deri ng, Hmzria@giée%iﬂ@aggwmwﬁeéreN%@%ﬁi%iw, the needl e
e N ) A ;
Chtert o onchipBfh. DERhARERE, SRTHATHEER il 1 g thelufe 388y 20,

cylindet hasboat fimaetdpemal Agcordicy easthedr ombedintdrasiehe heedlb®lockarandseops each

needl e cylinder into a respective aperture, ti E-end first, then pulls the
needl e cyl | HYAPRrARIRLE SBapp ARE §iZ8: FPOAs HBalbahd O < WOUBLRRECKHSEI e bl ock

30unti |t head b o £fh drSmbid Y aRehsllahBBaARGYd HhPnupBl ynger i ock
oC ed, wt

and an 30 Inserter are al so provi respective pluralities of
aper t-ur es i apaaiures; Sroow taresfewdr trgsaveral o usandy Aotordgedioevasipes t ures of the
needl e bl chmbgfg}r%elrj}?s?rthe needie block is provided, for example, with 200, 400, and
15 800 apertures. The large number of apertures provides significant freedom to a
user to control spacing between needies as well as the particular pattern 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
example, rectangular and quincunx. The needie cylinders shown are about 5
20 cmin 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 needles.
Referring now to Figure 8, a delivery assembly 300 is shown,
according to another embodiment. The delivery assembly 300 includes a
plurality of needle cylinders 302 comprising respective reservoirs 178 and

30  needles 120. Fluid couplings 312 place the needle cylinders 302 in fluid



| oads plungers 200 and inserter needles 140 concurrently wth the needle
cylinders 166 for operation in a delivery assenbly simlar to that
described with 5reference to Figure 5. Provided the nethod used to attach
the needle cylinders 166 in place can be reversed, the needl e block 272 can
be reused repeatedly for different p#ocedures. _ The needl e bl ock
272 shown in Figure 7 is about 5 cmin dianmeter, 1 cmin thickness, and has
approximately 1,600 apertures, spaced 10about 1 mm apart. According to

ot her enbodigmmntsicatidrewhie adhanihldsts. caflukiepranyurapouoge 368 enchdpiel and si ze,

fromas small as 1 or 2 centineters across to as Iar%e as, t&n or nore
cent i met er sVasEHBLEOUrGH 0% 5AN RAGELE RIRCRH i EYId SONMUBUNERHOENV Nem ten or fewer
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of apertures provi deécsogind iocthaenfocgederhd§ Figure Setha meadimcylobdesspaci ng
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bl ock 292 igé?s?ﬁ?vﬁ?t y ?%Wﬁﬁ%%gﬁh a%}qtge%lgapggarbge H}Sjé\f’?lﬂﬁl&se;mﬁiﬂ%eigpert ur es
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rectangul ar and qui ncunx.” The needl'e cylinders shown are about 5 20cmin
| engt h, but plating theodeliveryreeedigs 2@ inpa aglpcted fluid, e.g., a thergprutigeaagenkbely

actuators of previoqus enbodi ments ve bee SCI i 2rs. However,
any suitabl rgsg%ct: wgﬁﬁ?raggHt?cb%gﬂg,e@c{]%e?lgﬁf ¥a&u(a§1n§%d§§§ﬂs[&§?&i ﬁgg)g({oeuti c agent
delivered fgmRmuibRaliGs®Rith Bhd fahdle, dlagimee dbgativeosresyaamito thd | ui d pressure
such as by conpressed air or pressurize Ii&ui dcan 25be used _to control an

anount 187 t Issea/pbsand diguing tae posririeig the naedlesi dhessebingnagstians thassue vi a
the reservoj i . L0 i : a
delivery asé%%g%%%etﬂé?%ﬁgms,sugc{%%i%i %@ﬁgxgﬁggm&%g%ﬁhgﬁﬁnﬁﬁe

del i very assenhlpredifized clothesfivid filout tiei reyerobirnebeheh afthe ndedls 302

conprising respective reservoirs 178 and 3Qnegd;, es 1ZOd| Fl Wlhdl Gou |ings 312
pl ace t he nedBPRsC\AG Yiaseratp 1m0k hgirgspective delivery needles. WWhile Figure

8 shows a simple fluid circuit, it will be understood that in practice such a circuit

156 could include any of valves, pressure regulator, peristaltic pump, microfiuidic
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 tissue 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
injecting the varicus agents in vivo then waiﬁng 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 iocation along their length, as described above with

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



31 communication with a manifold 304. A fluid pressure source 306 and a
fluid vacuum source 308 can each be placed in fluid communication with the
mani fol d 304 by operation of a valve 310. According to the enbodi nent of
Figure 8, the needle cylinders 5302 are not fixed wi-th respect to each

ot her, but can be individually enplated, in a target tissue region, for
exanpl e. The reservoirs are first charged, by placing the delivery needles
120 in a selected fluid, e.g., a therapeutic agent or respective

therapeut i %\%ﬂmiﬁrit&ﬂt@dt’r&‘%é éwﬁnwéwﬁg%@e@b@?%é &b whiehdhe
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m croenvi ronnent an st1 ngu es this nmethod from current €x vivo or in
vi tro ther apeels. oscoewdihgién saome mettoiitsentdsartisage régien ishoageddisg used are

B O o B 3 BP0 o e SPL s o S B BB 91T o
2B- 2D, 15he gaRehel8k:Y Fhededin @8 Hb@imddirl repesicas Before and after delivery
of the plurality of agents fo 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 needies of a
needle array after the portion of tissue is resected.

20 Referring now to 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
regiéns of permeation of the respective agents, and extend perpendicular fo the

25 planes of the sections 322.

Many of the regions 324 may not be easily detectable to a user,
so generally 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, alighing the indicated marker positions of the template with the



32 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 axis to a greater or |esser degree, depending on factors such as,
for exanple, the 5density of the surfdounding 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 djpgrabte mabiEby nepkersTslgbapeth ofeggions secion 322, Wherkby lneatirgpect i ve
delivery axes. According to variqus Snbodinﬁnts, a ggg?og %% tissue is left
in 10pl ace therersapngsalivery regiops Pe4hdNEmOSHNARAFESetd @d 221 AL R8 il e,

48- 72 hour %ﬁﬂo'n%sg%{‘g@%tg ﬁéﬁéc&%lé ngg‘mlér't gaﬁ&]sg@[é@ﬁﬁb,lyypogm‘ohl cient for a
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resect ed. ﬂﬁﬂé)gea(rj"relrﬁbe 'HW‘%PEC&E}P%&%?{“XS égorvt‘cl}eg%n g‘?é%étt%%ée @50 i s shown,
foll ow ng adbditRi thelepREedure and subsequent resection. The tunor 320
has been sectioned into a plurality of slices 322 along planes that lie

subst at®i al |y nor mal In additien Hepesitarymaxess, coplraiossimpay AR §8/810NY egi ons
324 define the regi.ol f r i - [ t ext end
per pendi cultg?%\ggﬁ%ﬂg’%g?(él gﬁggqgﬁbﬁg %@gﬁi?%ﬁéﬂg(gg% cBfpREE S éjbs%gg?/ of the
regi ons 324uswlyaswielicie¢astieys dethecdgaintss ahd acpasitve, controgeamecaprisead | east
two readily detectable position nmarkers 324a,. 32.4 re ng .t he agents
i nj ected, atoMPYEIhOfSaRsd PhEbET T%‘?%é‘?;“’?@@ ¥ “@g%ai‘%g%r g?)ﬁ’?fyay a
tenpl ate ongwhi ch the [ocations of each of the delivery axes is 30marked,
aligning the I ndicated marker positions of the tenplate with the

15 Foliowing 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 to evaluating the efficacy of a given agent
on the tumor, the efficacy of agents 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 324¢ at section 322a, for
example, with its effect in the same region 324c at sections 322b and 322c¢, the
effect of that agent on different tissue compositions that may occur vertically

25  can be differentiated. Similarly, the same agent can be delivered 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, biclogical 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



33 detectable position markers 324a, 324b of a given section 322, thereby

| ocating the renmaining delivery regions 324. The position markers 324a,
324b can be any conposition that is detectable by a user. Various exenplary
position nmarkers are described in detail elsewhere in this disclosure.
According to an 5enbodi nent, the posftion markers are selected to resist
pernmeation and diffusion into the surrounding tissue and to remain
concentrated in a narrow colum, as shown for exanple at 324a, so as to be

det ect abl & JiAkr RS XERAEMRLIRAVE LN B dubh eRdrOMPEAEATUER beand t O
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nor o n i 5. tAarng i s e et sokbiserig i e ETp R eaal Ao e o' gent on
the tunor, tRpe@tivieideicaryQbgiagenlsiad. various delivery regions 324 can be
20eval uat ed and conpared. Additi onal I)L the effect of a given agent on

various parts of the AsfiBrussas imthedvaskaeusd sestimolBisidisdpsye siigical
hori zont al | y; ' t f. ; Qﬁé}ﬁc ' lLivery region 324c
at section '55’5?5 r?%ﬁr&gi‘%lgrr%ﬁetﬁgﬁﬁ%ﬁﬁ%rgé?f}g%lg in '? hgvgéﬂg ﬂFﬁéeSi on 324c at
secti ons 322dmsantn@2Rds thekdoef eeg impdrtdritad efigeivelyanrebif foegeattsthaisue
conpositions that maé occur vert_%caal I%; 25can be differentiated. Simlarly,

t

the same agéhte ©aivel wleale]eplentiaassRAryBNGRIOCGRS §5 ARREOIPn AYRBISar ray,
ect i on 3220 B g BB L S T on. A
is well knoagents. Ome sardgniry metwiddalolvésplaeingsachcahgidhieraggeheodis over even
relatively Perg%lelctivo(lei ét?irflj?s SWiti*'tA‘a%irc\)/\Strr]x r%ggi%n, %%Qﬁcer}gﬁ/se tumor is reduced o 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 only 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 vitro under
any circumstances. Screening tests like that described are therefore ineffective
with these. In some cases it is not known that a particular strain falis 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 time 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



30substantially no effect on some tissue structures of a tunor, but m ght,
on the 34 other 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 evaluated is the effect of multiple
agents in regions where they interact3within the tissue. Delivery 5

regi ons 324e and 324f are spaced nore closely together than the others,
resulting in the respective agents interacting in a region 324ef where the
respecti ve a@bevarseepiige tnsorow @agbats.that would have no Affedi aretiessang siraine
background section of this disclgsure, clJinical trials Eﬁ%bcancFé rel ated
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Petri dPsh RGH*REGF8% h medi um A cancerous tunor is reduced to a
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nonvi abl e oglirsih@iforfofl dovee agditeeiat nfight dieeewshauchecasnd aftéctioé a bl ood
supply, etc., and fail to growin vitro under any circunstances. Screening
tests MPke hREpPeYESEPYMNSd are therefore ineffective with these. In sone

Cee ot B8 S U lshadol 3 Sty coory pri o
25consumi ngeurestt ek Siviorurom elfrosiryieecatisd thrher talistare saparatediigorsdbsinged for an
microenvironment, e.g., surrounding non-cancerous cells, blood, hormones,
paracrine factors, oxygen tension, celi-cell communications, and host immune
15 functions, all of which may influence whether certain therapeutic agenté 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.
It is also known to inject a test agent into a tumor prior to-
resection from a subject, for subsequent examination. However, in such tesis 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 allow it to grow to a practical size, which makes extensive early
screening by this method impractical.
Finally, even where general efficacy of an agent in treating a
particular cancer type, subtype, variant, strain or the like has been

30  demonsirated, it is not uncommon for the cancer of a particular patient to be



alternative test. lithe tunor is of a rare strain, it may be sone tine

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 tunor, 30which

conpl etely destroys any structural d¥fferentiation, and may render the
cancer susceptible to sone agents that would have no effect on the sane
strain in vivo, resulting in a false positive, even though such agents
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to accurately position an agent in tissue in vivo, especially with respect to other
agents, and the inability o later identify the locations of agents in tissue,
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 fluid that is delivered
by each delivery needle can be vanishingly small, much less than would be a
minimal dose required to 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
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

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

trea}t&d t herapeutically. It is also known to
6%a tunor prior to resection froma subject, for



single agent is typically injected, so they are not feasible for early
screening, but are usually reserved for agents that have already
denonstrated significant 25potential. Even in aninmal nodels, it is
expensive and tine consumng to induce a tunor and allowit to growto a
practical size, which nmakes extensiv¥ early screening by this nethod

| npractical . Finally, even where general efficacy of an agent
in treating a particular cancer type, subtype, variant, strain or the |ike
has been 3Cderpinsheaipedtically dffecivet quamtitesrofhé orciddmee chfaler paditivespar ti cul ar
patient to be 36 wholly unresponsive to the agent. The patient is thus
exposed t o dNdalserEgatives e SondiceeEBRTSIC®dnd toxicity of the treatment - not

to mention the cost Se%ﬁf[q}é%atﬁéegml%}i&%ér bdrs of\@gSfts cARGRUSEe the
e

agent's ineffectiveness may no nown for a |ong period while the

treat ment idelivergditog, tutrioe withpatr gignificant tengsrHpftihe sebiactditfs eneevral {1 eat ment

t hat m ght have been conpl et el successful .ma e, | ost . ; VWhere a
simlar?i di‘&?ﬁﬁ@ P&?qeéufegg)p%‘g%ﬁa@ﬁ nw‘géﬁrstq{éslaégga'ge ES garilynmath%ubj ect of a
drug study,tcbfi®) proesdd Sefiagstinfhatihy Aok Bt Skewesh lekst mremist, flaggingi t s
typically necessary to resort to larger test groups to mninmze the

10st at i st i che moghanmisingragentsios adiitignaltstiety, supfiedizing eandidateior her

i ncr eases tfhﬁ co§t of such studi es. The i nventors have

recogni zed PHAFT $HY i nability in the known art to accurately position an

agent in tissue in ViTnad, sgRedkedlse ofithdargs pesbet of ajents thageart be and t he
inability to later identify the | ocations of agents in ti 5 prevent

more e ensdsliversddoreiatarcpapniial stusly suRiegts/ean b eerepae }C’Ié_r?iégﬂeqnﬁ@ se, that
It L e?ggg ggﬁ#gﬁ%%af%%nﬁszggq@&% &V Eftninslif i RberRf REhjebS With T esearch and
idiosyncratic responses.
Fourth, when employed in a.therapeutic setting, a patient can be
tested for response fo a large number of treatments and the most promising
15  can be identified early in the process, thereby reducing the number of patients
who undergo ineffective treatments and improving the likeflihood 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 parailel axes to a region of solid
20  tissue, substantially as described above. The region of solid tissue is
| subsequently resected from a subject and an effect of each of the plurality of
agents on the solid tissue is evaluated. Based on the evaluation, one or more
| of the plurality of agents are prioritized for further investigation.
According to alternate emboediments, one or more of the pluraiity
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 therapeutic benefits are delivered, in vivo, along mutuaily
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



It has been noted above that the volunme of fluid that is delivered by each
delivery needle can be vanishingly small, nuch | ess than would be a
20m ni mal dose required to produce a detectable effect in an adult.
Dependi ng on the agent, the effect nmay neverthel ess be detected on the very
smal | region inmedi ately surroundi ng®® he delivery site. Accordingly,

candi date effective agents can be injected into a tunor, for exanple, in
situ, without danger of harm ng the subject. Additionally, a significant

number of %igfg c?rﬂﬁwe%ﬂ&ttés&@% RRRBtS. ”B'ééé?ﬁ@r?ﬂ%' é’vaﬂf‘dt ¥ebedot RoFespect i ve

delivery a roce ures described above
can be errplcxﬁfdmjpiu:alltse:sfcﬂgeeztaampmmzm fctrmmrppethﬂcﬁmtmedtuﬁthélscbje’ot es that

contribute to t co of , devel opi n ffe e cancer therapies.
For exanpl ¢'°8 %ﬁj?est{ %é}@ﬁ’ﬁ?cﬁé?@még%? Qr&oégag iqrgﬁtyeﬁagmtg A% he tunor
IS not ot heyepdced oH dseldRest fRMkraPelticretidinBALsf AE sh@;e@ﬁ%ﬂsé’eﬂ@mhé’\ﬂ Il tend
to be indicative of its reaction if exposed to that 37 agent in

t her apelit i cyRluatief f ective quant ities. The incidence of false positives and

ol atively | arge nunbereds Bamie e hmena ourally o B R et 8 Thou

signifi Cantcuﬁ@ﬁgﬁﬁntﬂ@ sht&t@umref&,thérapétﬁxcmm@édyt‘aaé defveéred gntive, plopgedure to
screen | arge nunbers of candidate agents early in the testi nig process,
n

per haps el iMutHalY peyateiexestmatreginbwl salid tl%.@tlnﬁa@lhpéépwlﬁtg@ g the m)st
promi sing asg‘l%létc%qfﬂ{cf Pe%géét;\%ﬂ% ;oﬁk%%?ncf{]ssw | 9bishb&d gf&ya@?&dﬁﬁ

further stu dause o ge nu agent s that can

be 10dedi vera@d df theastbpems anp @naaticchbf &dhd;ftmlb]ueam;sot@gerb@osdteaened for
response to partijcular agents reduci ng or elimnating the nunber of
subj ect s V\,irtagpgcaq,v%§%grﬂ%p§ $0 :,dégs%%ge%va uated. Based on the evaluation, one or

more of the plurality of subjects are selected as candidates for further study of
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 broadiy deliver therapeutic agents to live and viable tissue (e.g.,
solid fissue) in a subject, wherein imaging is not required and the tissue is not

20  subsequently resected. The subject may be monitored according to
appropriate clinical criteria for assessing clinicét 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 subsequently identiﬂed ouiside 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 nanoparticle, etc.} to one or more skeletal muscle

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



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 undergo ineffective treatnments and inproving the likelihood that a
patient will receive the nost effect#¥e avail abl e treatnent.

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

20ti ssue, saBibps) spldnteds OessirkbesbrRBRVRonildimg Fahebireflatieml fodl tissue is
subsequently resected froma subject and an effect of each of the plurality

of agents dfakasethseipeatic pgstaandéorespiiseauand anslysisdf arbiery E&IMRR:i on, one or
nore of the_npl it r LQrit] f i.nvestigation.
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agents are Geiskietet] or deselected for further investigation, based on the
eval uation. According to another enbodi nent a plurality of

agents Phat have beefn efiehaMbadimgds ftierepempiaiediiing rog seger er ed, in
vivo, al ong ytidald @ﬁ%@%@@bgﬁ@@rm&m‘ EEHiAleOlo SRle IeRes dhe T egi on

of solid tissue Is ubseqte esecte roma subject and an effect of
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on the eval uation, one, or re of the plurality of agents are prioritized
for therapelt ?@W’@aﬁ?&ﬂrafggcfrﬂ%g'ﬁﬁ-lﬁné '?.L{’CAEE Emcﬁgimg@”&r PRIt e

embodi ment Sem@8RNWmMBYRSEPAY, &8&&5%%5@%%0&@%Qé@e%rn%o%%sﬁtg,eﬁeor

desel ected for therapeutic treatnent of the subject, based on the

S5eval uafi ortarget region may betoegiedirageatediuhefdrer dwish andweher theglalivetyi ty of
agents that _are currently under investigation for therapeutic efficacy are
delivered, ¥R“%%o0, along nutually parailel axes to a region of solid

tissue in each of a plcdsmirid 46 tAE errtitidaabit of Fiturb aopa ehta/grocegdigns of solid
ti ssue are subseguently resected from 10each of the sutéj ects and an effect
e

of each of $¥empLhY s vesd ’@fca@gtm@r@ﬁe@meraﬁons, 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 needles of the
needle array assembly 362 in a patient in vivo and for non-invasive analysis of
target tissue regions using imaging techniques, such as radiographic imaging or

20  nuclear medical assays. The processor 354 can be a commercially available or
custom 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 illustrative of the
programs that implement the various features of the circuits and modules
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,



respective regions of solid tissue is evaluated. Based on the eval uati on,
one or nore of the plurality of subjects are selected as candi dates for
further study of the therapeutic efficacy of one or nore of the agents.
According to alternate enbodi nents, one or nore of the plurality of

subj ects are desel ected as 15candi datks for further study of the
therapeutic efficacy of one or nore of the agents. According to
sonme enbodi nents, needle arrays are enployed to effectively and broadly

deliver th j ; Y 0‘39% i | L id tissue)
in a subj eg{h,gqm@.‘pﬁ’g?%g?tﬁgv%‘? %ot reécl]thlg]?ée aéﬁg%mgﬁﬁggﬁterﬁ?g not :
20subsequentdsigerip stecimeehonfB86subj ect may be nonitored according to

appropriate clinical criteria for assessing clinical inprovene In these
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i ntroducti ofeRfipad fepsn t ReF SmFREERNe JrFéry &hﬁéﬁér”@'ﬁf@éﬁ%& éénf@lxﬁédl@phy (e.g.,

an engi neered therapeutic virus, a therapeutic agent-carrying nanoparticle,
etc.) to oneondrol fher reesiebranhssarsklyd 08 Fjgsee iloby seategdlinanthg astisgterst |

Wi t hout the ed for imgin sur ger or_ hi st al 0 i
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t her apegt i c{ageiatth@Rdédes 34RS T RbnAE o EbReraf7 82:dpl PSyhRiRER) foEN, €.9., to
assess the effects of the agent on the target tissue, nay al so be

consi der ed. CBIp! Bieneaticshbernirhdaviee 384 contenpl ated that the target region
aers! b L he AR EEAHIEE IR fbalien phoRthyat e e
met hod, i nchgehti@to a solid tissue in a subject, andfor excising all or a portion of a solid
tissue 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 oné or more subjects for
clinical trial 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 tissue-engineered (including through the use
20  of stem cells) organism, a primary cell culture or culiure adapted cell line
including but not timited to genetically engineered cell lines that may contain
chromosomaify integrated or episomal recombinant nucleic 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



for exanpl e, radiographic inmaging, magnetic resonance i nmaging, positron
em ssi on tonogoraphy, biophotonic imging, etc. In sone enbodi nents, the
10t arget region may be inaged repeatedly before, during, and after the
del i very process. According to the enbodi nent of Figure 10, a
data processing system 350 is used t# carry out or direct operations, and
I ncl udes a processor 354 and a nenory 356. The processor 354 conmuni cates
with the nenory 15356 via an address/data bus 360 and al so conmuni cat es
wi t h a needlisgrarsedusdsvmghinbedGpatarsit far gaelaning scacmiinng cangete 364. The
patient scanni ng device 364 |sS.uUs according to an odi nen to assi st
in pl aci ng ARE IR L ag@%@dﬂﬁ@@ﬁ%@@&%%“&@‘g%rﬁb?s %ggg?%ogﬁﬁy%ent in
vivo and f QuathpRr CAMESH | ¥&itdBaBYEHeSdQ MDA UBRY of bS SeScritRE iAMe Wl Ng 1 magi ng

techni ques, such as radiographi c i magi ng or 20nucl ear nedi cal assays. The
processor 3J%imam dod RoseohenstcCandey: Brnrdiplabbad fraefiveta @naokgyi?e%ssor
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can any of include several categories of 25software _and data used. in the
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application 68, ] : ' | 30 data 372.
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sone enbodi nents, and the data 372 represents the static _and 30dynam c data

used by0t he Pt sekieridhalds spPwRde Bedeedl@ ssdPLaving APYEORIMIES, 40 the
I nput / out p%cq@?}gﬂ?@an@@ﬂf&@c@&@eﬁé‘.d ot her software prograns that nmay reside

In the nenory
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 including such non-human subjects that may be known to the art as preclinical
models, including preclinical models 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 preclinical models for certain diseases or
disorders, including solid tumors and/or other cancers {e.g., Talmadge et al.,
2007 Am. J. Pathol. 170:793; Kerbel, 2003 Canc. Biol. Therap. 2(4 Supp!
1):8134; Man et al., 2007 Canc. Met. Rev. 26:737; Cespedes et al., 2006 Clin. _
Transl. 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-mammaiian vertebrate, for
example, another higher vertebrate, or an avian, amphibian or reptilian species,
or another subject or biological source.
Biological samples may be provided by obtaining a blood sample,

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



According to various enbodi nents, the data processing system 350 may

i ncl ude several nodules, including an array controller 376, a scanner
5controller 378 and the like. The nodul es may be configured as a single
nmodul e or additional nodul es otherw se configured to inplenent the
operations described herein. For exa#ple, the array controller 376 can be
configured to control the needle array assenbly 100 of Figure 1, by
controlling the actuators 116, and consequently, the rel ease of therapeutic

agents fr O’Y\Lf%,gg of %é@g?é@gh@oéqw a‘éiuﬁjcetcbgr Qﬁ%@al L1arceThR cBRaRANET

controller can ured to contro patient scanning device
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nunber 5f olhelitynftriesdiestat atplunaijtyiodpobiiensirsiibjtissvue, ang ganaratdidudes a
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immortalizable cell nﬁe&c%%%@@ﬁ?tﬂéd%éfﬁcﬁﬁé}%?@h@ E%Igﬁmﬁﬂ%gg,acgmgﬁgnti at ed
or di f fier endédrifimbleferged bmbbdigtntd foatsd prraedeingl of dgenestoandd/ohthel i ke. In

25certain preferred enbodi nents of the invention, the subject or  biological
source may W dawpkeldelogicaliames pmpaiseld Sesys Whighmay A¢ Mgse Pi gnant

Conyent o ST SRR SS8lS PR RS L o0 (e
of such di ssagieal Becedire, prtbbenae heaxbeadnienirstawet isoiferitte saswaibbplect or
30b1 ol ogi ca) 8o S Sackbring f fandard medich pidcides as @ patient that has been
15 Solid tissues are well known to the medical arts and may include
any cohesive, spatially discrete non-fluid defined anatomic compariment that is
substantially the product of multicellular, intercellular, tissue and/or organ
architecture, such as a three-dimensionally defined compariment 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,
hasement membrane, omentum, organ-encapsulating membrane, or the like).
Non-limiting exemplary solid tissues may include brain, liver, lung, kidney,
prostate, ovary, spleen, lymph node (including tonsil), thyroid, pancreas, heart,
25 skeletal miuscle, intestine_, farynx, 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 retate to a method for selective delivery of a fluid-phase agent to a solid tissue.



41 di agnosed as having or being at risk for devel oping or acquiring cancer
according to art-accepted clinical diagnostic criteria, such as those of
the U.S. National Cancer Institute (Bethesda, MD, USA) or as described in
De Vita, Hellnman, and Rosenberg's Cancer: Principles and Practice of

Oncol ogy (2008, 5Lippincott, WIlian® and WI ki ns, Philadel phia/ Ovid, New
York); Pizzo and Popl ack, Principles and Practice of Pediatric Oncol ogy
(Fourth edition, 2001, Lippincott, WIlianms and WI ki ns, Phil adel phia/

Ovid, New Yas kiso nafst Mege! stet selectivelficlizégrobvibines BemeieddoBagiessigé Human
Cancer (Second edition, 2002, MG aw Hi Il Professional, Nev¥ Y%F‘Q' certain
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physiologic effect in the subject.} Given the minute volumes and low 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 administerecj
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 to the present disclosure is either undetectable

20  outside the solid fissue, or if detectable outside the solid 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 physioiogic state subsequent {o
introducing an agent or a plurality of agents includes detecting a degree of

25  permeation of the ageni(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., 1887 Canc. Chemother. Pharmacpl. 19:1 and



Bi ol ogi cal sanples may be provided by obtaining a blood sanple, 30biopsy
specinen, tissue explant, organ culture, biological fluid or any other 42
tissue or cell preparation froma subject or a biological source. In
certain preferred enbodi nents the biological sanple nmay be obtained froma
solid tissue (e.g., a solid tunor) uding the herein described device, for
exanpl e, by introducing a nultiple needle device into a solid tissue,
thereby placing a 5plurality of needles at a plurality of positions in the
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from a solid tissue, which nmay be present in a subject in vivo including a

sol i d t%ssuietediable tabel bathos bseedofasiministered tathewnolil dasugpmsieeure, or that

may be excised, for,instance incident, t syrgi cal procedure according to
Standard meACEn FeagsioB0e” viRanagert €0l & vel "known to the medi cal

arts and may i ncl ude|pgycrcanBsdiHRnts patrhédton 6h etbBomaledsituitise def i ned
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10 and dispersion via any blood vessel), and may include retention of the agent in
extracellular space or extracellular matrix or in association with a cell
membrane or intraceliularly. Permeation may be distinct from a
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 include statistically significant alterations of a cell or
tissue physiological state that are detectable as consequences of the molecular
mechanism of action of the agent, for exampie, cytoskeletal reorganization,

20  extension or withdrawal of celiular processes, or evidence of biological signal
transduction as may be detected using any of a number of known cytological,
biochemical, molecular biological or other read-outs. Comparison of serial
sections may permit distinguishing the nature of the effect that is detected
histologically.

25 Particularly preferred embodiments include those in which the
solid tissue comprises a tumor, wherein agent delivery may be made to, and/or
sample retrieval may be made from, the solid tumor. It will 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 into which the needles of the presently described devices



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). Non-limting exenplary solid tissues may include brain, liver, |ung,
ki dney, prostate, ovary, spleen, lynph node (including tonsil), thyroid,
pancreas, heart, 25skeletal nuscle, intestine, |arynx, esophagus and
stomach. Anatomi cal |ocations, norphol ogical properties, histological

char act er i zatiimsgrtednihtrodueed veothadissr cordacted wathi the terooe sEha mgidresey and
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Sundesirabl e side-effects. Related enbodi ments contenplate the testing of
current |y n@scaigpraiipsdrcther eliera.agent s t hrough such sel ective delivery to

a solid tissue. Wtheut.,w.Shin : el to these
enbodi nents, direct € ?'%\é\q'@gtsf&t%g t@%ﬂ%ﬁ%ﬁ%ﬁ éé}é%!tg{r%t%o%synb?ﬁ%gg%%%%{i ssue
(e.g., soliidteruemioh ey the deviekby dbechibey Heneinl o cadain preferradii on f ol | owed by
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adm ni stered systéem ca nimal dose is the smallest anpbunt of the
agent that Gettdinemicdoeemstsdestaremlaiers/siliditogioc theft Cenprismontef spbpsdate. ) G ven

the m nute vol unes arl)d | ow pressy
cancer cell, a breast cancer ce

It gscoion 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, small cell
carcinoma, large cell undifferentiated carcinoma, chondrosarcoma and
fibrosarcoma, or the like. As also 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, Hellman, 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,
Philadelphia/ Ovid, New York); and Vogelstein and Kinzler, The Genetic Basis
of Hurnan 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



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

i mgi ng and/ or by use of a detectable |abel as a tracer), the agent that is
selectively administered to the soli# tissue according to the present

di sclosure is either undetectable 20outside the solid tissue, or if
detectabl e outside the solid tissue, the agent is present at less (in a-

stati stical by Shag hisEANTeBRANES b IhaM iHgn Bt Bl (Wosdo%@-Metab. Rev.  Such
considerations peftain in related enbodi nents, wherein detection in a solid

ti ssue of a#0:383)ered physiol ogi c state subsequent to introduci ng an agent
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into 10and di spersion via any bl ood vessel’), and fmay include retention of
t he agent iexamples, cell viability, cell proliferation, apoptosis, cellular resistance to anti-
growth signals, cell motility, cellular expression or elaboration of connective -
15  tissue-degrading enzymes, cellular recruitment of angiogenesis, or other criteria
as provided herein.
“Altered physiologic state” may refer to any condition or function
- 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 fo
20  acontrol or standard, and may have its origin in direct or indirect interactidns
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 celis 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 examples, altered biological signal



extracel lul ar space or extracellular matrix or in association wwth a cell
menbrane or intracellularly. Perneation may be distinct froma

physi cochem cal effect, which refers to mcroscopically detectable
mechani cal disruption of tissue that results fromthe needle insertion or
fluid injection itself, 15o0r from no#*bi ol ogi cal nmechani cal or chenical

ti ssue disruption caused by the agent (e.g., danmage to cell nenbranes or
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biological parameters characteristic of a cancer cell such as those reviewed by

Hanahan and Weinberg (2000 Cell 100:57) and in the references cited therein.
Therein are disclosed methodologies for determining the effect of a candidate
15 agent on one or more traits exhibited by cancer cells, and detectable by any of
a variety of techniques known to the art for determining one or more of (i) an
ability to evade apoptosis, (i) acquisition of self-sufficiency in growth signals,
(iii) 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 familiar with multiple approaches
for detecting the presence of these alterations of physiologic state, which can
be adapted to a particular excised tumor system. See, e.g., Bonificano et al.
(Eds.) Current Protocols in Cell 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 Immunology, 2007 John Wiley &
Sons, NY; Robinson et al. (Eds), Current Protocols in Cytornetry, 2007 John
Wiley & Sons, NY. Non-limiﬁng examples of parameters that may be assayed
to identify an attered physiologic state include assays of cell viability, cell
division, apoptosis, necrosis, cell surface marker expression, cellular activation

30  state, cellular elaboration of extracellular matrix (ECM) components or of ECM-



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 any type are contenplated as being suitable for intervention
usi ng the devices described herein. #nh certain preferred 10enbodi nents, the
solid tunor may be a benign tunor or a malignant tunor, which may further
be a primary tunor, an invasive tunor or a netastatic tumor. Certain
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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

it " - . 5
as “small molecules” and having molecular weights less than 10° daltons,



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 non-limting exanples, cell viability, cell proliferation,
apoptosis, cellular resistance to antigrowth signals, cell nmotility,
cel | ul ar expression or elaboration of connective 15tissue-degrading
enzynes, cellular recruitnment of angi ogenesis, or other criteria as ,
provi ded hegrgfarably Abdeties pifyshiRiRohkd StiRhere Ryfergdignedsottmnyi@ondi tion or
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any of 29 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 fraceably undergo a plurality of permutations and/or combinations
of reaction conditions. The resulting products comprise a library that can be
25  screened followed by iterative selection and synthesis procedures, such as a
synthetic combinatorial library of peptides (see e.g., PCT/US91/08694,
PCT/US91/04666, wh_icﬁ are hereby incorporated by reference in their
entireties) or other compaositions that may include small molecules as provided
herein (see e.g., PCT/US94/08542, EP 0774464, U.S. 5,798,035, u.s.
30 5,789,172, U.S. 5,751,629, which are hereby incorporated by reference in their



a variety of techniques known to the art for determ ning one or nore of (i)
an ability to evade apoptosis, (ii) acquisition of self-sufficiency in
growh signals, (iii) insensitivity to gromh-inhibitory signals, (iv)
acquisition of tissue invasive and netastatic phenotype, (v) unlimted
replicative potential, and (vi) sust¥ined 20angi ogenesis. Persons skilled
inthe art are famliar with nmultiple approaches for detecting the presence
of these alterations of physiologic state, which can be adapted to a
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Current Protocols”in Cell Biology,” 2007 John Wley & Sons, NY; Ausubel et

al . (Eds.) @Gsermant Fracbdibraicsmapbe prdpmredBactading t@@efabighad Wl ey & Sons,
25NY; Coligan et al. &Eds.zj, rre Et Pr ot ocol.s ,.i n |TT{%Q‘30| gy, 2007 John
Wiey & SortooaSSanrTeghd for e gase oRaP asicater 8t ARErE | n Oyt ometry,
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cytoskel etal reorgani zation, altered gene expression, e.g., r? In situ
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by one skilled in the relevant arts (see, e.qg., Bg{komet al., eds., The
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See, e.g., Ausubel (Ed.), Current Protocols in Molecular Biology (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.
Othet candidate agents may be antibodies, including naturally
occurring, immunologically elicited, chimeric, humanized, recombinant, and |
other engineered antigen-specific immunogiobulins and artificially generated
antigen-binding fragments and derivatives thereof, suéh 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, NYY); Harlow and Lane, Anfibodies: A Laboratory Manual (1888 Cold
Spring Harbor Press, Cold Spring Harbor, NY); Harlow and Lane, Using

Antibodies (1999 Cold Spring Harbor Press, Cold Spring Harbor, NY).



15Avery's Drug Treatnent: Principles and Practice of dinical Pharnmacol ogy
and Therapeutics, 3rd edition, ADS Press, LTD., WIllianms and WI ki ns,

Bal tinore, NMD. (1987), Ebadi, Pharnmacology, Little, Brown and Co., Boston,
(1985); Gsolci al., eds., Rem ngton's Pharnmaceutical Sciences, 18th
edition, Mack Publishing Co., Eastor® PA (1990); Katzung, Basic and
Cinical Pharnmacol ogy, 20 Appleton and Lange, Norwal k, CT (1992)).

Candi dat e agents may be sel ected fromresources that disclose |istings of

i nvestigational ther gperhacsutichiy adoeptabliecesrriersfoNaterapraliic lusstare welts of

Heal th (Bet hesda, MD) which paintain of ongoi ng and pl anned
clinical trngna igthg E"%am@quf'??Ala‘ftr ﬁaq?greggg,s ’gﬁgsfpfg a’?ﬁ]ﬁdi Ndat e agents for
use in scr aehhAgidHR!sleHaR0GidalScRRAEE AP HiishRi 01l (RRIBéliapo agent s for

devel opnent Such as a therapeutic agent for
treating a et it 98%)urfor exayphe stﬁrxtwsaimm*@ pHasphaterudferest saligielalct i ons of

conpoun SItIO S or ules.typ i ncl ude
conpoung kﬁy\gﬁ’qwqjﬁ Y bﬁéjs‘eé Ir‘?set%q ﬁ@ég‘?ﬁ‘?{a Waeé’ 4 r%lh ‘ecul ar

vei ghts | esgdiBap %&ﬁsﬂﬁéﬁ@‘ rovida8 |@ff@ﬁf@ﬂa§éehﬁ%$0édﬁ9@mﬁ@4 Hed t ons and
still nore preferably |ess t an 103 daltons. For exanple, a plurality of

menbers of exahie, aaoyhl.tbm beasate asbiangls anshesiers ofirlivedenzois A6 dat e

agenLs, 0 375 onehof bl M e KIS nech e or @

di stributi rﬂxs@@ﬁ«ﬂingfagbhi% rﬁ@ﬁde@@é@ age‘m’harm@c@mhwmﬂemam sqﬂﬁseﬁersans al ong
an axis within the region in each subject, and after a sel ected period of
time (&0g. toasaﬁaﬁbén@fcomwnda derivedhiramthersombinadlian &f SUCBRIBPPHNASt i e

peri od) the e RlcS have
been intro urg:e%' 8@3?{) &q % ‘w%d Lér(}gjvgtgj mo%hezgﬁaﬁggﬁm A each region
conpar ed bybabet(bate agdiaun eé![s—)ctTh(el efgeatsy)ncbfdumddmgagmrﬁemnlat&@for especti ve
position W|th| nthere

t th | t d
bhysi ol ogi chelPEEaY be CRed b et the Bos Bese netal fore vl P BEIBERE oo Tr°
the region é&%‘de‘?‘é@aéﬁéh@%lﬁ'ﬁh WM dbope ok B ce%lﬁrﬁ‘%%s@ﬁt 'ﬁ(}@h‘ﬁdﬂ\ed herein, which

woul d either produce no fect (negative contro or a readily detectable
ef f ect 1bposémbedimenta.r ol ) . Candl date agents further may be

Cynt het ¢ agents. pr ep AFalRRBr I ALCTBPer Bl i et (PR R TR abhy” o
chem cal reggyibens aRgfdral WRhidliods for the composition to be administered to a
patient. According to certain preferred embodiments the composition will be in
liquid form and the route of administration will comprise administration to a solid
20 tissue as described herein. The term parenteral as used herein includes
transcutaneous or subcutaneous injections, and intramuscular, inframeduliar
and intrastemnal technigues.
The pharmaceutical composition is formulated so as to allow the
active ingredients contained therein to be bioavailable upon administration of
25  the composition to a subject such as a human patient. Compositions that will
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 particular drug that is to be



20plurality of reaction vessels. For exanple, various starting conpounds
may be prepared enploying one or nore of solid-phase synthesis, recorded
random m x net hodol ogi es and recorded reaction split techniques that permt
a given constituent to traceably undergo a plurality of pernutations and/or
conbi nations of reaction conditions.3The resulting products conprise a

| ibrary that can be 25screened followed by iterative selection and

synt hesi s procedures, such as a synthetic conmbinatorial |ibrary of peptides

(see e.g., HalihidRIdd 85 RbnNBEENYRId! Qﬂ@u@@ufﬁ%rﬁfﬂo aﬁﬁmhﬁfnﬁfé-‘rbﬁa!rﬂé?or porated by

reference in their entireties) or other conpositions that may include snmall
mol ecul es adespedvpoeantiaoeirangeseldhe doug, fPUTsiapod/DEssiEd EPCOTRLPE4, U. S.

by rot or endeni o RIS kphEpThba i eedb A A RUIRER T Che”

art wll apideshetans aaéolatecbmauraasfm@mgrmmmﬁpmm dodervainivasy may be
prepared according to established procedures, and tested for their

i nfl uenZe o¥ECAMNG W hadsug.dhe sHbieckethawaliddisshaand othanstarenvituwbishdi ng t o
the pr esentthgl §ﬂ!ec§’§|’%c?itloéegvm’%qulpz?ixa[iﬁﬁt\ﬁe\ﬁ%?%esstg?eyofbtﬁe Pﬂe%c?l BRd (i ncludi ng

t herapeutic pro and gene
t herapy agestissméeegtical dhdsaiated artél n@beﬂantmmdlmehﬂsfatme&ktv@chd@smsmfrres and

the like contalnlng therapeutlc genes or pol ynucl eoti des encadin
t her apeut i dNBICHRIERY bej amministergd o] ‘ﬁ@%@ﬁl@ﬁ@b@@%ﬁ'%g "f %’o Er ?eﬁ. ng RNA
(si RNA), rl@q@mﬁaé%sggtrﬁ NS Sk gihi ch in certain further

enbodi nents may conprise an operab |nked pronoter such as a constitutive
pronot &8 or a regul atakjue pmmmaoeuttceﬂtaom;)as:tlan asngad ihgtrain prlmetberdn (e. g.,

| PTG i nducible), a tightly requl ated pro e ronot er that

pernits |itt§%ﬁ§38?°%s i tsé’ﬁg‘é“%'?%ﬂgg NF%{?FI n"%ﬁén‘gﬁ ﬂ'&eeo'b[fnof‘?s cognat e
i nducer or &Qﬁ@%ll%%éd;@varﬂstbt%ﬁléedxﬁjéﬁfésfdcﬁ R WHRE /i injdeidnogalregi es 15f or
preparing, testing and using these and related agents are known in the art.

See, e.g., Figismepref@ably phagiolagital Beine Gingerissalisicse adline Vilgiopde 4.2007 John

Wley & So Rosenz and. Nebel rre i n Human
Genetics (e dﬂmN&aimf‘?,of ﬁgﬁ‘(g hyp‘ﬂ&f‘l"x?ér‘&}’gégé '8%%‘!“8} %Pée%Tﬁ)&?jla%lf 2008
John Wibey suchanssyntilic e br d@ﬂ&f@me%suvhnah Amyrman%:lad i sa@vdrg orand

20Pepti dom netics, 1997 El sevier, Q her candi date agents

may be ant i BE@PEING MRy %Yﬁ@vﬁﬂﬁlgwoiﬁc@[Yﬁ?i’”’r‘rgi’foi’ﬂﬁ%@yé%'l%é’l h&f elicited,
hi fi
chi meric, Wé%@é@%ﬁl Cldélﬂfgsu&% %rtkﬁfalﬁ{ﬂ?él%??ﬁ& J%Tré&%n specific

|nnunoglob and ar ener a en- bl ndi'ng fragnents and
deri vat i vesartheidaofs stshcds mﬁ:osﬁmgbﬂ-aﬂsatjmxm brsulﬂte, chelating agents such as

ethylenediaminetetraacetic acid; buffers such as acetates, citrates or

20 phosphates and agents for the adjustment of tonicity such as sod'ium chioride
or dextrose. The parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of glass or plastic.
Physiological saline is a preferred adjuvant. An injectable pharmaceutical
composition is preferably sterile. It may also be desirable to include other

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

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

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

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



25anti bodi es, m ni bodi es, Fab fragnents, bi-specific antibodies and the
like. See, e.g., Coligan et al. (Eds.), Current Protocols in |Inmunol ogy
(2007 John WIley & Sons, NY); Harlow and Lane, Antibodies: A Laboratory
Manual (1988 Cold Spring Harbor Press, Cold Spring Harbor, NY); Harlow and
Lane, Using Antibodies (1999 Cold Spfing Harbor Press, Cold Spring Harbor,
NY). 51 Phar maceutically acceptable carriers for therapeutic
use are well known in the pharmaceutical art, and are described, for

exanpl e, irbdﬁ%hmma@@ﬁstahaa@mf@éssﬁisgwmd.l\/u@kpamérahi ng Co. (AR
Gennaro edit. 1985 For exanple, sterile saline and phosphate-buffered

sal i ne at M@i%ﬁé@m,éﬁfph o8 shiaplemental daectinedfeinvatthe 3rries PEipfabher s, dyes
and ot her L ar rQVi i Leal

composi t1 or ST AE Bh e leahB, BaE aEek of bifel MERBESMNET, | ¢

p- hydr oxybemzebsphaed eliypdigastidesiaasic) hesedlvabe eagployed, asatariidgJor | n

addi tion, antioxidants and suspendi ng? agents ma

b ed. 1d.
" Phar mae eut Peaheymacdiselaanpasgions of fig ventien ¢ %U‘éa}liéjg’%gﬁgfﬂdﬁaieconpounds

derived frog &@ph%%@ér@%ﬁ%&&eaffo?lé&g RTROUNS! S ABG 18k, QL EANEEB S | nor gani ¢

acid (acid addition salts) or an organic or 1norganic base (base addition
salts). The5,a8¢8n09, In tiid wdiard) itds posferabbnaeampdiag éul cérdain gsdddeneits thaty be
used in either the Lre base gr sal t f,orqB; thh baot h forﬂ{s bei ng

consi der ed HE TBIEIISEGIE IR RTIHNENLLBRIOSMARY 2OdP LR BPESBHIE i nvent i on
15enbodi mengshodiments are not sé il aniBepmsiale GREPGRIdNRAS. t hat contain one
or nore agents may be in any formwhich allows for the conposition to be

adni ni $0ered to a patRhemnacadicel eimppsitipnsenanpisopostadn dlErdsBed] ant s t he

iti i1l be in liquid.f 1d_t. f i nj ' il
comprise adniiars#lpkBantd e asRbal: rbidliehdtbBelhr FERRPUE AR e’ L er m
parenteral gsoutsedesignéd)poiypebtiges proamscuihanestids, eariydritenieciusing

injections, and intranmuscular, intranmedullar and intrasternal techniques.
The phar mac@UEPERISUBIORP 66 PEXIHRS. chefalinmAdentssush assE A agiiE P AR 2821 i ve

I ngredi ent s, gapLahRed LG Kelbidis PRieBr2AY Het@PLAINARR S AN b ki | on of
15 nonspecific serum albumin are exempiary appropriate diluents. Preferably, an
agent (e.g., a therapeutic drug or a candidate drug) is formulated as a
lyophilizate using appropriate excipient solutions {e.g., sucrose) as diluents.
For convenience, elements of various embodiments have been
" described as components of a number of discrete assemblies. However, in
20 practice, elements of some of the assemblies may be omitted 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 broadly to read on any substance capable of flowing through
such a needle, including liquids, gases, colloids, 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



25t he conposition to a subject such as a human patient. Conpositions that
wll be admnistered to a patient may take the formof one or nore doses or
dosage units, where for exanple, a pre-nmeasured fluid volune may conprise a
singl e dosage unit, and a container of one or nore conpositions (e.g.,
drugs) in liquid formmay hold a pluffality of dosage units. A dose of a
drug includes all or a 30portion of a therapeutically effective anount of a
particular drug that is to be 52 adm nistered in a manner and over a tine
sufficient {0oaft 'rQh&gld %e%ﬁé@u?oﬂﬁ?béﬁ% t%ﬂ?&%ﬁé(ﬁ gttﬁw@%pééiﬂ%io?\fort he drug,
for instance, a’'desired concentration range of the drug in the I mediate

vi ci ni ty ofclandelThecahstraekdies nat limistbkisdope ebthe,claimd. wher e t he absol ut e

anount of the drug that caonprises a dose w.ll va accarding t.o the drug,
The subj ect | the. sol FIPTPTEE Qb e P GG ERS AOUP R LTER TRO%SKI | | ed
practiti oneishihdg RfafraRRd rﬁédifiéht?é'n@‘ﬁaﬁ{be_tlhgdé,ttétg;?o\ﬁﬁe fupepedi cal and

pharmaceutical and related arts. In certain enbodiments at |east two doses
of the ®r ugmibydientsdmihniug teviedhg tioch the speit ead scoptheltheimsatioenfd o8, 4, 5,
6, 7, 8, 9,.1 r re es y b dm ni st ered. A_Liquid. ph. ceuti cal
conposi t i oﬂhgg)'gs%%gﬂté‘r @ﬁ,%ﬁﬁm@ﬁﬁm%ﬁ?ﬁﬁso?g p@&?rﬂ%pgw%t@hggensi on
or other |ifkrid®patenfEiorbighpatht @BBIcHtIoRB BAd HoniiRedtPubhvitions adettednt s:
sterile diluents such as water for injection, saline solution, preferably
physi ol ogi dalin §4$ ppesificaiing @nder §sfedtin g1 Asglicatien Bataehes). € g., nor nal
saline, or ' of oni 1 on ' chlor | Al xed oils
15such as gbﬁ@hgﬁt%d Pr%%% %‘f%&g r&@ﬁ%gﬁﬁﬁéégw{%ﬁ]%%@géf&% gg‘%ﬁ@%@?vent or
suspengi) ng gmdbeimodpietlyiehbydssasy ©l armplos cogteste bt the variopy bateatsygl ycol or

ot her solvents; antibacter.ial agents such as benz%‘il) .al cohol or met hyl
par aben; arARRbgRERNSANdsRIbCaioNsde drovide yet furtaer aBBPdimeniSsul fite; chel ating

agents such as_et hyl anedi aph BHLLHARGE b4 BE WkadiieEmpsHfbrag mcet at es,

citrates or 20phosphates and agents for the adjustnment of tonicity such as
sodi um chl dightief the axdbextdeseed Descpaticentlergehemt,p drabiiowingaeitie, tecl osed in

anpoul es, disposabl e syringes or nmultiple dose vialg made.of glass or
pl astic. P%?Qﬁ%luﬁfﬁi élé?allggp B%C?%S“é"eﬂr@ﬁ'@?"?tg@ Cgﬁiﬁ"ﬁ@%ﬂp SPRSTTICh; ect abl e
fgar ggﬁ@gte i %ﬁh(é@maaﬂssaiwe&d % 1RE ShBERRANONS bEY dHoRid bhd coRMnRLe ifkfuddesi rabl e
[ u
all possible embodiments along with the full scope of equivalents to which such

claims are entitled. Accordingly, the claims are not iimited by the disclosure.



25conmponents in the preparation, such as delivery vehicles including but
not limted to alumnumsalts, water-in-oil enul sions, biodegradable oi
vehi cl es, oilin-water enulsions, biodegradable m crocapsul es, hydrogels,

and | i posones. Whi |l e any suitable carrier known to those of
ordinary skill in the art may be enpfoyed in the pharnaceuti cal _
conpositions of this invention, the 30type of carrier will vary dependi ng
on the node of adm nistration and ngr a 53 conventional sustained drug

rel ease is also desired. For parenteral adm nistration, such as
suppl enmental injection of drug, the carrier preferably conprises water,
sal i ne, al cohol, & fatA davieeforaeliserluf Bdiuid B odalgriadabl @mprgiagpher es

(e.g., polylactic | acti de al so be enployed as carriers for 5the
phar maceut i cal co?r'_gggg]ﬁy Bﬁ%g%gg%/?ﬁr%”q Brﬂ”ir%ﬁa »Sui t abl e bi odegr adabl e
m crospheres are giihiyeflresbRlbirs XM iR fluldcdhunkatignivithaSesfeddd, 268 and

5,075,109. In this regard, it is preferable according to certain
enbodi meneof theaplutdlity ofirsedigshend be | arger than approxi mately 25 microns,

whi |l e ot her enmbodinents are.not so limted a ont | At t

di mensi ons. _10P_ha? ﬁg—g@'ﬁ{’f’é%‘f"“ @ﬁ%%%?r?fﬂb‘ﬂ%g%@ag%f '&?Sgg%{‘%ioﬁjegﬁq@é%ts such as
buf f er s pia8lity o Feb@RicirsHiatoniig@ed ab RbAtralG fLid beyksiRd Withih ahe véXephtir. (| ess

t han about 10 resi dues) pol ypeptides, proteins, am no acids, carbohydrates

i ncl udi ng gl ucose, sucrose or dextrins, chelating agents such as EDTA,

ncl udi ng gl ucose, or dext TA
or 'sal ine m xod wth THsaReeFdaRLE yERrR B Br R AP RAES oori ot e

di | uent somiprieéeoadbia pamaltgenplubgers, a fisstichdrodpactt btthermigabty i candi dat e
drug) is fornulated as a | yophilizate using a? ropriate excipient solutions
(e.g., SIH0EEYeRG eI RSP respective one of thegglu 5&% IREGNYOES- el ement s of
various enbodi nents have been descri bed as conponents of a nunber of

di screte assenblies. However, in 20 practice, elenents of sonme of the
assenbl i es may be3oni t Taldevicgoiaipied2 wineheio tie pluagsrsmbthepluralitcol di ngl vy,

e PR Ao IG5 L IRRCL RS BELEBRG IEYS Bl | oee

simultaneously depressable.

4. The device of claim 3, comprising a plunger driver configured to

depress all of the plurality of plungers at a selectively variable rate.

5. The device of claim 1 wherein each of the plurality of actuators
comprises one of a plurality of fluid transmission lines having first and second ends,
a first end of each of the plurality of fluid fransmission lines being coupled fo a

respective one of the plurality of reservoirs.

8. The device of claim 1, comprising a fluid pressure source, and
wherein each of the plurality of actuators comprises a fluid coupling between the fluid

pressure source and a respective one of the plurality of reservoirs.

7. The device of claim 6 wherein the fluid pressure source
comprises at least one of a compressor, a vacuum accumulator, a peristaltic pump, a

master cylinder, a microfluidic pump, and a valve.



When used to refer to agents delivered fromneedles, the term25fluid is to
be read broadly to read on any substance capable of flow ng through such a
needl e, including |iquids, gases, colloids, suspended solids, etc.

The abstract of the present disclosure is provided as a brief outline of
sone of the principles of the invention according to one enbodinent, and is
not intended as a conplete or definitive description of an%/ enbodi nent 54
t hereof, nor sho@ld |ﬁ'hbeiew@i%|0édlaUD6nNhQIetﬂie¢&Qh160ftﬂé¢ pisralifedl nepdiefe

speci f'go%ﬁr?s%s%rpigra? msf Etdég tFﬁéa ({/n?r)?ssleﬂ&b limt the scope of the

cl ai ns. I"ods*emnbodi nents descri bed above

can be conbi ned, and further nodi fi cati ons can be nade, to provide further
5enbodi nents wi thout deviating fromthe spirit and scope of the invention.
Al of the U S. @atenf%ﬁeW$G§0f69m@ﬁﬂQ§dbﬁ¢Eh@ﬁ@ﬁ’ﬁﬁwpl@&PP%ﬁ@Q U.S. patent

applications, fore orei gn patent applications and non-patent
publications ref erafi%ghr%?ﬁ{r%@hni specification and/or listed in the

Application Data Sheet,neasie havdey peiurbiegd ohipors distiiputef @ivegedendth t heir
enti ret%@ Aspects of the enbodi nents 10can be nodified, if necessary to
enpl oy pts of the various patents, applications and publications to

provide yet further e%t}ggé%mrfﬁwﬂ gommunication wiltehe Adbneingecaitinges can
ts in [ight

be made to the enbodi nmen e above-detail ed description. In
generalandn the following clains, the terns used should not be construed to
limt the clains to the specific nt s d| clos

speci fication, but sh@LHI %WW@@%@HW%W% ?repsgg‘gci"blagaenbodl nent s

along with the fLHﬂ)luﬁ@&Qﬁw%T'c&SWéd’% %ééoﬁcpeﬁwbﬁhe%mﬁgeebamanﬁg@e@ntItIed
Accordingly, the clainms are not limted by the disclosure. 55
to depress the plunger at a selectably variable rate.

10.  The device of claim 8 wherein the dispenser is one of a plurality
of dispensers arranged in a dispenser array, each comprising a needle, a reservoir,

and a plunger having first and second ends.

11.  The device of claim 10 wherein the plunger driver is coupled to
the second end of the plunger of each of the plurality of dispensers and is configured

to depress each of the plungers simulianeously.

12.  The device of claim 10, comprising a plurality of cylindrical tubes
arranged in an array corresponding to the dispenser array, each of the plurality of
cylindrical tubes being sized and positioned to receive the needle of a respective one

of the plurality of dispensers.

13.  The device of claim 8 wherein the plunger driver comprises a
driver shaft coupled to the plunger and having a threaded region, the plunger driver
configured such that rotation of the driver shaft in a first direction depresses the
plunger a distance corresponding to a thread pitch of the threaded region and a

number of revolutions of the driver shaft.



CLAIM5 1. 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 communication with a respective one of the
plurality of needles; and a plurality of actuators operatively
coupled to respective ones of the pl&itality of reservoirs and configured to
control a fluid pressure within, the reservoir. . . _The device
of claim 1 wher eitf eachh®feyipg obfiaimal 3+ SPrenising a AP BGMH? FU8S one of a
P! ur al | bYuaba B WBGERSr sial bf Bl PR hrRaScAlindtife RAF ald the tfvep! unger s
being received In a respective one of the plurality of reservoirs.

3. The deaft e rofatiochaiyfi@dnit edspetiie gakchotersthefmetioe being cahirelabdg topl unger s
are operatjvely coupled together, at respective second ends so as to be .
si mul tangaﬁfstP?)éEf@b? §%’8F@%ﬁ’ vatiabfe rate; 4. The device of claim 3,
conprising a plunger driver configured to depress all of the plurality of
pl ungers at a selectively variable rate. 5. The device of
claim 1 wherein etich ofhe kevipe of aleirs Y 3ooreprising 8moleohgfingasoiehe of a

pluralit f . fluid transm ssion, lines havin g .ends, a first
end of 8&&@3%}0 #‘ﬁedrﬁpﬁﬁiﬁ ?@ghgfp"fq%rg”ﬁra gﬁitééﬁtgél r{i\?ﬂgi&' %n{ﬂ,a,% (F:]oupl ed to a
respect Mgt aRero@itiohBRy kel with tospett forfeh\oBhérs the motor being contrbllablée devi ce
of claim1, conprising a fluid pressure source, and wherein each of the

pl ur al i retaisfthadetanicon selestabls arde &f ratafiad. coupl i ng between the fluid
pressure source and a respective one of the plurality of reservoirs.
7. The device of claim®6 wherein the fluid pressure source conprises at

| east one of a corfr eSw deviceaictiaim 85 compriatngra cantpdier stwglied © thenp, a
master cylinder, a mcraofluidi CB‘%J%%tand-a val v 8. The

_ alve. 56 .
devi ce &toten Higsontigher keind eRHa torantral PYSetion andetnesd CLapYInes o
pl urali iy, go hELr & BUEREr 8 QRffebd Romenetah o fotafiosiRvasend 6r del i vering

afluidto a rgégﬁ t1ssue, conprising:. a 'Jgi spenser 1ncluding: a needle
havi ng @otptiom.al ity of ports distributed along a |length

17.  The device of claim 9 wherein:
the dispenser comprises a dispenser cylinder;
~ a first portion of the dispenser cylinder defines the reservoir, and

a second portion of the dispenser cylinder defines the needle.

18.  The device of claim 9 wherein the plurality of ports are sized and
positioned along the length of the needle so as to deliver a substantially equal

amount of fluid at any given location along the length of the needie.

19.  The device of claim @ wherein the plurality of ports is evenly

distributed along a portion of the length of the needle.

20. The device of claim 9 wherein a size of each of the plurality of
ports is inversely related to a distance of the respective port from a tip-end of the

needle.



thereof, a reservoir in fluid conmunication with the dispensing needle, and

a plunger having a first end positioned in the reservoir; and a
pl unger driver coupled to a second end of the plunger and configured to
depress the plunger at a selectably variable rate. 10. The

device of claim9 wherein the dispen®¥er is one of a plurality of dispensers
arranged in a dispenser array, each conprising a needle, a reservoir, and a
pl unger having fi2ist &he dewicomd claird® wherein a distribution gensihecldbgi ce of claim

10 wherein.th | unger driver .is. coupled t e pl unger
of eachﬁﬂfa“bh‘gf %r‘iﬁr’gfr\"??e&re(lfi‘tg%é%?g#%aﬁcﬁfqitégg%%féﬁgﬂ%ig@%ﬂ 8mdae%Pess each of
t he pl uggessthsinddhfeaneousl y. 12. The device of claim 10,
conprising a plurality of cylindrical tubes arranged in an array
corresponding to the dispenser array, each of the plurality of cylindrical
t ubes being sized.and it : Ve s Ay ive one
of the plurali ty(%f df@%?ﬁg’@gsﬁ%‘é’% d Whiciel th%ﬁg&ﬁﬁgﬂfgg&%é%d%ﬁ@gﬁfg m 9

wher ei nintdhepipdi pagen Asng/ek lengiprof #esneedis.i ver shaft coupled to the plunger
and having a threaded region, the plunger driver configured such that
rotation of the driver shaft in a first direction depresses the plunger a
di stance corresp in ; { reg) d a
nunber of revol u%nsqgkﬁeﬁg%mfﬁﬁrpmsﬁgﬁeﬁ tl—%stﬁuﬁalﬂ{ye(ﬁ%ﬁs Igg*ﬁ[ﬁb%@ devi ce
of cl ai paitsSof muiww spmgita sidesaf thaveeje avitboeach paiupl pats wtathé 98ri ver shaft
of the plunger driver such that the_ rotor and the driver shaft are

Cotati ohBdF Sff\iftgéasmwweb%r&paefa obREwS apﬁgﬂbe{%%ﬁ'@? 880y control I abl e
to rotate the rotor at a selectably variable rate. 15. The
device of claim 13, conprising a notor having a rotor coupled to the driver
shaft of the plurfer dynethodsgemptitiag: the rotor and the driver shaft are
rotationally fixed with respect to each_.other  t : . hej control | abl e
Lo rotate the routreiid o sGBRER asReR i o0 of g lfipfl of bisBERSE contrOuTan @
devi ce péedbgi m 15, conprising a controller coupled to the notor, the
control |l er being _pg;r?.r ammabl e to control direction and speed of rotation of
the rotor and to igeritingEagh aliediurglity s gispease AdesiY 2 Seiectelt ation to an
end of Féﬁié’i“ EP&Iid tissue: and 17. The device of claim9 wherein:

introducing the agent in the reservoirs into the selected region of solid

tissue by simultaneously overpressurizing each of the plurality of dispenser needles.

25.  The method of claim 24 wherein the introducing comprises
introducing the agent in the reservoirs into the selected region of solid tissue from a

plurality of apertures along each of the plurality of dispenser needies.

26. The method of claim 24, comprising at least one of imaging the
solid tissue prior to the inserting, imaging the solid tissue concurrently with the

inserting, and imaging the solid tissue after the inserting.

27. The method of claim 24, wherein the inserting comprises:
inserting an array of introducer needles into a subject;
inserting each of the plurality of dispenser needles into a respective

one of the array of introducer needies; and



t he di spenser conprises a dispenser. cylinder; a first portion of the
di spenser cylinder defines the reservoir; and a second portion of the
di spenser cylinder defines the needle. 18. The device of claim
9 wherein the plurality of ports are sized and positioned along the length
of the needle so as to deliver a sub®tantially equal anount of fluid at any
given location along the | ength of the ne?dl?. . 19. The device
of claim 9 wher ei9¥iangigm tir-gnpof egeh ghinePluralinal dispeasst 158ifiSed al ong a
portion ; f ; i YiHGRo@he Cl @i M 9
wher ei nb Osﬁd }gt,%? H‘ggﬂﬁ‘gé?gﬁé'(’%?’ﬁ% griﬁ%eyarcr) VB‘B’P %rgdli?%rin%\%gire g%l 3 related to a
di st ancseieftetihegivespstieve port froma tip-end of the needle. 58
21. The device of claim9 wherein a distribution density of the plurality
of ports is inversely related to a distance of the respective port froma
tip-end of the negdl S The method of claim 2%2comPRsiAG YerR6viAG sl oM twberei n t he
plurality of ports is distributed in a spiral pattern along the |ength of
t he neeidtreducer needles of the aRdy phtretodaesdrtieg e Ruii O dighensenneaitespl ural ity
of ports is arranged in pairs of ports on opposite sides of the needle,
wi th each pair of ports rotated 90 degrees with respect to adjacent pairs
of ports along theg | engkin@hot de cRfPuevherein the selected regdibn ohtismidied,
conprising: placing an agent in a reservoir of each of a plurality of
di spens@pofiddfestumorin a subject.  jnserting each of the plurality of
di spenser needles into a selected region of solid tissue; and
introducing the agent in the reservoirs into the selected region of solid
ti ssue by sinultageoudihg raxBbe e skimiZeiwiteremahe glibjebeisplneradlai ty of
di spenser need| es. _ . 25. The nethod of claim 24 wherein the
i nt r oduBfasgnisahppie ésdiahynBan At he agent in the reservoirs into the
selected region of solid tissue froma plurality of apertures al ong each of
the plurality of dispenser needles.

31.  The method of claim 29, comprising excising at least the portion

of the tumor after the introducing.

32.  The method of claim 31 comprising at least one of imaging the
tumor prior to the excising, imaging the tumor concurrently with the excising, and

imaging the tumor after to the excising.

33. The method of claim 31 wherein the excising comprises excising
at least the portion of the tumor at a time that is a selected period of time aﬁer

introducing the agent.

34. The method of claim 33 wherein the selected pericd of time is
‘one of a range of time, a minimum period of time for excising, and a specific period

of time for excising.

35.  The method of claim 33 wherein the selected period of time is a

period exceeding 48 hours.



26. The nethod of claim 24, conprising at |east one of imging the solid
tissue prior to the inserting, inmaging the solid tissue concurrently with
the inserting, and imaging the solid tissue after the inserting. 27. The
met hod of claim 24, wherein the inserting conprises: inserting an array of
i ntroducer needles into a subject; 68 inserting each of the
plurality of dispenser needles into a respective one of the array of

i ntroducer need| 68. arde rﬁ@:hod of claim 33 wheceiprtte sgleatad perioddf dfmeeiach of t he
pluralit i spenser s be a tip end of the respective one of
the arr Sff%ﬁﬁﬁ%ﬁU§¥¥*§2 é%gg?WP@ the selected region of tissue.

28. The nethod of claim 27, conpr|5|ng renoving stylets fromthe introducer

needl es of the array prior to inserting the plurality of dispenser needles.
29. The met hod . of3%l ailineaneihhd cécleimi3s whdreitt tbe seleglashpasfodigfdispeisias a

portion n_a subject. 30. The nethod of claim 29
ool eliTing el

wher ei n ¥RE“of a preclinical nodel and a human patient.
31. The nethod of claim 29, conprising excising at |east the portion of the
tunor after the introducing 32. The net hod _of cIa| m 31
conprising at |eadt oﬁé\edﬂeﬁhﬁﬁgafﬁ@mr?é wharsin theiagent eorepiises,achiyrally, i magi ng

the t | t t
the excbdiats 4Rt placld SuhpReiSioah@8act P TRALRG o dfeh DR B0, 0
conpri smeewtn ofl ngspectlveasie dfiige plursiitpof dibpédezrinesoiesat a tine that is a

sel ected period of tine after introducing the agent. 34. The
nmet hod of claim 33 wherein the selected period of tinme is one of a range of

time, a mninmm I OGHRf L4 LEkGigperiod of tine
For excising. o0 ORImE4ER i B B B e e sel ect o
peri od océtmpiisas dldeastpericd regatied cogird&ohgusiion a®d a positive control

composition.

40. The method of claim 38 wherein the plurality of agents

comprises at least one position marker.

41.  The method of claim 38 wherein at least one of the plurality of
agents is a candidate effective agent. 42. * The method of claim 38 wherein at

least one of the plurality of agents comprises an indicator of efficacy.

43. The method of claim 42 wherein the indicator of efficacy

comprises at least one of a nanoparticle, a nanostucture, and an indicator dye.

44. The method of claim 38, wherein at least one of the plurality of
agents is selected based on a clinically demonstrated efficacy of the respective

agent.



36. The nethod of claim 33 wherein the selected period of tine is a range

of between about 72 and about 96 hours. 37. The nethod of
claim 33 wherein the selected period of time is a period exceedi ng one
week. 38. The nethod of claim 24 wherein the agent conprises a

plurality of agents, and the placi ngéconprises placing each of the
plurality of agents into the reservoir of a respective one of the plurality
of di spenser needt®s. The method of claiy$8, qerapriEn sesesEINg: WithrewPaphit ein t he

ol ural | L¥ie8ls ARS o AR SPodihe | AT BRE PLURaLR RN P ROW ARy of

conposi tion an 0 conposition
of cl ai thedhanhierein the plurality of agents conprises at |east one position
mar ker . 41. The nethod of claim 38 wherein at | east one of the

plurality of agents is a candidate effective agent. 42. The method of claim

38 wherein at |eag O’)?n%@iﬁ%a_ﬁi’gﬂ’\ﬁ@ﬁ%%iaﬁe%F%Eiés%@w&rﬁﬁt% oRBgkmdi cat or

of efficacy. aim42 wherein theé indicator
of effi &mdneatiogpraubest,apnipeiasiyg: one of a nanoparticle, a nanostucture, and
an indicator dye. f .claim ?8 wherein at |east

e . 44, Th d
one of the pl ural NEGHRY egﬁéw‘t%pliugalg)épfgﬂnr@y]agggﬁgdyﬁ 49e01S hicc 1 y

denonst rateeief bes@Finh ihRetisPSREFLA ¥RIARRDE in a@lbject; 45. The
met hod of claim 38, conprising assessing, wWith respect to at |east one of

the plurality of expingiromtthe eabjecioatdeadt the injastien sitaef thei sofid tigpéit oxi city
of the aagnt. 46. A nethod for identifying relative efficacies
of a plﬁ lity of agents for treating a subject, conprising:

evaluating the excised injection site for an altered physiologic state at
each of the respective locations, and therefrom identifying relative efficacies of the

plurality of agents.

47.  The method of claim 46 wherein the excising comprises one of
excising at least 48 hours after the injecting, excising at least 72 hours after the
injecting, excising 72 to 96 hours after the injecting, and excising at least one week

after the injecting.

48. 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 plurality of agents; _

injecting, simultaneously, each of the piurality of agents into a
respeclive region of a soiid tissue; and |

evaluating an effect of each of the plurality of agents on the respective

region.

49.  The method of claim 48 wherein the injecting comprises

injecting the plurality of agents into the solid tissue in vivo.

50. The method of claim 49, comprising excising the solid tissue

prior to the evaluating.



injecting each of a plurality of candidate effective agents into a
respective location in an injection site in a solid tissue in a subject;
excising fromthe subject at least the injection site of the solid tissue;
and eval uating the excised injection site for an altered
physi ol ogic state at each of the resfective |ocations, and therefrom
identifying relative efficacies of the plurality of agents.

47. The net hod of5icl aiTime4betvhe péiinint He, excopssimg)incaginy irsesplidrissvé. exci si ng
at |east 48 hours after the injecting, excising at |least 72 hours after the
injecting, excising 72 to 96 hours after the injecting, and excising at

| east one week afgoer tiipg 886 bY BYim 51 whereihdhe fin h@@@n@hs@@?ﬁ@gjm n of a
t herapeutic device, conprising: charging a reserv0|r of each of pIurallty

of needihessofiil tikswee inegpecti ve one of a plurality of agents;
i njecting, simultaneously, each of the plurality of agents into a
respective region of a solid tissue; and evaluating an effect of each of

the plurality of sgentmhediethbe of ERIREARIWRrERGhOIhjecting comprises  49. The
met hod of claim48 wherein the injectin rises injecting the plurality

of agen¢listribytiog eaeh sbihecpluiedly s agﬁntwmghe solid tissue alompan 2K ifEithod of
claim 4%”@%%{%”18@0“%:%&&%@ the solid tissue prior to the evaluating. 62

51. The | ai'm conprising inmaging the solid tissue.
52. The nethod of claimb51 wher ein the imaging conprises inmaging the solid
tissue in vivo. The nethod of cl aim48 erein

i njecting conpri ¥ leéﬁmBﬁ‘PﬂﬁéC@ﬁﬁHSO?OWHES‘BQ GESFSSING, YAt a{aéﬁ’ﬁtétt‘? nto the
solid tLERUE GHOSH NS BIAYIS of BgdiE £15SREBhE bF ofRabP hcility, BRdtbaSHE o

the agent.

55. A method of determining efficacy of a cancer treatment regimen,
comprising:

simultaneously introducing an agent to a plurality of positions in a solid
tumor in a subject in vivo;

removing the tumor from the subject; and

evaluating an effect of the agent on the tumor in vitro.

56. The method of claim 55 wherein the agent comprises a plurality
of agents and the introducing comprises distributing each of the piurality of agents to

a respective one of the plurality of positions in the tumor.

57. A method, comprising:

introducing an agent to a region of solid tissue in a subject by -
distributing the agent to a plurality of positions along an axis within the region of solid
tissue in vivo,

removing the region of solid tissue from the subject; and

evaluating an effect of the agent on the region of solid tissue in vifro.



54. The nethod of claim48, conprising assessing, wth respect to at | east
one of the plurality of agents, at |east one of efficacy, activity, and
toxicity of the agent. 55. A nethod of determ ning efficacy of
a cancer treatnent regi nen, conprising: si mul t aneousl y
introducing an agent to a plurality ® positions in a solid tunor in a

subject in vivo; renoving the .t r fromthe subject;_ and evaluating an
effect of the agéﬁ- Oﬁi’p@e@mgﬁ&?gﬁﬁn\ﬁ/twlgﬁrem tﬁe hgion ofs&@é;ss%e met hod of
cl ai m 5goMRas&l Hufhé, agent conprises a plurality of agents and the

i ntroduci ng conprises distributing each of the plurality of agents to a

respective one of the plurality of positions in the tunor. 57.
A et hod, conpri sing: i ntroduci ng, an_agent t r egi of solid
tissue in a subjett binHV?FvPBGFFﬁﬁnﬁﬁéﬁgﬁgﬁgh?@xggﬁPUF&?Pt!wgﬁ&g@sitions
al ong apzANkaMstiftiE fdifor SHRA 1i8$ues @ht HdrsinURe inirodu¥dg coRTPPEESy the
region of solid tissue fromthe subject; and evaluating an effect of the
agent ofistiwting heoageit abwd epah of she piunality of paraligaxes. 58. The

met hod of claim57 wherein the region of solid tissue conprises a tunor.

59. The nethod of claim57 wherein the axis is one of a plurality of

paral | el axes in dgthe reg osthol ofeldid S0 siserein dBdnivdiricRigncdni®isest r oduci ng
conprises distributing the agent al ong each of the plurality of parall el
axes. Simultaneously distyibuting thepari alnceanhrefgbe ity AT parliele8duci ng
conprises simultaneously distributing the agent al ong each of the plurality
of parallel axes. 61. The nethod of claimb59 wherein the
plurality of paradi.el Eheametredaf cmgad wineraim thermpdyrality of parallel axes is

arranged in an array.

62. The method of ¢laim 57, comprising introducing at least two
position markers to the region of solid tissue along a respective one of the plurality of

parallel axes.

_ 63.  The method of claim 62 wherein the introducing at least two
position markers comprises distributing the at least two position markers along

respective parallel axes within the region of solid tissue.

64. The method of claim 62 wherein the at least two position
markers each comprise a detectable label that is selected from the group consisting
of a radiolabel, a radio-opaque label, a fluorescent label, a colorimetric {abel, a dye,

an enzymatic label, a GCMS tag, avidin, and biotin.

65. The method of claim 57 wherein the agent is one of a plurality of
agents and the axis is one of a plurality of parallel axes arranged in an array.in the
region of solid tissue, and wherein the introducing comprises distributing each of the
plurality of agents to a plurality of positions along ai respective one of the plurality of

parallel axes.



62. The nethod of claim57, conprising introducing at |east two position
markers to the region of solid tissue along a respective one of the
plurality of parallel axes. 63. The nmethod of claim 62 wherein
the introducing at |east two position markers conprises distributing the at
| east two position markers al ong resffective parallel axes within the region
of solid tissue. 64. The method of claim62 wherein the at

| east two positi 66. matRemeteod af dainp b7 seormprirstdat gpsioneidnagingiths s

71 uor o<l 8P 8o HE rERRREPH) Rl e’ SRS Londhr R0 MIARELE ' "o

tag, avinfbducisd)Gnliielabihg the solid tissue aftehBhe ild@doeihgod of clai m 57 wherein
the agent is one of a plurality of agents and the axis is one of a
plurality of parallel axes arranged in an array in the region of solid

ti ssue, and wheregi-n t [ j I Si ' ] i h of the
plurality of age?t-r"s tgﬁg ng%thggpﬁlgg%?gg@{se%r?iﬁg?]ésjbnglc[;%@gaédr}g%%%%ti ve one of
t he pl usedtihingadifie payiad biedolidxisue irfid a plurality of sectionsg@rm@hie thephodlebf cl ai m
57, conprising at | east one of inmaging the solid tissue prior to the

i ntrodu?t9¥y, imaging the solid tissue concurrently with the introducing,
and imaging the solid tissue after the introducing. 67. The
met hod of claim 65 wherein the evaluating conprises sectioning the region
of solid tissue 68t o ahplroethbd of claim §&cthcreis the ewslaling edrepfresal | el axes.

68. The, method of claim67 wherein the eval uat i cQnpr i J ng

i thi n eREce wihip fad sdhdlsli Bbraron gt ol de s R oot B BEY o

| east opge of thbhurdliylorbhbmsof agents. 69. The nmethod of claim
68 wherein the deteCting conprises, with respect to the at | east one of the
plurality of agents, at |east one of detecting a degree of perneation of

t he agent through he | i t L i 1 «<of fect of

t he agent on the g|'ssu 8'3%85§§?§%{¢%§t\'§%6%®39§9§ og%g@%gﬁ%%%'l{w‘@f t he

agent ofespbeét ibitss BEleast one of the plurality Of adévits nzttiaxd oot of daiewtibgy awher ei n t he
eval uating conprises determning the effects of at |east two of the

pl ur al i #§dree Oéaéﬁﬂ%af&ﬂfﬁt%%ﬁﬁe@gﬁiwhﬁh%\ﬁ@'m IpsuRedeEgiNg2 of the solid
tissue. . . t j r.el ating
compr i sBYSRehemca! sedtir vl Aol dile Bl A deloctigFbrkiaBoBRl 2.t
agent s effecayf eesgenposithe tasueni thin the region of the solid tissue.

72. The nmethod of claim®67 wherein the evaluating conprises differentiating

a degree of the effect of at |east one of the plurality of agents on

di fferent sectiong of fiHaEnaMbldficlarny SBIhE@vhRiadhd Eemphses
characteristics of the different sections of the solid tissue. 65
determining the effec;ts of at least two of the plurality of agents on a same position

within the region of the solid tissue.

71.  The method of claim 67 wherein 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.

72.  The method of claim 67 wherein the evaluating comprisés
differentiating a degree of the effect of at least one of the plurality of agents on
different sections of the solid tissue according to different characteristics of the

different sections of the solid tissua,



73. The nmethod of claim67 wherein the eval uating 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. 74. The nethod of claim#65
wherein the evaluating conprises, with respect to at |east one of the

plurality of agenis, sessjin t. leagst one of effjcac act.ivity, and
toxicity on the ptbi o%mEWPB&?PI%@% _wherein the evaluaﬁnggpm{?ﬂ%esrmt hod of

cl ai m 6eonfARRG b SHAGHEESSAKAsa R drRaTthoBRraly bhsgdhyoatid ol agent s
based on the eval uating. 76. The nethod of claim 65,

conpr i stisguseltiestsenenteff¢c af ot least asecand griesidhe plurality afjessrds pasde’l on t he
eval uati nﬂ?]. 77. The nmethod of claim65, conprising
prioritiP2fhYS¥ | east two of the plurality of agents based on the

eval uati ng. 78. The nmethod of claim@®65, further conprising:
distributing the plurality of agents to a plurality of positions, each

al ong a respecti vt ond hefmatherdif glaimyBSorhgrainahe eivalieling fPMRNsES Wigi on of
solid ti i 1.hi . ' of j _ - 79. The
met hod & C%g?&rét%;%ft g’?‘% %éﬁ%@%r"&&né %F\Sé a(‘?’)?é%"fgcés@?aeséﬁnﬁgmgtﬁ tCIagsést one of

t he pl umativityy and ta@itpton thasegloonf tbikl ¢akuating, (ii) deselecting at |east
one of the plurality of agents based on the evaluating, and (Hi)
prioritizing at least two of the plurality of agents based on the

eval uati ng. 75. . The m%@rode?%tta[@te{)S?@o%ngi'naid@sél%c{sﬁg LBESteMRI Si ng one

of (i) selecting at |east one of urality of subjects based on the
eval uat ity plutality ofdesetsitddedprathel @astatiogpe of the plurality of subjects
based on the evaluating, and (H) prioritizing at |least two of the
plurality of subjects based on the evaluating. 66 81.The nethod of claim

75 wherein the eved uatiOmeHPar dreRamdss, %bmpﬁisaag seidcArg bt Rhsebics@te
physi ol ogic state of the solid tissue near at [east one of the plurality of

par al | elplurglity of ggents bhegdion dfunevaledtinger i ng devi ce conpri si ng:

(i) a plurality of needles arranged in an array, each of said needles
havi ng, i ndependently, one or a plurality of ports distributed along its
| engt h wher ei n at 7 easthemetHigiasH oiifeds, 28t riingrprioritizing bt jgast ivo of

(ii) aplurality of reservoirs containing the fluid agent, each of said
r eser voithe Plealitgof apemtapasecpfing e¥yadiigwi t h a respective one of the

plurality of needles, and

78. The metﬁod of claim 65, further comprising:
distributing the plurality of agents to a plurality of positions, each along
a respective one of a plurality of parallel axes within a region of solid tissue within

each of a plurality of subjects.

79.  The method of claim 78 further comprising one of (i) selecting at
least one of the plurality of agents based on the evaluating, (ii) deselecting at least
one of the plurality of agents based on the evaluating, and (iif) prioritizing at least two

of the plurality of agents based on the evaluating.

80. The method of claim 78 further comprising one of (i) selecting at
least one of the plurality of subjects based on the evaluating, (ii) deselecting at least
one of the plurality of subjects based on the evaluating, and (iii) prioritizing at least

two of the plurality of subjects based on the evaijuating.



(iii) a plurality of plungers, a first end of each plunger being received
in a respective one of the plurality of reservoirs and a second end of each
pl unger bei ng depressabl e such that depressing each plunger results in
injection of the fluid agent through the respective one of the plurality of
needl es. 83. A nethod for selective dedivery of a fluid agent to a solid

ti ssue, conprising: (a) introducing a plurality of needles of

a fluid agent-delgiver iThg raeibe ef tiair 76hhesehitbe bvslattng enrdprises
(b) adm nistering the fluid agent into the solid tissue by injectiogn
t hr oughd%tﬁfra‘”ﬂ‘@e%lleé@. of altered physiologig stateqgbtheetoie diseye Bealidhieast RRecki n t he

solid tis grmved froma subject. 85. The nethod of claim 83
wherein tﬁﬂé@rsa(i)@i%(;%tgféskglrje I'S in a subject. 86. The nmethod of claim85 wherein

the agent is delivered to the solid tissue in a therapeutically effective

anount. 67 net hoaaof claim86 wherein outside the

.87. The net. )
solid tissue the $gent® ﬁ“égég?Wé‘fe"("?ﬁ’”% WeREPEAB®NTor (ii) if detectable

outside the solid tissguye, i Ll mal dose.
i 835%@@& nb8diek %Iﬁgﬂ{;ecﬂn 4 8ftay, AN Thi

88. The net hod of cl ai n the sol I Ssue conprises a tunor.
89. Thenemtlé®tadhg,chdepargdniheneiar a plerdityfmarts dsilibeted éldngota iehgthgr oup
consi st | of beni gn tunor and.a,nmaligpnant tunor. 90. The
net hod %’Bgr "hiaﬂnegg %%er?e@ld}? {‘%5?'&%9?3{@%&8?%& ed fromthe group consisting
of a primary tunor, agi) nvagivalit/ $rPesatirstediRiiambahé Guliygent, each of
91. The nethod of claim88 wherein the tunor conprises at |east one cancer
cel | setaidtreseryoisnbaing ingiud gomonsgiicationgvifa espeotivcaene efdhedluradyiof a breast
cancer ﬁ@édles %n(éOl on cancer cell, a lung cancer cell, a brain cancer cell,
and an ovaridn cancer cell.

(i)  a plurality of plungers, a first end of each plunger being

received in a respective one of the plurality of reservoirs and a second end of each
plunger being depressable such that depressing each plunger results in injection of

the fluid agent through the respective one of the pluraiity of needles.

83. A method for selective delivery of a fluid agent fo a solid tissue,
comprising:

(a) introducing a plurality of needles of a fluid agent-delivering
device into the solid tissue; and

(b) administering the fluid agent into the solid tissue by injection

through said needles.

84. The method of claim 83 wherein the solid tissue has been

removed from a subject.
85.  The method of claim 83 wherein the solid tissue is in a subject.

86. The method of claim 85 wherein the agent is delivered to the

solid tissue in a therapeutically effective amount.



92. The nethod of claim 88 wherein the tunor conprises a cancer sel ected
fromthe group consisting of adenoma, adenocarci nona, sguanous cel

carci noma, basal cell carcinoma, snall cell carcinoma, |arge cel

undi fferentiated carci noma, chondrosarcona and fi brosarcona.

93. The nmethod of claim83 wherein thie solid tissue is selected fromthe
group consisting of brain, liver, lun ki dney, prostat.e, ovar%% spl een,

ynph node, thyrob@, pHifcieted ofekim Soanksrainputsits dpesolidissyeit | arynx,
esophagééeﬁqg eﬁﬁ@f@%det&ctab[e or (ip if JéiectiBR JTRL; g@ﬁ@éol&fl stk SReWiRhei N the

fluid agént co es an agent I'S selecte om the group consisting
of : (a) isprgeed athﬂsatpynagamtmat(dm)sea chenot herapy agent; (c) a snmall

nol ecul e; 68 (d) an antibody; (e) a protein;

(f) one of a small interfering RNA and an encodi ng pol ynucl eoti de therefor;

(g) one of an ant bgens TRt afAeathag PRk s ieald dinbhasef or

therefor; peptidom neti one bozynme and an encodi ng
pol ynucIttm)oﬂ de

89. The method of claim 88 wherein the tumor is selected from the

group consisting of a benign tumor and a malignant tumor.

90. The method of claim 88 wherein the tumor is selected from the

group consisting of a primary tumor, an invasive tumor and a metastatic tumor.

91. The method of claim 88 wherein the tumor comprises at least
one cancer cell selected from the group consisting of a prostate cancer cell, a breast
cancer cell, a colon cancer cell, a lung cancer cell, a brain cancer cell, and an

ovarian cancer cell.

92. The method of claim 88 wherein the tumor comprises a cancer
selected from the group consisting of adenoma, adenocarcinoma, squamous cell
carcinoma, basal cell carcinoma, small cell carcinoma, large cell undifferentiated

carcinoma, chondrosarcoma and fibrosarcoma.

93. The method of claim 83 wherein the solid tissue is selected from
the group consisting of brain, liver, lung, kidney, prostate, ovary, spleen, iymph node,

thyroid, pancreas, heart, skeletal muscle, intestine, larynx, esophagus and stomach

94. The method of claim 83 wherein the fluid agent comprises an
agent that is selected from the group consisting of:
(a) a gene therapy agent;
(b) achemotherapy agent;

(¢}  asmall molecule;



(1) a detectable label; and (j) one of a therapeutic protein, polypeptide,
and a 95.The nethod of claim94 wherein the detectable | abel is selected
fromthe group consisting of a radiol abel, a radi o-opaque | abel, a
fluorescent |abel, a colorinmetric |abel, a dye, an enzymatic | abel, a GCVB
tag, avidin, and biotin. 96.The neth#d of claim 94 wherein the agent is

sel ected fromthe group consisting of: (i) a gene
therapy agent that COI(]qu’I sas aatibddyast one operably |inked pronoter,

(ii) a small int erfer| RNA- encodi ng pol ynucl eotide that conprises at

| east one operably Iif ed BPseler ; (iii) an antisense
RNA- encodi ng pol ynucl %@tl dgnd bag Swtbﬁgﬁn%m\jp@% afBecengg ably |inked
pronoter; and a ribozyne-encodi ng pol ynucl eoti de
t hat comiymlsw)t@e theva$ar; one oper ably I|nked pronoter. 97. The met hod of
claim 96 wherein the (() erabl ‘FI nke U sel eﬁ eQlagagroup
consi sting of a consti¥uti \98 st ? Iaé'atﬂ A

98. The metdigd of claim 97 vvherel n the regul at abl e pronoter |s
(h)  one of a ribozyme and an encoding polynuclectide
therefor;
(i a detectable label; and
§)) one of a therapeutic protein, polypeptide, and a

peptidomimetic.

95.  The method of claim 94 wherein the detectable label is selected
from the group consisting of a radiolabel, a radic-opaque label, a fluorescent label, a

colorimetric label, a dye, an enzymatic label, a GCMS tag, avidin, and biotin.

96. The method of claim 94 wherein the agent is selected from the

group consisting of;

(N a gene therapy agent that comprises at least one
operably linked promoter,

if) a small interfering RNA-encoding polynucleotide that
comprises at least one operably linked promoter;

(i)  an antisense RNA-enceding polynucleotide that
comprises af least one operably linked promoter; and '

(iv) aribozyme-encoding polynucleotide that comprises at

least one operably linked promoter.

97.  The method of claim 86 wherein the operably linked promoter is
selected from the group consisting of a constitutive promoter and a regulatable

promoter.



sel ected fromthe group consisting of an inducible pronoter, a tightly
regul ated pronoter and a tissue-specific pronoter. 99. A nethod for altering

a physiologic state in a solid tissue, conprising: (a)
introducing a plurality of needles of a fluid agent-delivering device into
the solid tissue; and (¥ adm ni steri ng the fluid agent into
the solid tissue [ection through _said need 00. A

net hod for obt ai rﬁ%g bl "@l’ﬁgi*’@élOf§@r'fﬁI9é'§N'?@r§iﬁ taemaeﬁieiabiewfem%éiu ons in a

321/: get :s%l%gl%pﬁgo%ggfé @"OBP conssstin of arbinduéiai éiBHo‘Pég}Jﬁ Irtl l@rerngtattédf)l e needl e

SSue, $2rE placi’ng a Ity of needles at a
pIural|puwmﬂepasdbﬁe@&}spe@hﬁptmsﬁue and (b) generating
negative pressure at a port of each needle of said multiple needl e device
under conditions and for a tine sufficient to draw into said needles a

plurality of bi olgby& Og% ﬁf&ﬁ&gﬁﬁ Oﬁ?rgq %i@ihgcaétéﬂe%Qfsol?@%édéms in the

ti ssue, and ther froma plurality of

posi ti onsmprisitge ti ssue. 101. A nethod for obtaining biologi caI
sanples froma plucali.t OSI ons an, a n soli.d tissue,
conpri si ng: @™ 'in 0‘?‘%@ 9P ﬂﬁiﬁpﬁ eacg?ﬁiint‘? P@ aﬁ’?@ﬁ?@“’&@%ce into the
sol i d tiasiHeintd ned & Rleagi &y @ plurality of needles at a plurality of
positions in the tissue; and (b) generating negative pressure

at a plurality of(bpor tasimipistariag the Hrig @elnehi@'@ fhepsoliddishus briniecten sai d
rrultipIﬁH @g $ deew(j e under conditions and for a tinme sufficient to draw
into sai 8§13 urality of biological sanples fromsaid plurality of
positions in the tissue, and thereby obtaining bi oI ogi cal sanpl es from a

plurality of positions along an axis in the tis A
met hod of screeni HY-submeathad fospbiinige BIQ‘QQ*%HS@WE’&?SWW garigrajity of cI i ni cal
trial o t ising: 70 (a)

i nt rodu@f)%ggr(])érz{en %rg&iﬁot%ggggiomé%a region of solid tissue in one or nore

subjects in vivo ay diistrodimitg agnedré neédleaieuhcagetimttbesolidaﬁsmuar terety of

osition alon an.axis within the re n.in ea ubj ect
Fb) re %@f@'@g%ﬂe%ﬁie%ei@ Hi“f‘i’g%géapqsr't!ﬂﬂsé%gtw @? J@a?'ed subj ects: and

(by  generating negative pressure at a port of each needle of said
multiple needle device under conditions and for a time sufficient to draw into said
needles a plurality of biological samples from said plurality of positions in the tissue,

and thereby obtaining biological samples from a plurality of positions in the tissue.

101. A method for obtaining biclogical samples from a plurality of
positions along an axis in a solid tissue, comprising:

(a) introducing a multiple needie device into the solid tissue, thereby
placing a plurality. of needles at a plurality of positions in the tissue; and

(b)  generating negative pressure at a plurality of ports located along
a length of each needle of said muitiple needle device under conditions and for a
time sufficient to draw into said needles a plurality of bioclogical samples from said
plurality of positions in the tissue, and thereby obtaining biological samples from a

plurality of positions along an axis in the tissue.

102. A method of screening subjects for eligibility to participate in a

clinical trial of one or more agents, comprising:



(c) evaluating each region renoved in (b) for an effect of each agent on
the respective position along the axis within the region, wherein either
(i) for any given agent or agents presence of a detectable effect of said
agent or agents on the solid tissue region fromthe subject indicates
eligibility of the subject for parti®i pation in a clinical trial of the
agent or agents, (H) for any given agent or agents absence of a detectable

effect of said agent & ageitb8uay bhe of Morsl absisue arregbpif Eolmidsue subj ect
indicates ineligibili of the su &Jeqt for participation in a clinical
trial dhonrermmasubiecksgamyve, biodistibiiing sermofsaid agentsite g plurality of 103.
A net ho foratl i rent opnent into a therapeutic
e " e R LGRSl o Syt cu

i ntroduci ng one or noftg careicléigthegegiva of eokd tisgiedrorobaah ebsaid t unor of
known tunor type in each one or nore subjects having a tunor of the known
tunor tSHMECtH\ENdi stributing each of said candidate agents to a plurality of

positions along an ax;)cﬁ V"iéxmh]ﬁ'at eea{cﬂ%@enir@m%@ﬁ@gfc&ggﬁ  effect of

(b) renoving the regi of "sol1d~tunor Yrom eac subj ects and
(c) congshi aygneas the egbectivegrasitee dlond e $xis withinghé ezgionfwhedeih aitaadi dat e

agent on the respective position along the I tthip the region, wherein
an ager‘B fP_h%'i‘VQ'é %F‘B%micﬁ' aéﬂe_@f'%%{?é‘?n‘-’t?e é\‘?‘%?g{é‘béfwo ¢ 3PRY duced to the
tunor rég‘gfét?'&é’%ﬂfé %ﬂfﬁq%%ué?éd;i&gfrBFch@%&E{eﬁpml’&atés’ﬁi@itﬁﬁw betrrpemide agent for

treatin e solid tunor, and an agent that results in a I esser beneficial
ef f ect fahparticipetiodica dinicaltitia of theoagerd ce egertsa(il) ey caanmgender devel opnent

'nto a r;[\gheenrts? ggsuénlc(s:e o?%ecpéteg’iggieter e%tt of S%Ié Qgeenst%lrla%e%f‘énc}?]rﬁhe solid tissue
region from the subject indicates ineligibility of the subject for participation in a

clinical trial of the agent or agents, or {jii) both (i} and (ii).

103. A method of rating a candidate agent for development into a
therapeutic agent for treating a solid tumor, comprising:

(a)  introducing one or more candidate agents to a region of a
solid tumor of known tumor type in each one or more subjeéfs having a tumor of the
known tumor type, by distributing each of said candidate agents to a piurality df
positions along an axis within the region in each subject;

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

(c)  comparing each region removed in (b) for an effect of
each candidate agent on the respective position along the axis within the region,
wherein an agent that results in a greater beneficial effect when introduced to the
tumor receives a higher rating for development into a therapeutic agent for treating
the solid tumor, and an agent that results in a lesser beneficial effect when
introduced to the tumor receives a lower rating for development into a therapeutic

agent for treating the solid tumor.



