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BACKGROUND OF THE INVENTION

i- !_field of the Inventicn

The present invention relates to improved methods for

detecting and treating pathological conditions with a
multi-step process using compositions containing biotin
and/or avidin conjugates.

2- Description of the Prior Art

Antibodies against different determinants associated
with pathological and normal cells, as well as associated
wvith pathogenic microorganiems, have been used for the
detection and treatment of a wide variety of pathological
conditions or 1lesions. The targeting antibody is
conjugated to an appropriate detecting or therapeutic
agant as described, for example, in Hansen et al., U.S.
Patent No. 3,927,193 and Goldenberg, U.S§. Pat. Nos.
4,331,647, 4,348,376, 4,361,544, 4,468,457, 4,444,744,
4,460,459, 4,460,561, 4,624,846 and 4,818,709, the
disclosure of all of which are incorporated herein by
reference.

When detecting a lesion a high signal-to-background
ratio needs to be achieved. Therapy also requires a high
absolute accretion of the therapeutic agent in the
lesion, as well as a reasonably long duration of uptake
and binding. High background levels of non-targeting
antibody have long been recognized as a major impediment
to high target:background ratios beiny achieved. To
overcome this impediment various methods have been
developed, such as those described in the above-
referenced Goldenberg patents.

Still other methods have been developed to inézease
the target:background ratios of the detection or
therapeutic agents, such as pre-targeting and
biotin/avidin approaches, as des:ri_i:;d, for example, in
Goodwin et al., U.S$S. Patent Ko. 4,863,713; Goodwin et
al., J. Nucl. Med. 29:226, 1988; Hnatowich et al., J.
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cOnj ugated to an appropriate detecting or therapeutic agent as descri bed,

for exanpl ewgislipdgagrsen et al., U S Patent No. 3,927,193 W@ber_g,
U'S. Pat. Nos. 4,331,647, 4,348,376, 4,361,544, 4,468,457, 4,444, /44,

14, 460, 459, 4,460, 561, 4,624,846 and 4,818, 709, the disclosure of all of
fwhi ch are incorporated herein by reference. Wen detecting a | esion a high
4si gnal -t o-background ratio needs to be achieved. Therapy also requires a
hi gh absol ute accretion of the therggeutic agent in the lesion, as well as

Ba reasonably | onNughs Medn /1388 ak 398N Pehdiaty.al-pi Jh HNSher Medd | evel s

jof non-targeti ngaentidodusaqv Ki1libagowaan d18G0gNi Resl AMer NEscassgpedi ment

§to high target:bagkgl ouddi £ O8e P19 FN QY& wdf. 30:66, 1389;
Kalofonos et al., J. Nucl. Med. 31:1791, 1990; Schechter

‘5 et al., Int. J. Cancer 48:167, 1991; Paganelli et al.,
Cancer Res. 51:5960, 1991; Paganelli et al., Nucl. Med.
Commun. 12:211, 1991; Stickney et al., Cancer Res.
51:6650, 1991; and Yuan et al., Cancer Res. 51:3119,
1991; all incorporated herein in their entirety by

10 reference.

Avidin, found in egg whites, has a very high binding
affinity for biotin, which is a B-complex vitamin
(Wilcheck et al., Anal. Biochem, 171:1, 1988).
Streptavidin, derived from Streptomyces avidinii, is

1s similar to avidin, but has lower non-specific tissue
binding, and therefore often is used in place of avidin.
Both avidin and streptavidin have a tetravalency for
biotin, thus permitting amplification when the former
bind to biotin. :

20 In a prior art 2-step procedure, a targeting antibody
is conjugated with either avidin or biotin and then is
injected into a patient, thus localizing the avidin eor
biotin at a tumor of interest. Thereafter, either biotin
or avidin (depending on vhich was coupled to the

25 targeting antibody), bearing an imaging isotope is

' injected and is localized at the site of the primary
antibody by binding to avidin or biotin respectively.
Timing of the second injection after the first one is
very critical. 1Injecting the radiolabelsd avidin or

30 biotin too early will increase the avidin/biotin
conjugates in the bloodstream and nontargeted tissues,
while injecting very 1late may decrease the amount
targeted to the tumor because of reduced retention of the
primary antibody at the tumor.

35 Paganelli et al. (Int. J. Cancer 2:121, 1988) and

' Kalofonos et al. (J. Nucl. Med. 31:1791, 19%0)
demonstrated the feasibility of the above approach (the
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overcone this inpedi ment various nmethods have been devel oped, such as

t hose des%éggg I n the above- referenced Gol denberg patents. Still other
met hods ha 27 devel oped to increase the target:bac atios of

the detection or therapeutic agents;, 3 “such as pre-targeting and

bi oti n/avi di n approaches, as described, for exanple, in Goodw n et al.,

U S. Patent No. 4,863,713; Goodwin et al., J. Nucl. Med. 29:226, 1988;

Hnat owi ch et al ., J. -2- Nucl. Med. 28:1294, 1987; Cehr et al., J. Nucl.

Med. former used biotinylated antibody; the latter used
streptavidin-conjugated antibody for tumor localization).
In work reperted by Kalofonos et al. (ibid.), 3 of 10
patients showved improved imaging. However, the patients
5 also showed that labeled biotin alone (without antibedy
pretargeting) could detect tumors in 8 of 10 patients.
Paganelli et al. (J. Nucl, Med. 31:735, 1990 and
Cancer Res. 51:5960, 1991) disclose a 3-step approach
wherein a biotinylated antibody is administered, followed
10 by cold, i.e., non-labeled and non-conjugated, avidin to
clear nontargeted antibody, and then a radiolabeled
biotin is given which binds to the avidin retained in the -
bedy, presumably where the avidin has complexed to the
biotinylated antibody. By this method, Paganelli et al.
1s vere able to show, with the exception of the kidneys,
high tumor:normal organ ratios. Paganelll, et al.
(Cancer Res. 51:5960, 1991) used biotinylated DTPA
(diethylene triamine pentacetic acid) obtained
commercially, which is DTPA linked through two of its
20 carboxylate functions to two biotin residues. The use of
biotinylated DTPA has two adverse effects. First, the
ability of DTPA to strongly bind therapeutic nuclides in
vivo is considerably compromised when two of its five
carboxyl groups are substituted. Second, since avidin
as stereochenistry as taught by Green et. al. (Biochem. J.
' 125;: 781, 1971) has shown that four biotin binding sites
are located, tvo each, on ‘opposite faces of the
macronolecule, the two same-face binding sites can be
bridged by bis biotinylated compounds of suitable ‘chain
30 length. The bis biotinylated DTPA used by Paganelli is
long enough in chain length (22A) and flexible enough to
bridge the distance between the two binding sites (15A);
thereby, one molecule of this agent will bind to two
binding sites on the avidin and reduce the amocunt of
s localization possible.
Therefore, 2 need exists for better methods and
compositions which will "allov for the higher and more

o Pa— e g s AT PR L R TOAL O T e BN G R Tk TN ML o At L
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29:728, 1988; Klibanov et al., J. Nucl. Med. 29:1951, 1988; Sinitsyn et
., J. Nucl. Med. 30:66, 1989; Kal ofonos et al., J. Nucl. Med. 31:1791,

a
1990; SchWOr@?®t al ., Int. J. Cancer 48:167, 1991; PaBeR/usw0ass al .-
Cancer. Res. 51:5960, 1991; Paganelli etg4a+., Nucl. Med. Comrun. 12:211,
1991; Stickney et al., Cancer Res. 51:6650, 1991; and Yuan et al., Cancer
Res. 51:3119, 1991; all incorporated herein in their entirety by reference.
Avidin, found in egg whites, has a very high binding affi nity for biotin,

-which is a B-c k A 171: 1,
1988). Streptavi d%l’l VE #mc#n E?r e rte%hnﬁ? aV| dlr%tl‘“?é'? lar to
avi din, but hamwu%-‘gﬂﬁﬂf% 'PFSSE@“‘” ogical lesions.

OBJECTS OF THE INVENTION
The principal object of the present invention

S is to provide a method to deliver higher absolute amocunts
and higher target:nontarget ratios of detection or
therapeutic agents.

Another object of the invention is to provide a
multiple~step procedure which targets higher amounts of

10 a detection or therapeutic agent to a lesion.

Upon further study of the specification and appended
claims, further cbjects and advantages of this invention
will becoume apparent to those skilled in the art.

SUMMARY OF THE INVENTION
1s This invention relates to improved zmethods of
detecting and/or treating lesions in a patient. The
methods are an improvement over known methods comprising
the steps of (a) parenterally injecting a subject wvith
a targeting composition comprised of a biotin-protein
20 conjugate or an avidin-protein conjugate, wvherein the
protein preferentially binds to a marker substance
produced or associated with the targeted lesion, and
allowing the protein conjugate to preferentially accrete
at the targeted lesion; (b) then parenterally injecting
28 a clearing composition comprised of (i) avidin, vhen the
targeting composition is a biotin-protein conjugate, or
(ii) biotin, when the targeting composition is a avidin-
protein eanjugate, and allwing the clearing coxposition
to substantially clear the targeting composition from
30  non-targeted sites and to bind to the targeting
composition accreted at the targeted lesion; and (c)
parenterally injecting a detection or therapeutic
composition comprised of a conjugate of(i) avidin and
detection or therapeutic agent when the clearing
as composition is biotin, or (ii) biotin and detection or
therapeutic agent when the clearing agent is avidin, and
allowing the composition to accrete at the targeted
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bi ndi ng, and therefore often is used in place of avidin. Both avidin. and
strept avi qk a@g\; a tetravalency for biotin, thus permtting anplification
vvhenthef¢ %ndto biotin. In a prior art 2-step pr%@gﬂﬁ@"a ..
targeting antibody is conjugated with <& Mer avidin or biotin and then is
injected into a patient, thus localizing the avidin or biotin at a tunor of
I nterest. Thereafter, either biotin or avidin (depending on which was
coupled to the targeting antibody), bearing an imging isotope is

i nj ect gd and Lufem%izqﬂat lmﬁmewfnifm.gpswréaeé:a%hbetﬁyﬂw ?It ndi tﬂg
(et one s vePyRRaqiaBEs of° atep’ (%R (LoBFENR copmmrigen by

polymer to which multiple moieties of avidJ.n or bictm

can conjugate, thereby providing an increased number of

5 binding sites to which a subsequently administrated

composition can bind thereby amplifying the amount of

detection or therapesutic agent at the targeted site.

In one embodiment, the method provides a method of

detecting and/or treating lesions in a patient. The

10 method comprises the steps of

(a) injecting a subject with a first composition
conprised of
(1) wmultibiotin-polymer-protein conjugate, or
_ (2) biotin-protein conjugate,

18 wherein the protein binds to a marker substance
produced by or associated with the target lesion,
and alloving the biotin-polymer-protein coenjugate to
accunulate at the target lesion to provide biotin
receptors;

20 {b) injecting a clearing agent comprised of

(1) avidin,

{2} multiavidin-polymer conjugate,

{3) nult:lavidin-nultithafapcuticldetcction
agent-polymer conjugate,

as (4) avidin-therapeutic/detection agent

conjugate, or
(5) multiavidin-therapeutic/detection agent-
" polymer conjugate,
and pernmitting the clearing agent to remove circulating
30 biotin-polymer-protein conjugate;
{c) injecting a localizing agent conprised of
(1) avidin,
(2) multiavidin-polymer conjugate,
{(3) nultiavidin-multitherapeutic/detection

35 agent~polymer conjugate,

(4) avidin-therapsutic/detection agent
conjugate, or
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B: otijn too early will increase the avidin/biotin conjugates in the
trea :
decr ease. TRORERE L o O e ed o the tumpr bebause of r EVUEEHORS ant i on of
the primary antibody at the tunor. Pag&n8ITi et al. (Int. J. Cancer 2:121,
1988) and Kal ofonos et al. (J. Nucl. Md. 31:1791,: 1990)
denonstrated the feasibility of the above approach (the -3- former used
bi oti nyl ated anti body; the l|atter used streptavidin-conjugated anti body for
tunor | ocalization). (S) .multiavidin-therapeutic/detection agent-
polymer conjugate,
wherein the localizing agent may be the same ag or
different from the clearing agent and can be injected
$ concurrently with or subsequent to the clearing agent,
and permitting the localizing agent to localize at the
target lesion by binding to a biotin receptor;
(d) injecting a composition comprising
(1) biotin/detection or therapeutic agent
10 conjugate, ‘
(2) polymer-multibiotin conjugate or,
(3} polymer-multibioctin - multi-therapeutic/
detection agent conjugate and permitting
a biotin of the composition of (d) to bind

as to an avidin receptor of the localized
agent of (c);
(e) if a conjugate containing polymer is used in

(d), then injecting a compogition comprising
(1) avidin-therapeutic/detection agent
20 conjugate,
(2) multiavidin-polymer conjugate,
(3) avidin, or
(4) multiavidin-multitherapeutic/detection
agent-polyner conjugate, and permitting an
25 avidin of the composition of (e) to bind .
to a biotin receptor of localized
composition of (d); _
= (£) if other then the avidin-therapeutic/detection
agent conjugate has been injected in step (e),
30 injecting a Dbiotin-therapeutic/detection agent
conjugate and permitting the biotin to bind to an
avidin receptor at the target lesion; and
(9) using the therapeutic/detection agent to treat or
detect the targeted lesion;
3s vherein a polymer conjugate is used in at least one
step of the process and the polymer has a
sufficiently rigid stereochemical structure so that
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In work reported by Kal ofonos et al. (ibid.), 3 of 10 patients showed

i nproved | wodgatyss However, the patients al so showed thapcygdgipfes bi Ootin
al one (w thout anti body pret argeting) goul.d detect tunors in 8 of 10
patients. Paganelli et al. (J. Nucl. Med. 31:735, 1990 and Cancer Res.

51: 5960, 1991) disclose a 3-step approach wherein a biotinylated anti body
I's adm ni stered, "followed by cold, i.e., non-|abeled and non-conj ugat ed,
avidin to clear nontargeted ant.i body, and then a radiol abel ed biotin is

'gi ven whi ch bi nds t®plhong avRdin ex hietin of the sridpaate Siddabigd where t he
avi di n-has conpl exetle tew delcepbontalrphdy qeresrtit o the Byarduts lesiand, '
Paganel |i et al. Weﬁss@taéﬁomnfﬁ,ovmn mhfa%ﬁheepewmﬁaﬁhsoﬁwneys hi gh

tumor:nornal organ [all oS tic/detaction’ agsuts’ 6f the clearing -and
S localizing compositions which do not bind to the
target 1lesion, will Dbe readily wmetabolized and
excreted, primarily by the liver and kidney.
In another embodiment, the method provides a method
of detecting and/or treating lesions in a patient.

10 The method comprises the steps of

(a) injecting a subject with a first composition
comprised of a multiavidin-polymer-protein conjugate
or avidin-protein conjugate,
wherein the protein binds to a marker substance

15 produced by or associated with the target lesion,

'~ and allowing the conjugate to accrete at the target
lesion; _

(b) injecting a clearing agent comprised of

(1) Dbiotin,

20 (2) multibiotin-polymer conjugate,

(3) mnmultibjiotin-multitherapeutic/detection
agent-polymer conjugate, or

(¢) biotin-therapeutic/detection agent
conjugate,

25 and permitting the clearing agent to remove
circulating multiavidin-polymer-protein
conjugate of the first composition;

(¢) injecting a localizing agent comprised of

(1) multibiotin-polymer conjugate,
30 (2) nultibioti.n#nultithorapentic[datiction
agent-polymer conjugats, or '
(3) biotin-therapeutic/detection agent

conjugate, _
wvherein the localizing agent may be the same as or
3s different from the clearing agent and can be

injected concurrently with or subseguent to the
clearing agent and permitting the localizing agent
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tori am ne -

obt ai ned commercially, which is DT ILhked .t hr ough
| ate functions to two biotin residues;évhguﬂggsof

bi oti nyl ated DTPA has two adverse eff&®sT First, the ability of DIPA to
strongly bind therapeutic nuclides in vivo is considerably conprom sed when
two of its five carboxyl groups are substituted. Second, since avidin
stereochem stry as taught by Geen et. al. (Biochem J. 125: 781, 1971) has
shown that four bi ebi Nobalfie1Gatsithes tagget | Idbadbyt BOndidRC/Ito @ Opposite

bi ot i nyl at ed DEBA #838CHING A SARPIFition comprised of

10

15

30

3s

(e)

(f)

(9)

(1) avidin-detection/therapeutic agent
conjugate,

(2) polymer-multiavidin conjugate or,

(3) polymer-multiavidin-multitherapeutic/
detection agent conjugate, and permitting
avidin of the conjugate to bind to biotin
receptors of the localizing agent;

if a conjugate containing polymer is used in (d),
then injecting a composition consisting essentially
of )

(1) Dbiotin-therapeutic/detection agent
conjugate, :

(2) multibiotin-polymer conjugate,

(3) multibiotin-multitherapeutic/detection
agent-polyner conjugate,

and permitting the biotin of the conjugate to bind
to avidin receptors provided by composition (d);

if other than a biotin-therapeutic/detection agent
has been injected in step (e), injecting an avidin-
therapeutic/detection agent conjuéate and permitting
the avidin of the conjugate to bind to a biotin
receptor at the target lesion;. and

using the detaction/therapeutic agent to detect or
treat the targeted lesion; :

wherein a polymer conjugate is used ih at least one step
of the method and the polymer has a sufficiently rigiad
stereochemical structure sc that only one biotin or
avidin of each conjugate can bind to a receptor already
present at the target lesion. Most favorably, in the
foregoing, the biotin bound therapeutic/detection agents
of the clearing and localizing cowpositions which do not

bind

to a receptor at the target lesion will be readily

metabolized and excreted, primarily by the liver and/or
liver.

+ tob D€ two sanme-face binding sites can be
at'ed conpounds of suitable chain I ength. The bis
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IongENgnough in chain length (22A) and fl exi ble enough to bridge the

di stance between the two binding sites (15A); thereby, one nolecule of this
agent will W3S two binding sites on the avidin and r eorrssakass arount of
| ocal i zati on possible. Therefore, a needsexists for better nethods and
conpositions which will allow for the higher and nore -4- selective
targeting and retaining of detection and therapeutic agents to and at

pat hol ogi cal |esi-ons. OBJECTS OF THE | NVENTI ON

In another embodiment, the invention provides a
method of detecting and/or treating lesions in a patient.
The method comprises

(a) injecting a subject with a first composition

5 comprised of a multibiotin-polymer-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced or associated with the target lesion,
and allowing the multibiotin-polymer-protein conjugate to
preferentially accrete at the targeted lesion and to

10 provide multiple biotin receptors at the targeted lesion;

{b) injecting at least one dose of a compesition
comprised of avidin and permitting it to clear the
multibiotin-polymer-protein conjugate frem non-targeted
sites and to localize at the targeted lesion by binding

1s to the multiple biotin receptors;

(¢) injecting a composition comprising a biotin-
detection agent conjugate or biotin-therapeutic agent
conjugate and permitting the biotin to bind to the
multiple avidin receptors at the targeted lesion; and

20 (d) using the detection or therapeutic agent to
detect or-treat the targeted lesion,

In another embodiment, the invention provides another
method of treating and/or detecting lesions in a patient.
The method comprises

F 1 (a) injecting a subject with a first composition
comprised of a biotin-protein ‘conjugats, wherein the
protein preferentially binds to a marker substance
produced or associated with the i:arget lesion, and
allowing the biotin-protein conjugate to accrete at the

30 target lesion thereby providing bictin receptors at the
target lesion;

(b} injecting at least one dose of a clearing and
localizing composition comprised of a polymer conjugated
to more than one avidin molecule and permitting the

35  conjugate to clear the biotin-protein conjugate from non-
targeted eites and to bind to the biotin-protein
conjugate accreted at the target lesion, wherein only one
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The principal object of the present invention is to provide a nethod to

del i ver higher absol ute ampunts and hi gher target:nontarget ratios of
! detection BP¥#M%peutic agents. Anot her object of the |m5 s to

8 provide a nultiple-step procedure whi chi®argets. hi gher anobunts of a

f detection or therapeutic agent to a lesion. Upon further .study of the

# specification and appended clains, further objects and advantages of this
j invention will becone apparent to those skilled in the art. SUMVARY OF THE

VT L0 LA e ks b igderi st gl nd 2100

! et hodsgcorrprl s;’ﬁ Qin rgceptor at the arget 1on ang ther;%y . _

’ incraased numbers of avidin receptors at the target
lesion;

5 (c) injecting a biotin-therapeutic/detection agent
conjugate and permitting the biotin of the conjugaté to
bind to avidin receptors at the target site and thereby
1ncreésing the amount of biotin-therapeutic/detection
agent accreted at the target lesion; and

10 (d) using the therapeutic/detection agent to treat or
detect the lesion. _

In another embodiment, the invention provides another
method of detecting and treating lesions in a patient.
The methed comprises the steps of

15 (a) injecting a subject with a first composition
comprised of a biotin-protein conjugate, wherein the
protein preferentially binds to a marker substance
produced by or assocliated with the target lesion, and
allowing the biotin-protein conjugate to bind to the

20 target lesion thereby preducing biotin receptors at the
target lesion;

(b) injecting at lust one dose of a clearing and
localizing composition comprised of multiavidin-polymer-
detection/therapeutic agent conjugate and permitting the

25 conjugate to clear biotin~protein from non-targeted sites

' and to localige at the target lesion, wherein only one

aviain of each conjugate binds to a biotin receptor
= present at the target lesion, thereby providing the
target lesion with detection or therapeutic agent and an

30 amplified number of avidin binding sites; vherein cleared
biotin-protein and non-accretingmultiavidin/polymer/
detection or therapeutic agent conjugate are metabolized
and excreted from the body;

(¢) injecting a biotin-detection/therapeutic agent

3s conjugats and permitting the conjugate to preferentially
bind in an amplified manner to the multi-avidin sites
provided by the conjugate of step (b} at the target
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* t GRy B FOSEYOE LARDNER, ﬂﬁ%nt?e?%??y | nj ecting a subject with a target|

conposi tion conprised of a biotin-protein conjugate or an avidin-protein
conj ugat e, %E{I@ﬁ the protein preferentially binds to a_narker
r a

produced o

ted with the targeted |l esion, and all

.conjugate to preferentially accrete at® fe=targeted lesion; (b) t
parenteral ly injecting a clearing conposition conprised of (i) avidin, when
the targeting conposition is a biotin-protein conjugate, or (ii)

.when the targeting conposition is a avidin- protein conjugate, an
"the clearing corj}ygg_b},l. Odhd 0 substantially clear the target| ng conposition

fromnon-targeted sites and to Dbi targe ,Lon
at the targeted |e5|(8 ?H“’(%‘ cﬁgacgionr}%h u icgagenqp etect

10

s

20

3s

or treat the target lesion.
In another embodiment, the invention provides another
methed of treating and detecting lesions in a patient.

The method comprises
(a) injecting a subject with a first composition
comprised of an avidin-protein conjugate, wherein the

protein preferentially binds to a marker substance

produced or associated vith the target lesion and
allowing the avidin/protein conjugate to accrete at the
target lesion thereby providing avidin receptors at the

target lesion;
(b) injecting at least one dose of a clearing and

‘localization agent comprised of a multibiotin-polymer

conjugate and allowing the agent to clear the avidin-
protein conjugate from non-targeted sites and to localize
at the target lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to an avidin receptor
provided by each avidin/polymer conjugate accreted at the
target lesion, whereby each multibictin-polymer conjugate
provides multiple biotin receptors at the target lesion;

{c) injecting an avidin—thetapeuﬁic/detection agent
conjugate and allowing the conjugate to bind to the
biotin receptors at the target lesion, thereby amplifying
the amount of therapeutic/detection agent available at
the target lesion; and

(d) using the amplified amount of
therapeutic/detection agent accreted at the target lesion
to detect or treat the target lesion.

In another embodiment, the invention provides another
method of detecting and treating lesions in a patient.
The method comprises the steps of

{a) injecting a subject vith a first composition
comprised of an avidin-protein conjugate, wherein the
protein preferentially binds to a marker substance
produced by or associated with the target lesion, and

Gl £ 201ugovmiRr Be

ng

subst ance
protein

hen

bi otin,
d all ow ng

accr et ed
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parenteral ['y injecti ng a defection or therapeutic cforrp05| ti or?lczo%rpsolrswge# S/QF

a conjugate of (i) avidin and detection or therapeutic agent when the
clearing CWAPEBIBi on is biotin, or (ii) biotin and det ecRGIHMEMMSher apeut | c
agent when the clearing agent is avi dini2and al |l owi ng the conposition to
accrete at the targeted | esion. The inprovenent is having at |east one
of the conpositions of step (a) or (b) further conprise a polyner to which
mul tiple noieties of avidin or biotin -can conjugate, thereby providing an

i ncreased numbeq) 9by g dn9avid fi-prdeilth doriugats 4B pRobirafitalipt r at ed
bind to the targeted lesion and provide avidin receptors;

(b) injecting at least one dose of a clearing and
localizing composition comprised of multibiotin-polymer-

s detection/therapsutic agent conjugate and permitting the
conjugate to clear avidin-protein conjugate from non-
target sites and to localize at the target lesion,
wherein only one biotin of each multibiotin-polymer
conjugate binds to an avidin receptor provided by each

10 avidin/polymer conjugate accreted at the target lesion,
vhereby each multibiotin-polymer-detection/therapeutic
agent conjugate provides multiple biotin receptors and
provides detectibn/therapeutic agent to the target
lesion; vherein cleared biotin-protasin and non-accreting

18 multibiotin-polynmer~-detection/therapeutic agent conjugate
are metabolized and excreted from the body;

(e¢) injecting an avidin-detection/therapeutic agent
conjugate and permitting the conjugate to  bind in an
amplified manner to the multi-biotin receptors at the

20 target tissue; and

(d) using the anplifried amount of
detection/therapeutic agent at the target lesion to
detect or treat the lesion. '

DETAILED DISCUSSION
25 It has now been found that the procedures of the

present invention are more advantageous fror selective
detection and therapy of lesions than the methods of the
prior art because of the significant increase in the
_ amount of the detection or therapeutic agent which is
30 available at the targeted site due to the increase in the
number of biotin and/or avidin binding sites available at

the targeted site.
In a more preferrsd embodiment of this invention
involving a 3~-step approach, a multibiotin-polymer-
3s targeting antibody or fragment is injected, followed by
the application of avidin as a clearing and localizing
agent. i‘hen, as a third step, a biotin-conjugated
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'C OERPEY FOIEN &aﬁDﬁRn&A%e%ﬁﬂlaﬁahﬁ ngyl ng the amount of detection or
therapeutic agent at the targeted site. In one enbodi nent, the nethod.

provi des a of detecting and/or treating |lesions in_a_patjent

met hod conp ?gg’q Phe steps of (a) injecting a subje Msﬂrst
“conposition conprised of (1) nultibiot m%m ymer -protein conjugate, or (2)
bi oti n-protein conjugate, wherein the protein binds to a marker substance

produced by or associated with the target |esion, and allowi ng the
bi oti n-pol ynmer-protein conjugate to accunulate at the target lesion to

_provide biotin r¢seeds¥ or drug is administered.

In another prefarred 3-step mathod of the present
invention, the first step is the injection of a
pultibiotin-polymer~-antibody or fragment and the second

5 step is the injection of a multiavidin/polymer clearing
and localizing agent or chase. The third step involves
the injection of biotin conjugated with a detection or
therapéutic agent.

Bach of these approaches is an improvement, in terms

10 of absolute amount of detection or therapeutic agent
delivered and retained at the site of the lesion, as
compared to the prior art procedures which do not
contemplate the usa of a polymer to provide multiple
biotin or avidin sites to which a later injected avidin

15 or biotin containing conjugate could bind, thereby
anplifying the amount of detection or therapeutic agents
avajilable at the targeted site.

Of course, if desired, the segquence can be repsated
for additional accumulation of the agents, if desiread.

20 Further, the lesion-localizing protein can be a
bispecific or hybrid antibody, whereby at least 2
antibody arms are directed against different epitopes of
the same antigen or against different substances
associated vith the lesion. This i3z preferred in order

258 to achieve higher levels of accretion and binding in the

: lesion.

These methods of the present invention provide the
following improved results over other seguences reported
earlier by others:

30 - 1. incremd absolute amounts of detection and

therapeutic agents targeted to the lesion;

2. higher lesion:normal organ (including kidney)

ratios; and thereby

3. improved lesion detection or therapy.

as The detecticn/therapeutic agents used in the methods
of the present invention can be any or multiples of the
following: :




(b)
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I njecting a clearing agent conprised of (1) avidin,

mul tiavi di r conjugate, (3) multiavidin-nmultithe
agent - pol yner conj ugate, (4) avidin-therapeutic/detecti
conjugate, or (5) multiavidin-theraped$ & detection agent- polynmer

conj ugat e,

61 2 2615486:#17/02

()%)H&i,%get ection
nt

and permtting the clearing agent to renove circulating

bi oti n-pol yner-protein conjugate; (c) injecting a |ocalizing agent
conprised of (1) avidin, (2) nultiavidin-polymer conjugate,

10

1$

3s

A- diagnostic or  therapeutic radionuclides
(e.g.,alpha—, beta-, gauma-, positron-, x-ray-
and fluorescence-emitters; electron- and
neutron-capturing agents);

B- photoactivated dyes for detection or therapy;

C~ cytotoxic agents {e.g., Arugs, toxins,
hormones, ayfckines, hormone antagonists,
receptor antagonists);

D- differentiation agents (e.g., vitamins,
cytokines, autccrines, certain hormones and
drugs) . '

The methods of the present invention can be used to
detect ({either by internal procedures or by external
imaging) and/or treat 1lesions, including cancers,
infectious diseases, cardiovascular diseases and other
pathological conditions. '

" Internal detection  procedures include
intraoperative, intravascular or endoscopic, including
laparoscopic, teéhniques, both surgically invasive and
non-invasive. ' ' S ' :

The polymers most useful in the present invention are
those which have a restricted stereaclmnihtry. Such
polymers allow for the adequate spacing of biotin (or
avidin) moieties such that each biotin (or avidin) is
capable of binding to an avidin (or biotin) moiety when
its complimentary species is subsagquently injected.
Also, if the polymer conjugate is thes subsequently
injected composition and multiple biotin or avidin
moieties are conjugated to the polymer, the position of
the biotin or avidin residue and the relative rigidity of
the polymer due to the restricted stereochemistry will be
sufficient such that substantially only one of the
muitiple residue sites of the conjugate will be able to
bind to a complimentary receptor site already present at
the targeted lesion as a result of a previcusly injected
compogition. For example, biotin units substituted onto
the polymer backbone will be unable to bind two avidin



‘ . eonan © 8:99PY :FOLEY & LARDNER,DC B+ 61 2 2615486:718/02
( 3BENTLBYCFCAEY 8iLABDNER.¢ FAHeir ?f&&ﬁai 'c?d‘zgl;“ecl:tmiign agent - pol yner conj ugate, (4)
avi di n-t herapeuti c/ detection agent conjugate, or --6- (5) :

-mul tiavi di jwg Sghppeuti c/ detection agent- pol ymer conj ugapermpsdapissn the

| ocal i zi ng agent may be the same as or. Qisf Lerent fromthe clearing agent
and can' be injected concurrently with or subsequent to the clearing agent,
and permtting the localizing agent to |ocalize at the

receptors present at the target lesion because (1) each

biotin of the polymer conjugate will be more than 1SA

from its neighbor and (2) the polymer will be

sufficiently sterically rigid to not bend to enable two

S or more biotin units to bind with the corresponding

number of avidin receptors. In this way, the fullest
possible targeting amplification is achievabls.

Such polymers can be selected by one skilled in the

art from the well-knewn group of commercially avajilable

10 agents such as polyamino-acids, proteins,
oligodeoxyribonucleotides, oligonucleotides, polyimines,
polysaccharides, polyamines, polycarboxylic acids or
polyalcohols. Preferred are polymers having a meolecular
vweight of 5 to 200 kD, most preferably 20 to 60 kD.

15 More preferred polymers are exemplified by a
starburst dendrimer or a dextran, suitably modified for
substitution, most prefsrably to carry a limited number
of amino groups.

Dextran is structured in a rigid straight chain. A

20 starburst dendrimer is a sphere having amino units on its
outer surface where substitutions can be nade.

Commercial biotins products are available in which
the biotin has been modified by the addition of alkyl
groups. The biotins preferred for use in the present

as invention are biotin itself or wmodified biotins having
shorter alkyl (Cl1-S) chains. The use of a longer chain
" alkyl modified biotin would allow the biotin to bind an
avidin which already has one of its four receptors bound

by a neighboring biotin.

30 other useful biotin derivatives include active
esters, anmines, hydrizides and thiol groups with the
complimentary reactive groups on polymers being amines,
acyl and alkyl leaving groups, carbonyl groups and alkyl
halides or Michael-type acceptors.

3s Avidins are a family of proteins functionally defined
by their ability to bind biotin with high affinity and
speciticity.
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target esion by binding to a biotin receptor; (d) injecting a corrp05|t|on

conprising (1) biotin/detection or therapeutic agent. conjugate, (2)

pol ymer - nINQ 342858 n conj ugate or, (3) polymer-nultibi oPCIVUSS/04295

mul ti-therapeutic/ detection agent comjggat e and permtting a biotin of the

conposition of (d) to bind to an avidin receptor of the |ocalized agent of

(c); (e) “if a conjugate containing polyner is used in (d), then

injecting a conposition conprising (1) avidin-therapeutic/detection

-agent conjugate,  yuiains are fairly small oligomeric proteins, made
up of four jdentical subunits, each bearing a single
binding site for bictin. Avidins can therefore bind up
to four moles of biotin per mole of avidin.

s Avidins include proteins (a) produced by amphibians,
reptiles and avians, which is present in their eggs and
known as avidin, and (b) produced by a streptomyces,
Streptomyces avidinii, and known as streptavidin. As
used herein *avidin" includes all of the above proteins.

10 Since each avidin moiety has four receptors for
biotin, the conjugates containing avidin do not need to
have nmultiple moieties of avidin in order for the
amplification resulting from the methods of the present
invention to occur. It is preferable, however that

15 multiavidin conjugates be utilized in the methods of the
invention.

Proteins are known which preferentially bind marker
substances that are produced by or associated with
lesions. For example, antibodies can be usad against

20 cancer-associated substances, as well as against any
pathological lesion that shows an increased or unique
antigenic marker, such as against substances associated
with cardiovascular lesions, for example, vascular clots

. _including thrombi and smboli, myocardial infarctions and

25 other organ infarcts, and atherosclerotic plaques;

' inflammatory lesions; and infectious and parasitic
agents. Examples of appropriate applications are
provided in the above-referenced and incorporated
Goldenberg patents and applications.

30 The cancer states include carcinomas, melanomas,
sarcomas, neuroblastomas, leukemias, :I.ynphoms, gliomas,
myelomas and neural tumors..

The infectious diseases include those caused by
invading mnicrobes or parasites. As used herein,

35 “microbe" denotes virus, bacteria, ricketteia,
mycoplasma, protozoa, fungi and 1like microorganisms,
sparasite” denotes infectious, generally microscopic or
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* ( AINTRA :FOLBY i&CLiARDNE® 48l * gt?ﬂj'qﬁg'ata ea,lw( 3)OLEYavi din, or (4)
mul tiavidin-nultitherapeutic/detection agent-polyner conjugate, and .
permtti ngwgqe%‘ji n of the conposition of (e) to bind to_a biotin receptor
of localizé osition of (d);: (f) i f other then ¥H&US34/04255

.avi di n-t her apeut i c/ det ecti on agent conj &aafe has been injected in step (e),
injecting a biotin-therapeutic/detection agent conjugate and permtting
the biotin to'bind to an avidin receptor at the target |lesion; and (Qg)
using the therapeutic/detection agent to treat or detect the targeted
| esi on; very small wmulticellular invertebrates, or ova or

juvenile forms thersof, which are susceptible to
antibady-induced clearance or lytic or phagocytic
destruction, e.g., malarial parasites, lf)irochetea and
5 the like, including helminths, while ™infectiocus agent”
or "pathogen" denotes both microbes and parasites.
" The protein substances useful in the methods of the
present invention include protein, peptide, polypeptide,
glycoprotein, lipoprotein, or the like, e.g. hormones,
10 lymphokines, growth factors, albumin, cytokines, enzynmes,
' immune modulators, receptor proteins, antibodies and
antibody fragments.
The protein substance of particular interest in the
present invention ars antibodies and antibody fragments.
1s By "antibodies and antibody fragments™ is meant generally
immunoglobuline or fragments thereof that specifically
bind to antigens to form immune complexes.
The antibody may be whole immunoglobulin of any
class, e.9., IgG, IgN, IgA, IgD, IGE, chimeric or hybria
20 antibodies with dual or nmultiple antigen or epitope
specificities. It can be a polyclonal antibody,
preferably an affinity-purified antibody from a human or
an appropriate animal, e.g., a primate, goat, rabbit,
mouse or the 1like. Maonoclonal antibodies are also
2s suitable for use in the present invention, and are
preferred because of their high specificities. They are
readily prepared by what are now considered conventional
procedures of immunization of mammals with immunogenic
antigen preparation, fusion of immune lyuph or spleen
30 cells with an immortal myeloma cell line, and isolation
of specific hybridoma clones. More unconventional
nmethods of preparing monoclonal antibodies are not
excluded, such as interspecies fusions and genetic
engineering manipulations of hypervariable regions, since
- 3s it is primarily the antigen specificity of the antibodies
that affects their utility in the present inventioen. It
will be appreciated that newer technigques for.production
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whereéina pol ymer conjugate is used in at |east one step of the process
has a sufficiently rigid stereochem.cal structure so

and the ol yner

t hat - °%%P one avidin or biotin of the conjugate RCFUSMOISt O a
receptor already present at the target 3&sion. Mdst favorably, in the
foregoi ng, the avidin bound therapeutic/detection agents of the clearing
and | ocalizing conpositions which do not bind to the target lesion, will be
readi |y metabolized and excreted, prinmarily by the liver and ki dney.

of moncclonals can also be used, e.g., human monoclonals,
interspecies monoclonals, chimeric (e.g., human/mouse)
monoclonals, genetically engineered antibodies and the
like.

L] Antihody fragments useful in the present invention
include F(ab'),, F(ab),, Fab', Fab, Fv and the like
including hybrid fragments. Preferred fragments are
Fab', Fr(ab'),, Fab, and F(ab);. Also useful are any
subfragnents retaining the hypervariable, antigen-binding

10 region of an immuncglobnlin and having a size similar te
or smaller than a Fab' fragment. This will include
genetically engineered and/or recombinant proteins,
whether single-chain or multiple-chain, which incorporate
an antigen-binding site and othervise function in vivo as

15 targeting vehicles in substantially the same way as
natural immunoglebulin fragments. Such single-chain
binding molecules are disclosed in U.S.Patent ¢,946,778,
which is hereby incorporated by reference. Fab' antibody
fragments may be conveniently made by reductive cleavage

20 of F(ab'), fragwents, which themselves may be made by
pepsin digestion of intact immunoglobulin. Fab antibody
fragments may be made by papain digestion of intact
immunoglobulin, under reducing conditions, or by cleavage

_ of F(ab), fragments which result from careful papain

2s digestion of whole immunoglobulin. The fragments may
also be produced by genetic engineering.

It should be noted that mixtures of antibodies and
* immunoglobulin classes can be used, as can hybrid
| antibodies. Multispecific, including bispecific and

30 hybrid, antibodies and antibody fragments are especially
preferred in the methods of the present invention for

' detecting and treating lesions and are comprised of at
least two different substantially monospecific antibodies

or antibody fragments, wherein at least two of said

3s antibodies or antibody fragments specifically bind to at
least two different antigens produced or associated with

the targeted lesion or at least two different epitopes or




) NER HAS 2-20-96 ; 8:32PM ;FOLEY & LARDNER,DC B~ 61 2 2615486:#22/02
In an YerFOL(“aE‘rYrbolc‘im‘m Hhe met hod provides a nethod of detecting and/or

treating lesions in a patient. The nmethod conprises the steps of (a) -

injecting vesadmsrset with a first conposition conprised.obcpusssioass

mul tiavi di n-pol ymer-protein conjugate Qryg@\ di n-protein conjugate, wher ei n
the protein binds to a marker substance produced by or associated with the
target lesion, and allowi ng the conjugate to accrete at the target |esion;

(b) injecting a cleari ng agent conprised of (1) biotin, (2)
multibrotin-poly o o catak 98" &' nirker "Substante profuced herapeut | ¢/ det ect i on
with the targeted lesion. Multispecific antibodies and
antibedy fragments with dual specificities can be
prepared analogously to the anti-tumor marker hybrids
5 disclosed in U.S. Pat. No. 4,361,544. Other techniques
for preparing hybrid antibodies are discloged in, e.g.,
U.S5. Pat. No. 4,474,893 and 4,479,895, and in Milstein et
al., Immunol. Today, 5,299(1984).
Preferred are proteins having a sgpecific
10 immunoreactivity to a marker substance of at least 60%
and a cress-reactivity to other antigens or non-targeted
substances of less than 35%.
As disclosed above, antibodies against tumor antigens
and against pathogens are known. For example, antibodies
15 and antibody fragments which specifically bind markers
produced by or associated with tumors or infectiocus
lesions, including viral, bacterial, fungal and parasitic
infections, and antigens and products - associated with
such microorganisms have been disclosed, jipter alia, in
20 Hangen et al., U.S. Patent 3,937,193 and Goldenberg U.S.
Patents 4,331,647, 4,348,376, 4,361,544, 4,468,457,
4,444,744, 4,818,709 and 4,624,846. In particular,
antibodies against an antigen, e.g., a gastrointestinal,
lung, breast, prostate, ovarian, testicular, brain or
25 lymphatic tumor, a sarcoma or a mnelanoma, are
advantageously used.

A wide variety of monoclonal antibodies against
infectious disease agents have been developed, and are
summarized in a review by Polin, in EBEur. J. Clin.

30 Mierobiol., 3(5):387-398, 1984, showing ready
availability. These include monoclonal antibodies (MAbs)
‘against pathogens and their antigens such as the

following:
Anti-pacterial Mabs

3s Streptococcus agalactiae
Legionella pneumophilia
Streptococcus pyogenes
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agent - pol yner. conj ugate, or (4) biotin-therapeutic/detection agent
conj ugat e, mtting the clearing agent to renove C|rculat|q§
mul ti avi di n-polyirer-protein conjugate of the first conpo i bar &3

injecting a | ocalizing agent conprised @@ t1) nultibiotin-pol yner

conjugate, (2) nmultibiotin-nultitherapeutic/detection agent-polyner _
conjugate, or (3) biotin-therapeutic/detection agent conjugate, wherein
the localizing agent nay be the sane as or different from the clearing

‘agent and can begscherichia coli
: Neisseria gonorrhosae
Neisseria meningitidis
Pneumoceccus .
S Hemophilis influenzae B
Treponema pallidum
Lyme disease spirochetes
Pseudoncnas asruginosa
Mycobacteriun leprae
.10 Brucella abortus
Mycobacterium tuberculosis
Tetanus toxin
Anti-viral MAbs
HIV-1, -2, =3
s Hepatitis A, B, C, D
Rabies virus
Influenza virus
Cytomegalovirus
Herpes simplex I and II
20 Human serum parve-like virus
Respiratory syneytial virus
Varicella-Zoster virus
Hepatitis B virus
Measles virus
25 Adenovirus
' Human T-cell leukemia viruses
Epstein-Barr virus
Muriné leukemia virus#
Munps virus
30 Vesicular stomatitis virus
Sindbis virus .
Lymphocytic choriemeningitis virus
Wart virus
Blue tongue virus
as Sendai virus
Feline leukemia viruss
Reo virus
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I njected concurrently with or subsequent to the clearing agent and
| esi on by

pernitting“gﬂﬁg%ﬁﬁalizing agent 8 to localize at the target
binding to in receptor; (d) injecting a conpositPSTU/0§95
avi di n-detecti on/t herapeuti c agent conprudtite, (2) polymer-nultiavidin

conjugate or, (3). polyner-nultiavidin-nultitherapeutic/detection agent

§ conjugate, and permtting avidin of the conjugate to bind to biotin
¥ receptors of .the localizing agent; (e) if a conjugate containing polynmer is
g used in (d), thepgifl QLRI @ conposition consisting essentially of
Simian virus 40+
Mouse mammary tumor viruss
Dengue virus
5 Rubella virus
*=animal virus
Anti-protozoan MALs
Plasmodium falciparum
Plasmodium vivax
10 Toxoplasma gondii
Trypanosoma rangeli
Trypanosoma cruzi
Trypanosoma rhodesiensei
Trypanosoma brucei
s Schistogsoma mansoni
Schistosoma japanicum
Babesia bovis
Elmeria tenella
Onchocerca volvulus
20 Leishmania tropica
Trichinella spiralis
theileria parva
Taenia hydatigena
Taenia ovis
2s Taenia saginata
Echinococous granulosus
Mesocestoides corti
Antimycoplasmal MAbe
Mycoplasma arthritidis
30 M. hyorhinis
M. crale
M. arginini
Acholeplasma laidlawii
M. salivarium

35 M. pneumonia
Additional examples of MAbs generated against

infectious organisms that have been described in the




*  SENT'BY:FOLEY & LARDNER, WASH.: 2-20-96 ; 8:34PM ;FOLEY & LARDNER,DC B- 61 2 2615486;#25/02
(1) biotin-therapeutic/detection agent conjugate, (2) multibiotin-polyner

conj ugat e, & nmul tibiotin-nultitherapeutic/detection agent-polyner
conj ugat e, ﬁ)&“ﬂ B nitting the biotin of the.conjugate toPEIE0&9%Yi din

receptors provided by conposition (d);=(# = if other than a
bi otin-therapeutic/detection agent has been injected in step (e), injecting

an avi di n- t her apeuti c/ ‘det ection agent conjugate and permitting the avidin
of the conjugate to bind to a biotin receptor at the target |esion; and (Q)

using the detectjidrabfrenatd netadB¥diow? detect or treat the targeted

| esi on; wherein a p nmer ugat e | ed in at. one step of the

net hod and the poly hﬁ%aﬁ"’?%? i?l@' FPBF'&‘% g‘{:?FéhP ”ructure o)
that only one bilsmunodeficdahcy Uinmd-h (8EVirllgare kmowr,i andt certaircept or

al r eady present of subf &M¢IEYd1k8SeH haVlSin f13MRhERstedtiviNEo digrﬁgm ng, the

oot c-ond ARG Relo! 5551 SHaRES G, Wi LigLh 29eRd Ak TS
readily USA, 86:8055-8058, 19590. Other MAbs against viral
antigens and viral induced antigens are also known. This
shows that proper selection of the epitope can
distinguish between a therapeutic and non-therapeutic

10 target.

MAbs against malaria parasites can be directed
against the sporozolite, =merozoite, schizont and
ganmetocyte stages. Monoclonal antibodies have been
generated against sporozoites (circumsporozoite antigen),

1s and have been shown to neutralize sporozoites in vitro
and in rodents (N. Yoshida et al., Science 207:71-73,
1980). '

 Several groups have develocped MAbs to T. gondii, the
protozoan parasite inveolved in toxoplasmosis (Kasper et

20 al., J. Immunol. 129:1694~-1699, 1982; Id., 130:2407~2412,
1983).

MAbs have been developed against schistoscmular
surface antigens and have been found to act against
schistosomulae in vivo or in vitro (Simpson et al.,

25 Paragitelogy, 83:183~-177, 1981; Smith et al.,
Parasitology, 84:83~91, 1982; Gryzch et al., J. Izmmunol.,
129:2739-2743, 1982; 20dda et al., J. Immunol. 129:2326~-
2328, 1982; Dissous et al., J. Immunol., 129:2232-2234,
1982).

e ' Trypanosoma cruzi is the causative agent of Chagas'
disease, and is transmitted by blood-sucking reduviid
insects. A MAb has been generated that specifically
inhibits the differentiation of one form of the parasite
to another (epinmastigote to trypomastigote stage) in

3s vitro, and which reacts with a cell-surface glycoprotein;
however, this antigen is absent from the mammalian
(bloodstream) forms of the parasite (Sher et al., Nature,
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nmet abol i zed and excreted, primarily by the liver and/or kidney. I n
anot her epbodinent, the invention provides a nethod of detecting and/or
treating VOMEHE i n a patient. The nethod conprises (a)PCLAREPRIy a subj ect
with a first conposition conprised of =&t ti bi otin-pol yner-protein :
conjugate, wherein the protein preferentially binds to a marker substance
produced or associated with the target lesion, and allow ng the
mul-ti bi otin-polynmer-protein conjugate to preferentially accrete at the

targeted | esi omagpi@aboedd,oMisda) ul tiple biotin receptors at the targeted
lesion; Suitable MAbs have been developed against most of the
nicreoorganisms (bacteria, viruses, protozoa, other
parasites) responsible for the majority of infections in
5 humang, and many have been used previously for in vitro
diagnostic purposes. These antibedies, and newer Mabs
that can be generated by conventional methods, are
appropi:‘iate for use in the present invention.
. Proteins useful for detecting and treating
10 cardiovascular lesions include fibrin-specific proteins,
for exampla, <fibringen, soluble fibrin, antifibrin
antibodies and fragments, fragment E, {(a 60 XDa fragment
of human fibrin made by controlled plasmin digestion of
crosslinked fibrin), plasmin (an enzyme in the bloed
15 responsible for the digsolution of fresh thrombi),
Plasminogen activators (e.g., urokiﬁase, streptokinase
and tissue plasminogen activator), heparin, and
fibronectin (an adhesive plasma glycoprotein of 450 kDa)
and platelet-directed proteins, for example, platelets,
20 antiplatelet antibodies and antibody fragments, anti-
activated platelet antibodies, and anti-activated-
platelet factors, which have been revieved by Koblik et
al., Semin. Nucl. Med,, 19:221-237 19#9, all of which is
included herein by referencs.
23 Among the radionuclides useful in the methods of the
' present invention, gama-énittars. positron-emitters, x-
ray emitter, paramagnetic ions and fluorescence-emitters
are suitable for detection and/or ‘therapy, while beta-
and alpha-emitters and neutron-capturing agents, such as
30 Boron and Uraniunm, alsoc can ba used for therapy.
Suitable radicisotopes for the methods of the present
invention include: Actinium-225, Astatine~211, Iodine-
123, Jodine-125, Iodine-126, Iodine-131, Iodine-133,
Bismuth~212, Bromine-77, Indium-111, Indium-113m,
33 Gallium-67, Gallium-68, Ruthenium-95, Ruthenium-97,
Ruthenium~103, Ruthenium-105, Mercury-107, Mercury-203,
Rhenium-186, Rhenium-188, Tellurium-121im, Telluriun~-122m,
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(b) S%WeBthlTorlT%Y atLAFDeNS%’tWAgIri\e dose of a conposition conprised of avidin and
permtting it to clear the multibiotin-polyner-protein conjugate from’

‘non-t ar get eWOSR8® and to | ocalize at the targeted | esi onPOpUSIRsg t O t he
mul tiple biotin receptors; (c) injecting g onposition conprising a biotin-
detection agent conjugate or biotin-therapeutic agent conjugate and
permtting the biotin to bind to the nultiple avidin receptors at the
targeted lesion; and (d) using the detection or therapeutic agent to detect

oo hoat Lo (Rl ogt Ol | ToRRTLSl TR IRAL of Nl NERLL g1, POV oS

met hod ‘conpri ses Technetxun-”m, Fluorine-:.s, Silver-nl, Platinum-197,
Palladium-109, Copper-67, Phosphorus-32, Phosphorus-33,
Yttrium-90, Scandium-47, sSamarium-153, Lutetium-177,

5 Rhodium-105, Praseodyniun—142, Praseodynium-143, Terbium-
161, Holmium-166, Gold-199, Cobalt-57, Cobalt-58,
Chromium-51, Iron-59, Selenium~7S, Thallium-201, and
Ytterbium-165. Preferably the radioisotope will emit a
particle or ray in the 10 - 7,000 Xev range, more

10 prefe:;ahly 50 - 1,500 kev.

Isoctopes preferred for external imaging
include:Iodine-123, Iodine-131, Indium-111, Gallium-67,
Ruthenium-97, Technetium-99m, Cobalt-57, Cobalt-5s8,
Chromium-51, Iron-59, Selenium-75, Thallium-201, and

15 Ytterbiun-169.

Isotopes most preferred for internal detection
include:

Iodine-125, Iodine~123, lodine-131, Indium-111,
. Technetium-99m and Gallium-67.

20 Isotopes preferred for therapeutic use include:
Actinium-225, Bisnuth~212, Lead-212, Bismuth-213, IXodine-
125, Iodine-131, Rhenium-186, Rhenium~188, Silver-111,
Platinum~197, Palladium-109, copper-é7, Phosphorus~-32,
Phosphorus=33, Yttrium-90, Scandium-47, Samarium-153,
r as Lutetium~-177, Rhodium-105, Praseodyaium-142,
' Praseocdymium—~143, Terbium-161, Holmium~166, and Gold~199.
Among the therapeutic agents useful in the current
= invention are isotopes, drugs, toxins, fluorescent dyes
activated by nonionizing radiation, hormones, hormone
30 antagonists, receptor antagonists, enzymes or proenzymes
activated by another agent, autocrine or cytokine. Many
drugs and toxins are known which have cytotoxic effects
on cells. They are to be found in compendia of drugs and
toxins, such as the Merck Index, Goodman and Gilman, and
3s the like, and in the references cited above. Any such
drug can be conjugated to or loaded onto the protein,
pPolymer or biotin/avidin by conventional means well know
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'( aSENT 1BY FOLEYN§ L&RDE%J“&? i Eh ;ft?zéiﬁstjt&i 'ggﬁss%ﬁﬁ’ng:npri sed of a
biotin-protein conjugate, wherein the protein preferentially binds ta a
o1 o ng tHEHREER 20T e o cony ugat e Lo accrete at {he FIARIMEL on
t hereby-providing biotin receptors at t’h%"t'arge_t | esion; (b) injecting at
| east one dose of a clearing and | ocalizing conposition conprised of a
pol ymer conjugated to nore than one avidin nolecule and permtting the
‘conjugate to clear the biotin-protein.conjugate fromnon- targeted sites
.and to bind to the thiecktt, BhAtiilnserited) by andoqy itodthésd Bastagrd | esion,
wherein only ON€apoave.

The present invention also contemplates dyes used,
for example, in photodynamic therapy, conjugated to

5 proteins, biotin or avidin and used in conjunction with
appropriate nonionizing radiationm.

The use of light and porphyrins in methods of the
present invention is also contemplated and their use in
cancer therapy has been reviewed by van den Bergh

10 (Chemistry in Britain, May 1986, Vol. 22, pp. 430-437),
which is incorporated herein in its entirety referencs.

Examples of Xknown cytotoxic agents useful in the
present invention are listed in Goodman et al., "The
Pharmacological Basis of Therapeutics," Sixth Edition,

15 A.G. Gilman et él, eds./ Macmillan Publishing Co. New
York, 1880. These include taxol; nitrogen mustards, such
as mechlorethamine, cyclophosphamide, melphalan, uracil
mustard and chlorambucil; ethylenimine derivatives, such
as thiotepa; alkyl sulfonates, such as busulfan;

20 nitrosoureas, such as carmustine, lomustine, semustine
and streptozocin; triazenes, such as dacarbazine; folic
acid analogs, such as methotrexate; pyrimidine analogs,
such as fluorecuracil, cytarabine and azaribine; purine
analogs, such as mercaptopurine and thioguanine; vinca

2s alkaloids, such as vinblagstine and vincristine;
antibjotice, such as dactinomycin, daunorubicin,
doxorubicin, bleomycin, mnithramycin and mitomycin;
enzynes, such as lL-asparaginase; platinum coordination
complexes, such as cisplatin; substituted urea, such as

30 hydroxyurea; methyl hydragine derivatives, such as
procarbazine; adrenocortical suppressants, such as
nitotane; hornones and antagonists, such as
adrenocortisteroids (prednisone), progestins
(hydroxyprogestercone caproate, nedroprogesterone acetate

3s and megestrol acetate), estrogens (diethylstilbestrol and
ethinyl estradiol), antiestrogens (tamoxifen), and
androgens (testosterone propionate and fluoxymesterons).
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- 1Gﬂﬂ‘@bﬂﬁﬁh&&#”@ﬁ%h“ﬁ%1&Fé@fﬁin?S§P§§3EﬂEonjugate binds to a biotin
receptor at.the target |esion and thereby provides increased nunbers of
avidin recopOMWB?H the target lesion; (c) injecting a PCTNUSS04295
bi oti n-therapeutic/detection agent conj«uggte and permtting the biotin of
the conjugate to bind to avidin receptors at the target site and thereby
I ncreasing the anmount of biotin-therapeutic/detection agent accreted at the
target lesion; and (d) using the therapeutic/detection agent to treat or

detect the lesion. p - c that interfere with intracellular protein
synthesis can also be used in the methods of the present
‘invention; such drugs are known to these skilled in the
art and include puromycin, cycloheximide, and
5 ribonuclease.

Toxing can also be used in the methods of the present
invention. Toxins useful as therapeutics are known to
those skilled in the art and include plant and bacterial
toxins, such as, abrin, alpha toxin, diphthéria toxin,

10 exotoxin, gelonin, pokeweed antiviral protein, ricin, and
saporin. _

Toxins in their native form require a nminimum of
three different biochemical functions to kill cells: a
cell binding function, a cytotoxic function, and a

18 function to translocate tha toxic activity into the
cells.

The modified toxins useful in the present invention
differ from native toxins in that the domain providing
the cell binding ¢function of the native toxin is

20 nonfunctioning because the domain is missing partially or
totally. '

Other therapeutic agents useful in the present
invention include anti~DNA, anti-RNA, radiolabeled
oligonuclectides, such as anti-sense oligodeoxy

2s ribonucleotides, anti-protein and anti~chromatin
cytotoxic or antimicrobial agents.

The proteins useful in the methods of the present
invention may be labeled or conjugated by a variety of
methods known in the art. Many of these methods are

30 disclosed in the above-refersnced U.S. Patents and Patent
Applications. See also, Rayudu, op. cit.; and Childs et
al., J, Nuc, Med , 26, 293(1985). Any conventional
method of radiolabeling which is suitable for labeling
isotopes for in vivo use will be generally suitable for

35 labeling detection agents according to the present

invention.
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I n anot her enbodi nent, t he |nvent|on provi des anot her met hod of detecting

and treating |esions in a patient. The method conprises the steps of (a)
injecti ngWOMEBI®ct with a first conmposition conprised BET/HSHMOELIS n- prot ei n
conj ugate, wherein the protein prefereng?at |y binds to a marker substance
produced by or associated with the target |esion, and allow ng the

bi otin-protein conjugate to bind to the target |esion thereby producing
biotin receptors at the target lesion; (b) injecting at |east one dose of a

¢l earing and |ocal 'ﬂm&&m%@ﬁi&hc&uﬁa%ﬁﬁam &5%& E‘M o/er -
det ection/therapeutic agent con at tin ateto cl ear
bi oti n- protei n e gf‘a?ﬁe‘?’@'{?‘g {texins; 39 ents use “1 in°
capture therapy, such as boron and uranium; isotopes H
fluocrescent dyes activated by nonibnizing radiation;
5 hormeones; autocrines; enzymes and proenzymas activated by
another agent; cytokines; cytoprotective agents; etc., by
methods known to those skilled in the art. Us Patent
5,057,313, shih et al, hereby incorporated by reference,
teaches one such methoed.
10 Other examples of methods of conjugating avidin to
a detection or therapeutic agent include the following:
(a) the chleoramine~-T or Bolton-Huntser procedures for
conjugating iodine, (b) the procedures described by
Griffiths et al. (Cancer Res. 51:4594, 1991) or Fritazberg
is et al. (U.S. Pat. No. 5,120,526) to conjugate technetium
or rhenium (c) through bifunctional chelating agents as
described by Meares et al. (Br. J. Cancer 62:21, 18%0) to
conjugate metallic nuclides. Additionally, avidin or
biotin can be bound to dendrimers by procedures described
20 for amino-containing proteins as described by Hnatowich
et al. (J. Nucl. Med. 28:1294, 1987).

Biotin can be readily conjugated to proteins
(including antibodies and their fngnents) via the
proteins® 1lysine and cysteine residues, and, if

25 available, their oxidized carbohydrate groups. These
' methods are exemplified below. =

Methods which can be used to conjugate biotin or
avidin to dextran include those described in Shih et al.
U.§ Patent 5,057,313, which is hereby incorporated by

30 reference, for conjugating haptens containing suitable
derivatives groups to dextrans.

One method for the conjugation of biotin to a
starburst dendrimer is to treat a generation 3 to
generation 10 starburst dendrimer solution (0.01 to 100

35 mmol) in tris, hepes, phosphate, carbonate or borate
buffer (1 ¢to 2000 mmel) with a solution of XN-
hydroxysuccinimidebiotin or N~
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- anSENF Y IROLEY| § LARONR, tmﬂtarget | esi on, wherein only one avidin of each
canj ugate binds to a biotin receptor present at the target |esion, thereby

provi di ng woesgarssget | esion with detection or therapeut immuzggnd an

anplified nunber of avidin binding sitegg wherein cleared biotin-protein
.and non-accretingnul tiavidin/polyner/ detection or therapeutic agent

conjugate are netabolized and excreted fromthe body; (c) injecting a

bi otin-detection/therapeutic agent conjugate and per mtting the conjugate

provi ded by t ne NERPREaEraiReB R YasPtaf BT I o) pal” o820  adky. 1 R °' €S
co—solvent such as DMF or DMS) may be added in alounts up
to 70% to facilitate solubility. The reaction is allowed
to proceed for 0.25 to 24 hours at 4-~-100°C. The

1 substituted polymer ies purified hy aialysis and/or size-

exclusion or ion-exchange chromatography. The
substitution ratic of biotin to polymer is determined
with the HABA reagent and a standard photometric
determination of free amino groups, for example with

10 flourescamnine or ninhydrin.

One method for conjugating avidin to a starburst
dendrimer is to treat a generation 3 to ganeration 10
starburst dendrimer (0.01 to 100 mmol) with maleic
anhydride {0.01 to 1000 mmol) in a suitable solvent such

18 ags DMF, toluene or DMSO with the cptional addition of a
base such as potassium carbonate or sodium hydride. The
reaction is allowed to proceed for 1 to 96 hours at a
temperature of 25 to 170°C, optionally with a device for
the removal of wvater formed during the rsaction, to drive

20 the reaction to completion. This and similar reaction
conditions are well known and described in the literature
{Hargreaves et al. Chem. Rev. 70: 439-469, 1970),. The
reaction mixture is purified by size-exclusion or jon-
exchange chromatography and/or dialysis in a butfer below

25 PH 7, to preserve maleimide groups. The substitution
ratio of maleimide onto the dendrimer is determined
spectrophotometrically through the absorbance of the

* conjugated imide and guantitation of amino-groups pre-
and post-reaction with reagents such as flourescamine and

30 ninhydrin. Avidin is either reduced with a thiol agent
such as 2-mercaptoethancl, to cleave a limited number of
disulfide bonds (Griffiths et al. Cancer Res. 5]1: 4594~
4602, 1991) or reacted with a reagent which is known to

_ insert free thiol groups into proteins. For example, in

35 . the latter method, a solution of avidin (0.001 to 1000
mmol) in tris, hepes, borate, carbonate or phosphate
buffer, ph 6 to 10, is treated with a solution of 2-
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| esion; and (d) using.the detection/therapeutic agent to detect or treat
the target |esion. In another enbodiment, the invention provides another

met hod - of WA MBIy and detecting lesions in a patient. TEHUSMORSY conprises
(a) injecting a subject with a first eodposition conprised of an
avidin-protein conjugate, wherein the protein preferentially binds to a

mar ker substance produced or associated with the target |esion and
allowing the avidin/protein conjugate to accrete at the target |esion

thereby provi di ggs;strliclaheCEPictol o 41060t BRSO | GBleOFeaction is
allowed to proceed for 0.25 to 24 hours at 4° to S0°C.
The substituted avidin is purified as above and the
nunber of thiol groups determined by the Ellman reaction
s (Ellman, Arch. Biochem. Biophys.82:70-77, 1959).

The mnaleimide-dendrimer (0.001 to 100 mmol) and the
thiocl=-avidin (0.001 to 100 mmol) are mixed together in a
suitable buffer at a pH of 5-8 for 0.25 to 24 hours at 4°
to 50°C. The conjugates are purified by size-exclusion,

10 ion-exchange, affinity, and/or hydrophobic interaction
chromatography according to the exact nature and size of
the polymeric reactants. Conjugates are sized by
native/SDS gels and analyzed ¢for biotin-binding
capability with the HABA reagent, as described above.

15 Methods of preparing conjugates of multiavidin/biotin
wvith polymer and active agent are known to those skilled
in the art. One method is illustrated in the examples
below.

A physiological solution of the protein containing

20 conjugate is advantageously metered into sterile vials,
e.g., at.a unit dosage of about 1.0 - 500 mg protein
conjugate/vial, and the vials are either stoppered,
sealed and stored at low temperature, or lyophilized,
stoppered, sealed and stored.

25 In an embodiment of the detection or therapeutic
protocol of the present invention, the biotin-polymer~-
protein conjugate can be injected parentally, usually at

B a protein dose of 0.5 to 200 mg. This can be
adnministered as a single injection or in divided doses.

30 After 1-5 days, nmore preferably at less than 2 days and
even at less than 1 day vhen the first agent involves a
small and rapidly targeting molecule, such as an antibody
fragment or subfragment, a dose of unlabeled clearing
agent, such as 2.0 to 200.0.mg avidin is administered

3s parenterally. The clearing agent and localizing agent
can be given as a single injection or in divided doses;
administering the clearing agent and localizing agent in
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( b)SENT F\‘f’@%ﬁ’g"%’egﬁ“ one dose of a clearing and | ocalization agent

conprised of a nultibiotin-polyner conjugate and allowing the agent to

cl ear the WOpHli378® protei n conjugate from non-targeted sipceassaodzgso | ocal i ze
at the target lesion, wherein only one RJigoLin of each nultibiotin-polyner
conjugate binds to an avidin receptor provided by each avidin/pol yner
conjugate accreted at the target |esion, whereby each multibiotin-polyner
conjugate provides nmultiple biotin receptors at the target lesion; (c)

| conjugate to. bR FOREReTR| BRTCPFEl ke oFerthin, REPPRERNGRRC] o e, her cby
anplifying the &hivdtstep finsylyseuiniectionofi the hjotin wonjugstel &b t he
target |esion; @NGetection or therapeutic agent. The third step's
reagents can be administered parenterally within 24 hrs
s of the 2nd step, but alsoc at up to 3 days later. In one
detection embodiment, the third step involves 1l1l1-In
conjugated to biotin attached to a 1lesion-targeting
antibody or antibedy fragment. Within 24 hours of the
last injection, more preferably within 4 hours, planar -
.10 and single-photon emission computed tomography scans are
made with a gamma camera equipped with the appropriate
collimator and selecting the appropriate energy windows
for the detection isotcpe being used, such as 173 keV and
247 keV for 111~-In.

15 In another embodiment of the detection or therapy
protocol of the present invention, the biotin-~lesion-
targeting protein conjugate can be injected parenterally,
usually at a protein dose of 2 to 200 mg, nére,preterably
within a dose range of 5 to S50 nq. This can be

20 admninistered as a single or as divided injections. After
1-5 days, more preferably at less than 2 days and even at
less than 1 day when the first agent involves a small and
rapidly targeting protein, such as an antibody fragment
or subfragment, a dose of a multiavidin-polymer conjugate

2% clearing agent is given parenterally. The longer the
delay after the first step, the lower the amount {(and
ratio) of clearing agent and localizing agent given. The
clearing agent and the localizing agent can be given as
a single injection or in divided doses, dividing the

30 administration of the ¢clearing agent and localizing agent
into at least 2 doses may be preferable, usually within
a short period, such as within 2 hrs. In the third step
of this embodiment of the invention, a dose of 2 to 200
mg of biotin conjugated with a detection or therapeutic

s agent, as appropriate, is administered parenterally
either as a single dose or in divided doses.
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(d) " using t he anplified anount of therapeutic/detection agent
accreted at the target lesion to detect or treat the target lesion. In

anot her enVWOMRIE , t he i nvention provides anot her net horCTSsgeQescti ng and
treating lesions in a patient. The netdhad sonprises the steps of (a)
Injecting a subject with a first conposition conprised of an avidin-protein
conjugate, wherein the protein preferentially binds to a marker substance
produced by or associated with the target |esion, and 12

Variations and  mod@ifications of these
formulations will be readily apparent to the ordinary
skilled artisan, as a function of the individual needs of
the patient or treatment regimen, as well as of

5 variations in the form in which the radicisotopes may be
provided or may become available.

Routes of administration for the composition include
intravenous, intraarterial, intrapleural,
intraperitoneal, intrathecal, subcutaneous or by

.10 perfusion.

An application for the methed of the present
invention is for magnetic regonance imaging (MRI). 1In
this case, for example, a suitably radiolabeled conjugate
or a conjugate bearing a mr image enhancing agent is

1S administered with the intention of obtaining an image of
the lesien.

The method of the invention can be practiced either
with scintigraphic or magnetic resonance imaging agents.
A combination of these imaging agents can also be used,

20 although this regquires more complex instrumentation and
data processing.

Scintigraphic imaging according to the method of the
invention is effected by obtaining a scintigram of the
lesion of interest.. .

s The scintigram is normally taken by a gamma imaging
camera having one or more windowe for detection of
energies in the 50-500 keV range. Use of radioisotopes
with higher energy, beta, or positron ;-issions wvould
entail use of imaging cameras with the appropriate

30 detectors, all of which are conventional in the art.

The scintigraphic data can be stored in a computer
for later processing.

Methods useful for internal detection and/or
treatment of tumors and/or other lesions are disclosed in

3s U.S. Patent 4,782,840; U.S.Patent 4,932,412; and
copending U.S. Application 07/879,857, the disclosures of
which are incorporated hérein by referenca. The methods
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al ISSWWQF?%% I n- prote| n conjugate to preferentially bind to the
targeted | esion and provide avidin receptors; (b) i-njecting at |east one

dose of awdesrssg and | ocal i zing conposition conpri sed pekrses/odz9s

mul ti bi otin-pol yner-detection/therapeutgg «agent conjugate and permtting
‘the conjugate to clear avidin-protein conjugate fromnon-target sites and
to localize at the target |esion, wherein only one biotin of each’

mul ti bi otin-pol ymer conjugate binds to an avidin receptor provided by each

avi di n/ pol ynmer c njFHgate accrejed t the ta si on, erebﬁéach

“nul ti bi otin-pol 91%9 28 c PEESS U/ 'W«?P PRt FRR 4 P’E nFlg! FOvHRs nultiple
bi otin receptprneMSpﬁéatlmddénedmﬂmtsfmmm c agent to the target
I'esion; wherein cl aaidiétdcOrbdbrianekeiiaging fiﬂﬁrjicﬁ %ﬂﬁa&tea in an

and excret de?'r%tﬁ‘a‘a{wg%‘sﬁﬁé\'n"”’%o“?% ieagnis Bostd sxdaet o (R apeut
agent conj $gat eimsgingeragantengridie mtpdlgammf—m ndegenanceanphy) i ed manner.
to the multi-bi gildhdingeaicdiosatatitee LR odaloféotpednd It will be
appreciated that the magnetic resonance phenomencn
operates on a different principle from scintigraphy.
Normally, the signal generated is correlated with the
10 relaxation times of the magnetic moments of protons in
the nuclei of the hydrogen atoms of water molecules in
the region to be imaged. The magnetic resonance image
enhancing agent acts by increasing the rate of
relaxation, thereby increasing the contrast between water
15 molecules in the region where the imaging agent accretes
and water molecules elsevhere in the beody. However, the
effect of the agent is to decrease both T, and T,, the
former resulting in greater contrast vwhile the latter
results in lesser contrast. Accordingly, the phenomenon
20 is concentration-dependent, and there is normally an
optinum concentration of a paramagnetic species for
maximum efficacy. This optimal concentration will vary
with the particular agent used, the locus of imaging, the
mode of imaging, i.e., spin-echo, saturation-recovery,
2s inversion-recovery and/or various other strongly T~
dependent or Ty~dependent imaging techniques, and the
composition of the medium in which the agent is dissclved
‘or suspended. These factors, and their relative
importance are known in the art. S8ee, e.g., Pykett,
30 Scientific American, 246, 78{1982); Runge et al., Am. J.
Radiol., 141, 1209(1983). _

The MR image enhancing agent must be present in
sufficient amounts to enable detection by an external
camera, using magnetic field strengths which are

38 reasonably attainable and compatible with patient safety
and instrumental design. The requirementg for such
agents are well known in the art for those agents which




ASH. ; 2-20-96 5 B8:43PM -FOLEY & LARDNER,DC B~ 61 2 2010260.#307U2

X dﬂﬁ?ﬁ*i@@h@%’fq ed anount of detection/therapeutic agent at the target
lesion to detect or treat the lesion. In a further enbodi nent of the"

present i nWeaR4/28989 t here i s provided nedi caments and ki t BCTrOSMMOE9$ Ng t he
targeting conposition, the clearing and/gsw « ocalizing conposition and the

t herapeutic conposition in accordance with the invention wherein at |east
one of these conpositions further conprises a polyner to which nmultiple

noi eties of ~avidin or biotin are conjugated. Detailed D scussion It has now

been found that the ocedyres. of th re t_hnyention ar.e nore

. advant ageous f orP3¥ *’f/@'i&gf‘éc‘ﬁpfén‘?‘a% i?i%rcg”xo‘?‘ F&i‘&ﬁ%“f'ha’ﬁ'ﬂt he

met hods of the paiefisclodndailkeloalide 10 Rkette MR- Sikscabd Rungehe anpunt
of the det ectiompraltbe@pui%: agent which is available at the targeted

site due to the incr, el r [ Gt i nd{ or.,avi di.n bi.ndi ng
MS fgia&rrlére prefe iy e‘%o&%ﬁent of

Sites available at. t t°3P§
this invent Son iincdndeng €013- exapPlpr fadeliniun, Iron, Manganese,

Rhenium, Europium, Lanthanium, Holmium, and Terbium.
The MR scans are stored in a computer and the images
processed analogously to the scintigraphic data.
Without further elaboration, it is believed that one
10 skilled in the art can, using the preceding description,
utilize the present invention to its fullest extent. The
following preferred specific embodiments are, therefore,
to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way
s vhatsoever. In the following examples, all temperatures
are set forth uncorrected in degraes Celsiﬁs ; unless
otherwise indicated, all parts and percentages are by
weight.
Accordingly, these embodiments constitute improved
20 methods and reagents for amplification of therapeutic or
detection agents at a lesion targeted for detecting and
therapy especially of cancer and other pathclogical

conditions.
EXAMPLES
2s Example 1 - Coniugating _an Antibodv or Antibody
Frasment to Biotin

a) Vvia a lysine residue
An antibody or antibody fragment at a concentration
of 1-20 mg/ml in a non-anine containing buffer
.30 (e.g.,borate, phosphate, ete.), at a suitable
concentration (0.05-0.5 M), at a slightly elevated pH
(7.0-9.5), is mixed with a 1-100 molar excess of the
activated ester (succinimide or sulfosuccinimide are
preferred) of D-biotin or D-biotin incorporating a spacer
3s arm (such as succinimido-é~[biotinamido}hexancats). A
co-solvent, such as dinethylformamide (DMF) or
dimethylsulfoxide (DMSO), may be added to provide a final
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mul Wl%ﬁ?or%glv%targetl ng anti body or fragnent is injected, followed by

the application of avidin as a clearing and | ocalizing agent. Then, as a
third step,Wa%23% n- conj ugated - 13 - isotope or drreTiussacindsni st er ed.
In another preferred 3-step nethod of heapsesent invention, .the first step
Is the injection of a nultibiotin-polyner-antibody or fragnent and the
second step is the injection of a multiavidin/polyner clearing and

| ocal i zi ng agent or chase. The third step involves the injection of biotin

conjugated with %oggggtcxtaltggnoref up to 20% to . facilitate reactant
solubility. The reaction solution is stirred for 1-24
hours and kept at a temperature of 4°C to 37°C. At the
end of the reaction period, the modified protein is
5 separated from unbound biotin and other low molecular
weight contaminants by size-exclusion chromatography
and/or dialysis. .
b) Via a Cysteine Residue
An antibody or antibody fragment at a concentration
10 of $-20 mg/ml in 0.1-0.5 M tris buffer, pH 8.7, is made
0.5-5 mg/ml in 2-mercaptoethanol. The reaction solution
is let stand for 5-120 minutes at a temperature of 4°-
37°C. The reduced protein is geparated from unreacted
thiol by size-exclusion chromatography in 50 mM acetate
15 buffer, pH 4¢.5. Protein concentration and the number of
thiol groups per antibody molecule may be determined at
this time. The reduced antibody or antibody fragment at
a concentration of 1-20 mg/ml in a non-amine containing
buffer (e.g., phoasphate) at a neutral pH (5.0-7.0) is
20 mixed with a 1-100 molar excess of biotin-maleimide (N~
biotinyl-N-[6-maleinid¢ hexanoyllhydrazide) (Sigma Chenm.
Ca). A co-golvent, e.g., DMF or DMSO, may be added to
provide a final concentration of up to 20% to facilitate
reactant solubility. The reaction solution is stirred
25 for 1-24 hours at a temperature between 4-37°C. At the
end of the reaction period, the biotinylated pfotein is
separated from unbound biotin and other low molecular
veight contapinants by size-exclusion chromatography
and/or dialysis.
30 €} Via a Carbohydrate Moliety
_ Antibody or antibody fragment at a concentration of
1-20 mg/ml is treated with sodium metaperiodate to a
final concentration of 0.1-10 ng/nl in phosphate buffered
saline at room temperature for 1-4 hours. Ethylene
35 glycol is added to decompose the remaining periodate.
The oxidized IgG is purified from low molecular weight
= contaminants by size-exclusion chromatography in
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't hm;ﬁuﬁw ﬁd‘éW'EgAgﬁ‘;o?f—zt hese approaches is an inprovenent, in terns of

absol ute anount of detection or therapeutic agent delivered and retai'ned at
the site owqgses?sesi on, as conpared to the prior art properjussasaeéi ch do
not contenplate the use of a polynmer to gy avide nultiple biotin or avidin
sites to which a later injected avidin or biotin containing conjugate could
bind, thereby anplifying the anount of detection or therapeutic agents

avai lable at the targeted site. O course, if desired, the sequence can be

repeated for addltlonal ccunul atj on o{gtr;g ent |f- desired. Further,
.the |esion-1ocakt }W % Mf(’c 2% ngyl) dsanti body,
wher eby at Ieastrected with a 1-100 molar excess of biotin—hydrazide
(Pierce Chemical Co.) in a non-amine buffer (e.g.,
phosphate, carbonate, etc.) at neutral pH (5.0-8.0) for
[ 1-48 hourg at 4-37°C. After the optimum time for
coupling, the formed hydrazones are reduced by the
addition of sodium cyanoborohydride with pH adjustment to
>7. The biotinylated antibody is purified by size-~
exclusion chromatography and/or dialysis.
10 a) Via Addended Thiol Groups
An antibody or antibody fragment at a concentration
of 1~20 mg/ml in a non-amine containing buffer (e.g.,
borate, carbonate, etc.) at a suitable concentration
(0.05-0.5M) and pH (7-10) is mixed with a 1-100 molar
1s excess of 2-iminothiolane hydrochloride (Pierce Chemical
Co.). The reaction mixture is made 1~100 mM in EDTA to
help prevent disulfide bond formation and held at 4-37°
for from 1-4 hours. The modified protein is purified by
size-exclusion chromatography in a neutral to slightly
20 acidic buffer (e.g., acetate, citrate, etc.) pH 5.0-7.0.
The purified sulfhydryl substituted antibody (1-20 mg/ml)
is mixed with a 1-100 molar excess of biotin maleimide.
A co-solvent, e.g., DMF or DMSO, may be added to a final
concentration of up to 20% to facilitate reactant
25 solubility. The reaction soluticn is stirred for 1-24
hours at a temperature between 4-37°C. At the end of the
reaction peried, the biotinylated protein is separated
from unbound bjotin and other low molecular weight
contaminants by size-exclusion chromatography and/or
30  dialysis. '
e) Site-Specific Conjugation of Biotin and Fab'
Fraguents
An antibody F(ab'), fragment (obtained by pepsin
digestion of the intact ant:l.boéy) at a concentration of
3s 5-20 mg/ml in phosphate buffer at pH 6-8 is treated with
a freshly prepared solution of L-cysteine to give a final
cysteine concentration of 1-50 mg/ml. The reactien is
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ant isglgléiy arns are directed against different epitopes of the sane antigen
or against different substances associated with the lesion. This is
preferred i WOIMEEP t o achieve higher |evels of accretion BST{USNAEg in the
| esi on. These met hods of the present inv@&t+Ton provide the follow ng
| nproved results over other sequences reported earlier by others: 1.

i ncreased absol ute amounts of detection and therapeutic agents targeted to
the lesion; 2. higher lesion:normal organ (including kidney) ratios; and

1hereby 3. ' WEQ!&@:A &% ? o%@kk%@ho&?@rﬁols-ﬂ% At the end
detection/ther apeut I C erisédlfsghalpab Ihe :rggnant is purified from low
nolecular weight <contaminants by size-exclusion
chromatography in an acidic buffer (e.g., acetate, etc.)
5 at PH 4;-0-6.0. The Fab' fragment is reacted with a 1-100
' molar excess of biotin-maleimide at pH 5.0-7.0. A co-
solvent, e.g., DMF or DMSO, may be added to a final
concentration of up to 20% to facilitate reactant
solubility. The reaction is stirred for 1-24 hours at a
10 temperature between 4-37°C. At the end of the reaction
period, the biotinylated antibody fragment is separated
from unbound biotin and other low molecular weight
contaminants by size-exclusion chromatography and/or
. dialysis.
15 £) Determination of Extent of Biotinylation of
- Proteins

A small amount of biotinylated antibody is heated to
$6° in 0.1M phosphate buffer for 10 minutes and
enzymatically digested with small volumes of 1% pronase
20 (Sigma Chemical Co.). The digestion 1is allowed to
proceed overnight. The digest is analyzed with a 10 uX
solution of avidin saturated with a 100 uM solution of 2-
(4'-hydroxyazobenzene)-benzoic acid (HABA) in 0.1
phosphate buffer, pH 7.0. The avidin-HABA solution is
2s titrated with increasing volumes of digested biotinylated
antibody as well as a standaxrd biotin solution containing
1-10 mM of biotin. The change in aksorbance at S00 nM
for each is determined, and the concentration of biotin
in the pronase digested biotinylated antibody calculated
30 from reference to the standard curve of the titration of

biotin with avidin-HABA.
Example 2 - Preparation of a multibioctin-starburst

s s ' coni

0.001 mol of a multibiotinylated-starburst dendrimer
35 in Tris.HCl buffer (0.1M, pH 8.0, 1luml) prepared as
described generally in the specification above, is
reacted with a solution of bromoacetyl chloride (0.02
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Of SENI BY FOERYeh LARDNER: HTASR i 230 %8¢ Any or mul'tiples of the fol | owi ng:

di agnostic or
-positron-,

t herapeutic radi onucl i des (e.g., al pha-, beta-,

61 2 2615486;#40/02

A-
gamma- ,

Wo R)3resnd fluorescence-emtters; el ectrong W
neutron-capturing agents); B- phot oactiyat ed dyes for E?eqlé% 'on or
t herapy; G cytotoxic agents (e.qg. 2 ®drugs, t oxi ns, hornones,
cyt oki nes, hor none antagoni sts, receptor antagonists); D

differentiati on

10

15

25

30

agents (e.qg., vi tam ns,

mmol) in dimethyl sulfoxide (DMSO, 0.2 ml) by the
dropwise addition of the latter over 1 hour with
stirring. The reaction is stirred at room temperature
for a further 1 hour and the dendrimer purified on a G-10
size exclusion column. A Fab’' fragment of a monoclonal
antibody which binds to colon-specific antigen p is
prepared by reduction of a 20 mg/ml solution of the

"F(ab'), fragment with a 50 mg/ml solution of L-cysteine

in phosphate buffered saline (PBS), 40 mM, pH 7.4, for 1
hour at 37¢C, and subsequent purification of the Fab'
fragment on an acrylamide column run in acetate buffered
saline (ABS) 0.1 M, pH 4.5. The Fab' fragment assays for
2-3 free thiol qgroups per Fab' vwhen analyzed with
dinitrodithiobenzoic acid (DTNB) by the method of Ellman.

The bromoacetyl multibiotinylated dendrimer (0.0005
umel) is mixed with a solution of the reduced Snt.ibody
Fab' fragment (0.0005 mmol) in Tris.HCl buffer, 0.1 M, pH
7.5, and the solution stirred at room temperature for 3
hours. The Fab'~(biotin),~dendrimer conjugate is
purified on a bed.' of S-sepharose equilibrated in 50 nM
sodiun acetate and run in a gradient of 0 to 1 M sodium
chloride,

Example 3 - ’ a 40
kiloDalton dextran

A~ One gran of dextran (40 XD MW) is partially oxidized
with sodium pericdate (0.33 g) by stirring them together
tor 1 hour in the dark at room temperature. The
polyaldehyde dextran so formed is purified by buffer
exchange with an Amicon filter unit and lyophilized to
give a white powder. '

The polyaldehyde dextran {0.02 mmol) is then reacted
with biotin hydrazide (1 mmecl) at room temperature for 4
hours in PBS buffer, 0.1 M, pE 7.5, to form hydrazone
derivatives. The hydrazones are reduced by the addition
of sodium borohydride (3 mmol) and stirring for 2 hours
at room temperature. The biotinylated dextran is then
purified on a G-25 gel-filtration celumn run in 50 mM ABS
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cytéﬁ”%es au#%%??ﬁ%swm?erfémfruwnnnes and drugs). The nethods of the
present invention can be used to detect (either by internal procedures or
by external WP#&¥"Y) and/or treat |esions, including cancPCHUSSKARELt | ous
di seases, cardi ovascul ar di seases and o3ser pat hol ogi cal conditions.
| nt er nal detection pr ocedur es I ncl ude i ntraoperative,

I ntravascul ar or endoscopic, including | aparoscopic, techniques, both
surgically invasive and non- invasive The pol yners nost useful in the

present i nvention are &ggé uate & ha%e a r@g&%ﬂtesd ster,ﬁ{)cheb °§:t.ry. Such

polyners all ow f ® tife acihg ©
substitution level is estxnatad by the HABA test

procedure and confirmed by titration against an
accurately measured amount of avidin.
s B- In alternative procedure, the polyaldehyde dextran
(0.02 mmol) is reacted with 1,3-diamino~2-hydroxypropane
(2 mmol) at room temperature for 24 hours and then
treated with scdium borohydride (3 mmol) for a further 2
hours at room temperature. The amino-dextran is purified
10 on a G-25 size-exclusion column run in S0 =M ABS, pH 4.5,
and the amino~gubstitution determined
spectrophotometrically by reaction wvith
trinitrobenzenesulfonic acid (TNBS). An amino
substitution level of 50 to 100 per dextran is obtained
15 wvhen assayed against an amino reference compound. The
amino dextran (0.001 mmol) is then reacted with an N-
hydroxysuccininide egter of biotin (0.05 mmol) at a pH of
8 for 24 h at 25°C. The (biotin) dextran is then
separated from the low MW conta*inants on a G~25 size-
20 exclusion column run in 50 nM ABS, pH 4.5. The biotin
substitution ratio is determined with the HABA method,
‘verified by avidin titration, and further confirmed by
TNBS determination of remaining unreacted amino groups..
Example 4 - Preparation of multibiotin-dextran-antibody
25 conjugates
' A- The biotinylated amino-dextran {0.001 mmol) prepared
in example 3b is treated with a solution of bromoacetyl
chloride (0.01 mmol) at a pH of 7.5 for 2 h at 25° cC.
The modified biotinylated dextran is purified on an
30 acrylamide size-exclusion column prior to reaction with
an antibedy containing free sulfhydryl groups.
The antibody sulfhydryl groups'arc produced by an
antibody reduction with a thiol agent. The antibody at
20 ng/ml in TRIS.HCl buffer, 0.1 N, PK 8.7, is treated
s with 2-mercaptocethancl to a final concentration of 25 nM.
The reaction is stirred at 4 degrees for 10 minutes and
the zreduced protein ig purifieda by size-exclusion
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- aV$ENT BY :FoiHYel LARDNER, RASH- 1y 220538 1 53 T8E ﬁ (or avidin) is capable of binding to
an avidin (or biotin) noiety when its conplinentary species is subsequently

I nj ect ed. W the polyner conjugate is the subsequegidpseippact ed
conposition and nmultiple biotin or avidip noieties are conjugated to the

pol ymer, the position of the biotin or % Tin residue and the rel ative
rigidity of the polynmer due to the restricted stereochemstry wll be
_sufficient such that substantially only one of the multiple residue sites
of the conjugate will be able to bind to a conplinentary receptor site

. al ready present chrondtographt <the antihedyscencenttation ig determinedy inj ected

conposi tion. Fopa@xeNdlratibl of iéhl'fﬁ&afyﬁ Ydhbs Lﬁédnﬁﬁﬂoof %tﬂ%&imr

backbone wi Il bg Y0ablGd © PhPd "¥Re? Bilman  reaction,  using

dithiodinitrobenzoic acid (DTNB), by reference to a

s standard curve. The reduced antibody containing 2-3

free thiol groups is mixed with the bromoacetyl-biotin-

dextran derivative, prepared as above and containing a

limited number of bromoacetyl groups, in a 1:2 ratioc at

a pH of 7.5 for 3 hours at 37°C. The conjugate ie

10 purified by ion-exchange and/or size-exclusion and/or

hydrophobic interaction chromatography (HIC) and analyzed

by HPLC, and for biotin content and antibody

concentration in similar procedures as described above.

The conjugate is assayed for immunoreactivity retention

15 with its pertinent ang:igen and for quantitative avidin

binding ability.

B~ In an alternate method, the regquired free thiol

groups on the antibody or fragment may be obtained by

substituting the protein with 2-iminothiclane as

20 described in the 1literature (Blattler et al.

Biochemistry, 24:1517-1524,1985), and proceeding as

described above for the analysis of the thiol-antibody,

its conjugation to the biotin~dextran, and the subsegquent
purifications and analyses.

as Example 5 ~ Preparation  of _ multiavidin-dextran

' conjugate

Polyaldehyde dextran (0.001 mmol) and avidin (0.03

mmol) are mixed together and stirred at 25° C for 16

hours at a pH of 7 in 40 mX PBS. Conjugation progress is

30 followed by a suitable analytical procedure such as size-

exclusion or HIC HPLC. The reaction mixture is treated

with sodiun borohydride (0.05 mmol) for 2 hours at room

temperature at a pH of 8 in 40 nM PBS, to convert the

imine groups to amino groups and thus fix the avidin

35 units to the dextran backbone. The (avidin),-dextran

conjugates containing 2 and 3 avidin units per dextran

are separated from each other and the rest of <the
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recﬁ%‘?cﬁy OHYesé‘ﬁ%DNBE ?Aﬁ% target |esion because (1) each biotin of the

pol ymer cor% 9"’36 wll be nore than 15A from its neighbor and (2) the
WO IUBBIsufficiently sterically rigid to not bERHUSHASAED| e t wo

pol yrer

or nore biotin units to bind with the eo#® espondi ng nunber of avidin
receptors. In this way, the fullest possible targeting anplification is
achi evabl e. Such pol yners can be sel ected by one skilled in the art from
the wel | -known group of conmmercially avail abl e agents such

pol yani no- aci ds, pgactiod! WiRBard! by OHGRELER DAY CotUnlalBGraghy gamci cot i des,

‘pol yi m nes,
sepharose equilibrated in 50 mM acetate buffer and run in
a gradient of 0 to 2 M sodium chloride. The biotin
bindxng capability of the purified avidin conjugates is
5 determined using the HABA test and a quantifiable amount
of biotin conjugated to a fluorescent agent or
radieisotope. The conjugates are further analyzed by
polyacrylamide gel electrophoresis to verify the presence
of 2 and 3 avidin units per dextran for the isolated
10 products, respectively.
Example 6 - . = =
conjugate
The (avidin), dextran conjugate prepared above
(0.0005mmol) in 1 ml of 0.1 M Tris.HC1l buffer, pH 8, is
15 treated with 100 ul of a solution of bromoacetyl chloride
(0.005 mmol) in DMSO with rapid stirring at 4°C. The
mixture is stirred for 30 minutes and the modified
polymer is purified on an acrylamide size-exclusion
column run in 40 aM PBS, pH 7.5. The F(ab'), fragnment of
20 an éntihody which binds to the carcinocembryonic antigen,
(designated NP-4 in Hansen et al., Proc. Am. Assoc.
Cancer Res, 30:414, 1989) in 40 mM PBS, pH 7.4, is
treated with I-~cysteine, to a £final  cysteine
concentration of 100 mmol, for 1 hour at 37° C. The Fab’®
23 is purified on an acrylamide column run in 50 =X ABS, pH
4.5, and agsayed for thiol concentration per mole of Fab'
by the Ellman creaction and absorbance at 280 nnm,
= respectively. The Fab' (0.0005 mmol) and bromocacetyl-
(avidin),~dextran (0.0005 mmol) are mixed together in 50
30 mM PBS buffer, pH 7.5, and stirred at 25° C for 3 hours.
The product, rab'-(avidin),-dextnn, is purified from
uncoupled reactants by ion-exchange chromatography on S~
sepharose equilibrated in 50 mM acetate buffer, pH 4.5,
run in a gradient of 0 to 2 M sodium chloride.
3s Example 7 - Preparation _of a _pultiblotin-dextran-
doxorubicin conjugate
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polﬁ?ﬁb@ﬁgmﬁﬁégfm%ngan1nes, pol ycar boxylic acids or polyal cohol s.
Preferred are polyners having a nol ecul ar weight of 5 to 200 kD, nost -
preferably #® 942379 kD. More preferred pol yners are exenppecFissdiodys a
starburst dendrimer or a dextran, suitablgg wodified for substitution, nost
preferably to carry a limted nunber of am no groups. Dextran is structured
inarigid straight chain. A starburst dendriner is a sphere having am no
units on its outer surface where substitutions can be nade. Conmerci al

bi otins products are available in which the biotin. has been nodified by

‘the addition of al kyPod¥aidahydsnecdsxtyams (G- 8% crimad)s or PEARRTE] { BE present
i nvention are bi Geseribed| f aboverndi dndd dontiainingavioeRoo aldehyde

functionalities is treated with bioctin-hydrazide (0.2
mmol) at a pH of 6 for 2 hours at room temperature.
(] Remaining free aldehyde groups are reacted with
doxorubicin (1 mmol) under similar conditions and the
inino groups converted to aminc groups by reduction by
the addition of sodium borohydride (2 mmol) and reaction
over a period of 4 hours at pH 8. The conjugate product

10 is purified by size-exclusion chromatography on a G-10
column, equilibrated in 50 mM ABS, pH4.5.

Analyzing the conjugate indicates approximately S

Piotin residues per dextran by the HABA test, and for

approximately 35 doxorubicin moieties when tested

s spectrophotometrically at 436 nnm.

Example 8 - cConjugation of biotin to a hifupctional
chelating agent to form a conjugate ugeful
to geliver an active xgetal agent
therapeutic or detection agent,

20 Biotinylpentylamine (o0.001 mol) and
isothiocyanatobenzyl-diethylenetriamine-pentaaceticacid
(ITC-DTPA, 0.001 mol) are mixed together in borate
buffer, 0.1 M, pH 8, and stirred for 3 hours at rocm
temperature. The biotin~DTPA is purified on a C-18

as reverse-phasa HPLC column run in an acetonitrile/water
gradient. The acetonitrile is removed under reduced
pressure on a rotary evaporator and the water by
lyophilization to give a wvhite powdery product. The
structure, biotinylpentylamino-thioureaylbenzyl-DTFA

30 (biotin=-DTPA) is confirmed by mass spectral and micre

analysis.
Example 9 -  Yttrium-90 radioclakeling of the bjotin-DTPA
conijugate of Example 8

A 25 uCi sample of yttrium-%0 chloride in 0.05 M HCl

3s is treated with an equal volume of 0.5 M sodium acetate
buffer, pH 5, to convert the metal to its acetats salt.

The mixture is allowed to stand for 10 minutes at room
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shorstEmr amLEF (% alns. The use of a |onger chain al kyl nodifi
bi oti n woul d al | ow the biotin to bind an avidin which already has one of

its four red¥@pMades®bound by a neighboring biotin. O her udRETAIS4NQESI n
derivatives include active esters, am nesszhydrazides and thiol groups with
the conplinentary reactive groups on pol yners being am nes, acyl and al kyl

| eavi ng groups, carbonyl groups and al kyl halides or M chael -type
acceptors. Avidins are a famly of proteins functional |y defined by their

ability to bind byolih WotD N & g shipfdbe RISk LhBPh in sodium
: acetate buffer, 50 mM, pH 6, is then added. The
components are mixed and allowed to stand for 30 min., at
-which time analysis by instant thin-layer chromatography
s (ITLC) run in water/ethanol/SN ammcnium hydroxide (which
vill precipitate unchelated yttrium) indicates that 99 %
_of the yttrium-50 is bound to the biotin-DTPA. The *Y-
DTPA-biotin is then ready to use.
Example 10 - Conjugation of biotin and a bifunctional
1o shelating agent to a polvmar to provide a
{biotin) (bifunctional chelating agent).-
polymer useful for targeting wmetalic
detection or therapeutic agents
Polyaldehyde dextran (0.02 mmol} prepared as in
is example 3a, is treated with biotinylpentylamine (0.1
umcl) at a pH of 8 for 2 hours at rovoam temperature. 2-
hydroxy-1,3-diaminopropane (2 mmol) is added and the
solution stirred for a further 3 hours. Sodium
borohydride (4 mmol) is added and the reaction is stirred
20 for a further 3 hours at room temperature. The product
is purified on a 6-10 size-exclusion column to give a
dextran substituted with approximately S dbiotin residues
and 100 free amino groups, as analyzed by HABA testing
and TNBS assays. The (biotin) ~aminodextran (0.01 mmol)
25 is treated with a solution of ITC-DTPA (0.5 mmol) in 0.1
M borate buffer, pH 8, for 6 hours at roon temperature.
The product ig purified from unbound DTPA derivatives by
6-10 size-exclusion chromatography and dialysis. The
number of DIPA residues per dextran is found to be
30 approximataly 40 by spectrophotometric determination at
254 nm, verified by cobalt-57 radiolabeling of the
conjugate using various excess amounts of cobalt-57.
Example 11 -~ Yttrium-90 radioclabeling  of
{biotin) (DTPA) ,~dextran
3s Yttrium-90 chloride (25 mCi) is converted to its
acetate form as described in example 9 and then treated
wvith (biotin);(DTPA) ~dextran (0.0001 mmol) under the
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L IENT BNFP'aﬁYn%LQ?D@ERPaWAW'y EA5PT o gomeric proteins, made up of fo
I dentical subunits, each bearing a single binding site for biotin.
can therefowo®na$9up to four noles of biotin per nole of pewishnassivi di ns
i nclude proteins (a) produced by anphi ki g8s+ reptiles and avians, which is

present in their
streptonmyces, St
herein "avidin"
noi ety has four
-not need to have

10

as

20

a5

1)

3s

eggs and known as avidin, and (b) produced by a
rept omyces avidinii, and known as streptavidin
i ncludes all of the above proteins. Since each avi

61 2 2615486;#46/02

ur
Avi di ns

As used
din

receptors ., for biotip, ,the corq'q%‘ ates contai%r;‘g avidin do

sARe; (HNGikiong | ueed ; in, Ghe, BANOPRE o PTRRAT in
example 9. ITLC showed 99% of the yttrium to be chelated

by the conjugate after a 30 minute radiolabeling. The
%¢-(DTPA) o (bictin);~dextran is then ready for use.
Example 12 -~ Cancer Imaging with Three-Step Procedure

A patient diagnosed by sigmoidoscopy to have a
colonic neoplasm is injected i.v. with composition
comprised of conjugate of aultibiotin-starburst
dendrimer-monoclonal antibody IgG against
carcinoembryonic antigen (CEA). Two days later,
unlabeled avidin (in two divided doses, 20 min apart) is
injected i.v. The next day, biotin labeled with 111-In
(4 m¢i) is injected i.v. The patient is scanned with a
gamma camera 2 hours later, and a focus of increased
radiocactivity is detected in the region of the sigmoid
colon, in agreement with the sigmoidescopy findings.
Example 13 - Atherogclerotic Imaging with Three-Step
Erocedure

A patient with suspected atherosclerotic plagues in
various arteries is injected i.v. with a composition
comprised of a conjugate of multibiotin-dextran-
monoclonal antibody F(ab'), against macrophage. One day
later, a multiavidin-dextran conjugate (in two divided
doses, 15 min apart) is injected i.v. One day later,
biotin conjugated with § nCi of 111~In is injected i.v.,
and the patient gcanned with a gamma camera 3 hours
later. Foci of abnormal radicactivity is found.
Example 14 - Cancer Radioizmunotherapy with a Four-step
Procedure

A patient with several small colonic carcinoma
metastagses to the liver is injected i.v. with a first
composition comprised of a conjugate of multiavidin-
dextran-anti-CEA IgG nonoclonal antibody. Two days
later, a clearing composition of biotin is injected i.v.,
followed 30 minutes later by the i.v. injection of a
localized composition of multibiotin-dextran. After
ancther 2 days, a composition of multiavidin-dextran
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amplification resulting fromthe nethods of the present invention to occur.

It is preferable, however that nultiavidin conjugates be utilized in the
net hods of WRMBTntion. Proteins are known which pref er BRT/USM0§298; n(

mar ker substances that are produced by ®or4associ ated with | esions. For
exanpl e, anti bodi es can be used agai nst cancer-assqci ated substances, as
wel | as agai nst any pathol ogical |esion that shows "an increased or unique
antigeni c marker, such-.as agai nst substances associated wi th cardi ovascul ar

| esi onz, }‘or fexarm!beaeaa\s%u;r-mi i thiedeedi DOv] hr mwaxdhwm,i a
o aques: i nf lamdesepd Fheragy 8eeg dFL chlpdlitian of PlosThIGhpEsR o' ' ©
is given i.v. ) .
Example 15 - gcancer Chemoimpunotherapy with a Four-Step
$  Procedure | |
A patient with a right lung adenocarcinoma is
injected i.v. with a conjugate of multibiotin,dextran and
antilung-cancer IgG. Four days later, wmultiavidin-
dextran conjugate is injected i.v. (in two divided doses,
10 €0 minutes apart). After another 2 days, a dose of
multibiotin-dextran-doxorubicin is administered i.v.
Five days later, a dose of streptavidin conjugated with
doxorubicin is administered i.v. _
The preceding examples can be repeated with similar
15 success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.
From the foregoing descriptions, one skilled in the
art can easily ascertain the essential characteristics of
20 this invention and, without departing froa the spirit and
scope thereof, can make various changes and modifications
of the invention to adapt it to various usages and
conditions.
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es of appropriate applications are provided in the
and incorporated Gol denberg patents .and applications.

The cancer SWa®S&B™ncl ude carci nomas, nel anonmas, sarconas,POTAISHadRREESt Onas,
| eukem as, |ynphomas, gliomas, nyel omas«agydeneural tunors.. The infectious

"those caused by invading mcrobes or parasites. As

used herein, "mcrobe" denofes Vi rus, bacteri a, ri ckettsi a,
nmycopl asma, protozoa, fungi and |ike mcroorganisms, "parasite" denotes

{nfect ous.  gener gl 4 ¢ gAGPLS

1. An improved method of detecting lesions in a
patient, the method comprising the steps of:
(a) parenterally injecting a patient with a
targeting composition comprised of
(i) a biotin-protein conjugate, or
(ii) an avidin-protein conjugate,
‘wherein the protein preferentially binds to a marker
substance produced or associated with the targeted
lesion, and allowing the protein conjugate to
preferentially accrete at the targeted lesion;
(b) then, parenterally injecting a
clearing/localizing composition comprised of
(i) avidin, when the targeting composition is
a biotin-protein conjugate, or
(ii) biotin, when the targeting composition is
an avidin-protein conjugate,
and allowing the clearing/localizing composition to
substantially clear the targeting composition from
non~targeted sites and to bind to the targeting
composition accreted at the targeted lesion;
(c) parenterally injecting a  detection
composition comprised of a conjugate of
(1) avidin and detection agent vhen the
clearing/ localizing composition is biotin, or
(i1) biotin and detection agent vwhen the
clearing/ localizing composition is avidin, .
and allouing the dataction'canposition to accrete at
the targeted lesion; and
{(d) using the detection agent aécratad at the
lesion to detect the lesion;
wherein the improvement is characterized in that at
least one of the compositions of step (a) or (b) further
comprises a polymer to which multiple moieties of avidin
or biotin are conjugated, thereby providing an increased
number of binding sites to which a subsequently
administered compositicn can bind, and thus amplifying

A TP R I A
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milticellular invertebrates, or ova or juvenile forns

ion, e.g., malarial parasites, spirocHRETa8ISuMRSst he |i ke,

i ncl udi ng hel m nt hs, whi | e "infectious-agem " or "pathogen” denotes both
m'crobes.and parasites. The protein substances usef of the
present invention include protein, pepti de pol ypep#l“ﬂn"ﬂ"mumwﬁﬂll

the like, e.qg. horm)nes ynphoki nes,* gfowth ¥ act ors,

Canti b.odi’ egy;(rjllc(il 2 g‘%ﬂgeéﬁr%‘%%%%kgt gé f\thseu ?généc)‘ed gfgigr’?lscul ar

| i poprotein, or
al bum n
interest in the
L
10
is

20

30

2. The method of claim 1, comprising the steps of:
(a) injecting the patient with a targeting
composition comprised of
(1) multibictin-polymer-protein conjugate, or
(2) biotin-protein conjugate,
wvherein the protein binds to a marker substance
produced by or associated with the target lesien,
and allowing the targeting conjugate to accumulate
at the target laesion to provide biotin receptors;
(b) injecting a clearing composition comprised
of .
(1) avidin,
(2) multiavidin-polymer conjugate,
(3) wmultiavidin-multidetection agent-polymer
conjugate,
(4) avidin-detection agent conjugate, or
(5) multiavidin-detection Sgent-polyner
conjugate,
and permitting the clearing composition to remove
circulating biotin conjugate;
(c)} injecting a localizing compusition comprised
of : : .
(1) avidin,
(2) =multiavidin~polymer conjugate,
(3) multiavidin-multidetection agent-polymer
conjugate, '
(4) avidin-detection agent conjugate, or
{5) multiavidin-detection agent-polymer
conjugate,
vherein the localizing composition may be the sanme
as or different from the clearing composition and
can be injected concurrently with or subseguent to
the clearing composition, and permitting the
localizing compesition to localize at the target
lesion by binding to a biotin receptor;
(4) .tnjecting a detection composition comprising

This Sheet Has Been Reﬂlaced '




pl‘*_esgégl\‘tT EFnli/mél?\ytlon are ant i bod| es and ant| body fragrrents By "anti bodi es and
anti body fragnents"” is neant generally inmmunogl obulins or fragnents thereof
t hat speci fiwWaB#3878i nd to antigens to formimune conpl ex@CTAUSH4St | body
may be whol e i nmunogl obulin of any class,4e«3., 19gG 1gM IgA 1[1gD, IgE
chimeric or hybrid antibodies with dual or nultiple antigen or epitope

specificities. "It can be a polyclonal antibody, preferably an
affinity-purified antibody froma human or an appropri ate animal, e.g., a
prinmate, goat rabbit, the Li | bodi es are al so
i suitable for use in thenga'ise%“ #%%mgb Q%P% tl’éd because of
their high specificities. (ﬂheMﬂremu)uﬁtbma?@duﬂtmm are now
consi dered conventional (3) polymer-multibiotin ~ multi-detection agent
o conjugate,
s and permitting a biotin of the composition of (d) to
bind to an avidin receptor of the localized agent of
&

(e) if a conjugate containing polymer is used
in (@), then injecting a composition comprising
10 (1) avidin-detection agent conjugate,
(2) multiavidin-polymer conjugate,
(3) avidin, or
(4) multiavidin-multidetection agent-polymer
conjugate, and permitting an avidin of the composition of
15 {(e) to bind to a biotin receptor of localized composition
of (4);
(£) if other than the avidin-detection agent
conjugate has been injected in step (e),
injecting a biotin-detection agent conjugate and
20 permitting the biotin to bind to an avidin receptor at
the target lesion; and
(9) using the detection agent to detect the
targeted lesion;
" wherein the polymer in said polymer conjugate has
2s a sufficiently rigid stsreochemical structure so that
' only one avidin or biotin of each conjugate will bind toc’
a receptor already present at the target lesion.
3. The method of claim 1, comprising the steps of:
{a) injecting the patient with a targeting
30 composition comprised of
' (1) a multiavidin-polymer-protein conjugate, or
(2) an avidin-protein conjugate,
vherein the protein binds to a marker substance
produced by or associated with the target lesien,
as and allowing the targeting conjugatn to accrete at
the target lesion;
(b) injecting a cleating eonpositi.on comprised

Th”mmi{mﬁﬂinm" | .II!IIIIJ |||||j IIIjI IIILI Il
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procedures of imunization of mammals wi th inmunogeni c antigen preparation,

fusion of iwm?”yrrph or spleen cells with an imortal nyeloma cell [ine,
and isolation of Specific hybridoma clones. Mor e uncon\wgﬁ’%t hods
of preparing nonoclonal antibodies are”n8® excl uded, such as i nt er speci es
fusi ons and genetic engi neering mani pul ati ons of hypervari abl e regi ons,

since it is primarily the antigen specificity of the antibodies that
affects their utility in the present invention. It will be appreciated that

newer techni quesefor production - 18-
. (1) biotin,
(2) multibiotin-polymer conjugate,
(3) multibiotin-multidetection agent-polymer
3 ' conjugate, or
(4) biotin~detection agent conjugate,
and permitting the clearing composition to remove
circulating avidin conjugate;
(¢) injecting a localizing composition comprised
20 of
(1) multibiotin-polymer conjugate,
(2) nmultibiotin-multidetection agent-polymer
. conjugate, or
(3) biotin-detection agent conjugate,
1s vherein the localizing composition can be the same
as or different from the clearing composition and
can be injected concurrently with or subsequent to
the clearing composition, and permitting the
localizing composition to localize at the target
20 lesion by binding to an avidin receptor;
(d) injecting a composition comprised of
(1) avidin-detection agent conjugate,
(2) polymer-multiavidin conjugate, or
(3) polymer-multiavidin-multidetection agent
25 conjugate, and permitting avidin of the conjugate to bingd
to biotin receptors of the localizing composition;
(e) 1if a conjugate containing polymer is used in
(d), then injecting a composition consisting
essantially of
30 (1) biotin-detsction agent cenjugate,
(2) nultibiotin-polymer conjugate, or
(3)  multibiotin-mmltidetection agent-polymer
conjugate, and permitting the biotin of the conjugate to
bind to avidin receptors providing by compoesition (d);
as {(f) 1if other than a bictin-detection agent has
been injected in step (e), injecting an avidin-
detection agent conjugate and permitting the avidin

maccee (I
[
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of nonocl onals can al so be used, e.g., human nonocl onal s, interspecies
nonocl onal sgﬁc%| c (e.qg., human/nouse) nonoclonals, genetically

engi neer ed es and the like. Antibody fragments us e
present invention include F(ab')[err], F®®bT[err], Fab', Fab, Fv and the
i ke including hybrid fragnents. Preferred fragrrents are Fab', F(ab’
)[err], Fab, and F(ab)[err]. Al so useful are any subfragnents retaining

t he hypervariabl e, antigen-binding region of an i munogl obulin and having a
size sinmilar to or sl twe dchgﬂqitd:&b birndgoed biotid Hetaptbt dthehede

genetically engi neereqrﬁ Bﬁco nant protei ns, whether single-chain or
mul tiple-chain, which corpora an antigen-binding site and ot herw se

function in vivo as using the detection a to detect the
. targeted lesion; wherein the polymer used in saiad
[ ] pPolymer conjugate has a sufficiently rigid

stereochemical structure so that only one biotin or
avidin of each conjugate can bind to a receptor
already present at the target lesion.

4. The wethod of claim 2, comprising the steps

10 of: '

(a) injecting the petient with a targeting
composition comprised of a multibiotin-polymer-~
protein conjugate, vherein the protein
preferentially binds to a marker substance produced

15 by or associated with the lesion, and allowing the
multibiotin-polymer-protein conjugate to
preferentially accrete and provide multiple biotin
receptors at the targeted lesion; ,

(b) injecting at least one dose of a clearing/

20 . localizing composition comprising avidin and
permitting it to clear the multibiotin-polymer-
protein conjugate from non-targeted sgites and to
localize at the targeted lesion by binding to the
multiple biotin receptors at the targeted lesion;

25 (¢) injecting a detection composition
comprising a biotin-detection agent conjugate and
permitting the biotin to bind to the multiple avidin
receptors at the targeted lesion; and

(d) using the detection agent to detect the

- | e targeted lesion.

5. fThe method of claim 2, comprising the steps

of: '

(a) injecting the patient with a targeting
composition comprised of a biotin-protein conjugate,

3s wherein the protsin preferentially binds to a marker
substance produced or associated with the lesion,
and allowing the biotin-protein conjugats to accrete

mnlii”iiiﬁmn‘ﬁ““ R )RR O 11
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targeting vehicles in substantially the same way as natural i mmunogl obulin
fragments. Such single-chain binding nolecules are disclosed in U S.Patent
4,946, 778, WO MR hereby incorporated by reference. Fab
fragnents nmay be conveniently nade by redecti ve cl eavage of F(ab')[err]
fragments, which thensel ves may be made by pepsin digesti.on of intact
I mmunogl obul i n. Fab anti body fragnents nay be made by papain digestion of
i ntact i mmogl obulin, under reducing conditions, or by cleavage of F(ab)2

”r?rgggglt gb\tlJVIh: ?\h %ﬁzu?ﬁagﬁﬂéﬂ' gg%iéygﬂ'ggpgﬂe'n rq%gﬁ%é%dogfl%ié% gbie"ntgi'lnneeri ng.
It should be noted t FRCCRFQXR,Assthe %ﬁﬂﬁ%og?%%‘ftind i mmunogl obul i n cl asses
can be used,l as can hybri ¢b) injecting at least one dose of a clearing/
. localizing composition multiavidin-polymer
5 conjugate, and permitting the conjugate to clear the
biotin-protein conjugate from non-targeted sites and
to bind to the biotin-protein conjugate accreted at
the target lesion, wherein only one avidin of each
multiavidin-polymer conjugate binds te a biotin
10 receptor at the target lesion and thereby provides
increased numbers of avidin receptors at the target
lesion; '
{c) injecting a detection composition
comprising a biotin-detection agent conjugate and
15 pernitting the biotin of the conjugate to bind to avidin
receptors at the target site, and theredy increasing the
amount of biotin-detection agent accreted at the target
lesion; and -
{d) using the detection agent to detect the

20 lesion.
6. The method of claim 2, comprising the steps of:
(a) injecting the patient with a targeting
composition comprising a biotin-protein conjugate,
wvherein the protein preferentially binds to a marker
28 substance produced by or associated with the lesion,
and allowing the biotin-protein conjugate to bind to
the . targe£ lesion, thereby producing biotin

- ' receptors at the target lesion;

(b) injecting at least one dose of a
30 clearing/localizing composition comprised of
multiavidin-polymer-detection agent conjugate, and
permitting the conjugate to clear biotin-protein
conjugate from non-targeted sites and to localize at
the target lesion, wvherein only one avidin of each
35 conjugate binds to a bhiotin receptor present at the
target lesion, thereby providing the target lesion
with detection agent and an anplified number of

L e
A - LU




* SENT BY:FOLEY & LARDNER, WASH.; 2-20-96 : 8:56PM FOLEY & LARDNER,DC B- 61 2 2615486;#54/02
 ant i bodi es. Mul ti specific,. including bispecific and hybrid, antibodies
and antibody fragnents are especially preferred in the nmethods of the -
present i nveNQ¥W38r detecting and treating | esions and aper/ossapagssed of
at {east two different substantially nonospeei fic anti bodi es or anti body
gfragnents, wherein at |east two of said antibodies or antibody fragnents
dspecifically bind to at least two different antigens produced or associ at ed
qwith the targeted lesion or at |least two different epi t opes or -19-

ol ecules of a marker awslggfx% %Rnﬁuﬁ)gr %9. gse;d gfns %ilegéeéj biotin-protein

and non-accreting multiavidin-polymer-detection
agent conjugate are metabolized and excreted from
.the body:

L (¢} injecting a biotin-detection agent
conjugate and pernitting the conjugate to
preferentially bind in an amplified manner to the
multi-avidin sites provided by the conjugate of step
(b} at the target lesion; and

10 (d) using the detection agent toc detect the

lesion.

7. The method of claim 3, comprising the steps of:
(a) injecting the patient with a targeting
conposition comprised of an avidin-protein
is conjugate, wherein the protein preferentially binds
to a marker substance produced or associated with
‘the target lesion, and allowing the avidin-protein
conjugate to accrete at the target lesion, thereby

providing avidin receptors at the target lesion;

20 (b) injecting at 1least one dose of a
clearing/localizing composition comprised of a
multibiotin-polymer conjugate, and allowing the .
compogition to clear the avidin-protein conjugate
from non-targeted =sites and to localize at the

as " target lesion, wherein only one biotin of each

' multibiotin-polyner conjugate binds to a avidin
receptor accreted at the target lesion, whereby each

) multibiotin-polymer conjugate provides multiple
biotin receptors at the target-lesien;

30 () injecting an avidin-detection agent
conjugate and allowing the conjugate to bind to the
biotin receptors at the target lesion, thereby
anmplifying the amount of detection agent available
at the target lesion; and

3s . {(d) using the amplified amount of detection
agent accreted at the target lesion to detect the
target lesion. '

i Shet i Boon Repleed Hlllll! mm lllll Ml!l I llll
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~leSion. Multispecific antibodies and antibody fr

agment s

with dual specificities can be prepared anal ogously to the anti-tunor -

mar ker hybr wissetamel osed in U S. Pat. No. 4, 361,544. O heerissivategues for
preparing hybrid antibodies are disclosedain, e.g., US Pat. No.
and 4,479,895, and in MIstein et al., Inmmunol. Today, 5,299(1984)

Preferred are

proteins " having a specific i munoreactivity

. mar ker substance of at |east 60% and a cross-reactivity to other a
or non-targeted substances of |ess than Bg% As disclosed above, a

agai nst tunor antigens arftt aga® RethpdHo§

AR 3 CRIRFASLNG TR BLopE

anti bodi es and amfebody fragnents which specifically bind markers

10

1s

20

35

{(a) injecting the patient with a
- targeting composition comprised of an avidin-protein
conjugate, wherein the protein preferentially binds
to a marker substance produced by or asgociated with
the target lesion, and allowing the avidin-protein
conjugate to preferentially bind to the targeted
lesion and provide avidin receptors;

(b) injecting at least one dose of a
clearing/localizing composition comprised of
multibiotin-polymer-detection agent conjugate, and
permitting the conjugate to clear avidin-protein
conjugate from non-target sjites and to localize at
the target lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to an avidin
receptor provided by each avidin-polymer conjugate
accreted at the target lesion, whereby each
multibiotin-polymer-detection agent conjugate
provides multiple bioctin receptors and provides
detection agent to the target 1lesion; wherein
cleared biotin-protein and non-accreting
multibiotin-polymer~detection agint conjugate are
metabolized and exc_retcd from the body; y

{c) injecting an avidin-detection agent
conjugate and permitting the conjugate to bind in an
amplified manner to the multi-biotin receptors at
the target tissue; and

(d) using the amplified amount of
detection agent at the target lesion to detect the

lesion. _
9. The method of any of claims 1-8, wherein the

4,474,893
to a

nti gens
nti bodi es
€,

polymer is selected from the group consisting of
polyamino-acids, proteins, oligodeoxyribonucleotides,
oligonucleotides, polyinmines, pelysaccharides,
polyamines, polycarbexylic acids and polyalcohols.

10. The method of claim 9, wherein the polymer has

RO

A



associated with tunors or infectious |esions, including

viral, bacterial ungal and parasitic infections, and antigens and

. products asWOSMEREY with such i croorgani sns have been di%‘?lg%?gﬁ‘,”q nt er
“alia, in Hansen et al., U S. Patent 3,928 13 and Gol denberg U.S. Patents
4,331,647, 4,348,376, 4,361,544, 4,468,457, 4,444,744, 4,818,709 and
4,624,846. |In particular, antibodies against an antigen, e.g., a
gastrointestinal, lung, breast, prostate, ovarian, testicular, brain or

lynphatic tunDrres#rictaiiCotdrecehemfeti¥yl.anone, are advantageously used. A
e et o o] Snty LR 55 SR LSS0
ain. a molecular weight of 5,000 to 200,000 kD.
12. The method of claim 1 wherein the polymer is
S dextran or a starburst dendrinmer.
13. The method of claim 12 wherein the polymer is
a dextran carrying a limjted number of amino groups.
14. The method of c¢laim 1, wherein the lesion is
cancerous, cardiovascular, infectious or inflammatory.
1o 1s. The mnmethoed of claim 14, wherein the
cardiovascular lesion is a thrombus, embolus, infarct or
atherosclerotic plaque.
16. The method of claim 14, wherein the cancerous
lesion is a carcinoma, melanoma, sarcoma, neurcblastoma,
15 leukenmia, lymphoma, glioma or myeloma.
17.  The method of claim 14, wherein the lesicn is
infectious or inflammatory.
18. The method of claim 1, wherein the protein is
a peptide, polypeptide, hormone, Ilymphokine, growth
20 factor, albumin, cytokine, enzyme, immune nodulator,
receptor protein, antibody or antibedy fragment.
19. The method of claim 18, wherein the protein is
a monoclonal antibody, or a specific binding fragment
thereof.
as 20. The method eof claim 13, wherein the fragment is
a Fv, single chain antibody, Fab, Fab‘', F(ab), or F(ab'),.
21. The method of claim 20, wherein the fragment is
Fab, Fab', F(ab); or F(ab'),. =
22. The mathod of claim 19, wherein the antibody is

30 multispecific. .
23. The wethod of claim 22, wherein the antibody is

multispecific to differing epitopes or molecules of a
marker gubsgtance. _
24. The method of claim 18, wherein the protein has
35 a specific immunoreactivity to a marker substance of at
least 60% and a cross-reactivity to other antigens or
non-target substances of less than 35%. T e
heet Has Been Replaced ' ”!""cl m'” "'"" "'l' " ’!l’
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M crobi ol ., 3(5):387-398, 1984, show ng ready availability. These
I ncl ude nonocl onal anti bodi es (MAbs) agai nst pathogens and-their antigens
such as t hWoW28i ng: Anti-bacterial Mabs StreptococcusPalylisu@ddse
Legi onel | a pneunophilia Streptococcus «\sagenes - 20 - Escherichia coli
Nei sseri a gonorrhosae

25. The method of claim 1, wherein the detection
agent is a radionuclide, mri enhancing agent,
photoactivated dye or differentiation agent.

. 26. The method of clain 1, wherein the method is for

5 internal detection during an operative intravascular or
endoséapic procedure.

27. The method of claim 25, wherein the radionuclide
is a gamma-, positron- or x-ray-emitter.

28. The method of claim 25 wherein the radionuclide

10 emission has an energy between 10 and 7000 keV.

29. The method of claim 25, wvherein the radionuclide
is used for external imaging, said radionuclide being
Iodine-123, Iodine-131, Indium=-111, Gallium~-67,
Ruthenjum-97, Technetium-99m, Cobalt-57, Cobalt-58,

1s Chromium-51, Iron—-59, Selenium-7S, Thallium=-201 or
Ytterbium~-169. i

30. The method of claim 26, wherein the radionuclide
used for internal detection is Iodine-125, Iodine~131,
Indiur-111, Technetium-9%Sa, or Gallium-67.

20 3. The method of claim 25, vwherein the nri
enhancing . agent éonprises a paramagnetic gadolinium,
iron, manganese, rhenium, eurcpium, lanthanum, holmium or
terbiunm ion.

32. Use of:

2s a targeting composition comprising a biotin-

' protein conjugate or an avidin-protein conjugate,

wherein the protein preferentially blinds to a

marker substance produced or associated with the

targeted lesion;

30 a clearing/lecalizing compogition comprising
(i) avidin, vhen the targeting composition is a
biotin-protein.conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and ' :

3s © a therapeutic composition comprised of a
conjugate of (i) avidin and a therapeutic agent when
the clearing/localizing conposition comprises

TW,WII"II i !ll f"l - Hllllll IIIIII lllll I II I
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Nei sseria meningitidis Pneunococcus Hemophilis influenzae B Treponenma
e spirochetes Pseudonobnas aerugi nosa Mycobacterium

pal I i dum Ly ghi:g um-
| eprae Br ucenﬁ) %St us Mycobacterium tubercul osis Tet anudPCTAISP4104295t i - vi r al
EMAbs HI V-1, -2, -3 Hepatitis A, B, C, D Babtes virus

biotin, or (ii) biot:l.n. and a therapeutic agent when
the clearing/localizing composition comprises

avidin;
wherein at 1least one of the targeting or
5 clearing/localizing compositions further comprises

a polymer to which multiple mojeties of avidin or
biotin are conjugated, | .
in the preparation of a medicament for use in an improved
methed of treating lesions in a patient, wherein in said
10 treatment, said patient is:
(a) parenterally injected with said targeting compo-
sition, wherein the protein preferentially binds to a
marker substance produced or associated with the targeted
lesion, and the protein conjugate is allowed to
18 preferentially accrete at the targeted lesion;
(b) then, parenterally injected with said clearing/
localizing composition, and the clearing/localizing
- composition is allowed to substantially clear the
targeting composition from non~targeted sites and to bind
20 to the targeting composition accreted at the targeted
lesion; and
(c) parenterally injected with ~said therapeutic
composition, and the composition is allowed to accrete at
'_the targeted lesion, the therapeutic agent accreted at
2s the lesion being used to treat the lesion, and the use of
' said polymer in at least one of said targeting or
oloaring oompositions prov;ding an increased number of
binding sites to which a subsequently administered
composition can bind, thereby amplifying the amount of
30 therapeutic agent at the targeted lesion.
33. The use according to claim 32, wherein
said targeting composition comprises
(1) a multibiotin-polymer-protein conjugate, or
(2) a biotin-protein conjugats;
as ' said clearing/localizing conposit_ion comprises one
or more of _
{1) avidin,

: * ¢ L m s =
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I nfluenza virus Cytomegal ovirus Herpes sinplex | and Il Human serum
parvo-1Ilike virus Respl ratory syncytial virus Varicella-Zoster virus
Hepatitis B WOMB™easl es virus Adenovirus Human T-cel | | RATAHPHO4IS uses
Epstein-Barr virus Mirine | eukem a virus®8vanps virus Vesicular stomatitis
Vi rus

(2) nultiavidin-polymer conjugate,
(3) multiavidin-multitherapeutic agent-polymer

conjugate,
. (4) avidin-therapeutic agent conjugate, or
S (5) pultiavidin-therapeutic agent-~polymer

conjugate; and
said therapeutic composition comprises
(1) biotin~therapeutic agent conjugate,
(2) polymer-multibiotin conjugate, or
10 (3) polymer-multibiotin - multi-therapeutic
agent conjugate;
and, if a foregoing conjugate containing polymer is
used, then said therapeutic composition further
comprises
18 : (1) avidin-therapeutic agent conjugate,
(2) multiavidin-polymer conjugate,
(3)'avidin, or
{4) multiavidin~multitherapeutic agent-polymer;
and, if other then the foregoing avidin-therapeutic
20 agent conjugate is used, then said therapeutic
composition further comprises a biotin-therapeutic
agent conjugate,
wherein said polymer has a sufficiently rigid
stereochemical structure soc that only one avidin or
as biotin of each conjugatc will bind to a receptor already
' present at the target lasxon.
34. The use of claim 32, wvherein
said targeting composition cmpziséé
(1) a multiavidin-polymer-protein conjugate, or
30 (2) an avidin-protein conjugate;
said clearing composition comprises
(1) biotin, '
(2) multibiotin-polymer conjugate,
(3) multibiotin-multitherapeutic agent-polymer
3s conjugate, or '
(4) biotin-therapeutic agent conjugate;
said localizing composition 'comprises
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(1) multibiotin-polymer cenjugate,

(2) nultibiotin-multztherapeutic agent-polymer
conjugaie, or

(3) biotin-therapeutic agent conjugate,

[ vherein the localizing agent can be the same as or
different from the clearing agent; and
said therapeutic composition comprises
(1) avidin-therapeutic agent conjugate,
(2) polymer-multiavidin conjugate, or
10 (3) polymer~multiavidin-multitherapeutic agent
conjugate;
and, if the foregoing conjugate containing polymer
is used, then said therapeutic compesitien further
comprises
1S {1} hiotin-thsrapoutic agent conjugate,
(2) multibiotin-polymer cocnjugate, or
(3) nultibiotin-multitherapeutic agent-polymer
conjugate;
and, if other than the foregoing biotin-therapeutic
20 agent is used, then said therapeutic composition
further comprises an avidin-therapeutic agent
conjugate.
35. The use of claim 33, vherein:
said targeting composition comprises said
25 : multibiotin-polymer-protein conjugate;
said clearing/localizing composition comprises
avidin; and
said therapeutic composition comprises said biotin-
therapeutic agent eonjugate'. :
30 36. The use of claim 33, vherein
said targeting composition comprises said
biotin-protein conjugate;
said clearing/localizing composition comprises said
multiavidin-polymer conjugate; and
3s said therapeutic composition comprises said
biotin~-therapeutic agent conjugats.
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37. The use of claim 33, wherein
said targeting composition comprises said
biotin-protein conjugate; -
said clearing/localizing composition comprises said
S nmultiavidin-polymer-detection agent conjugate; and

said therapeutic composition comprises said biotin-
therapeutic agent conjugate.
38. The use of claim 34, wherein
10 said targeting composition comprises said
avidin-protein conjugate;
sald clearing/localizing composition comprises said
multibiotin-polymer conjugate; and
said therapeutic composition comprises said
1s avidin-therapeutic agent conjugate.
39. The use of claim 34, wherein
said targeting composition conprxses said
avidin-protein conjugate;
said clearzngllocalizinq composition comprises said
20 - multibiotin-polymer-detection agent conjugate; and
sajd therapeutic composition comprises said
avidin-therapeutic agent conjugate.
40. The use of any one of claims 32-39, vherein the
therapeutic agent is a therapeutic radioisotope, a drug,
as a toxin, a fluorescent dye activated by nonionizing
radiation, a hormone, a hormone antagonist, a receptor
antagonist, an enzyme, a proenzyme activated by ancther
. agent, an autocrine or a cytokine.
' 41. The use of any one of claims 32-39, wherein the
o therapeutic agent is an electron- or neutron-capturing
. agent which is thereby converted to a therapeutic
radioisctope. '
42. The use of claim 40, wherein said therapeutic
radioisotope is Iodinc-lzs,'Iodina-131, Actinium-225,
3s Bismuth-212, Bismuth=-213, Lead-212, Rhenium-186, Rhenium-
188, Silver-111, Platinum-197, Palladium-1039, Copper-67,
Phosphorus~32, Phosphorus-33, Yttrium-%0, Scandium-47,
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i theil eria pagyyaydaeni a hydatigena Taenia ovis Taeni a sagi nefraysb@dabgsococcus
§ gr anul osus Mesocestoi des-corti Antinycopl ggraal MAbs Mycopl asnma arthritidis
§ M hyorhinis M orale

Samarium-153, Lutetium=177, Rhodium=105, Prasecdymium-
142, Praseodfnium—lts, Terbium=-161, Holmium-166 eor Gold-
199.
43. The use of claim 39, vherxein the therapeutic
] agent is an anti-DNA, an anti-RNA, a radiotherapeutic
oligonucleotide, an anti-protein or an anti-chromatin
éytoxic or antimicrobial agent.
44. The use of clainm 40, wherein the drug is taxol,
mechlorethamine, cyclophosphamide, melphalan, uracil

10 mustard, chlorambucil, thiotepa, busulfan, carmustine,

' lomustine, semustine, streptozocin, dacarbazine,
methotrexate, fluorouracil, cytarabine, azaribine,
mercaptopurine, thioguanine, vinblastine, vincristine,
dactinomycin, daunorubicin, doxorubicin, bleecmycin,

s mithramycin, mitomycin, L-asparaginase, cisplatin,
hydroxyurea, procarbazine, mitotane, prednisone,
hydroxyprogesterone caproate, medroprogesterone acstate,
diethylstilbestrol, ethinyl estradiol, tanmoxifen,
tastosterone propionate or fluoxymesterone.

20 45. The use of claim 40, vherein the toxin is abrin,
alpha toxin, diphtheria toxin, exotoxin, gelonin,
pokeweed antiviral protein, ricin or saporin. '

46. A detection kit for detecting lesions, '
comprising:

25 a targeting composition comprising a biotin-
protein conjugate or an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the targeted
lesion ;

30 a clearing/localizing composition comprising
(i) avidin, when the targeting composgsition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and :

3s a detection composition comprised of a
conjugate of (i) avidin and a detection agent when
the clearing/localizing composition ig biotin, or

e i
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M argimni Achol eplasma laidlawii M salivariumM pneurmni a Addi ti onal
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,gp_120 gl ycoprotein antigen of human inmunodeficiency virus 1 (HI'V-1) are
known, and certain of such antibodies Te#&® frave an_ i munoprotective role in

(ii) biotin and a detection agent when the clearing
agent is avidin;
_ vherein at least one of the targeting or
clearing/localizing compositions further comprises
5 a polymer to vhich multiple moieties of avidin or
biotin are conjugated.
47. A medicament for treating lesionms, comprising
a targeting composition comprising a biotin-
protein conjugate or an avidin-protein conjugate,
10 vherein the protein preferentially blinds to a
' marker substance produced or associated with the
targeted lesion ;
a clearing/lecalizing composition comprising
(i) avidin, when the 'targeting composition is a
15 biotin-protein conjugate, or (ii) biotin, when the
‘ targeting composition is an avidin-protein
conjugate; and '
a therapeutic composition comprigsed of a
conjugate of (i) avidin and therapeutic agent when
20 " the clearing/localizing composition is biotin, or
(ii) biotin and therapeutic agent when the clearing
agent is avidin;
wherein at least one of tho targeting or
clearing/localizing compositions further comprises
25 a polymer to wvhich multiple moieties of avidin or
biotin are conjugated. :
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WHAT IS CLAIMED IS:
1. An improved method of detecting lesions in a
patient, the method comprising the steps of:
(a) parenterally injecting a patient with a
targeting composition comprised of
(i) a biotin-protein conjugate, or
(ii) an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the targeted
lesion, and allowing the protein conjugate to
preferentially accrete at the targeted lesion;
(b) then, parenterally injecting a
clearing/localizing composition comprised-bf
(i) avidin, when the targeting composition is
a biotin-protein conjugate, or
(ii) biotin, when the targeting composition is
an avidin-protein conjugate,
and allowing the clearing/localizing composition to
substantially clear the targeting composition from
non-targeted sites and to bind to the targeting
_composition accreted at the targeted lesion;
‘ (c) - parenterally injecting a detection
composition comprised of a conjugate of
(i) avidin and detection agent when the
clearing/ localizing composition is biotin, or
(ii) biotin and_-detectioh agent when the
clearing/ localizing composition is avidin,
and allowing the detection composition to accrete at
the targeﬁed lesion; and
(d) using the detection agent accreted at the
lesion to detect the lesion;
wherein the improvement is characterized in that at
least one of the compositions of step (a) or (b) further
comprises a polymer to which multiple moieties of avidin
or biotin are conjugated, thereby providing an increased
number of binding sites to which a subsequently
admlnlstered comgg§iglon can bind, and thus amplifying
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that specifi :
P cal l\t/he amount of detection agent at the targeted lesion.

2. The method of claim 1, comprising the steps of:
(a) injecting the patient with a targeting
composition comprised of
(1) multibiotin-polymer-protein conjugate, or
(2) biotin-protein conjugate, -
wherein the protein binds to a marker substance
produced by or associated with the target lesion,
and allowing the targeting conjugate to accumulate
at the target lesion to provide biotin receptors;
(b) injecting a clearing composition comprised

of
(1) avidin,
(2) multlav1din-polymer conjugate,
. (3) multiavidin-multidetection agent-polymer

conjugate,

(4) avidin-detection agent conjugate, or

(5) multiavidin-detection agent-polymer
conjugate,

and permitting the clearing composition to remove

. circulating biotin conjugate;

(¢) injecting a localizing composition comprised

of- :

(1) avidin,

(2) multiavidin-polymer conjugate,

(3) mnltiavidin—mpltideteétion agent-polymer
conjugate,

(4) avidin-detection agent conjugate, or

(5) multiavidin-detection agent-polymer

conjugate,

wherein the localizing composition may be the same
as or different from the clearing composition and
can be injected concurrently with or subsequent to
the clearing composition, and permitting the
localizing composition to localize at the target
lesion by binding to a biotin receptor;

(d) injecting a detection composition comprising

A MAb has been gener at ed
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(1) biotin-detection agent conjugate,

(2) polymer-multibiotin conjugate, or
(3) polymer-multibiotin - multi-detection agent

conjugate,

and permitting a biotin of the composition of (d) to
bind to an avidin receptor of the localized agent of

(c);

(e) if a conjugate containing polymer is used

in (d), then injecting a composition comprising
(1) - avidin-detection agent conjugate,
(2) multiavidin-polymer conjugate,
(3) avidin, or

(4) multiavidin-multidetection agenf-polymer
conjugate, and permitting an avidin of the composition of
(e) to bind to a biotin receptor of localized composition

of (d);

(£) if other than the avidin-detection agent

conjugate has been injected in step (e),

injecting a biotin-detection agent conjugate and
permitting the biotin to bind to an avidin receptor at

the target lesion; and

(g) using the detection agent to detect the

targeted lesion;

wherein the polymer in said polymer conjugate has

a sufficiently rigid stereochemical structure so that

only one avidin or biotin of each cohjugate will bind to
a receptor already present at the target lesion.

3. The method of claim 1, comprising the steps of:

(a) injecting the patient with a targeting

composition comprised of

(1) a multiavidin-polymer-protein conjugate, or

(2) an avidin-protein conjugate,

wherein the protein binds to a marker substance
produced by or associated with the target lesion,
and allowing the targeting conjugate to accrete at

the target lesion;

- (b) injecting a clearing composition comprised

* [ L M H *
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(1) biotin,
(2) multibiotin-polymer conjugate,
(3) multibiotin-multidetection agent-polymer

conjugate, or
(4) biotin-detection agent conjugate,
and permitting the clearing composition to remove
circulating avidin conjugate;
{c) injecting a'lo¢alizing composition comprised
of
(1) multibiotin-polymer conjugate,
(2) multibiotin-multidetection agent-polymer
conjugate, or |
(3) biotin-detection agent conjugate,
wherein the localizing composition can be the same
as or different from the clearing composition and
can be injected concurrently with or subsequent to
the clearing composition, and permitting the
localizing composition to localize at the target
lesion by binding to an avidin receptor;
(d) injecting a composition comprised of
(1) avidin-detection agent conjugate,
(2) polymer-multiavidin conjugate, or
(3) polymer-multiavidin-multidetection agent
conjugate, and permitting avidin of the conjugate to bind
to biotin receptors of the,localiziﬁg composition;
(e) if a conjugate containing polymer is used in
(d), then injecting a composition 'consisting
essentially of

(1) biotin-detection agent conjugate,
(2) multibiotin-polymer conjugate, or
(3) multibiotin-multidetection agent-polymer

conjugate, and permitting the biotin of the conjugate to
bind to avidin receptors providing by composition (4);

(f) if other than a biotin-detection ageﬁt has

been injected in step (e), injecting an avidin-

detection agent conjugate and permlttlnq the av1d1n

ive
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detection and/or therapy, while beta- and al pha-emttefs—amd

neutron-capturing agents, such as Boron and Uranium a}so can be used f ar
therapy. Suitable radioisotopes for the net hods of the present
i ncl ude: Actinium 225, Astatine-211, oh 123

| odi ne- 131, | odi ne- 138, the conjugate’ to

target lesion; and
(9) using the detection agent to detect the
targeted lesion; wherein the polymer used in said
polymer conjugate has a sufficiently rigid
stereochemical structure so that only one biotin or
avidin of each conjugate can bind to a receptor
already present at the target lesion.
4. The method of claim 2, comprising the steps

‘(a) injecting the petient with a targeting
composition comprised of a multibiotin-polymer-
protein conjugate, wherein the protein
preferentially binds to a marker substance produced
by or associated with the lesion, and allowing the
multibiotin-polymer-protein conjugate ito
preferentially accrete and provide multiple biotin
receptors at the targeted lesion;

(b) injecting at least one dose of a clearing/
localizing composition comprising avidin and

N perm}i.tting it to clear the multibiotin-polymer-
"protein conjugate from non-targeted sites and to
localize at the targeted lesion by binding to the
multiple biotin receptors at the targeted lesion;

(c) injecting a detection composition
comprising a biotin-detection égent conjugate and
permitting the biotin to bind to the multiple avidin
receptors at the targeted lesion; and '

(d) using the detection agent to detect the
targeted lesion.

5. The method of claim 2, comprising the steps

(a) injecting the patient with a targeting
composition comprised of a biotin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the lesion,
and allowing the biotin-protein conjugate to accrete
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Thul i um 168, Technetium 99m Fl uorine-18, Silver-111, (PhajAMae8719
Pal | adi um 109, Copper-67, Phosphorus-32, .Pggsphor §s- 33 Yttrium99, |
Scandi um 47, Samarium 153, Lutetium 177, Rhodi um 305—Praseodym um 142,
Praseodym um 143, Terbium 161, Hol m um 166, Golid- 199, Cobal t-
Cobal t - 58,
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at the target 1lesion, thereby providing biotin
receptors at the target lesion;

(b) injecting at least one dose of a clearing/
localizing composition multiavidin-polymer
conjugate, and permitting the conjugate to clear the
biotin~protein conjugate from non-targeted sites and
to bind to the biotin-protein conjugate accreted at
the target lesion, wherein only one avidin of each
multiavidih-polymer conjugate binds to a biotin
receptor at the target lesion and thereby provides
increased numbers of avidin receptors at the target
lesion; _

(c) injecting a detection composition
comprising a biotin-detection agent ‘conjugate and
pernitting the biotin of the conjugate to bind to avidin
receptors at the target site, and thereby increasing the
amount of biotin-detection agent accreted at the target
lesion; and " 7

(d) using the detection’ egent to detect the
lesion. '

6. The method of claim 2, comprising the steps of:

(a) injecting the patient with a targeting
composition comprising a biotin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associa_ted with the lesion,
and allowing the biotin-protein conjugate to bind to
the target 1lesion, thereby producn.ng biotin
receptors at the target lesion; ; _

(b) injecting at least one dose of a
clearing/localizing composition comprised of
multiavidin-polymer-detection agent conjugate, and
permitting the conjugate to clear biotin-protein
conjugate from non-targeted sites and to localize at
the target lesion, wherein only one avidin of each
conjugate binds to a biotin redeptor present at the
target 1lesion, thereby providing the target lesion
with detection agent and an amplified number of
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preferred for internal detection i ncludd 7 odi ng- Ladine 1@3
| odi ne-131, I ndi um 111, Technetium 99m and Gal | Jum 67. | sot opes :
preferred for therapeuti-c use include:

avidin binding sites; wherein cleared biotin-protein
and non-accreting multiavidin-polymer-detection
agent conjugate are metabolized and excreted from
the body;

(c¢) injecting a biotin-detection agent
conjugate and permitting the conjugate to
preferentially bind in an amplified manner to the
multi-avidin sites provided by the conjugate of step
(b) at the target lesion; and

(d) using the detection agent to detect the

lesion. :
7. The method of claim 3, comprising the steps of:
(a) injecting the patient with a targeting
composition conmprised of an avidin-protein
conjugate, wherein the protein preferentially binds
to a marker substance produced or associated with
the target lesion, and allowing the avidin-protein
conjugate to accrete at tie target lesion, thereby
providing avidin receptors at the target lesion;

(b) injecting at 1least one dose of a

. clearing/localizing composition comprised of a
multibiotin-polymer conjugate, and allowing the
composition to clear the avidin-protein conjugate
from non-targeted sites and to 1localize at the
target 1lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to a avidin
receptor accreted at the target lesion, whereby each
multibiotin~polymer conjugate provides multiple
biotin receptors at the target lesion;

(¢) injecting an avidin-detection agent
conjugate and allowing the conjugate to bind to the
biotin receptors at the target 1lesion, thereby
amplifying the amount of detection agent available
at the target lesion; and

(d) using the amplified amount of detection
agent accreted at the target lesion to detect the
target lesion.
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toxi ns, fluorescent dyes activated by nonionizing rafifation, hornm A
hor nrone ant agoni sts, receptor antagonists, enzynmes of proenzymnes activmed
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whi ch have cytotoxic effects on cells. They are to be found in conpendi a of
drugs and toxins, such as ¥he Ths aethpderf Udddhdn SPRPXESich thengteps

of:

(a) injecting the ©patient with a
targeting éBmposition comprised of an avidin-protein
conjugate, wherein the protein preferentially binds
to a marker substance proéuced by or associated with
the target lesion, and allowing the avidin-protein
conjugate to preferentially bind to the targeted
lesion and provide avidin receptors;

(b) injecting at least one dose of a
clearing/localizing composition comprised of
multibiotin-polYmer-detection agent conjugate, and
permitting the ' conjugate to clear avidin-protein
conjugate from non-target sites and to localize at
the target lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to an avidin
receptor provided by each avidin-polymer conjugate
accreted at +the target lesion, whéreby each
multibiotin-polymer-detection agent = conjugate
provides multiple biotin receptors and provides
detection agent to the targeﬁ lesion; wherein
cleared biotin-protein and non-accreting
multibiotin-pblymer-detection agent conjugate are ‘
metabolized and excreted from the body;

{e) injecting an avidin-detection agent
conjugate and permitting the conjugate to bind in an
amplified manner to the multi-biotin receptors at
the target tissue; and

(d) using the amplified amount of
detection agent at the target lesion to detect the
lesion.

9. The method of any of claims 1-8, wherein the
polymer is selected from the group consisting of
polyamino-acids, proteins, oligodeoxyribonucleotides,
oligonucleotides, polyinmines, polysaccharides,
polyamines, polycarboxylic acids and polyalcohols.

10. The method of claim 9, wherein the polymer has

T



the like, and in the references cited above. Any such drug can be
conjugated to or- Ioaded—eﬂte -the - protein pol ymer or biotin/avidip by

conventional meap; - in the art y anal ogy
to those descri be \ﬁeemasigli“ﬁﬂ %sent i nvention aﬁ

stdyes
used, for exanple m c therapy, conjiudated to protetn$, biotin

uw.
or aV|d|n and use on with apgropri gt d nd8i JANAINY | adi ati on.
The use of light and porphyrlns in methods of tHe :

B -

restricted steréochemistry.

11. The method of claim 9, wherein the polymer has
a molecular weight of 5,000 to 200,000 XD.

12. The method of claim 1 wherein the polymer is
dextran or a starburst dendrimer.

13. The method of claim 12 wherein the polymer is
a dextran carrying a limited number of amino groups.

14. The method of claim 1, wherein the lesion is
cancerous, cardiovascular,'infectious'or inflammatory.

15. The method of claim 14, wherein the
cardiovascular lesion is a thrombus, embolus, infarct or
atherosclerotic plaque. o

16. The method of claim 14, wherein the cancerous
lesion is a carcinoma, melanoma, sarcoma, neuroblastoma,
leukemia, lymphoma, glioma or myeloma.

17. The method of claim 14, wherein the lesion is
infectious or inflammatory. :

18. The method of claim 1, wherein the protein is
a peptide, polypeptide, hormone, 1lymphokine, growth
factor, albumin, cytokine, enzyme, immune modulator,
receptor protein, antibody or antibody fragment.

"19. The method of claim 18, wherein the protein is
a monoclonal antibody, or a specific binding fragment
thereof.

20. The method of claim 19, whegein the fragment is
a Fv, single chain antibody,. Fab, Fab', F({ab), or F(ab'),.

21. The method of claim 20, wherein the fragment is
Fab, Fab', F(ab), or F(ab'),. '

22. The method of claim 19, wherein the antibody is
multispecific. '

23. The method of claim 22, wherein the antibody is
multispecific to differing epitopes or molecules of a
marker substance. .

24. The method of claim 18, wherein the protein has
a specific immunoreactivity to a marker substance of at
least 60% and a cross-reactivity to other antigens or
non-target substances of less than 35%.

lllIlIII Illll\ 1] l\l\l l\ \III



pr esent i nvention is also contenplated and their use in cancer ther

been revi ewed by v @hﬂn1stry in Britain
whi ch d herein in its en
Exanpl es of known ¢ useful in the pref

listed in Goodman et aI The Phar macol ogi cal Basi s
A G Glmn et al, eds./ Muggd|an Puldl ijshi ng Co. New Yor k,
1980. These include taxol; nltrogen nmust ards, such as
cycl ophosphani de,
derivati ves,
ni t rosour eas,
triazenes,

pp. 430- 437),

Sixth Edition,

mel phal an, uracil nustard and chl orfambuci | ; et hylen

such as thiotepa; alkyl sulfonates, such-as busul fan;

such as carmusti ne, | ormust i ne, senusti ne and st rept ozoci n,
such as d28ar bélg}enéneqtmq ot claim 1, wherein the detection

agent 1is a radionuclide, mri enhancing agent,
photoactivated dye or differentiation agent.

26. The method of claim 1, wherein the method is for
internal detection during an operative intravascular or
endoscopic procedure.

27. The method of claim 25, wherein the radionuclide
is a gamma-, positron- or x-ray-emitter.

28. The method of claim 25 wherein the radionuclide
emission has an energy between 10 and 7000 keV.

29. The method of claim 25, wherein the radionuclide
is used for external imaging, said radionuclide being
Iodine-123, Iodine-131, Indium-111, Gallium-67,
Ruthenium-97, Technetium-99m, Cobalt-57, Cobalt-58,
Chromium-51; Iron-59, Selenium-75, Thallium-201 or
Ytterbium-169.

30. The method of claim 26, wherein the radionuclide
used for internal detection is Iodine-125, Iodine-131,
Indium-111, Technetium-99m, or Gallium-67.

31. The method of claim 25, wherein the mnri
enhancing agent comprises a paramagnetic gadolinium,
iroi‘x, manganese, rhenium, europium, lanthanum, holmium or
terbium ion.

32. Use of:

a targeting composition cpmprising a biotin-
protein conjugate or an avidin;protein conjugate,
wherein the protein preferentially blinds to a
marker substance produced or associated with the
targeted lesion; _

a clearing/localizing composition comprising
(i) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and )

a therapeutic composition comprised of a
conjugate of (i) avidin and a therapeutic agent when
the clearing/localizing composition comprises
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aci d anal ogs, such as _methotrexate; pyrinmidine anal ogs, such as
fluorouracil, cyta ‘hmﬂmﬂten&m i ne; purine anal ogs, such as

mer capt opuri ne and nca al kal oi ds, Tagti ne
and vincristine, *mm;ﬂn“ ch as dactino @EAC%,MM ijn,
doxorubicin, bleonycin, mthranycin and mtonycln; enzymes uch as
L- aspar agi nase; platinum coordination conplsgxes, pufhQt JrﬁNsﬂ‘)ztl n;
substituted urea, such as hydroxyurea; nethyl hydfagi ne derivativies| such
as procarbazi ne; adrenocortical suppressants, suc m 1 ot ane; hPr nones
and ant agoni st s, such as adrenocorti st eroi d (predni sorey-—
progesti ns (hydroxyprogesterone caproate, nedroprogesterone acetate and
megestrol acetate), &atQtioneN didddhpietinhaad (% thargpeutic agent when

the clearing/localizing composition comprises
avidin;

wherein at 1least one of the targeting or
clearing/localizing compositions further comprises

a polymer to which multiple moieties of avidin or

biotin are conjugated,
in the preparation of a medicament for use in an improved
method of treating lesions in a patient, wherein in said
treatment, said patient is: _

(a) parenterally injected with said targeting compo-
sition, wherein the protein preferentially binds to a
marker substance produced or associated with the targeted
lesion, and the protein conjugate is allowed: to
preferentially accrete at the targeted lesion;

(b) then, parenterally injected with said clearing/
localizing composition, and the clearing/localizing
composition is allowed to substantially clear the
targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted
lesion; and

(c) parenterally injected with said therapeutic
composition, and the composition is allowed to accrete at
the targeted lesion, the therapeutic agent accreted at
the lesion being used to treat the lgsion, and the use of
said polymer in at least. one of said targeting or
clearing compositions providing an increased number of
binding sites to which a subsequently administered
composition can bind, thereby amplifying the amount of
therapeutic agent at the targeted lesion.

33. The use according to claim 32, wherein

said targeting composition comprises

(1) a multibiotin~polymer-protein conjugate, or
(2) a biotin-protein conjugate; ~

said clearing/localizing composition comprises one

or more of

(1) avidin, ———
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ethinyl estradiol), antiestrogens (tanoxifen), and androgens
(testosterone propiona{e—and—ffuoxyhesterone). -1 26 §
interfere with i nte‘éag I%ggenp\ gi n synthesis can falREBL %QE ﬁéﬁt he
net hods of the pr such drugs are knowWh to t hese skifl lfed in
the art and -inc ““ﬁmﬂ cycl ohexi m 0@'JAN PB9PUdl dase.
Toxi ns can al so be thods of fge. present |nvent|on Tdxijns

useful as therapeutics are known to those skilled i tre—art—armt ruclude
pl ant and bacteri al

(2) mﬁltiavidin—polymer conjugate,
(3) multiavidin-multitherapeutic agent-polymer
conjugate, |
' (4) avidin-therapeutic agent conjugate, or
(5) multiavidin-therapeutic agent-polymer
conjugate; and |
said therapeutic composition comprises
(1) biotin-therapeutic agent conjugate,
(2) polymer-multibiotin conjugate, or
(3) polymer-multibiotin - multi-therapeutic
agent conjugate;
and, if a foregoing conjugate containing polymer is
used, then said therapeutic composition further
comprises
(1) avidin-therapeutic agent conjugate,
(2) multiavidin-polymer conjugate,
(3) avidin, or '
(4)mﬁ1tiavidin-multitherapeuticagent-polymer;
and, if other then the foregoing avidin-therapeutic
agent conjugate is used, then said therapeutic
. composition further comprises a biotin-therapeutic
'agent conjugate,
wherein said polymer has a sufficiently rigid
stereochemical structure so that only one avidin or
biotin of each conjugate will bind to a receptor already
present at the target lesian.
34. The use of claim 32, wherein .
said targeting composition comprises
(1) a multiavidin-polymer-protein conjugate, or
(2) an avidin-protein conjugate;
said clearing composition comprises
(1) biotin,
(2) multibiotin-polymer conjugate,
(3) multibiotin~multitherapeutic agent-~polymer
conjugate, or
(4) biotin-therapeutic agent conjugate;
said localizing composition comprises
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toxins, such as, abrin,_ alpha toxin, diphtheria toxin, exotoxin, gelonin,

pokemeed ant|V|raI

cell binding fun
the toxic activit

present invention differ fromnative toxi-ngyi o that{ tjhe
the cell binding function of the native toxin is|n
the domain is mssing partially or totally. O her tjherapeutic agents

In the present

xi ¢ function, and a
The nDdlfled to

(1) multibiotin-polymer conjugate,
(2) multibiotin~multitherapeutic agent-polymer

conjugate, or

(3) biotin-therapeutic agent conjugate,

wherein the localizing agent can be the same as or
different from the clearing agent; and

said therapeutic composition comprises

(1) avidin-therapeutic agent conjugate,

(2) polymer-multiavidin conjugate, or

(3) polymer-multiavidin-multitherapeutic agent

conjugate;

and, if the foregoing conjugate containing polymer
is used, then said therapeutic composition further
comprises

(1) biotin~therapeutic agent conjugate,

(2) multibiotin-polymer conjugate, or

(3) multibiotin-multitherapeutic agent-polymer

conjugate;

and, if other than the foregoing biotin-therapeutic
agent is used, then said therapeutic composition
further comprises an avidin-therapeutic agent
conjugate.
35. The use of claim 33, wherein:

said targeting composition comprises said
multibiotin-polymer-prqtein coﬁjugate;

said clearing/localizing composition comprises

avidin; and

said therapeutic composition comprises said biotin-
therapeutic agent conjugate.
36. The use of claim 33, wherein

said targeting composition comprises said
biotin-protein conjugate;
said clearing/localizing composition comprises said
multiavidin-polymer conjugate; and

said therapeutic composition comprises said
biotin~-therapeutic agent conjugate.

proteln ricin, and saporin. Toxjns-in.their npative form

require a mni nﬁ%’iﬁ}i] Benaﬁa‘fer ent bi ocheni cal f unCREPDAGEMENTKBHEETC! | s:

a

rctTomto—t+ansljocat e

Héeg&" #g?t r?c I ng

egause
usef ul
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I nvention |ncludeﬂ.an%r~DNA “"anti-RNA, radiol abel ed oligonucl eotides,

such as anti -
anti-chronatlﬂ
t he nmet hods of
variety of neth

Rayudu, op. cit.

sen geoxy ribonucl eoti des anti-protein and
eg! {rqnu m crobial agents. [TherpDACEMENTS sugm‘a in
venti on may be | abel el pr—coridgat-etpy; a
he art. Many of these =thods arggs sicl
t he above- referenced uU. S Pat ent.s and Pateg% Appli ga | 50
and Childs et al., J. Nuc. Med. ZEL“gggLigﬁiL__, ny
conventional method of radlolabellng which is suitfble for | abel i ng
| sotopes for in vivo use will be generally suitab

agents according to the present invention.

7. The use of claim 33, wherein
said targeting composition comprises said
biotin-protein conjugate;
said clearing/localizing composition comprises said
multiavidin-polymer-detection agent conjugate; and

said therapeutic composition comprises said biotin-
therapeutic agent conjugate.

38. The use of claim 34, wherein

said targeting composition comprises said

avidin-protein conjugate; .

said clearing/localizing composition comprises said

multibiotin~-polymer conjugate; and

said therapeutic composition comprises said
avidin-therapeutic agent conjugate.

39. The use of claim 34, wherein

said targeting composition comprises said
avidin-protein conjugate;

said clearing/localizing composition comprises said

multibiotin~polymer-detection agent conjugate; and

said therapeutic composition comprises said
'avidin-therapeutic agent conjugate.

40. The use of any one of claims 32-39, wherein the
therapeutic agent is a therapeutic radioisotope, a drug,
a toxin, a fluorescent dye act:.vated by nonionizing
radiation, a hormone, a hormone antagonlst a receptor
antagonist, an enzyme, a proenzyme activated by another
agent, an autocrine or a cytokine.

41. The use of any one of claims 32-39, wherein the

'ﬁherapeutic agent is an electron- or neutron-capturing

agent which is thereby converted to a therapeutic
radioisotope.

42. The use of claim 40, wherein said therapeutic
radioisotope is Iodine-125, Iodine-131, Actinium-225,
Bismuth-212, Bismuth-213, Lead-212, Rhenium-186, Rhenium-
188, silver-111, Platinum-197, Palladium-109, Copper-67,
Phosphorus-32, Phosphorus-33, Yttrium-90, Scandium-47,
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- 27 - The avidi.n_or. biotin may be conjugated to therapeutic agents such as

drugs; toxins; agents useful in neutron capture t 20y T 4 of on and
urani um i sot opesTh s activated by oBEMCEWEPrSE ] on;
hor nones; autocrlnf proenzynes acti \{atfed by anot her jagent;

t

a
cytokines; cytopro etc. by met hodq Knopg JANtSEe|skill ed
in the art. US Patent 5, 057, 313 Shlh et @lg, _herelly li ncorporated by}
ref erence, teaches one such nmethod. O her exanple f—~-rrettrods—of
conjugating avidin to

Samarium-153, Lutetium-177, Rhodium-105, Praseodymium-
142, Praseodymium-143, Terbium-161, Holmium-166 or Gold-
199,

43. The use of claim 39, wherein the therapeutic
agent is an anti-DNA, an anti-RNA, a radiotherapeutic
oligonucleotide, an anti-protein or an anti-chromatin
cytoxic or antimicrobial agent.

44. The use of claim 40, wherein the drug is taxol,
mechlorethamine, cyclophosphamide, melphalan, uracil
mustard, chlorambucil, thiotepa, busulfan, carmustine,
lomustine, semustine, 'strepﬁozocin, dacarbazine,
methotrexate, fluoi:ouracil, cytarabine, azaribine,
mercaptopurine, thioguanine, vinblastine, vincristine,
dactinomycin, daunorubicin, doxorubicin, bleomycin,
mithramycin, mitomycin, L-asparaginase, cisplatin,
hydroxyurea, procarbazine, mitotane, prednisone,
hydroxyproqe_steron'e caproate, medroprogesterone acetate,
diethylstilﬁestrol ' ethinyl estradiol, tamoxifen,
testosterone propionate or fluoxymesterone.

45. The use of claim 40 , Wherein the toxin is abrin,
alpha toxin, diphtheria toxin, exotoxin, gelonin,
pokéweed antiviral protein, ricin or saporin.

46. A detection kit for detecting lesions,
comprising:

a targeting composition comprising a biotin-
protein conj\iga'te or an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the targeted
lesion ;

a clearing/localizing - composition comprising
(i) avidin, when the targeting composition is a
biotin~protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and |

a detection composition comprised of a
conjugate of (i) avidin and a detection agent when
the clearing/localizing composition is blotln, or
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a detection or therapeutic agent include the follow ng: (a) the
«chl oram ne-T or Behi ORedia0b&h RBJIRELAUres for conjugating iodine, (b) the
procedures describ et al. (Cancer R%é@%% ;19{91) or
Fritzberg et al. g M” J , 120,526) to conjb ? § Jm or
rheni um (c) throug chel ati ng agents

al. (Br. J. Cancer 62:21, 1990) to conjugate netalii
Additionally, avidin or biotin can be boungP to den
descri bed for am no-containing proteins as describ
(J. Nucl. Med. 28:1294, 1987). Biotin can be re
proteins (including antibodies and their fragnents) via the protelns

lysine and cysteing;ihesidees, andNg detidction agent when the clearing
agent is avidin;
wherein at least one of the targeting or
clearing/localizing compositions further comprises
a polymer to which multiple moieties of avidin or
biotin are conjugated.

47. A medicament for treating lesions, comprising:

a targeting composition comprising a biotin-
protein conjugate or an avidin-protein conjugate,
wherein the protein preferentially blinds to a
marker substance produced or associated with the
targeted lesion ; ;

a clearing/localizing composition comprising
(i) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and i

a therapeutic composition comprised of a
conjugate of (i) avidin and therapeutic agent when
the clearing/localizing composition is biotin, or

~ (ii) biotin and therapeutic agent when the clearing

agent is avidin;

wherein at 1least one of the targeting or
clearing/localizing compositions further comprises
a polymer to which multiple moieties of avidin or
biotin are conjugated.
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avail abl e, their oxidized carbohydrate groups. These net hods are ~~—--

exenplified bel ow Methods which can be used to conjugate mri ol
tto dextran include those described in Shih et al. U S Patent ”I"HMIMNM””"I
which is hereby incorporated by reference, for conjugating hdpténst u g "8
containing suitable derivatives groups to dextrans. One nethod for the
conjugation of biotin to a starburst denduisner is to treat a generation 3

to generation 10 starburst dendrinmer solution (0.01 to 100 nmol) in tris,
hepes, phosphate, carbonate or borate buffer (1 to 2000 mmol) with a

solution of N hydroxysucci ni m dobiotin or N- -

WHAT IS CLATIMED IS:
1. An improved method of detecting lesions in a
patient, the method comprising the steps of:
(a) parenterally injecting a patient with a
targeting composition comprised of
(i) a biotin-protein conjugate, or
(ii) an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the targeted
lesion, and allowing the protein conjugate to
preferentially accrete at the targeted lesion;
(b) then, parenterally injecting a
clearing/localizing composition comprisedlbf
(i) avidin, when the targeting composition is
a biotin-protein conjugate, or
- (ii) biotin, when the targeting composition is
an avidin-protein conjugate,
and allowing the clearing/localizing composition to
substantially clear the targeting composition from
non-targeted sites and to bind to the targeting
~ composition accreted at the targeted lesion;
h (c) parenterally injecting a detection
composition comprised of a conjugate of
(i) avidin and detection agent when the .
clearing/ localizing composition is biotin, or
(ii) biotin and detection agent when the
clearing/ localizing composition is avidin,
and allowing the detection composition to accrete at
the targeted lesion; and
(d) using the detection agent accreted at the
lesion to detect the lesion;
wherein the improvement is characterized in that at
least one of the compositions of step (a) or (b) further
comprises a polymer to which multiple moieties of avidin
or biotin are conjugated, thereby providing an increased
number of binding sites to which a subsequently
administered composition can bind, and thus amplifying

ta



28- hydr oxysul f

osucci ni mdobiotin (0.01 nmol to 10 nol). A co-sol vent

such as DVMF or DMS) may be added in anounts up to 70%to.facilitate

solubility. The

excl usi on or

reaction is allowed to proceed for 0.25 to 24 hours—at—

4-100[err] C The substituted polyner is purified by dlajﬂuuw

i on- exchange chr omat ogr aphy. The

!g i z
of. biotin to polyner is determ ned wi th &hge HABA reagent and sta jmg#[ F
photonetric determ nation of free am no groups, for exanple mnth

fl ourescam ne or
st ar bur st

ni nhydrin. One nethod for conjugating avidin to a

the amount of detection agent at the targeted lesion.
2. The method of claim 1, comprising the steps of:
(a) injecting the patient with a targeting
composition comprised of
(1) multibiotin-polymer-protein conjugate, or
(2) biotin-protein conjugate, .
wherein the protein binds to a marker substance
produced by or associated with the target lesion,
and allowing the targeting conjugate to accumulate
at the target lesion to provide biotin receptors;
(b) injecting a clearing composition comprised
of '
(1) avidin,
(2) multiavidin-polymer conjugate, .
(3) multiavidin-multidetection agent—polymer
conjugate, i
(4) avidin-detection agent conjugate, or
(5) multiavidin-detection agent-polymer
conjugate,
and permitting the clearing composition to remove
. circulating biotin conjugate;
' (c) injecting a localizing composition comprised
of
(1) avidin,
(2) multiavidin-polymer conjugate,
(3) multiavidin-m_ultideteétion agent-polymer
conjugate,
(4) avidin-detection agent conjugai:e, or
(5) multiavidin-detection agent-polymer
conjugate,
wherein the localizing composition may be the same
as or different from the clearing composition and
can be injected concurrently with or subsequent to
the clearing composition, and permitting the
localizing composition to localize at the target
lesion by binding to a biotin receptor;
() injecting a detection composition comprising



dendrimer is to treat a generation 3 to generation 10 starburst dendrinmer
(0.01 to 100 mmol) with nmal eic anhydride (0.01 to 1000 mrot)—i n—a suitable

sol vent such as DWF, toluene or DMSO with the optional addigg f

such as potassi um carbonate or sodi um hydri de. The reacti a;ﬁll‘“ﬂmmmﬁﬂﬁl?"
proceed for 1 to 96 hours at a terperature of 25 to 170[er ,C I"ya
with a device for the renoval of water fod@ed during the reaction, to drive
the reaction to conpletion. This and simlar reaction conditions are well
known and described in the literature (Hargreaves et al. Chem Rev. 70:

439-469, 1970),. The reaction m xture is purified by size-exclusion or ion- .
exchange chromat ogr aphy @ﬂp/CﬂbfﬂﬁﬂﬁpaeQQEEignhggéﬁg d¥HRyakld, 7, to preserve
mal ei m de groups. The s gftitution rxs e .
P polymer-multibiotin conjugate, or
(3) polymer-multibiotin - multi-detection agent
conjugate,
and permitting a biotin of the composition of (d) to
bind to an avidin receptor of the localized agent of

(c);

(e) if a conjugate dontaining polymer is used
in (d), then injecting a composition comprising

(1) avidin-detection agent conjugate,

(2) multiavidin-polymer conjugate,

(3) avidin, or _

(4) multiavidin—multidetection agenf-polymer

conjugate, and permitting an avidin of the composition of
(e) to bind to a biotin receptor of localized composition
of (d); .
(£f) if other than the avidin-detection agent
conjugate has been injected in step (e),
injecting a biotin-detection agent conjugate and
permitting the biotin to bind to an avidin receptor at
the target lesion; and
E (g) using the detection agent to detect the
targeted lesion;
wherein the polymer in said polymer conjugate has
a sufficiently rigid stereochemical structure so that
only one avidin or biotin of each conjugate will bind to
a receptor already present at the target lesion.
3. The method of claim 1, comprising the steps of:
(a) 'injecting the patient with a targeting
composition comprised of
(1) a multiavidin-polymer-protein conjugate, or
(2) an avidin-protein conjugate,
wherein the protein binds to a marker substance
produced by or associated with the target lesion, -
and allowing the targeting conjugate to accrete at
the target lesion;

- (b) injecting a clearing composition comprised



féiio of mal ei mde onto the dendrimer is determned spectrophotonetrically
through the absorbance of the conjugated imde and quantitation of
am no-groups pre- and post-reaction with reagents such as fl ourescam ne and

ni nhydrin. Avidin is either reduced with a thiol agent such as
2-mer captoethanol, to cleave a limted nunber of disulfide bonds (C?lfflths

et al. Cancer Res. 51: 4594- 4602, 1991). qig eacted with anﬂﬂ'ﬁ"ﬁl‘“ﬂlM]lml
known to insert free thiol groups into proteins. For exanpl I X

nmet hod, a solution of avidin (0.001 to 1000 nmmol) in tris, hepes, "bofat &,
carbonate or phosphate butfer, ph 6 to 10, is treated with a solution of 2-

of
(1) biotin,
(2) multibiotin-polymer conjugate,
(3) multibiotin-multidetection agent-polymer

conjugate, or
(4) biotin-detection agent conjugate,
and permitting the clearing composition to remove
circulating avidin conjugate;
(c) injecting a localizing composition comprised
of
(1) multibiotin-polymer conjugate,
(2) multibiotin~-multidetection agent-polymer
conjugate, or
(3) biotin-detection agent conjugate,
wherein the localizing composition can be the same
as or different from the clearing composition and
can be injected concurrently with or subsequent to
the clearing composition, and permitting the
localizing composition to localize at the target
lesion by binding to an avidin receptor;
(d) injecting a composition comprised of

(1) avidin-detection agent conjugate,
(2) polymer-multiavidin conjugate, or
(3) polymer-multiavidin—multidetection agent

conjugate, and permitting avidin of the conjugate to bind
to biotin receptors of the,localiziﬂg composition;
(e) if a conjugate containing polymer is used in
(d), then injecting a composition 6onsisting
essentially of

(1) biotin-detection agent conjugate,
(2) multibiotin-polymer conjugate, or
(3) multibiotin-multidetection agent-polymer

conjugate, and permitting the biotin of the conjugate to
bind to avidin receptors providing by composition (Q);

(f) if other than a biotin-detection ageht has

been injected in step (e), injecting an avidin-

detection agent conjugate and permitting the avidin



-29- i mi not hi ol ane (0.0001 to 1000 nmmol). The reaction is allowed to

proceed for 0.25 to 24 hours at 4[err] to 50[err]C. The substl
i.s purified as above and t-he nunber of thiol groups determn mﬂ’ma",ﬂ"m”m
El Il man reaction (El|lman, Arch. Biochem Biophys.82:70-77, 195

mal ei m de-dendrinmer (0.001 to 100 nmmol) and the thiol-avidin (0.001 to 100
nmmol ) are m xed together in a suitable Bufsgper at a pH of 5-8 for 0.25 to 24
hours at 4[err] to 50[err]C. The conjugates are purified by size-exclusion,

i on-exchange, affinity, and/ or hydrophobic interaction chronatography
according to the exact nature and size of the polyneric reactants.

Conjugates are sized
Iug of tlp/e conjugate to bind to a biotin receptor at the

| target lesion; and

(9) using the detection agent to detect the
targeted lesion; wherein the polymer used in said
polymer conjugate has a sufficiently rigid
stereochemical structure so that only one biotin or
avidin of each conjugate can bind to a receptor
already present at the target lesion.

4. The method of claim 2, comprising the steps

of:

‘(a) injecting the petient with a targeting
composition comprised of a multibiotin-polymer-
protein conjugate, wherein the  protein
preferentially binds to a marker substance produced
by or associated with the lesion, and allowing the
multibiotin-polymer-protein  conjugate to
preferentially accrete and provide multiple biotin
receptors at the targeted lesion;

(b) injecting at least one dose of a clearing/
localizing composition cbmprising avidin and

,‘permitting it to clear the multibiotin-polymer-
protein conjugate from non-targeted sites and to
localize at the targeted lesion by binding to the
multiple biotin receptors at the targeted lesion;

(c) injecting a detection composition
comprising a biotin~detection agent conjugate and
permitting the biotin to bind to the multiple avidin
receptors at the targeted lesion; and '

(d) using the detection agent to detect the
targeted lesion.

5. The method of claim 2, comprising the steps

of:

(a) injecting the patient with a targeting
composition comprised of a biotin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the 1lesion,
and allowing the biotin-protein conjugate to accrete



nat i ve/ SDS gels and analyzed for biotin-binding capability with the
HABA reagent, as described above. Methods of preparing conjugates—“F'““““"“—

multiavidin/biotin with polynmer and active agent are knomm

inthe art. One nethod is illustrated in the exanples bel gw, ﬂmﬂﬂﬂﬂl"n""' m,
physi ol ogi cal solution of the protein containing conjugateg i

advant ageously metered into sterile vials,s¢-g., at a unit dosage of about
1.0 - 500 ng protein conjugate/vial, and the vials are either stoppered,

seal ed and stored at | ow tenperature, or |lyophilized,. stoppered, seal ed

and stored. In an enbodi nent of the detection or therapeutic protocol- of

the present inventi Og’t L bltoatr! QatDOELZSJ.on, thereby providing biotin

receptors at the target lesion;

(b) injecting at least one dose of a clearing/
localizing composition multiavidin~-polymer
conjugate, and permitting the conjugate to clear the
biotin-protein conjugate from non-targeted sites and
to bind to the biotin-protein conjugate accreted at
the target lesion, wherein only one avidin of each
multiavidin-polymer conjugate binds to a biotin
receptor at the target lesion and thereby provides
increased numbers of avidin receptors at the target
lesion; )

(c) injecting a detection composition
comprising a biotin-detection agent conjugate and
permitting the biotin of the conjugate to bind to avidin
receptors at the target site, and thereby increasing the
amount of biotin-detection agent accreted at the target
lesion; and ! '

(d) using the detection agent to detect the
lesion. '

6. The method of claim 2, comprising the steps of:

(a) injecting the patient with a targeting
composition comprising a biotin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associated with the lesion,
and allowing the biotin:protein‘conjugate to bind to
the target 1lesion, thereby 'producing biotin
receptors at the target lesion; |

(b) injecting at 1least one dose of a
clearing/localizing composition comprised of
multiavidin-polymer-detection agént conjugate, and
permitting the conjugate to clear biotin-protein
conjugate from non-targeted sites and to localize at
the target lesion, wherein only one avidin of each
conjugate binds to a biotin receptor present at the
target lesion, thereby providing the target lesion
with detection agent and an amplified number of



brotein conjugate can be injected parentally, usually at a--protein

of 0.5 to 200
in divided doses.

ng.
After 1-5 days, nore preferably at less t
even at less than 1 day when the first agent involves a sma

targeting nol ecul e,

single injection or

| ocal i zi ng agent

in

dose

This can be adnministered as a S|nile i nj ection or"

such as an anti body fragment or subfragnent ad ddseso
unl abel ed cl earing agent, such as 2.0 tqQ 200.0 ng avidin. is adm ni st
parenterally. The clearing agent and | ocalizing agent can be given as a
i n divided doses.; admnistering the clearing agent and

avidin binding sites; wherein cleared biotin-protein
and non-accreting multiavidin-polymer-detection
agent conjugate are metabolized and excreted from
the body; '

(c) injecting a biotin-detection agent
conjugate and permitting the conjugate to
preferentially bind in an amplified manner to the
multi-avidin sites provided by the conjugate of step
{b) at the target lesion; and

(d) using the detection agent to detect the

lesion.

7. The method of claim 3, comprising the steps of:
(a) injecting the patient with a targeting
composition comprised of an avidin-protein
conjugate, wherein the protein preferentially binds
to a marker substance produced or associated with
the target lesion, and allowing the avidin-protein
conjugate to accrete at the target lesion, thereby

providing avidin receptors at the target lesion;
(b) injecting at 1least one dose of a

.clearing/localizing composition comprised of a

multibiotin-polymer conjugate, and allowing the
composition to clear the avidin-protein conjugate
from non-targeted sites and to 1localize at the
target lesion, wherein only one biotin of each
multibiotin~-polymer conjugate binds to a avidin
receptor accreted at the target lesion, whereby each
multibiotin-polymer conjugate provides multiple
biotin receptors at the target lesion;

(¢) injecting an avidin-detection agent
conjugate and allowing the conjugate to bind to the
biotin receptors at the target 1lesion, thereby
amplifying the amount of detection agent available
at the target lesion; and

(@) wusing the amplified amount of detection
agent accreted at the target lesion to detect the
target lesion.

er ed

Er



- 30 - two doses is preferred in certain circunmstances. —Thethird step _
I nvol ves injection of the biotin conjugated to a detection or therapeutic

agent . The third step’ s reagents can be adm nistered par mgﬁﬂm,ummmm
24 hrs of the 2nd step, but also at up to 3 days later.

enbodi ment, the third step involves 111-1n conjugated to blotln attathed to
a |lesi on-targetl ng antibody or antibody frggnent. Wthin 24 hours of the
last injection, nore preferably within 4 hours, planar and single-photon

em ssi on conput ed tonography scans are made with a ganmma canera equi pped

with the appropriate collimtor and selecting the appropriate energy

wi ndows for the detection isotope being used, such as 173 keV and
8. The method of claim 3, comprising the steps

of:

(a) injecting the patient with a
targeting composition comprised of an avidin-protein
conjugate, wherein the prote:m preferentially b:l.nds
to a marker substance produced by or associated w:l.th
the target lesion, and allowing the avidin-protein
conjugate to preferentially bind to the targeted
lesion and provide avidin receptors;

(b) injecting at least one dose of a
clearing/localizing composition comprised of
multibiotin-polymer-detection agent conjugate, and
permitting the conjugate to clear avidin-protein
conjugate from non-target sites and to localize at
the target lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to an avidin
receptor provided by each avidin-polymer conjugate
accreted at the target 1lesion, whéreby each
multibiotin~-polymer-detection agent = conjugate
provides multiple biotin receptors and provides
detection agent to the target'; lesion; wherein
cleared biotin-protein and non-accreting
multibiotin-polymer-detection agent conjugate are ‘
metabolized and excreted from the body;

(e) injecting an avidin-detection agent
conjugate and permitting the conjugate to bind in an
amplified manner to the multi-biotin receptors at
the target tissue; and

(da) using the amplified amount of
detection agent at the target lesion to detect the
lesion.

9. The method of any of claims 1-8, wherein the
polymer is selected from the group consisting of
polyamino-acids, proteins, oligodeoxyribonucleotides,
oligonucleotides, polyimines, polysaccharides,
polyamines, polycarboxylic acids and polyalcohols.

10. The méthod of claim 9; wherein the polymer has



247 keV for 111-1n. In another enbodinent of the detection or t her apy
protocol of the present invention, the biotin-lesion- targeting_protein

.conj ugate can be injected parenterally, usually at a proteln dose of 27To~

200 ng, nore preferably within a dose range of 5 to 50 rrg ﬂmnm mlm

adm nistered as a single or as divided injections. After.
preferably at less than 2 days and even.afzless than 1 day Whén fhe"f|$s
agent involves a snmall and rapidly targeting protein, such as an anti body
fragnent or subfragnent, a dose of a nultiavidin-polynmer conjugate clearing
agent is given parenterally. The longer the delay after the first step,

the | ower the anount gand rati o) of clearing agent and | ocali zi ng agent
gi ven. The restricted stereochemlstry.

11. The method of claim 9, wherein the polymer has
a molecular weight of 5,000 to 200,000 kbD.

12. The method of claim 1 wherein the polymer is
dextran or a starburst dendrimer.

13. The method of claim 12 wherein the polymer is
a dextran carrying a limited number of amino groups.

14. The method of claim 1, wherein the lesion is
cancerous, cardiovascular, infectious or inflammatory.

1s. The method of <claim 14, wherein the
cardiovascular lesion is a thrombus, embolus, infarct or
atherosclerotic plaque. o

16. The method of claim 14, wherein the cancerous
lesion is a carcinoma, melanoma, sarcoma, neuroblastoma,
leukemia, lymphoma, glioma or myeloma.

17. The method of claim 14, wherein the lesion is
infectious or inflammatory.

18. The method of claim 1, wherein the protein is
a peptide, polypeptide, hormone, 1lymphokine, growth -
factor, albumin, cytokine, enzyme, immune modulator,
receptor protein, antibody or antibody fragment.

'19. The method of claim 18, wherein the protein is
a monoclonal antibody, or a specific binding fragment
thereof.

20. The method of claim 19, wherein the fragment is
a Fv, single chain antibody,. Fab, Fab', F(ab), or F(ab'),.

21. The method of claim 20, wherein the fragment is
Fab, Fab', F(ab), or F(ab'),. '

22. The method of claim 19, wherein the antibody is
multispecific.

23. The method of claim 22, wherein the antibody is
multispecific to differing epitopes or molecules of a
marker substance. ,

24. The method of claim 18, wherein the protein has
a specific immunoreactivity to a marker substance of at
least 60% and a cross-reactivity to other antigens or
ﬁbn-target substances of less than 35%.



“cleari ng agent and the | ocalizing agent can be given as a singte-injection

or in divided doses, dividing the adm nistration of the clear,i
: localizing agent into at | east 2 doses nay be preferable, usjdﬂﬂlﬂmammmm“l
short period, such as within 2 hrs. In the third step of thi LTERD Of »
‘the invention, a dose of 2 to 200 ng of biotin conjugated with a detection

or therapeutic agent, as appropriate, is gdmdnistered parenterally either
as a single dose or in divided doses. -31- Variations and
nmodi fi cations of t hese

25. The method of claim 1, wherein the detection
agent is ‘'a radionuclide, mri enhancing agent,
photoactivated dye or differentiation agent.

26. The method of claim 1, wherein the method is for
internal detection during an operative intravascular or
endoscopic procedure.

27. The method of claim 25, wherein the radionuclide
is a gamma-, positron~ or x-ray-emitter.

28. The method of claim 25 wherein the radionuclide
emission has an energy between 10 and 7000 keV.

29. The method of claim 25, wherein the radionuclide
is used for external imaging, said radionuclide being
Iodine-123, Iodine-131, Indium~-111, Galliun-67,
Ruthenium-97, Technetium-99m, Cobalt-57, Cobalt-58,
Chromium-51, Iron-59, Selenium-75, Thallium-201 or
Ytterbium-169.

30. The method of claim 26, wherein the radionuclide
used for internal detection is Iodine-125, Iodine-131,
Indium-111, Technetium~-99m, or Gallium-67.

31. The method of claim 25, wherein the mri
enhancing agent comprises a paramagnetic gadolinium,
iroh, manganese, rhenium, europium, lanthanum, holmium or
terbium ion.

32. Use of:

a targeting composition co;nprising a biotin-
protein conjugate or an avidir{-;protein conjugate,
wherein the protein preferentially blinds to a
marker substance produced or associated with the
targeted lesion;

a élearing/localizing composition comprising
(i) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and ) _

a therapeutic composition comprised of a
conjugate of (i) avidin and a therapeutic agent when
the clearing/localizing composition comprises



“formulations will be readily apparent to the ordinary skilled artisan, _as a
function of the individual needs of the patient or treatnent reginen,

Broulded of may. becorre. ava 1 &bl ¢ Rout bs. of adni ovr ot on ADHINY 'mﬂllfﬁl Il

conposi tion include intravenous, intraarterial, |ntrapleural

I ntraperitoneal, I ntrat hecal , subcugqﬂgqys or by perfusion. An
application for the method of the present™Tnvention is for magnetic
resonance imaging (MRI). In this case, for exanple, a suitably

radi ol abel ed conjugate or a conjugate bearing a nr inmage enhanci ng agent is
adm nistered with the intention of obtaining an i nage of
biotin, or (ii) biotin and a therapeutic agent when

‘the clearing/localizing composition comprises
avidin;

wherein at least one . of the targeting or
clearing/localizing compositions further comprises

a polymer to which multiple moieties of avidin or

biotin are conjugated,
in the preparation of a medicament for use in an improved
method of treating lesions in a patient, wherein in said
treatment, said patient is:

(a) parenterally injected with said targeting compo-
sition, wherein the protein preferentially binds to a
marker substance produced or associated with the targeted
lesion, and the protein conjugate is allowed to
prefe:entially accrete at the targeted lesion;

(b) then, parenterally injected with said clearing/
localizing composition, and the clearing/localizing
composition is allowed to substantially clear the
targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted
lesion; and

(c) parentérally injected with said therapeutic
composition, and the composition is allowed to accrete at
the targeted lesion, the therapeutic agent accreted at
the lesion being used to treat the lgsion, and the use of
said polymer in at least one of said targeting or
clearing compositions providing an increased number of
binding sites to which a subsequently administered
composition can bind, thereby amplifying the amount of
therapeutic agent at the targeted lesion.

33. The use according to claim 32, wherein

said targeting composition comprises

(1) a multibiotin~-polymer-protein conjugate, or
(2) a biotin-protein conjugate;

said clearing/localizing composition comprises one

or more of

(1) avidin,



~

the I esion. The nethod of the invention can be practiced either. . with— -

scintigraphic or

magneti c resonance i magi ng agents. A conblnatlon of

i nstrunmentation and data processing. Scintigraphic inagl

i magi ng agents can al so be used, although this requires ﬁﬂ
e

met hod of the invention is effected by obtaining a SC|nt|gran1o

of interest.
havi ng one or
range. Use of
woul d ent ai

The scintigramis normal |l y. tgken by a gamma i magi ng canera

th

i,

Ie5|on

nore wi ndows for detection of energies in the 50-500 keV

radi oi sotopes with higher energy, beta, or positron em ssions
use of imaging caneras with the appropriate -

(2) multiavidin-polymer conjugate,
(3) multiavidin-multitherapeutic agent-polymer

conjugate,

(4) avidin-therapeutic agent conjugate, or
(5) multiavidin-therapeutic agent-polymer

conjugate; and

said therapeutic compositioh comprises

(1) biotin-therapeutic agent conjugate,
(2) polymer-multibiotin conjugate, or
(3) polymer-multibiotin - multi-therapeutic

agent conjugate;

and, if a foregoing conjugate containing polymer is

used,

then said therapeutic composition further

comprises

(1) avidin-therapeutic agent conjugate,

(2) multiavidin-polymer conjugate,

(3) avidin, or

(4) multiavidin-multitherapeutic agent-polymer;

and, if other then the foregoing avidin-therapeutic
agent conjugate is used, then said therapeutic

.\compbsition further comprises a biotin-therapeutic
agent conjugate, '

wherein

said polymer has' a sufficiently rigid

stereochemical structure so that only one avidin or
biotin of each conjugate will bind to a receptor already
present at the target lesion. '

34.

The use of claim 32, wherein _

said targeting composition comprises

(1) a multiavidin-polymer-protein conjugate, or
(2) an avidin-protein conjugate;

said clearing composition comprises

(1) biotin,

(2) multibiotin~polymer conjugate,

(3) multibiotin-multitherapeutic agent-polymer

conjugate, or

(4) biotin-therapeutic agent conjugate;
said localizing composition comprises



“detectors, all of which are conventional in the art. The scintigraphic data
can be stored in a conputer for |ater processing. Methods useful for -

.internal detection and/or treatnent of tunors and/or otherLﬂ
disclosed in U S. Patent 4,782,840; U S Patent 4,932,4 ﬁmmﬂﬁln"ml””m
copending U.S. Application 07/879,857, the disclosures of which are" s *

I ncorporated herein by reference. The ngtgods -32- of the present

i nventi on can be used to enhance the net hods di sclosed in these references.

(1) multibiotin-polymer conjugate,

(2) multibiotin-multitherapeutic agent-polymer
conjugate, or _

(3) biotin-therapeutic agent conjugate,

wherein the localizing agent can be the same as or
different from the clearing agent; and
said therapeutic composition comprises
(1) avidin-therapeutic agent conjugate,
(2) polymer-multiavidin conjugate, or
(3) polymer-multiavidin-multitherapeutic agent
conjugate;
and, if the foregoing conjugate containing polymer
is used, then said therapeutic composition further
comprises
i (1) biotin-therapeutic agent conjugate,
(2) multibiotin-polymer conjugate, or
(3) multibiotin-multitherapeutic agent-polymer
conjugate;
and, if other than the foregoing biotin-therapeutic
. agent is used, then said therapeutic composition
" further comprises an avidin~therapeutic agent
conjugate.
35. The use of claim 33, wherein:
said targeting composition comprises said
multibiotin-polymer-prqtein coﬂjugate;
said clearing/localizing composition comprises
avidin; and
said therapeutic composition comprises said biotin-
therapeutic agent conjugate.
36. The use of claim 33, wherein
‘'said targeting composition comprises said
biotin-protein conjugate;
said clearing/localizing composition comprises said
multiavidin-polymer conjugate; and
said therapeutic composition comprises said
biotin-therapeutic agent conjugate.



"Magnetic resonance imaging (MRI) is effected in an analogous ‘manner to

scintigraphic imagi ng except that the inmagi ng agents wl|l
-resonance (nr) enhanci ng species rather than radioi sot opesﬁmlmummm m
appreci ated that the nmagnetic resonance phenonenon operates*ont a tdi #f ese
principle fromscintigraphy. Normally, the signal generated is correl ated
with the relaxation times of the magnetic g goments of protons in the nuclei
of the hydrogen atons of water nolecules in the region to be inmaged. The
magneti c resonance i nmage enhanci ng agent acts by increasing the rate of

rel axation, thereby increasing the contrast between water nolecules in the

regi on mhere t he i magi ng agent accretes and water nol ecul es el sewhere in
t he body. However, th2- The use of claim 33, wherein

said targeting composition comprises said
biotin-protein conjugate;
said clearing/localizing composition comprises said
multiavidin;polymer-detection agent conjugate; and

said therapeutic composition comprises said biotin-
therapeutic agent conjugate.

38. The use of claim 34, wherein

said targeting composition comprises said
avidin-protein conjugate; -

said clearing/localizing composition comprises said

multibiotin-polymer conjugate; and

said therapeutic composition comprises said
avidin~-therapeutic agent conjugate.

39. The use of claim 34, wherein !

said targeting composition comprises said
avidin-protein conjugate;

said clearing/localizing composition comprises said

multibiotin-polymer-detection agent conjugate; and

_ said therapeutic composition comprises said
'avidin-therapeutic agent conjugate.

40. The use of any one of claims 32-39, wherein the
therapeutic agent is a therapeutic radioisotope, a drug,
a toxin, a fluorescent dye actlvated by nonionizing
radiation, a hormone, a hormone antagonlst a receptor
antagonist, an enzyme, a proenzyme activated by another
agent, an autocrine or a cytokine.

41. The use of any one of claims 32-39, wherein the
therapeutic agent is an electron- or neutron-capturing
agent which is thereby converted to a therapeutic
radioisotope.

42, The use of claim.40, wherein said therapeutic
radioisotope is Iodine-125, Iodine-131, Actinium-225,
Bismuth~-212, Bismuth-213, Lead-212, Rhenium-186, Rhenium-
188, Silver-111, Platinum-197, Palladium-109, Copper-67,
Phosphorus-32, Phosphorus-33, Yttrium-90, Scandium-47,



‘effect of the agent is to decrease both T[err] and T[err o
resulting in greater contrast while the latter results'l agmfﬂm’

*Accordi ngly,

t he phenonenon i s concentration-dependent,

nornmal |y an optimum concentration of a paramagnetic speC|es for maxi fu

efficacy. This optiml concentration will vary with the particul ar agent -
the | ocus of inmaging, the node of.igygi ng, i.e., spin-echo,

saturation-recovery, inversion-recovery and/or various other strongly

used,

Tlerr

]_

dependent or T[err]-dependent imagi ng techniques, and the

conposition of the nediumin which the agent is dissolved or suspended.

These
See,
J.

e .

factors,

g., PyRemariumrisi; r Lutekiype

and, their relative i ortance are known in the art.
¢ BRPAINR-105,) Pragapdvaium-

142, Praseodymium-143, Terblum-lsl, Holmium~-166 or Gold-
199.

43. The use of claim 39, wherein the therapeutic
agent is an anti-DNA, an anti-RNA, a radiotherapeutic
oligonucleotide, an anti-protein or an anti-chromatin
cytoxic or antimicrobial agent.

44. The use of claim 40, wherein the drug is taxol,
mechlorethainine, cyclophosphamide, melphalan, uracil
mustard, chlorambucil, thiotepa, busulfan, carmustine,
lomustine, semustine, strepﬁozocin, dacarbazine,
methotrexate, fluorouracil, cytarabine, azaribine,
mercaptopurine, thioguanine, vinblastine, vincristine,
dactinomycin, daunorubicin, doxorubicin, bleomycin,
mithramycin, mitomycin, L-asparaginase, cisplatin,
hydroxyurea, procarbazine, mitotane, prednisone,
hydroxyproge_sterone caproate, medroprogesterone acetate,
diethylsti lbestrol ' ethinyl estradiol, tamoxifen,
testosterone propionate or fluoxymesterone.

45. The use of claim 40, wherein the toxin is abrin,
alpha toxin, diphtheria toxin, exotoxin, gelonin,
pokeweed antiviral protein, ricin or saporin.

46. A detection kit for detecting 1lesions,
comprising:

a targeting composition comprising a biotin-
protein conjugate or an avi_diri-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with thé targeted
lesion ;

a clearing/localizing composition comprising
(1) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and

a detection composition comprised of a
conjugate of (i) avidin and a detection agent when
the clearing/localizing composition is b.iotin, or

Am



L4

Radi ol ., 141, 1209(1983). The MR i mage enhanci ng agent must be present in-
sufficient am)unts to enabl e detection by an external canera

“magrietic field strengths which are reasonably attainable aﬂﬂlﬂll il JH “ IIII
with patient safety and instrunental design. The require

agents are well known in the art for those agents which have their
-effect upon water nolecules in the nedium and are disclosed, inter alia,
in Pykett, op. cit., and Runge et al., epsoc+t. MR contrast agents are

well known in the art and

(ii) biotin and a detection agent when the clearing
agent is avidin;

wherein at 1least one of the targeting or
clearing/localizing compositions further comprises
a polymer to which multiple moieties of avidin or
biotin are conjugated.

47. A medicament for treating lesions, comprising:

a targeting composition comprising a biotin-
protein conjugate or an avidin-protein conjugate,
wherein the protein preferentially blinds to a
marker substance produced or associated with the
targeted lesion ; h

a clearing/localizing composition comprising
(i) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and !

a therapeutic composition _E:omprised of a
conjugate of (i) avidin and therapeutic agent when
the clearing/localizing composition is biotin, or

"~ (i1i) biotin and therapeutic agent when the clearing
agent is évidin;

wherein at least one of the targeting or
clearing/localizing compositions further comprises
a polymer to which multiple moieties of avidin or
biotin are conjugated.
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T IS CLAIMED IS:

1. An improved method of detecting lesions in a
patient, the method comprising the steps of:
(a) parenterally injecting a patient with a
targeting composition comprised of
: (i) a biotin-protein conjugate, or
(ii) an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the targeted
lesion, and allowing the protein - conjugate to
preferentially accrete at the targeted lesion;
(b) then, parenterally injecting a
clearing/localizing composition comprised of
(i) avidin, when the targeting composition is
a biotin-protein conjugate, or
(ii) biotin,'when the targeting composition is
an avidin-protein conjugate,
and allowing the clearing/localizing composition to
substantially clear the targeting composition from
non-targeted sites and to bind to the targeting
composition accreted at the targeted lesion;
(c) parenterally . injecting a detection
composition comprised of a conjugate of
(1) avidin and detection agent when the

(ii) biotin and detection agent when the
clearing/ localizing composition is avidin,
and allowing the detection composition to accrete at
the targeted lesion; and
(d) using the detection agent accreted at the
lesion to detect the lesion;
wherein the improvement is characterized in that at
least one of the compositions of step (a) or (b) further
comprises a polymer to which multiple moieties of avidin
or biotin are conjugated, thereby providing an increased
number of binding sites to which a subsequently
administered composition can bind, and thus ampllfylng




Accordingly, these embodinents constitute inproved nethods. and-reagents—for
anplification of Fh‘ ection agents at a lesion tar
det ecting and t her apyk TaBHEETof| cancer and -ot her path ﬁlﬂi \ m

condi'ti ons. EXA LES Exanmple I -] [Conjugating an Anti b

Fragment to Biotifn [a)13 MAR }ysi e residue An anti body or ant| body
fragnent at a corjcgntration of" 1420 ng/rﬂ | n a non-am ne containing buffer
(e.qg.,borate, hosphate——etsd) | al %¢a suitable concentration

(0.05-0.5 M, at ja slightly el evat ¢d pH(7.0 9.5), is mxed with a 1-100
nol ar excess of the

the amount of detection agent at the targeted 1lesion.
2. The method of claim 1, comprising the steps of:
(a) injecting the patient with a targeting
composition comprised of
(1) multibiotin-polymer-protein conjugate, or
(2) Dbiotin-protein conjugate, :
wherein the protein binds to a marker substance
produced by or associated with the target lesion,
and allowing the targeting conjugate to accumulate
at the target lesion to provide biotin receptors;
(b) injecting a clearing composition comprised

of

(1) avidin,

(2) wmultiavidin-polymer conjugate,

(3) multiavidin-multidetection agent-polymer
conjugate,

(4) avidin-detection agent conjugate, or

(5) multiavidin-detection agent-polymer
conjugate,

and permitting the clearing composition to remove
circulating biotin conjugate;

(c) injecting a localizing composition comprised

of .

(1) avidin,

(2) multiavidin-polymer conjugate,

(3) multiavidin—mn1tideteétion agent-polymer
conjugate,

(4) avidin-detection agent conjugate, or

(5) multiavidin-detection agent-~polymer

conjugate, '

wherein the localizing composition may be the same
as or different from the clearing composition and
can be injected concurrently with or subsequent to
the clearing composition, and permitting the
localizing composition to localize at the target
. _ lesion by binding to a biotin receptor;
(d) injecting a detection composition comprising
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activated ester (succinimde or sulfosuccinimde are preferred) of D-biotin
-or D-biotin_incorporating a spacer arm (such as

succt ni m dof SebAIETRHRT xanoate) | A co-solvent  STOst gL NN I

di met hyl f.or

provide a f I - 34- cdngentration of up to 20%to fa¢ilftate™edctant
sol ubility. e IreMaRi ¥87sql Jtion is strreed-for 1-24 hours and kept at a
temperaturej of 4[err]C to J7[lerr]C. At the end of the reaction period, the

nodified prptein 1s separated from unbound biotin and other |ow nol ecul ar

(1) biotin-detection agent conjugate,

(2) polymer-multibiotin conjugate, or

(3) polymer-multibiotin - multi-detection agent
conjugate,
and permitting a biotin of the composition of (d) to
bind to an avidin receptor of the localized agent of
(c);

(e) if a conjugate containing polymer is used
in (d), then injecting a composition comprising

(1) avidin~detection agent conjugate,

(2) multiavidin-polymer conjugate,

(3) avidin, or

(4) multiavidin-multidetection agent-polymer

conjugate, and permitting an avidin of the composition of
(e) to bind to a biotin receptor of localized composition
of (d);
(£) if other than the avidin-detection agent
conjugate has been injected in step (e),
injecting a biotin-detection agent conjugate and
permitting the biotin to bind to an avidin receptor at
the target lesion; and
(g) using the detection agent to detect the
targeted lesion;
wherein the polymer in said polymer conjugate has
a sufficiently rigid stereochemical structure so that
only one avidin or biotin of each cohjugate will bind to
a receptor already present at the target lesion.
3. The method of claim 1, comprising the steps of:
(a) injecting the patient with a targeting
composition comprised of
(1) a multiavidin-polymer-protein conjugate, or
(2) an avidin-protein conjugate,
wherein the protein binds to a marker substance
produced by or ass_cciated with the target 1lesion,
and allowing the targeting conjugate to accrete at
the target lesion;

T Tt Ty (b) inj ecting a Clearing composition ccmprised

This Sheet Has Been Reﬂlaced




wei ght cont ami nants by si ze-excl usi on chronat ography andfor dial ysi s. |

‘Via a Cysteine Residue An_antibody or antibody fragnent at

of 5-20 nmg/ m i n|OpgpicEiale Yffer, pH 8.7, is madeOimH'MH‘“M“M\
2- mer captoet hanolj. lution is let stand for - 120 'mi Rut &s ‘at
a tenperature of {4fjerr 37C. The!teduced protein is separated from
unreact ed thi ol i ¥ Mﬂ%ﬂﬁﬂio :Lhromat ggraphy in 50 mM acetate buffer
pH 4.5. Protein ' 4he nunber of thiol groups per antibody
nol ecul e may be gtinme. The reduced antibody or antibody

fragnent at a co ng/mM in a non-am ne containing buffer
(e.qg., phosphate%fat. a neutral pH (5.0-7.0) is
(o]

(1) biotin,
(2) multibiotin-polymer conjugate,
(3) multibiotin-multidetection agent-polymer

conjugate, or
(4) biotin-detection agent conjugate,
and permitting the clearing composition to remove
circulating avidin conjugate;
(¢) injecting a localizing composition comprised
of
(1) multibiotin-polymer conjugate,
(2) multibiotin-multidetection agent-polymer
conjugate, or
(3) biotin-detection agent conjugate,
wherein the localizing composition can be the same
as or different from the clearing composition and
can be injected concurrently with or subsequent to
the clearing composition, and permitting the
localizing composition to localize at the target
lesion by binding to an avidin receptor;
(d) injecting a composition comprised of

(1) avidin-detection agent conjugate,
(2) polymer-multiavidin conjugate, or
(3) polymer-multiavidin-multidetection agent

conjugate, and permitting avidin of the conjugate to bind
to biotin receptors of the.localiziﬂg composition;
(e) if a conjugate containing polymer is used in
(d), then injecting a composition consisting
essentially of

(1) biotin-detection agent conjugate,
(2) multibiotin-polymer conjugate, or
(3) multibiotin-multidetection agent-polymer

conjugate, and permitting the biotin of the conjugate to
bind to avidin receptors providing by composition (4); -

(£) if other than a biotin-detection agent has

been injected in step (e), injecting an avidin-

detection agent conjugate and permitting the avidin
is Sheet Has Been R laced
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m xed with a 1-100 nol ar_excess of biotin-maleimnmde (N
biotinyl-N[6 yl ] hydrazi de) (Sigm Chem Co).
" A co-sol vent, may be added to provide a final-- -

concentratlon o] ug to 20%tolfhcilitate reactant sol ubilit The
solution is stifrei3MAR %4 holrs at a tenperature betwee H ml“ IHW
end of the redction period, the}biotinytased-proteinis se

unbound biotifg and other |ow nofecul ar wei ght contaninants by

si ze-excl usi onLg hd/ or dialysis. c) Via a Carbohydrate
Mbi ety Antibody or antibody fragment at a concentration of 1-20 ng/m is

treated with sodi Uméd‘?tt%%%b%’&ﬁté%oa HindkoCQNE PN LR UL YoV at- e/ ™

i n phosphate buffer
target lesion; and

(g) using the detection agent to detect the
targeted lesion; wherein the polymer used in said
polymer conjugate has a sufficiently rigid
.stereochemical stru;::ture so that only one biotin or

‘avidin of each conjugate can bind to a receptor
already present at the target lesion.

4. The method of claim 2, comprising the steps

of:

‘(a) injecting the petient with a targeting
composition comprised of a multibiotin-polymer-
protein conjugate, wherein the  protein
preferentially binds to a marker substance produced
by or associated with the lesion, and allowing the
multibjiotin-polymer-protein conjugate to
preferentially accrete and provide multiple biotin

; 1 receptors at the targeted lesion;

(b) injecting at least one dose of a clearihg/
localizing composition comprising avidin and
permitting it to clear the multibiotin-polymer-
protein conjugate from non-targeted sites and to
localize at the targeted lesion by binding to the
multiple biotin receptors at the targeted lesion;

(c) injecting a detection composition
comprising a biotin-detection agent conjugate and
permitting the biotin to bind to the multiple avidin
receptors at the targeted lesion; and

(d) using the detectién'agent to detect the
targeted lesion.

5. The method of claim 2, comprising the steps

of: o

(a) injecting the patient with a targeting
composition comprised of a biotin-protein conjugate,
wherein the protein.preferentially binds to a marker
substance produced or associated with the lesion,

7 _and allowing the biotin-protéin.conjugate to accrete
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saline at roomtenperature for 1-4 hours. Et hyl ene gl ycol is added to
deconpose th - ate. The oxidized 1gGis purified fromlow
nol ecul ar we gﬂﬁPLAﬂEMENﬁ ISHBE® by size-excl usion chromat ography = in

gxi di zed anti body (1-20 rrg/rri) is reacted with
a 1-100 nol a xc]e‘gf (kf zotl n- hydrazi de (Pierce Chemical Co.) in a
non-am ne buffp 45‘ ogphate, carbonate, etc.) at neutral pH (5.0-870)
for 1-48 houyf s = ~ After the Spt¢numtine i”",mﬂmr'
forrred hydragones are r educed by the " ﬁm
i . * c L M s *
at the target 1lesion, thereby providing biotin
receptors at the target lesion;
(b) injecting at least one dose of a clearing/
localizing composition multiavidin-polymer

conjugate, and permitting the cbnjugate to clear the
biotin~protein conjugate from non-targeted sites and

to bind to the biotin-protein conjugate accreted at
the target lesion, wherein only one avidin of each
multiavidin-polymer conjugate binds to a biotin
receptor at the target lesion and thereby provides
increased numbers of avidin receptors at the target
lesion;

(c) 1injecting a detection composition
comprising a biotin-detection agent conjugate and
permitting the biotin of the conjugate to bind to avidin
receptors at the target site, and thereby increasing the
amount of biotin-detection agent accreted at the target
lesion; and

' (d) using the detection agent to detect the
lesion. _
6. The method of claim 2, comprising the steps of:

(a) injecting the patient with a targeting
composition comprising a biotin-protein conjugate,
vwherein the protein preferentially binds to a marker
substance produced by or associated with the lesion,
and allowing the biotin:proteinlconjugate to bind to
the target 1lesion, thereby producing biotin
receptors at the target lesion;

(b) injecting at least one dose of a
clearing/localizing composition comprised of
multiavidin-polymer-detection agent. conjugate, and
permitting the conjugate to clear biotin-protein
conjugate from non-targeted sites and to localize at
the target lesion, whérein only one avidin of each
conjugate binds to a bidtin receptor present at the

e -_ target lesion, thereby providing the target lesion
heet Has Been Rei with detection agent and an amplified number of
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addi ti on of sodi um cyanoborohydride with pH adjustnment to >7. The
biotinylated anti body:is purified by size- exclusion chronatography and/ or
di al ysis. d) Vi a . Addended ThioI Groups An anti body or antibody fragnment

at a concentrat 20—+ i n a non-am ne containing buffer (e.g.,
borate, carbon %E@AQELMEM SHEEIJl abl e concentratiaon (0.05-0.5M and pH
th a 1-T00

(7-10) is mxe gr excess_of 2- |n1nothlolane hydrochlorlde

(Pi erce Chem cdgl C01)3M aqtifon nmi Xtdte"is made u
hel p prevent difsyl fide boﬁ'g§ 'mation and held at 4- ﬂmmmm m" ours
The nodified pfotern - Led| by size-exclusion chifonht ogrdphy i a
neutral ‘to sli (e.g., acetate, citrate, etc.) pH

5.0-7.0. sites; wherein cleared biotin~protein
and non-accreting multiavidin-polymer-detection
agent conjugate are metabolized and excreted from
the body;

(¢) injecting a biotin~detection agent
conjugate and permitting the conjugate to
preferentially bind in an amplified manner to the
multi-avidin sites provided by the conjugate of step
(b) at the target lesion; and

(d) using the detection agent to detect the

lesion.
7. The method of claim 3, comprising the steps of:
(a) injecting the patient with a térgeting
composition comprised of an avidin-protein
conjugate, wherein the protein preferentially binds
to a marker substance produced or associated with
the target lesion, and allowing the avidin-protein
conjugate to accrete at the target lesion, thereby
providing avidin receptors at the target lesion;
(b) injecting at 1least one dose of a
clearing/localizing composition comprised of a
multibiotin-polymer conjugate, and alldwing the
composition to clear the avidin-protein conjugate
from non-targeted sites and to localize at the.
target 1lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to a avidin
receptor accreted at the target lesion, whereby each
multibiotin-polymer conjugate provides multiple
biotin receptors at the target lesion;

(c) injecting an avidin-detection agent
conjugate and allowing the conjugate to bind to the
biotin receptors at the target lesion, thereby
amplifying the amount of detectlon agent available
at the target le51on, and

(d) using the amplified amount of detection
agent accreted at the target lesion to detect the
target lesion. _ _— ————
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The purified sul fhydryl substituted antibody (1-20 ng/m) is mxed with a
1-100 nol ar excess of. biotin nmaleimde. A co-solvent, e.g., DV or DMSQ,

may be added to g~z ftion of up to 20%to facilitate reactant
solubility. Th M‘a is stirred for 1-24 hours at a
! -37[err]C

t enper ature betwee Att the end of the reacti-en—period, the

bi oti nyl ated pro}e Mm@panated rom unbound biotin other |l ow

nol ecul ar wei ght{c nt am nants hyj s} ze- exel &&ion chro M?I M 1"L
dialysis. e) Stt &=SpectfTT Conj upgati on of Biotina

anti body F(ab’ )uerr] fragnent ..(obt ai ned by pepsin di gestlon o] e 1 ntact

anti body) at a concentration of
8. The method of claim 3, comprising the steps
of: '

(a) injecting the patient with a
targeting composition comprised of an avidin-protein
.conjugate, wherein the protein preferentially binds
to a marker substance proéuced'by or associated with
the target lesion, and allowing the avidin-protein
conjugate to preferentiaily bind to the targeted
lesion and provide avidin receptors;

(b) injeeting at least one dose of a
clearing/localizing composition comprised of
multibiotin~polymer-detection agent conjugate, and
pernitting the conjugate to clear avidin-protein
conjugate from non-target sites and to localize at
the target lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to an avidin
receptor provided by each avidin-polymer conjugate
accreted at the target 1lesion, whereby each
multibiotin-polymer~detection agent conjugate
provides multiple biotin receptors and provides
detection agent to the target 1lesion; wherein
cleared biotin-protein  and non-accreting
multibiotin-polymer-detection agent conjugate are y
metabolized and excreted from the body;

(c) injecting an avidin-detection agent
conjugate and permitting the eonjuéate to bind in an
amplified manner to the multl-blotln receptors at
the target tissue; and

(d) using the "~ amplified amount of
detection agent at the target lesion to detect the
lesion.

9. The method of any ef elaims 1-8, wherein the
polymer is 'selected from ,thes grqup consisting of
polyamino-acids, proteins,_ oligodeoxyribonucleotides,
oligonucleotides, polyimines, polysaccharides,

polyamines, polycarboxylic acids and polyalcohols.
T 10. 'The method of claim.é; wherein the polymer has

This Sheet Has Been Relilaced
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.5-20 ng/nl in phosphate buffer at pH 6-8 is treated with a freshly prepared
sol ution of L-cy a final cysteine concentration of 1-50
mg/ m . The reactlﬁﬁPLACEMEN-Tifvgﬁqul owed to proceed for 1-4 hours at
25-37[err]C. At «period, the Fab' fragnment is purified from
| ow nol ecul ar [ tan npnts by Si ze-excl usi on chronat ogr aphy
In an acidic bu htp, etc.) at pH 4.0-6.0. The Fab' fragnent
is reacted with kcless of "bPdtTn-nal eimide at pH 5.0-7.0. A
co- solvent, e. y be added to a final

restricted stereochemistry.

11. The method of claim 9, wherein the polymer has
a molecular weight of 5,000 to 200,000 kD.

12. The method of claim 1 wherein the polymer is
dextran or a starburst dendrimer. :

13. The method of claim 12 wherein the polymer'is
a dextran carrying a limited number of amino groups.

14. The method of claim 1, wherein the lesion is
cancerous, cardiovascular, infectious or inflammatory.

i5. The method of claim 14, wherein the
cardiovascular lesion is a thrombus, embolus, infarct or
atherosclerotic plaque.

16. The method of claim 14, wherein the cancerous
lesion is a carcinoma, melanoma, sarcoma, neuroblastoma,
leukemia, lymphoma, glioma or myeloma.

17. The method of claim 14, wherein the lesion is
infectious or inflammatory. .

18. The method of claim 1, wherein the prbtein is
a peptide, polypeptide, hormone; lymphokine, growth
factor, albumin, cytokine, enzyme, immune modulator,
receptor protein, antibody or antibody fragment.

19. The method of claim 18, wherein the protein is
a monoclonal antibody, or a specific binding fiagment
thereof.

20. The method of claim 19, wherein the fragment is
a Fv, single chain antibody,. Fab, Fab', F(ab), or F(ab'),.

21. The method of claim 20, wherein the fragment is
Fab, Fab', F(ab), or F(ab'),. '

22. The method of claim 19, wherein the antibody is
mulﬁispecific.

23. The method of claim 22, wherein the antibody is
multispecific to differing epitopes or molecules of a
marker substance. '

24. The method of claim 18, wherein the protein has
a specific immunoreactivity to a marker substance of at
least 60% and a cross-reactivity to other antlgens or

non—target substances of less than 35%. .
This Sheet Has Bee.
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concentration of up to 20%to facilitate reactant solubility. The reaction
i's stirred for 1- s at a terrperature between 4-37[err]C. At the end
of the reaction eREB@.cE | ated antibody fragment is separated

f rom unbound bi ofi : | ecul ar wei ght contam nants by

si ze-excl usion chpr rrgt;g%%qhy an r dialysis. f) Det er mi_nati_on.of _Extent
of Biotinylationfo 992 singll | anount of biotinylated antlbod S

heated to 56[err M phosp Oa/tgrt(;lrjlzgr‘(fs-f)gréocwenmulﬂmmgmﬁmnnal |y

digested with s
digestion is all ed oyerni ght The d| gest i*s &natyZtd Swi f'h a

10 uM

25. The method of claim 1, wherein the detection
agent 1is a radionuclide, mri enhancing agent,
photoactivated dye or differentiation agent.

26. The method of claim 1, wherein the method is for
internal detection during an operative intravascular or
endoséopic procedure.

27. The method of claim 25, wherein the radionuclide
is a gamma-~, positron- or x-ray-emitter.

28.- The method of claim 25 wherein the radionuclide
emission has an energy between 10 and 7000 keV.

29. The method of dlaim 25, wherein the radionuclide
is used for external imaging, said radionuclide being
Iodine-123, Iodine~-131, Indium-111, Gallium-67,
Ruthenium-927, Technetium-99m, Cobalt-57, Cobalt-58,
Chrbmium-Sl, Iron-59, Selenium-~75, Thallium-201 or
Ytterbium-169.

30. The method of claim 26, wherein the radionuclide
used for internal detection is Iodine-125, Iodine-131,
Indium-111, Technetium-99m, or Gallium-67.

31. The method of claim 25, wherein the mnri
enhancing agent comprises a paramagnetic gadolinium,
iron, manganese, rhenium, europium, lanthanum, holmium or
terbium ion.

32. Use of: _

a targeting composition comprising a biotin-
protein conjugate or an avidin-protein conjugate,
wherein the protein prefefentially blinds to a
marker substance produced or associated with the
targeted lesion;

a clearing/localizing composition comprising

(i) avidin, when the targeting composition is a
is Sheet Has Been Reﬂlaced

““m““l“ “l || " biotin-protein conjugate, or (ii) biotin, when the

targeting . composition is an avidin-protein

conjugate; and _

a therapeutic composition comprised of a
conjugate of (i) avidin and a therapeutic agent when
the clearing/localizing composition comprises



solution of avidin saturated mnth a 100 uM sol ution of 2-

(4' - hydr oxyazob
7.0. The avidi
digested biotin
containing 1-10
I s determ ned,

bi oti nyl ated an
the titration o
mul ti biotin-sta

{d (HABA) in 0.1M phosphate buffer,
titrated with increasing vol unes of
wel |l as a standard_biotin solution

- RBIBIACEMENT | SHEET S
clia oy,

biotin mﬁth avi d

n-HABA. Exanple 2 - " PFregardtién *o

or (ii) biotin and a therapeutic agent when
the clearing/localizing composition comprises
avidin;"

wherein at 1least one of the targeting or
clearing/localizing compositions further comprises

a polymer to which multiple moieties of avidin or

biotin are conjugated,
in the preparation of a medicament for use in an improved
method of treating lesions in a patient, wherein in said
treatment, said patient is:

(a) parenterally injected with said targeting compo-
sition, wherein the protein preferentially binds to a
marker substance produced or associated with the targeted
lesion, and the protein conjugate is allowed to
preferentially accrete at the targeted lesion;

(b) then, parenterally injected with said clearing/
localizing composition, and <the clearing/localizing
composition is allowed to substantially clear the
targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted
lesion; and

(c) parenterally injected with said therapeutic
composition, and the composition is allowed to accrete at
the targeted lesion, the therapeutic agent accreted at
the lesion being used to treat the lesion, and the use of
said polymer in at least. one of said targeting or
clearing compositions providing an increased number of
binding sites to which a éubsequently administered
composition can bind, thereby amplifying the amount of
therapeutic agent at the targeted lesion.

33. The use according to claim 32, wherein

said targeting composition comprises

(1) a,multibiotinepoiymer-protein conjugate, or
(2) a biotin-protein conjugate;

said clearing/localizing composition comprises one

or more of o

(1) avidin,

This Sheet Has Been
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change in absorbance at 500 nM for each
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a

ti body Fab' fragment conjugate O. 001 nol
of a nultibiotinylated-starburst dendriner in Tris.HCO buffer (0.1M pH
8.0, 1m) prepared a%3iotin,
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described generally in the specification above, is reacted with a solution
of bromopacetyl chloride (Q,.02 - 37 - mol) in dinethyl sulfoxide (DVSO
0.2 m) by thefropm@.mq‘dsm&mn of the latter over 1 hour with stirring.

The reaction i g stifkreeg—at—r+oom lenperature for a further 1 hour and the
dendri nmer purlfled

nonocl onal anti bo y'hﬁﬂ‘*éﬁég.ﬁdc o colon-specific antl ared by
reduction of a RO} ng/ m__solutidnjof the-F§&b-)|[ err] fr mrlliﬁ\ﬁﬂlﬁﬂl
mg/ M solution pf L-cysteine

z¢ exclusion colum. A Fab—fragnrent of..a

—

(2) multiavidin-polymer conjugate,
{3) multiavidin-multitherapeutic agent-polymer
conjugate,
' (4) avidin-therapeutic agent conjugate, or
(5) multiavidin-therapeutic agent-polymer
conjugate; and -
said therapeutic composition comprises
(1) biotin-therapeutic agent conjugate,
(2) polymer-multibiotin conjugate, or
(3) polymer-multibiotih - multi-~therapeutic
agent conjugate;
and, if a foregoing conjugate containing polymer is
used, then said therapeutlc compc51t10n further
comprises
(1) avidin-therapeutic agent conjugate,
(2) multiavidin-polymer conjugate,
(3) avidin, or
(4) multiavidin-multitherapeutic agent-polymer;
and, if other then the foregoing avidin-therapeutic
agent conjugate is used, then said therapeutic
composition further comprises a biotin-therapeutic
agent conjugate,
wherein said polymer has a sufficiently rigid
stereochemical structure so that only oné avidin or
biotin of each conjugate will bind to a receptor already
present at the target lesion.
34. The use of claim 32, wherein
said targeting compositibn comprises
(1) a multiavidin-polymer-protein conjugate, or
(2) an avidin-protein conjugate;
said clearing comp051tlon comprises
(1) biotin, '
(2) multlblotln-polymer conjugate, 3
(3) mult1b10t1n-mu1t1therapeutic agent-polymer
con]ugate, or

— . (4) biotin-therapeutic agent conjugate;

This Sheet Has Been Reﬂ said localizing compos ition comprises
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I n phosphate buffered saline (PBS), 40 mM pH 7.4, for 1 hour at 37[err]C,
and subsequent purlflcatlnn of--t-hey Fab' fragnent on an acryl am de col um

run in acetate buff ) 0.1 M pH 4.5. The Fab' fragnent
assays for 2-3 fre, r Fab' when anal yzed with
di ni trodi t hi oben t he net hod of EIInaﬁ‘“The*bfﬂnﬁaceLyL
nultlblotlnylate .0 nmmol ) is m xed Mﬁth
reduced anti body fragnent..40}9005 md?) <in Tris. HC mﬂn ”m"m M'")H
7.5, and the sol|dtiom stirred at..ggom tenperature for 3
Fab' - (blotln)[errrxdeﬁdrFﬁ%f fugate is purified on a bed of
S- sephar ose equi ' brated in 50 mM sodi um acetate and run in a gradient of O
to 1 Msodiumchloride. (1) multibiotin-polymer conjugate,

(2) multibiotin-multitherapeutic agent-polymer

conjugate, or
(3) biotin~therapeutic agent conjugate,

wherein the 1localizing agent can be the same as or
different from the clearing agent; and
said therapeutic composition comprises
(1) avidin-therapeutic agent conjugate,
(2} polymer-multiavidin conjugate, or
(3) polymer—multiavidin-multitherapeutic agent
conjugate; ,
and, if the foregoing conjugate containing polymer
is used, then said therapeutic composition further
comprises
(1) biotin~therapeutic agent conjugate,
(2) multibiotin-polymer conjugate, or
(3) multibiotin-multitherapeutic agent-polymer
conjugate;
and, if other than the foregozng biotin-therapeutic
agent is used, then said therapeutic composition
further comprises an avidin-therapeutic agent
conjugate.
35. The use of claim 33, wherein:
said targeting composition comprises said
multibiotin-polymer-protein COﬂjuqate;
said clearing/localizing composition comprises
avidin; and
said therapeutic composition comprises said biotin-
therapeutic agent conjugate.
36. The use of claim 33, wherein
said targeting composition comprises said
biotin-protein conjugate;
said clearing/localizing composition comprises said
multiavidin-polymer conjugate; - -and
said therapeutic composition comprises said
biotin-therapeutic agent conjugate. T e
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Exanmple 3 -

- Preparation

of Il tibiotinylated

A- One gramof d
periodate (0. 33.
room t'enper at ur e.

buf fer exchange wt

powder. The polya
hydrazi de (1 nmol
7.5,

tenperature. The bi

‘g;ﬁEﬁyAéﬁmmDer@Thle

dehyde dextran

m t oget her for 1 hour

The pol yal dehyo
A MARCE7T i | t

02 mmol )

m t enperature for5&8 hours

40 kil oDal ton dextran
s partially oxidized with sodium

in the dark at

e dextran so forned is purified by
er unit and |yophilized-to-give a whi-te..
I's then reacted with biotin

o

to form hydrazone derjvatives~ The hydrazones are re

addition of sodiumDorohydride (3 mml) and stirring for 2 hours at room
otinylated dextran is then
37. The use of claim 33, wherein
said targeting composition comprises said

biotin-protein conjugate;

said clearing/localizing composition comprises said

multiavidin-polymer-detection agent conjugate; and

said therapeutic composition comprises said biotin-

therapeutic agent conjugate.
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avidin-therapeutic agent conjugate.
40.

38. The use of claim 34, wherein
said targeting composition comprises said
avidin-protein conjugate; .
said clearing/localizing composition comprises said
multibiotin-polymer conjugaté; and
said therapeutic compdsition comprises said
avidin-therapeutic agent conjugate.
39. The use of claim 34, wherein
said targeting composition comprises saiaqd
77 avidin-protein conjugate;
said clearing/localizing composition comprises said
multibiotin-polymer-detection agent conjugate; and
said therapeutic composition comprises said

The use of any one of claims 32-39, wherein the

' radioisotope is TIodine-125,

therapeutic agent is a therapeutic radioisotope, a drug,
a toxin, a fluorescent dye activated by nonionizing
a hormone, a hormone antagonist, a receptor
antagonist, an enzyme, a proenzyme activated by another
agent, an-autocrine or a cytokine.

41.
fherapeutic agent is an electron- or neutron-capturing
agent which is thereby converted to a therapeutic
radioisotope. 3

42,

radiation,

The use of any one of claims 32-39, wherein the

The use of claim 40,.wherein said therapeutic
Todine-131, Actinium~225,
Bismuth-212, Bismuth~213, Lead-212, Rhenium-186, Rhenium~
188, Silver-111, Platinum-197, Palladium-109, Copper-67,
Phosphorus-32, Yttrium-90,

Phosphorus-33, Scandium-47,



purified on a-G 23 gel-filtration colum run in 50 mM ABS - 38 - to
-elimnate |ow MREmMOREARLT 3 The biotin substitution level is
_p.uSELEueand

estimated by t he confirmed by titration against an

accur at-ely neasufe mount of ‘avfdin. B- In alternative procedure, the
pol yal dehyde dexfr

R
3-di am no- 2- hydrpx F()Djfiﬁ‘?gmnrﬂ)!) ) ! Zt r_(ra_%e?evrrpg?atlur e LIWIIHHI"“I“ HIIHH“I

then treated witjh sodi um borohydrijde (3 |y for a furt hourds & room
tenperature. The—amne—dextran js{purified

Samarium=-153, Lutetium-177, Rhodium-105, Praseodymium-
142, Praseodymium-143, Terbium-lél, Holmium-166 or Gold-
199.

43. The use of claim 39, wherein the therapeutic
agent is an anti-DNA, an anti-RNA, a radiotherapeutic
oligénucleotide, an anti-protein or an anti-chromatin
cytoxic or antimicrobial agent.

44. The use of claim 40, wherein the drug is taxol,
mechlorethamine, cyclophosphamide, melphalan, uracil
mustard, chlorambucil, thiotepa, busulfan, carmustine,
lomustine, semustine, strepﬁozocin, dacarbazine,
methotrexate, fluorouracil, cytarabine, azaribine,
mercaptopurine, thioguanine, vinblastine, vincristine,
dactinomycin, daunorubicin, doxorubicin, bleomycin,
mithramycin, mitomycin, L-asparaginase, cisplatin,
hydroxyurea, procarbazine, mitotane, prednisone,
‘hydroxyprogest.erone caproate, medroproge§terone acetate,
'diethylstilbestrol, ethinyl estradiol, tamoxifen,
‘testosterone propionate or fluoxymesterone.

45. The use of claim 40, wherein the toxin is abrin,
alpha toxin, diphtheria toxin, exotoxin, gelonin,
pokeweed antiviral protein, ricin or saporin.

46. A detection kit for detecting lesions,
comprising:

‘a targeting compos1tion comprising a biotin-

prote:m conjugate or an avid:.n-prote:.n conjugate, .
heet Has Been Reﬁaced wherein the protein preferentially binds to a marker

““\‘“ \“‘““\‘ \‘\ ‘\ substance produced or associated with the targeted

lesion ;

a clearing/localizing composition comprising
(1) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and

a detection composition comprised of a
conjugate of (i) avidin and a detection agent when
the clearing/localizing composition is biotin, or



~on a G 25 size-exclusion colum run in 50 nM ABS, pH 4.5, and t he

.am no-substitution - determ ned spectrophotonetrically by reaction
Wwith trinitrobenzenesulfonic acid (TNBS). An ami no substitution
| evel” of 560 to 100 per dextran is obtained when assayed agai nst an am no _
ref erence conpound. The am no dextran (0.001 mmol) is then reacted with an
N hydroxysucci ni m de ester of biotin (0.05 nmmol) at a pl—‘imm“mﬁlllﬁmn“m
25[err] C. The (biotin) dextran is then sgpgaaied fromthe

contam nants on a G 25 size- exclusion colUm run in 50 nMABS, 'pH"4. 5. The
biotin substitution ratio is determned with the HABA nethod, verified by

avidin titration, and further confirnmed by TNBS determ nati on of remaining
unreacted am no groups.

(i

i) biotin and a detection agent when the clearing
agent is avidin;

wherein at 1least one of the targeting or
clearing/localizing compositions further comprises
a polymer to which multiple moieties of avidin or
biotin are conjugated.
47. A medicament for treating lesions, comprising:

a targeting composition comprising a biotin-
protein conjugate or an avidin-protein conjugate,
wherein the protein preferentially blinds to a
marker substance produced or associated with the
targeted lesion ; '

a clearing/localizing composition comprising
(i) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and

a therapeutic composition comprised of a
conjugate of (i) avidin and therapeutic agent when
the clearing/localizing composition is biotin, or
(ii) biotin and therapeutic agent when the clearing
agent is avidin;

wherein at least one of the targeting or
clearing/localizing compositions further comprises
a polymer to which multiple moieties of avidin or
biotin are conjugated.
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o~ Uo#r1-5 :
Exanple 4 - Preparation of multibiotin-dextran-anti body conJ uged es A The

bret | nyI at ed am no-dextran (0.001 mmol ) preparef
with of—brorpacetyl chlaoride (0. 01
at 25] glé E*’%Eé%ﬁﬁﬁ?‘éd bi §6i nyl hted dextranj i i
acryl g &i s@ipsian e vegedsfBntogekertnr..pr| or to react A
cont ailid f&infde sakdedydtylo graups.. [The anti body] ShlFr ?/tlryil g‘rmups amer.itu .....
pr oduqBdi Dsgwiag(shnpadeddy...r eagdd .on. W t h & Ehtol ‘fagbAdsirFie aptibodyiaiadd .=
mg/ m |KhAPRKS1 HC: plgefif 8x., to@adedVl.pH 8.7, is trdated with 2-nercaptoet hanol

to-a fiDAIE oFnreesipfion of 25 mV [The reacti on IBAEE iOF REGHIPT dggyees for

n il -
........................................

10 m nutes and rhe Teduced—protera—i s purified by Size-exctrusron

IMPROVED DETECTION AND THERAPY OF LESIONS
WITH BIOTIN/AVIDIN POLYMER CONJUGATES

EACKGBOQHD OF THE INVENTION
\SL 1- Field of the Invention

The present invention relates to improved methods for
detecting and treating pathological conditions with a
multi-step process using compositions containing biotin
and/or avidin conjugates. '

2- Description of the Prior Art

Antibodies against different determinants associated
with pathological and normal cells, ‘as well as associated
with pathogenic microorganisms, have been used for the

- detection and treatment of a wide variety of pathological
conditions or lesions. The targeting antibody is
conjugated to an appropriate detecting or therapeutic
agent as described, for example, in Hansen et al., U.S.
Patent ‘No. 3,927,193 and Goldenberq, U.s.' Pat. Nos.
4,331,647, 4,348,376, 4,361,544, 4, 468 4'57,'4 444,744,
4,460 459, 4,460,561, 4,624,846 and 4, 818 709, the
disclosure of all of which are incorporated herein by
reference. : -

When detecting a lesion a high signal-to-background
ratio needs to be achieved. ‘Therapy also requires a high
absolute accretion of  the therapeutic agent in the

_lesion, as well as a rea_sonahly long duration of uptake
and binding. High background levels of non-targeting
antibody have long been recognized as a major impediment
to high target background ratios being achieved. To

- overcome this impediment various methods have been
d'eveloped, . such as those described in the above-
referenced Goldenberg patents.

Still other methods have heen developed to increase
the target: background ratios of the detection or
therapeutic agents, such as pre-targeting and
biotin/avidin approaches; as described, for example, in
Goodwin et al., U.S. Patent No. 4,863,713; Goodwin et
al., J. Nucl. Med. 29:226, 1988; Hnatowich et al., J.




.chromat ography. The anti body concentration is deéerniged andhthe rg}io of
sOTf hydryl pf anti body determ ne y t he man
reaet?on?- ﬁéﬂgﬁﬁgﬁﬂffﬂﬁ%?i1itrobenzoic acid (DTNB), by reference to a
standard qufjve. The redug¢ed anti body containing 2-3 free thiol groups is
m xed with the3 Brid&688L vl - bi otin- dextran derivative, prepared as above
and contaijnilng a limted pufpber of bronpacetyl groups, in a 1:2 ratio at a
pH of 7.5])for 3 hours at 37C. The conTuﬁaIe is purified by ion-exchange
and/ or si4g;exclusion.andlof hydrophobic interaction chromatography (H C)
and anal yzed

Nucl. Med. 28:1294, 1987; Oehr et al., J. Nucl. Med.
29:728, 1988; Klibanov et al., J. Nucl. Med. 29:1951,
1988; sSinitsyn et al., J. Nucl. Med. 30:66, 1989;
Kalofonos et al., J. Nucl. Med. 31:1791, 1990; Schechter
et al., Int. J. Cancer 48:167, 1991; Paganelli et al,,
Cancer Res. 51:5960, 1991; Paganelli et al., Nucl. Med.
Commun. 12:211, 1991; Stickney et al., Cancer Res.
51:6650, 1991; and Yuan et al., Cancer Res. 51:3119,
1991; all incorporated herein in their entirety by
reference. . .

Avidin, found in egg whites, has a very high binding
affinity for biotin, which is a B-complex vitamin
(Wilcheck et al., Anal. Biochem, 171:1, 1988).
Streptavidin, derived from Streptomyces avidinii, is
similar to avidin, but has lower non-specific tissue
binding, and therefore often is used in place of avidin.
Both avidin and streptavidin have a tetravalency for
biotin, thus permitting amplification when the former
bind to biotin. _ . o

In-a prior art 2-step procedure, a targeting antibody
is conjugated with either avidin or biotin and then is

. injected.into a patient, thus ‘localizing the avidin or
biotin at a. tumor of interest. Thereafter, either biotin
or - avidin (depending on which. was coupled to the
targeting antibody), bearing an imaging isotope is
injected and is localized.at the site of the primary
antibody by binding to avidin or biotin respectively.
Timing of the second injection after the first one is
very critical. 1Injecting the radiolabeled avidin or
‘biotin too early will increase the avidin/biotin
conjugates in the bloodstream and nontargeted tissues,
while injecting very late may decrease the amount
targeted to the tumor because of reduced retention of the
primary antibody at the tumor. |

Paganelli et al. (Int. J. Cancer 2:121, 1988) and
Kalofonos et al. (J. Nucl. Med. 31:1791, 1990)
demonstrated the feasibility of the above approach (the



:by: HPLC, —a

Freh SITA content and anti body concentration in
similar pr CI&HLAEEM%&T %b i

bed above. The conjugate is assayed for

i mrunor eacti Yl

groups on the

Ty retention

anti body or

hgnent nmay be obt ai ned by substituting the

th its pertinent antigen and for quantitative
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W

avidin bingli hg 2BIKAY 9IB-| I h an alternate nethod, the required free thiol
r
e

protein w tthiz

(Blattler et

ot ol anelas descri bed in the l[iterature

al . Biochemstry, 24: ST 1524, 1985), and proceeding

as

described apove Tor the analysis of the thiol-antibody, its conjugation to
the biotin-dextran, and the subsequent purifications and anal yses. Exanple

5 - Pr epar at

I on of mul tiavi di n-dextran
former used biotinylated antibody; the latter used

streptavidin-conjugated antibody for tumor localization).
In work reported by Kalofonos et al. (ibid.), 3 of 10
patients showed improved imaging. However, the patients
also showed that labeled biotin alone (without antibody
pretargeting) could detect tumors in 8 of 10 patients.
Paganelli et al. (J. Nucl. Med. 31:735, 1990 and
Cancer Res. 51:5960, 1991) disclose a 3-step approach
wherein a biotinylated _aritibody is administered, followed

by cold, i.e., non-labeled and non-conjugated, avidin to -

clear nontargeted antibody, and then a radiolabeled
biotin is given which binds to the avidin retained in the
body, presumably where the avidin has complexed to the
biotinylated antibody. By this method, Paganelli et al.
were able to show, with the exception of the kidneys,
high tumor:normal organ ratios. Paganelli, et al.
(Cancer Res. 51:5960, 1991), used biotinylated DTPA
(diethylene triamine pentacetic- acid) obtained
commercially, which is DTPA linked: through two of its
carboxylate functions to two biotin residues:. The use of
biotinylated DTPA has two: adverse: éffects . First, the
ability of DTPA to. strongly bind: therapeutic nuclides in

-vivo -is considerably compromised -when two. of its five

carboxyl groups are: substituted. .. 'Second, since avidin

" stereochemistry as taught hy Green et:. al. (Biochem. J.

125: 781, 1971) has shown that four biotin binding sites
are located, two . each, on opposite faces of the
macromolecule, the two same-face binding sites can be
bridged by bis biotinylated compounds of suitable chain
length. The bis biotinylated DTPA used by Paganelli is
long enough in chain-le‘hgt_h _(225) and flexible enough to
bridge the distance bé_tiveen the two binding sites (15A);
thereby, one molecule of this agent will bind to two
binding sites on the avidin and reduce the amount of
localization possible. _ _

_ Therefore, a need exists for better methods and
compositions which will allow for the higher and more



icoru ugat e an (0.001 mmol) and avidin (0.03 mol ) are

t 25[err] C for 16 hours at a pHof 7 in 40 nM
upagtorm progress i s| foll owed by a suitable analytical procedure
such as sike %ﬁé‘y q??go | C HPLC. The reaction mxture is treated with
sodi um bor phyd %)0 rrm) for 2 hours at roomtenperature at a pH of 8
in 40 mV PBSi_i.o _convert el i mne groups to am no groups and thus fix the

avidin unigs to the dextran ackbone. TRe* (avidin)[err]-dextran conjugates

cont ai ni ng *Z2=afrd—3—aviradin units per dextran are separated from each ot her
and the rest of the
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selective targeting and retaining of detection and
therapeutic agents to and at pathological lesions.
OBJECTS OF THE INVENTION
The pr1nc1pa1 object of the present invention
is to provide a method to deliver higher absolute amounts
and ‘higher target:nontarget ratios of detection or
therapeutic agents.

Another object of the invention is to provide a
multiple-step procedure which targets higher amounts of
a detection or therapeutic agent to a lesion.

Upon further study of the specification and appended
claims, further objects and advantages of this invention
will become apparent to those skilled in the art.

o) NTIO .

This invention relates to improved methods - of
detecting and/or treating lesions in a patient. The
methods are an improvement over known methods comprising
the steps of (a) parenterally injecting a subject with
a targeting composition. comprised of a biotin-protein-
conjugate or an avidin-protein conjugate, wherein the
protein preferentially binds to a marker substance
produced or associated with the.targeted lesion, and
allowing the protein. conjugate to preferentially accrete
at the targeted lesion; (b) then parenterally injecting
a clearing composition comprised of (i) avidin, when the-
targeting composition is a-biotin-protein conjugate, or:
(ii) biotin, when the targeting composition is a avidin-
protein conjugate, and allowing the clearing composition
to substantially clear the targeting composition from
non-targeted sites and to bind to the targeting
composition accreted at the targeted lesion; and (c)
parenteraliy injecting a detection or therapeutic
composition comprised of a conjugate of(i) avidin and
detection or therapeutic agent when the clearing
composition is biotin, or (ii) biotin and detection or
therapeutic agent when the clearing agent is avidin, and
allowing the composition to accrete at the targeted



«r eact'i on m xture by |on exchange chromat ography on S- sepharose

equi l i brat ed. in -ﬁte buffer and run in a gradient of 0 to 2 M
sodlun1chlarmEP£ACEMﬁﬁl tijn binding capability of the purified avidin
conj ugat esli erm ned upihg the HABA test and a quantifiable anount of
bi ot'i n conju aQF§ RY &997 ubr escent agent or radioi sotope. The conj ugates
are furthe zed by po[yscrylan1de gel el ectrophoresis to verify the
presence of T units per deXt?an for the isolated products,
respectivelly. Exanple 6 - Breparation of an (avidin)[err]-dextran-Fab"
conj ugat e Tdin) 2 dextran conjugate prepared above

lesion. The improvement is having at least one of the
compositions of step (a) or (b) further comprise a
polymer to which multiple moieties of avidin or biotin
can conjugate, thereby providing an increased number of
binding sites to which a subsequentiy administrated
composition can bind thereby amplifying the amount of
detection or therapeutic agent at the targeted site.

In one embodiment, the method provides a method of
detecting and/or treating lesions in a patient. The
method comprises the steps of
(a) injecting a subject with a first composition

comprised of
(1) wmultibiotin-polymer-protein conjugate, or
(2) biotin-protein conjugate,
wherein the protein binds to a marker substance
produced by or associated with the target lesion,
and allowing the biotin-polymer-protein conjugate to
accunulate at the target lesion to provide biotin
receptors; | : -
(b) injecting a clearing agent comprised of
(1) avidin,
. (2) multiavidin-polymer conjugate,
(3) multiavidin-multitherapeutic/detection
agent-polymer conjugate,
(4) avidin-therapeutic/detection agent
_ conjugate, or _
(5) multiavidin-therapeutic/detection agent-
polymer conjugate,
and permitting the clearing agent to remove circulating
biotin-polymer-protein conjugate;
(c) injecting a localizing agent comprised of
(1) avidin,
(2) multiavidin-polymer conjugate,
(3) multiavidin-multitherapeﬁtic/detection
~agent-polymer conjugate,
) (4) avidin-therapeutic/detection agent
' conjugate, or



+( 0. OOOSrmrH ln. 1 m of Q1. MTris.HO buffer, pH 8, is treated with 100 ul
of "a sol utlmpmcmm’r{)aﬁml chloride (0.005 mmol) in DVSO with rapid
stirring . Ature is stirred for 30 mnutes and the nodified
pol yner i u;_héj E%Z n!lagryl am de size-exclusion colum run in 40 MM
PBS,  pH 7.}5. b{b)g?err] fragnent of an anti body which binds to the
carci noe onic antigen . (ceS|gnat ed NP-4 in Hansen et al., Proc. Am
Assoc. Cancer Res, 30: 414 1989) in 40 AVPPBS, pH 7.4, is treated with

L- cyst ei nes to——a—itnrat cysteine concentration of 100 mml, for 1
hour at 37 C. The Fab' is purified on an acrylam de colum run in 50 nmM
ABS, pH 4.5, and assayed for thiol concentration per nole of Fab' by the

Ell man reaction and abgp)badsrtidtidiBheRdpentic/detection agent-
polymer conjugate,
wvherein the localizing agent may be the same as or
different from the clearing agent and can be injected
concurrently with or subsequent to the clearing agent,
and permitting the localizing agent to localize at the
target lesion by binding to a biotin receptor;
(d) injecting a composition comprising
(1) biotin/detection or therapeutic agent
conjugate, . _
(2) polymer-multibiotin conjugate or,
(3) polymer-multibiotin - multi-therapeutic/
detection agent conjugate and permitting
a biotin of the composition of (d) to bind
to an avidin receptor of the localized
agent of (c);
(e) if a conjugate containing polymer is used in
(d), then injecting a composition comprising
(1) avidin-therapeutic/detection agent
conjugate,
(2) multiavidin-polymer: conjugate,
(3) avidin, or
(4) multiavidin-multitherapeutic/detection
agent-polymer conjugate, and permitting an
avidin of the composition of (e) to bind
to a Dbiotin receptor of 1localized
composition of (d);
(£) if other then the avidin-therapeutic/detection
agent conjugate has been injected in step (e),
injecting a Dbiotin-therapeutic/detection agent
conjugate and permitting the biotin to bind to an
avidin receptor at the target lesion; and
(g) using the therapeutic/detectidg agent to treat or
detect the targeted lesion;
wherein a polymer conjugate is used in at least one
step of the process and the polymer has a
sufficiently rigid stereochemical structure so that




,respéctively. The Fab' (0-8065;mmol) and bronoacetyl - (avidin)2-dextran
(0.0005 mol ) ﬂEPl_KDEMEﬂTtS}ﬁiEﬂ'h r in 50 nM PBS buffer, pH 7.5, and stirred
at 25[err] Cif 3—hours—Thg product, Fab'- (aV|d|n)2 dextran, is purified

from uncoupl gd {r 3%h%$i ?Z 0 -exchange chromat ogr aphy on S- sepharose
equi libratedlin 6@ te huffer, pH 4.5 run in a gradient of 0 to 2 M

sodium chl oriddg. _Exanple 7 Preparatlon of a multibiotin-dextran-
doxor ubi ci n cponj ugat e - 41 4 Pol yal d&h¥de& dextran (0.02 mml), prepared

as

only one avidin or biotin of the conjugate will bind

to a receptor already present at the target lesion.

Most favorably, in the foregoing, the avidin bound

therapeutic/detection agents of the clearing and

localizing compositions which do not bind to the
target 1lesion, will be readily metabolized and
excreted, primarily by the liver and kidney.

In another embodiment, the method provides a method
of detecting and/or treating lesions in a patient.
The method comprises the steps of
(a) injecting a subject with a first composition

comprised of a multiavidin-polymer-protein conjugate

or avidin-protein conjugate,

wherein the protein binds to a marker substance

produced by or associated with the target lesion,

and allowing the conjugate to accrete at the target
lesion;

(b) injecting a clearing agent comprised of
(1) Dbiotin,
(2) multibiotin-polymer conjugate, '
(3) multibiotin-multitherapeutic/detection
- agent-polymer. conjugate, . or
(4) biotin-therapeutic/detection agent

conjugate, ' .
and permitting the clearing agent to remove
circulating multiavidin-polymer-protein
conjugate of the first composition;
(c) injecting a localizing agent comprised of

(1) multibiotin-polymer conjugate,

(2) multibiotin-multitherapeutic/detection

agent-polymer conjugate, or
(3) biotin-therapeutic/detection agent
conjugate, | }

wherein the localizing agent may be the same as or
different from the clearing agent and can be
injected concurrently with or subsequent to the
clearing agent and permitting the localizing agent



. described above, and contai-ning 10-200 al dehyde functionaliti+es.is

treated with biot !,_n..-,..hyd%fr‘ét

t enper at ure.
mol ) under si

.1 mol) at a pH of 6 for o urs at room
o NG hyde groups are reacted wt Repldcdd |
i [ ondi ti ons\ahd the i m no groups convert :
groups by redudtiio “S%V‘mé\%-bdi tlon of sodi um borohydride ( IT"
er

resi dues per dext

RIS

of 4 hours at pH 8. The conjugate product is

the HABA test, and for approximately 35

doxorubicin noieties when tested spectrophotonetrically at 496 nm

to localize at the target lesion by binding to an
avidin receptor;
(d) injecting a composition comprised of

(1) avidin-detection/therapeutic agent
conjugate, .

(2) polymer-multiavidin conjugate or,

(3) polymér-multiavidin-multitherapeutic/
detection agent conjugate, and permitting
avidin of the conjugate to bind to biotin
receptors of the localizing agent;

(e) if a conjugate containing polymer is used in (4),
' then injecting a composition consisting essentially
of

(1) biotin-therapeutic/detection agent
conjugate, .

(2) multibiotin-polymer conjugate,

(3) multibiotin-multitherapeutig/detection
agent-polymer conjugate,

and permitting the biotin of the conjugate to. bind
to avidin receptors provided by composition (4d);
(£) if other than a biotin-therapeutic/detection agent
has been injected: in step (e’)_}. -injecting an avidin-
i:herapeutic/detec:tiong agent conjugate and permitting
the avidin of the conjugate to bind to a biotin
receptor at the target lesion; and- :
(g) using the detectipnltherapeutic agent to detect or
treat the targeted lesion; :
wherein a polymer conjugate is used in at least one step
of the method and the polymer has a sufficiently rigiaqd
stereochemical structure so that only one biotin or
avidin of each conjugate can bind to a receptor already
present at the target lesion. Most favorably, in the
foregoing, the biotin bound therapeutic/detection agents
of the clearing and localizing compositions which do not
bind to a receptor at the target lesion will be readily

metabolized and excreted, primarily' by the liver and/or
liver.

o chr ona ograp'h;ﬁ on a G10 colum, equilibrated in
onj ugate i ndicates approximtely 5 biotin



‘Exanple 8 - Conjugation_of hiotin to a bifunctional chelating agent to

forma conjuga P SH Ijver an active netal agent therapeutic
or detection agqammﬂﬁt | am ne (0.001 nol ) and

| sot hi ocyanat opepzyl| - di et Ra/l enetfri am ne- pentaaceticacid (1 TC DTPA, 0.001
nol ) are m xedjt pg Horkatle buffer, 0.1 M pH 8, and stirred for 3
hours at room emerature. lhel bi oti n- DTPA Is purified on a G 18
rever se- phase HPLC colum run in an acetchitril e/ water gradient. The
acetonitrile i5— gduced pressure on a rotary evaporator and
the water by lyophilization to give a white powdery product. The
structure, bi oti nyl pentyl am no-t hi our eayl benzyl - DTPA

In another embodiment, the invention provides a
method of detecting and/or treating lesions in a patient.
The method comprises

(a) injecting a subject with a first composition
comprised of a multibiotin-polymer-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the target lesion,
and allowing the multibiotin-polymer-protein conjugate to
preferentially accrete at. the targeted 1lesion and to
provide multiple biotin receptors at the targeted lesion;

(b) injecting at least one dose of a composition
comprised of avidin and permitting it to clear the
multibiotin-polymer-protein conjugate from non-targeted
sites and to localize at the targeted lesion by b:md:mg
to the multiple biotin receptors;

(c) injecting a composition comprising a biotin-

i detection agent conjugate or biotin-therapeutic agent
conjugate and permitting the biotin to bind to the
multiple avidin receptors at the targeted- lesion; and

(d) using the detection or therapeutic agent to
detect or treat the targeted lesion.

- In another embodiment, the invention provides another
method of treating and/or detecting lesions in a patient.
The method comprises

(a) injecting a subject with a first composition
comprised of a biotin-protein conjugate, wherein the
protein preferentially binds to a marker substance
produced or associated with the target 1lesion, and
allowing the biotin-protein conjugate to accrete at the
target lesion thereby providing biotin receptors at the
target lesion;

(b) injecting at least one dose of a clearing and
localizing composition comprised of a polymer conjugated
to more than one avidin molecule and permitting the

- conjugate to clear the biotin-proteiri conjugate from non-
targeted sites and to bind to the biotin-protein
cgonjugate accreted at the target lesion, wherein only one




‘(biotin-DTPA) is confli rm.bgﬁ—-gfass spectral and mcro analysis. Exanple 9 -
Yttrium 90 ra@gﬁp@pﬁmm 8HE&ThE bi ot i n- DTPA conj ugate of Exanple 8 A 25 nGi
sanpl e of yttyi '

of 0.5 Msodil

iln 0.05 MHC is treated with an equal vol une
r,\] pH 5, to convert the nmetal to its acetate
salt. The m xjufe g stand for 10 m nutes at room - 42 -
tenperature. A RS fl biotin-DTPA in sodium acetate buffer, 50
mM pH 6, islthen added. The - 10 -

avidin of each multiavidin-polymer conjugate binds to a
biotin receptor at the target lesion and thereby provides
increased numbers of avidin receptors at the target
lesion;

(c) injecting a biotin-therapeutic/detection agent
conjugate and permitting the biotin of the conjugate to
bind to avidin receptors at the target site and thereby
increasing the amount of biotin-therapeutic/detection
agent accreted at the target lesion; and
(d) using the therapeutic/detection agent to treat' or
detect the lesion. |

In another embodiment, the invention provides another
method of detecting and treating lesions in a patient.
The method comprises the steps of

(a) injecting a subject with a first composition
comprised of a biotin-pi:otein conjugate, wherein the
protein preferentially binds to a marker substance
produced by or associated with the ‘target lesion, and
allowing the biotin-protein conjugate to bind to the
target lesion thereby producing b:l.otin receptors at the
target lesion;

Ni) injecting at least one dose of a clearing and .

- localizing composition comprised of multiavidin—polymer-
detection/therapeutic agent conjugate and permitting the
conjugate to clear biotin-protein from non-targeted sites
and to localize at the target lesion, wherein only one
avidin of each conjugate binds to a biotin receptor
present at the target lesion, thereby providing the
target lesion with detection or therapeutic agent and an
amplified number of avidin binding sites; wherein cleared
biotin-protein and non-accretingmultiavidin/polymer/
detection or therapeutic agent conjugate are metabolized
and excreted from the body; _

(c) injecting a biotin—detection/therapeutic agent
conjugate and permitting the conjugate to preferentially
bind in an amplif:.ed manner to the multi-avidin sites
provzdecl by ‘the conjugate of step (b) at the target



corrponents are m xed and all
anal ysis by i §r
wat er / et hanol /@W an% Imém% r
yttriun) indijcdtes that 99_%lo
The . [err] Y- A- BiMA( 1997t He

d to stand for 30 min., at which tine
chromat ography (1 TLC) run in
xi de (which will precipitate unchel ated
the yttrium90 is bound to the biotin-DTPA
ready to use. Exanple 10 - Conjugation of
biotin and a pifunctional chdl ging agent_ to a polyner to provide a
(biotin) [err prfunctional c Iating'éd@hf) [err]- polyner useful for
targeting net@lic _detection-—e+—t herapeuti c agents Pol yal dehyde dextran
(0.02 mol ) prepared as in exanple 3a, is treated with biotinyl pentyl am ne
(0.1 mmol) at a pH of 8 for 2 hours at roomtenperature. 2-

lesion; and

(d) using. the detection/therapeutic agent to detect
or treat the target lesion. '

In another embodiment, the invention provides another
method of treating and detecting lesions in a patient.
The method comprises '

(a) injecting a subject with a first composition
comprised of an avidin-protein conjugate, wherein the
protein preferentially binds to a marker substance
produced or associated with <the target lesion and
allowing the avidin/protein conjugate to accrete at the
target lesion thereby providing avidin receptors at the
target lesion;

(b) injecting at least one dose of a clearing and
localization agent comprised of a multibiotin-polymer
conjugate and allowing the agent to clear the avidin-
protein conjugate from non-targeted sites and to localize
at the target lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to an avidin receptor
provided by each avidin/polymer conjugate accreted at the
target lesion, whereby each multibiotin~-polymer conjugate
prpvidesemultiple biotin receptors at the target lesion;

E:) :“injecting an avidin-therapeutic/detection agent
corijugate' and allowing the conjugate to bind to the
biotin receptors at the target lesion, thereby. amplifying
the amount of therapeutic/detection agent available at
the target lesion; and

(d) using the amplified amount of
therapeutic/detection agent accreted at the target lesion
to detect or treat the target lesion. '

In another embodiment, the invention provides another
method of detecting and treating lesions in a patient.
The method comprises the steps of

(a) injecting a subject with a first composition
comprised of an avidin-protein conjugate, wherein the
protein preferentially binds to a marker substance
;;roduced by or associated with the target lesion, and




. hydroxy-1, 3-di ani_nopropane ol ) is added and the solution stirred ..
for a furtifeg Fpil_’:;_\rgml{m SHEETS®di um bor ohydride (4 mol) is added and the
reaction is re —a—ftmt her 3 hours at roomtenperalthqgrsgeet,}m,eygeant}ﬁﬂlzj

is purified naGlO excliusi on colum to give a dext Iﬂgl w
The (biotin)[err]-am node

wi th appr oxi qS‘Je | dues and 100 free am no gr
by HABA testi and TNB% a ys.
h a sol utlon of I{TG-DTPA=(@25=mmmol) in 0.1 M borate buffer,
eTtperature. The product is purified from unbound

is treated w
pH 8, for 6 hgu

DTPA derivatives by G 10 si ze- excl usi on chromat ography and di al ysi s. The
nunber of DTPA residues per dextran is found to be approxi mately 40 by

spect r ophot onet 41 Towifriidavidindprotein conjugate to preferentially
bind to the targeted lesion and provide avidin receptors;

(b) injecting at least one dose of a clearing and
localizing composition comprised of multibiotin-polymer-
detection/therapeutic agent conjugate and permitting the
conjugate to clear évidin—protein conjugate from non-
target sites and to localize at the target 1lesion,
wherein only one biotin of each multibiotin-polymer
conjugate binds to an avidin receptor provided by each
avidin/polymer conjugate accreted at the target lesion,
whereby each multibiotin-polymer-detection/therapeutic
agent conjugate provides multiple biotin receptors and
provides detection/therapeutic agent to the ‘target
lesion; wherein cleared biotin-protein and non-accreting
multibiotin-polymer-detection/therapeutic agent conjugate
are metabolized and excreted from the body;

(¢) injecting an avidin-detection/therapeutic agent
conjugate and permitting the conjugate to bind in an
amplified manner to the multi-biotin receptors at the -
target tissue; and : .

(d) wusing:. the amplified amount of
detection/therapeutic agent -at the target 1lesion to
detect or treat the lesion.

It has now been found that the procedures of the
present invention are more- advaritageou_s for selective
detection and therapy of lesions than the methods of the
prior art because of the significant increase in the
amount of the detection or therapeutic agent which is
available at the targeted site due to the increase in the
number of biotin and/dr avidin binding sites available at
the targeted site.

) In a more preferred embodiment of this invention
involving a 3-step approach, a multibiotin-polymer-
targeting antibody or fragment is injected, followed by
the application of avidin as a clearing and localizing
a—gent. Then, as a third step, a biotin-conjugated

Q
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isotope or drug is administered.

In another preferred 3-step method of the present
invention, the first step is the injection of a
multibiotin-polymer-antibody or fragment and the second
step is the injection of a multiavidin/polymer clearing
and localizing agent or chase. The third step involves
the injection of biotin conjugated with a detection or
therapeutic agent.

Each of these approaches is an improvement , in terms
of absolute amount of detection or therapeutic agent
delivered and retained at the site of the lesion, as
compared to the prior art procedures which do not
contemplate the use of a polymer to provide multiple
biotin or avidin sites to which a later injected avidin
or biotin containing conjugate could bind, thereby
amplifying the amount of detection or therapeutic agents
available at the targeted site. :

Of course, if desired, the sequence can be repeated
for additional accumulation of the agents, if desired.
Further, the 1lesion-localizing protein can be a
bispecific or hybrid antibody, . whereby at least 2
antibody arms are directed: against different epitopes of
the same antigen or against different substances
associated with the lesion. This is preferred in order
to achieve higher levels of. acoretion and binding in the
lesion. .~ :

These methods of the present invention pfovide the
fj'ollowing improved results over other sequences reported
earlier by others:

1. increased absolute amounts of detection and
therapeutic agents targeted to the lesion;

2. higher lesion:normal organ (including kidney)
ratios; and thereby -

3. improved lesion detection or therapy.

The detection/therapeutic agents used in the methods
of the present invention can be any or multiples of the
following: '

[
f gs d bed le 9
£ i bHs9031 ) Joent ran (0. 0001 mmol ) > = YA

sed in the rforjoner preparatlon in exanple 9. I TLC showed .

adi ol abel i ng of the conjugate Usi ng vVarious
anple 11 - Yttrium90 r adi ol abel i n'g""



[err]Y—(DTPA)[err](b_| otJ,_n){aef.r] dextran is then ready for use. Exanple 12.-

Cancer | magi Ngﬂreﬁhﬁﬁe Procedure A patient diagnosed by
si gnoi dosco nic neoplasmis injected i.v. with conposition
conpri sed %gz of rmultibiotin-starburst
dendri ner - I armw\ t ifbqdy I gG agai nst carci noenbryoni c
antigen ( ater, unl abeled avidin (in two divided
doses, 20 mi h ¢ |s injectpd i.v. ~ ¥Ae=next day, biotin |abeled with
111-In (4 nC\) is_i V. The patient is scanned with a ganm
canera 2 hour ater, and a focus of increased radioactivity is detected in
the region of the signoid colon, in agreenept with the signoi doscopy
findings. Exanple 18-- Alijmssti®y ol igy | Madidi@peiticThr eaafbhlclides
(e.g.,alpha-, beta-, gamma-, positron-, x-ray-
and fluorescence~enmitters; electron- and
neutron-capturing agents);
B- photoactivated dyes for detection or therapy;
'c- cytotoxic agents (e.g., drugs, toxins,
hormones, cytokines, hormone antagonists,
receptor antagonists);

D- differentiation agents (e.qg., vitamins,
cytokines, autocrines, certain hormones and
drugs) .

The methods of the present invention can be used to
detect (either by internal procedures or by external
imaging) and/or treat 1lesions, including cancers,
infectious diseases, cardiovascular diseases and other
pathological conditions.

p Internal detection procedures ' include
" intraoperative, intravascular or endoscopic, including
laparoscopic, techniques, both surgically invasive and
non-invasive. '

The polymers most useful in the present invention are
those which have a restricted stereochemistry. Such
polymers allow for the'adequate spacing of biotin (or
avidin) moieties such that each biotin  (or avidin) is
capable of binding to an avidin (or. biotin) moiety when
its complimentary species-is subsequently injected.
Also, if the polymer conjugate is the subsequently
injected composition and multiple biotin or avidin
moieties are conjugated to the polymer, the position of
the biotin or avidin residue and the relative rigidity of
the polymer due to the restricted stereochemistry will be
sufficient such that substantially only one of the
multiple residue sites of the conjugate will be able to
bind to a complimentary receptor site already present at
the targeted lesion as a result of a previously injected
composition. For example, biotin units substituted onto
the polymer backbone will be unable to bind two avidin



Procedure A pat lent with suspect ed atherosclerotic plaques in various
arteries is vkt a conposition conprised of a conjugate of
mul ti biotin-jd EA&MENTnSHEETncI anti body F(ab') [err] against macrophage.
One day latdr,{f a nultiavidin-dextran conjugate (in two divided doses, 15
mn apart) ils ian@:M%gzl 1'997. One day later, biotin conjugated with 5 nC
of 111-In i9 ijnjected i , fahd the patient scanned with a ganma canera 3
hours | ater | Foct—of—eabreradl |radi oacti Vith® i"s found. Exanple 14 - Cancer
Radi oi nmuno rapy with a Fouf-Step Procedure A patient with several small
col onic carcinona netastases—to the liver is injected i.v. with a first

receptors present at the target lesion because (1) each
biotin of the polymer conjugate will be more than 15A
from its neighbor and (2) the polymer will be
sufficiently sterically rigid to not bend to enable two
or more biotin units to bind with the corresponding
number of avidin receptors. In this way, the fullest
possible targeting amplification is achievable.

Such polymers can be selected by one skilled in the
art from the well-known group of commercially available
agents such as polyamino-acids, proteins,
oligodeoxyribonucleotides, oligonucleotides, polyimines,
polysaccharides, polyamines, polycarboxylic acids or
polyalcohols. Preferred are polymers having a molecular
weight of 5 to 200 kD, most preferably 20 to 60 kD.

. More preferred polymeré are exemplified by a
starburst dendrimer or a dextran, suitably modified for
substitution, most preferably to carry a limited number
of amino .groups. '

Dextran is structured.in a rigid straight chain. a
sﬁarburst dendrimer is a sphere having amino units on its
-_outer ‘surface. where substitutions can be made.

o © Commercial biotins products are available in-which

o the biotin:has been: modified by the addition of alkyl
gxf.onps,.._ ,'rhe -biotins preferred for use in the present'
‘invention are biotin itself or modified.biotins having
shorter alkyl (Cl1-5) chains. The use of a longer chain
‘alkyl modified biotin would allow the biotin to bind an
‘avidin which already has one of its four receptors bound

' by a neighboring biotin.

Other useful biotin derivatives include active
ésters, amines, hydrazides and thiol groups with the
complimentary reactive groups on polymers being amines,
acyl and alkyl leaving groups, ‘carbonyl groups and alkyl
halides or Michael-type acceptors.

Avidins are a family of proteins functionally defined
by their ability to bind biotin with high affinity and
specificity.




»conposi tion corrprl sed of a conjugate of nultiavidin- dextran-anti-CEA |gG
nonocl onal a Two days later, a clearing conposition of
C'EM% T

biotin is |nJeBEEL(;h oyved 30 m_nutes | ater by the i.v. injection of

a localized ¢oj ols i bi oti n-dextran. After another 2 days, a
conposi tion ext ran - 44 - | abeled with 1-131 is injected
. V. Two ‘ QtMsAY cnd t herapy dose of a conposition of

bi ot i n- DTPA- ' Exanpl e 516 Cancer Chenpi nmunot herapy with a

Four - St ep

Avidins are fairly small oligomeric proteins, made
up of four identical subunits, each bearing a single
binding site for biotin. Avidins can therefore bind up
to four moles of biotin per mole of avidin.

Avidins include proteins (a) produced by amphibians,
reptiles and avians, which is present in their eggs and
known as avidin, and (b) produced by a streptomyces,
Streptomyces avidinii, and known as streptavidin. Aas
used herein "avidin" includes all of the above proteins.

Since each avidin moiety has four receptors for
biotin, the conjugates containing avidin do not need to
have multiple moieties of avidin in order for _the
amplification resulting from the methods of the present
invention to occur. It is preferable, however that
multiavidin conjugates be utilized in the methods of the
invention. _ '

P ' Proteins are known;which preferentially bind marker
‘substances that are produced by' or associated with
lesions. . For example, antibodies. can be used againsi:
cancer-associated. substances, as wsll as against any
.pathological lesion - ~that shows an: increased or unique

--':.-----ant:l.genics»marker,u«such -as: against substances associated

P with cardiovascular lesions, for example . -vascular clots
'including thrombi and emboli, myocardial infarctions and
~other.. organ infarcts »‘and atherosclerotic plaques;

: inflamnatory 1e_sion8° and infectious and parasitic
agents. - . Examples of appropriate applications are
provided in the above-referenced and incorporated
Goldenberg patents and applications.

The cancer states include carcinomas, melanomas,
sarcomas, neuroblastomas, leukemias, lymphomas, gliomas,
nmyelomas and neural tumors..

The infectious diseases include those caused by .
invading microbes or parasites. As used herein,
"microbe" denotes virus, bacteria, rickettsia,
mycoplasma, protozoa, fungi and 1like microorganisms,
“"parasite" denotes infectious, generally microscopic or




, Procedure A patient with gt | ung adenocarcinoma is injected i.v.

with a conjug tmnﬂ\CEMENT l5ﬁ5ﬂg dextran and antiiung-cancer 1gG  Four
days | at er, ey di - dexirin conjugate is injected i.v. (in two

di vi ded doses gﬂbcr}g gpa't : After another 2 days, a dose of
rrultlblotlndxra xXoru n{is admnistered i.v. Five days |later, a
dose of streptlalidin-confdgatediwith doxorubicin is administered i.v. The
precedi ng exaripl es can be repeatied witir #?nt"l ar success by substituting the
generical ly orwspeetfrTal Ty descri bed reactants and/or operating conditions

of: this invention for those used in the preceding exanples. Fromthe
foregoing descriptions, one skilled in the

very small multicellular invertebrates, or ova or
juvenile forms thereof, which are susceptible to
antibody-induced clearance or lytic or phagocytic
destruction, e.g., malarial parasites, spirochetes and
the like, including helminths, while "infectious agent®
or "pathoqen" denotes hoth microbes and parasites.

The protein substances useful in the methods of the
present invention include protein, peptide, polypeptide,
glycoprotein, lipoprotein, or the like, e.g. hormones,
lymphokines, growth factors, albumin, cytokines, enzymes,
‘immune modulators, receptor proteins, antibodies and
antibody fragments. ' .

The protein substance of particular interest in the
present invention are antibodies and antibody fragments.
By "antibodies and antibody fragments" is meant generally
immunoglobulins or fragments thereof that specifically
bind to antigens to form immune complexes. |

The antibody may be whole immunoglobulin of any
class, e.g., IgG, IgM, Igh;.IgD, IgE, ‘chimeric or hybrid
antibodies with  dual- or: multiple ;antigen or epitope

- specificities. :It- can be. a- polyclonal antibody,
preferably an affinity-purified antibody from a human or -
- ans appropriate animal (e 'g. Fra primate, goat, rabbj.t,
mouse or - the like.- Monoclonal antihodies are also
suitable for use in the present i.nvention, and are
preferred because of their’ high specificities. They are’
readily prepared by what are now considered conventional .
procedures of immunization of mammals with immunogenic
antigen preparation, fusion of immune lymph or spleen
cells with an immortal myeloma cell line, and isolation
of specific hybridoma clones. More unconventional
methods of preparing monoclonal antibodies are not
. excluded, such as interspecies fusions and genetic
engineering manipulations of hypervariable regions, since
it is primarily the antigen specificity of the antibodies
that affects their utility in the present invention. It
will be appreciated that newer techniques for production




art can easily ég@\ﬁéNL e c“‘ent lal characteristics of this invention
and, w thout 0 efspirit and scope thereof, can nmake vari ous
changes and diff i cati ons oT h i nvention to adapt it to various usages
and conditiong. SWNAvlp'gyrs.d fining the invention are as follows: 1. A
medi cament wh¢n jused for treafi pg | esions, conprising: a targeting
conposi tion cenprisTMg—a—b+etd nfprotein conjugate or an avidin-protein
conj ugate, whérein the-protein preferenTi® 1% binds to a marker substance
produced or associated wmih the targeted |l esion; a clearing and/or

| ocal i zi ng conposition conprising (i) avidin, V\/nen the targeting

of monoclonals can also be used, e.g., human monoclonals,
interspecies monoclonals, chimeric (e.g., human/mouse)
monoclonals, genetically engineered antibodies and the
like. '
| Antibody fragments useful in the present invention
include F(ab'),, F(ab),, Fab', Fab, Fv and the 1like
including hybrid fragments. Preferred fragments are
Fab', F(ab'),, Fab, and F(ab),. Also useful are any
subfragments retaining the hypervariable, antigen-binding
region of an immunoglobulin and having a size similar to
or smaller than a Fab' fragment. This will include
genetically engineered and/or recombinant proteins,
whether single~chain or multiple~chain, which incorporate
an antigen~binding site and otherwise function in vivo as
targeting vehicles in substantially the same way as
natural immunoglobulin fragments. Such single-chain
binding molecules are disclosed in U.S.Patent 4,946,778,
which is hereby incorporated byfeference. Fab' antibody
" fragments may be conveniently made by reductive cleavage
of F(ab'), fragments, which themselves may be made by
pepsin: digestion of intact imunoglobulin. Fab antibody
fragments may be -made:: by papain digestion of- intact
immunoglobulin, under reducing conditions, or by cleavage
of F(ab), fragments which ' result from careful papain
digestion of whole imnunoglobulin. - The fragments may -
also be produced by genetic engineering. |
It should be noted that mixtures of antibodies and
immunoglobulin classes can be used, as can hybrid
antibodies. Multispecific, including bispecific and
hybrid, antibodies a_.nd antibody fragments are especially
preferred in the methods of the present invention for
detecting and treating lesions and are comprised of at
least two different substantially monospecific antibodies
or antibody fragments, wherein ‘at least two of said
antibodies or antibody fragments specifically bind to at
least two different antigens produced or associated with
the targeted lesion or at least two different epitopes or



.conpesition is a biotin- proteln conjugate, or (ii) biotin, when the

targeting co . i din-protein conjugate; and a therapeutic
conmposi ti on’ CcHBPLAGEMENY SHEETorj ugate of (i) avidin and therapeutic agent

when t he cl epr fFrAg—amd~or—t+oqgalji zi ng conposition is biotin, or (ii) biotin
and t her apeug

C thg cl earing agent is avidin, wherein at |east
one of the tpr ge&g&y‘ag%aeari ng and/or |ocalizing conpositions further
conprises a polyner to which nultiple mili=es of avidin or biotin are
conj ugat ed.

A medi canent jwhen used for treating |esions, conprising:

(a) a target e nprising a nultibiotin polymer-protein
conjugate or a biotin-protein conjugate, wherein the protein of said

conj ugate pref eﬁgﬂ{ab&iééf 8] “Q%&Qké::”@ﬁﬁ@éa&@%sﬁlﬁﬁ:éu QeI cask s iR Ci at ed
with the targete

conprising (1) H&Fﬂle?sill‘g?%? ﬁg?r%? tciefﬁili’rr‘{ﬁn% %?}g‘jg‘rﬁPe&Eﬁ%I : %ﬁg&‘?g;'gr{&”
antibody fragments with dual spec:.ficlties can be’
prepared analogously to the anti-tumor marker hybrids
disclosed in U.S. Pat. No. 4,361,544, Other techniques
for preparing hybrid antibodies are disclosed in, e.g.,
U.S. Pat. No. 4,474,893 and 4,479,895, and in Milstein et
al., Immunol. Today, 5,299(1984).

Preferred are proteins having a specific
immunoreactivity to a marker substance of at least 60%
and a cross—reactivity to other antigens or non-targeted -
substances of less than 35%. '

As disclosed above, antibodies against tumor antigens
and against pathogens are known. For example, antibodies
and antibody fragments which specifically bind markers
produced by or associated with tumors or infectious
lesions, including viral, bacterial, fungal and,parasitic
infections, and antigens and products associated with
such microorganisms have been disclosed, inter alia,. in
Hansen et al., U.S. Patent 3,927,193 and Goldenberg U.S.
Patents 4,331,647, 4, 348,376, 4,361, 544, 47,468,457,
4, 4441_744, 4,818, 709 and - 4,624, 846.-.:-- In particular,
antibodies: against. an antigen, e.giy a: gastrointestinal,
lung, breast, prostate, ovarian, testicular, brain or
lymphatic tumor, a sarcona ‘or, a melanoma, are

- advantageously used. - : .

A wide variety of monoclonal antibodies -against

infectious disease agents have been developed, and are
summarized in a review by Polin, in Bur. J. Clin.
Microbiol., 3(5):387-398, 1984, showing ready
availability. These include monoclonal antibodies (MAbs)
against pathogens and their antigens such as the
following:
An ti-bacterial Mabs
Streptococcus agalactiae
Legionella pneumophilia
‘Streptococcus pyogenes




(4) an

.(3) a multiav T tic agent-pol ymer conjugate,
avi di n-t hera ﬂﬁﬁ%ﬂgggﬂ¢fggﬁﬁhcate, or (5) a multiavidin-therapeutic

agent - pol yner{ cjonj ugate; (c)
bi otin-thera i 3 CRBIATt 1999N]
(3) a polymerfnul tibiotin-mil
sai d conposi tfi on

(1) an avidi -t herapeutic agen

udat e,
tift herapeuti c agent conjugate;

a |t herapeutic conposition conprised of (1) a
(2) a polynmer-nultibiotin conjugate, or
(d) and, if

pol ymer conjugate, a conposition conprising
conj ugat 9 ¢2) a nul ti avi di n-pol yner

conj ugat e,
(e) and,

(3) avidin,

or (4) a multiavidin-nultitherapeutic agent-polyner;
I f said conposition (d) conprlses ot her then said

avi di n- therapeutlc agent
Escherichia coli
Neisseria gonorrhosae
Neisseria meningitidis
Pneumococcus
Hemophilis influenzae B
Treponema pallidum
Lyme disease spirochetes
Pseudomonas aeruginosa
Mycobacterium leprae
Brucella abortus
Mycobacterium tuberculosis
Tetanus toxin |
Anti-viral Mabs
HIV-1, -2, -3
Hepatitis A, B, ¢, D
Rabies virus
Influenza virus
Cytomegalovirus
Herpes simplex I and IX
Human serum parvo-like virus
-Respiratory syncytial virus
Varicella-Zoster virus
Hepatitis B virus
Measles virus
Adenovirus
Human T-cell leukemia viruses
Epstein-Barr virus
Murine leukemia wvirus*
Mumps virus
Vesicular stomatitis virus
Sindbis virus

Lymphocytic choriomeningitis virus

Wart virus

Blue tongue virus
Sendai virus

Feline leukemia virus*
Reo virus



;conjugéte, a conpositioh cdnprising a biotin-therapeutic agent conjugate, .
wherei'n at le fsaid coppositions (a)-(e) conprises a polyner
conj ugate, wh rBEHLAGEMENGiImrf f said polyner conjugate has a sufficiently

rigid stereoc cal struct 50 that only one avidin or biotin nolecule
of each conju at ;TPH%N? h conpl enentary biotin or avidin nolecule
al ready present |at é | esion. 3. A nedi canent when used for
treating | esi pnS+—eonprising: 46 (aJ &targeting conposition conprising

(1) a multiav d|n polyner-prote n conjugate, or (2) an avidin-protein
conjugate; (b) a Crearrmg—eefpesiti on conpri sing

Polio virus
Simian virus 40%*
Mouse mammary tumor virus#
Dengue virus
Rubella virus
*=animal virus
Anti-protozoan MAbs
Plasmodium falciparum
Plasmodium vivax
Toxoplasma gondii
Trypanosoma rangeli
Trypanosoma cruzi
Trypanosoma rhodesiensei
Trypanosoma brucei
Schistosoma mansoni
Schistosoma japanicunm
Babesia bovis i
Elmeria tenella
Oonchocerca volvulus
Leishmania tropica
Trichinella spiralis
theileria ‘parva:
Taenia hydatigena
Taenia ovis' _
Taenia saginata - |
Echinococcus granulosus -~
Mesocestoides corti
Antimycoplasmal MAbs
Mycoplasma arthritidis
M.'hyorhinis
M. orale
M. arginini
Acholeplasma laidlawii
M. salivarium
M. pneumonia

Additional examples of MAbs generated against
infectious organisms that have been described in the



(1) Bi otin, (2 a mul tibiotin- pol ymer conjugate, (3) a

mul ti bi otin- I T nt - pol yner conjugate, or (4) a
" - her s DGR T '

bi oti n-t herapg¢u te; (c) a localizing conposition conprising
(1) a multibi¢tin-polymer conjupate, (2) a multibiotin-nultitherapeutic
agent - pol ynmer JconjdiQaqAaY 1997 (B)| a bi otin-therapeutic agent conjugate, _
wherein the | pcalizing agent |s|the same_as or different fromthe clearing
agent; and (d] @ tTherapeutiT cpnpositioR2conprising (1) an _
avidin-therapeutic agent conjugate, (2) a polyner-multiavidin conjugate, or
(3) a polymer-nultiavidin-nmultitherapeutic agent conjugate; (e) and, if
said conposition (d) conprises polyner conjugate, a conposition

literature are noted below. ‘

MAbs against the gpl20 glycoprotein antigen of human

immunodeficiency virus 1 (HIV-1) are known, and certain

of such antibodies can have an immunoprotective role in

humans. See, e.g., Rossi et al., Proc. Natl. Acad. Sci.

USA, 86:8055-8058, 1990. Other MAbs against viral

antigens and viral induced antigens are also known. This

shows that proper selection of the epitope can

distinguish between a therapeutic and non-therapeutic

target.

MAbs against malaria parasites can be directed
against the sporozoite, merozoite, schizont and
gametocyte stages. Monoclonal antibodies have been
generated against sporozoites (circumsporozoite antigen),
and have been shown to neutralize sporozoites in vitro
and in rodents (N. Yoshida et al., Science 207:71-73,
1980) .

Several groups have developed MAbs to T. gondii, the
protozoan parasite involved in toxoplasmosis (Kasper et
al., J. Immunol. 129:1694~1699, 1982 I__,_, 130 2407-2412,
1983)

' MAbs have been developed against schistosomular
surface antigens and have been found- to “act against
schistosomulae in wvivo or in vitro (simpson ‘et al.,

~* Parasitology, 83:163-177, 1981; . Smith et al.,
Parasitology, 84:83-91, 1983; Gryzch et al., J. Immunol.,
129:2739~2743, 1982; Zodda et al., J. Immunol. 129:2326-
2328, 1982; Dissous et al., J. Immunol., 129:2232-2234,
1982) .

Trypanosoma cruzi is the causative agent of Chagas!'
disease, and is transmitted by blood-sucking reduviid
insects. A MAb has been generated that specifically
inhibits the differentiation of_one form of the parasite
to another (epimastigote to trypomastigote stage) in
vitro, and which reacts with a cell-surface glycoprotein;
however, this antigen is absent from the mammalian
(bloodstream) forms of the parasite (Sher et al., Nature,



«conmprising (1) ol.ot i n- therapeutic agent conjugate, (2) a _

mul ti biotin-po yﬁtﬁmAg (3) a multibiotin-nultitherapeutic

, If said conmposition (e) conprises other
than sai d bi otfi erapeutic dggnt, a conposition conprising an

avi di n-t her apgutfi c Qg@AY °9n) lgat e; wherein at | east one of said
conpositions conpriseg h pol ymer 2(;sory ugate, wherein the polynmer of
sai d pol ymer fonj ugat e has—asufficiently rigid stereocheni cal structure so
that only one av oL bi oti n Jnol ecul e of each conjugate will bind to a
conpl errent ary biotin or avidin nol ecul e already present at the target

|l esion. 4. An inprovenent in a nethod of treating |lesions in a subject,

t he met hod corrp?ggfﬁbe'tﬁ@vst%)of (a) parenterally injecting a subject

with a targeting cosntableMaALYTRAVE Wb abib18pbd UdaInOh8LE SORKLIat e or
microorganisms (bacteria, viruses,  protozoa, other
‘parasites) responsible for the majority of infections in
humans, and many have been used previously for in vitro
diagnostic purposes. These antibodies,' and newer MAbs
that can be generated by conventional methods, are
appropriate for use in the present invention.

Proteins useful for detecting and treating
cardiovascular lesions include fibrin-specific proteins,
for ekample, fibringen, soluble fibrin, antifibrin
antibodies and fragments, fragment B, (a 60 kDa fragment
of human fibrin made by controlled plasmin digestion of
crosslinked fibrin), plasmin (an enzyme in the blood
responsible for the dissolution of fresh thrombi),
plasminogen activators (e.g., urokinase, streptokinase
and tissue pia,sminoqen activator), hepai'in, and
fibronectin (an adhesive plasma glycoprotein of 450 kDa)
and platelet:-dire_cted’ proteins, for example, platelets,
antiplatelet antibodies and ant'ibody fragments, anti-
activated platelet antibodies, - and anti-activated-
‘platelet factors, which have been reviewed by Koblik et
al., Semin. Nucl. Med., 19: 221—237 1989, all of which is
included herein by reference. : ' ' :

Among the radionuclides useful in ﬁhe methods of the
present invention, gamma-.emitters ¢ _pesitron-emitters, x-

* ray emitter, paramagnetic ions and fluorescence-emitters
are suitable for -detection and/or therapy, while beta-
- and alpha-emitters and neutron-capturing agents, such as
Boron and Uranium, also cen be used for therapy.

Suitable radioisotopes for the methods of the present
invention include: Actinium-225, Astatine~211, Iodine-
123, Todine-125, Iodine-126, ITodine-131, Iodine-133,
Bismuth-212, Bromine-77, Indium~111, Indium-113nm,
Gallium—-67, Gallium-68, Ruthenium-95, Ruthenium-97,
Ruthenium-103, Ruthenium-105, Mercury-107, Mercury-203,
Rhenium-186, Rhenium-188, Tellurium-121m, Tellurium-122m,




x(ii)“aﬁ avidi -protein conjugate, wherein the protein of said conjugate .
binds to a r gﬂA@E E : pduced by or associated with the targeted
| esi on, and Al |-owi 5 jlugate to accrete at the targeted |esion; (b)

then parentefajly injecting cl eari ng conmposition conprised of (i) avidin,
when sai d tafget S MAYBgi tidn is a biotin-protein conjugate, or 47
(i1) biotin, en said targqtifng conposi higona i s an avidin-protein

conj ugat e, 1nd al | ow ng—sat | eari ng conposition to clear said targeting
conposition ¥4+omunon-targetedfsites and to bind to said targeting
conposition accreted at the targeted | esion; and (c) parenterally injecting

a therapeutic conposition conprised of a coq;u ate of
- Tellurium-125m, Thulium-165, Thulium-167, Thulium-168,

Technetium-99m, Fluorine-18, Silver-111, Platinum-197,
Palladium-109, Copper-67, Phosphorﬁs-32, Phosphorus~33,
Yttrium-90, Scandium-47, Samarium-153, Lutetium-177,
Rhodium-los,Praseodymium-142,Praseodymium-143,Terbigm—
161, Holmium-166, Gold-199, Cobalt-57, Cobalt-58,"
Chromium-51, Iron~59, Selenium-75, Thallium-201, and
Ytterbium-169. Preferably the radioisotope will emit a
particle or ray in the 10 - 7,000 kev range, more
preferably 50 - 1,500 kev. _

Isotopes preferred for external imaging
include:Iodine-123, Iodine-131, Indium-111, Gallium-67,
Ruthenium-97, Technetium-99m, Cobalt-57, Cobalt-58,
Chromium-51, Iron-59, Selenium-75, Thallium-201, and
Ytterbium-169.

Isotopes most preferred for internal detection
.includgz
-Iodine-125, Iodine-123, Todine-131, Indium-111,
Technetium-99m and Gallium-67. '

- Isotopes preferred for therapeutic use include:
Actinium-225, Bismuth-212, Lead-212, Bismuth-213, Iodine-
125, :.Iodine-131, . Rheniun~186, Rhenium-188, Silver-111,

wrlatiﬁumr;97,'Palladium-los,_COpper—GV, Phosphorus-32,
‘Phosphorus-33, Yttrium-90, Scandium-47, Samarium-153,
Lutetium-177, -Rhodium-los,f' Praseodymium=-142,
Praseodymium-143, Terbium-161, Holmium-166, and Gold—-199.

Among the therapeutic agents useful in the current
invention are isotopes, drugs, toxins, fluorescent dyes
activated by nonidnizimg radiation, hormones, hormone
antagonists, receptor antagonists, enzymes or proenzymes
activated by another agent, autocrine or cytokine. Many
drugs and toxins are known which have cytotoxic effects
on cells. They are to be found in compendia of drugs and
toxins, such as the Merck Index, Goodman and Gilman, and
the 1like, and in the references cited above. Any such
drug can be conjugated to or loaded onto the protein,
polymer or biotin/avidin by conventional means well know

— —

.




(1) avi di n and a therapeutlc agent when said clearing conposition is
bi-ot-H—ed—a—fher apeut i ¢ agent when said cl earing agent

biotin, or (
avi din, and
targeted | es
that at | eas

a pol ymer copp ISI

provi di ng an
adm ni st er ed
ambunt of sa

mﬂﬁNﬁﬁ@WEH'GHEﬁbrapeutlc_conp05|t|on to accrete at the

tnereby tregtijng the |l esion; wherein the inprovenent
3 uATReT
g multiplle

avidin or Hiatin binding sites, thereby

treating lesions in a subject, the nethod conprising the steps of (a)

i nj ecting the d@pFbetaxtks ﬁmé 1k estratied Birpenalesy tvitheEscdesrribed o
mul ti bi oti n- polapewre~.pr ot ei n conj ugat e,
wherein the protel%ﬂg

by or

for example, in photodynamic therapy, conjugated to
proteins, biotin or avidin and used in conjunction with
appropriate nonionizing radiation.

The use of light and porphyrins in methods of the
present invention is also contemplated and their use in
cancer therapy has been reviewed by van den Bergh
(Chemistry in Britain, May 1986, Vol. 22, pp. 430-437),
which is incorporated herein in its entirety reference.

Examples of known cytotoxic agents useful in the
present invention are listed in Goodman et al., "The
Pharmacological Basis of Therapeutics," Sixth Edition,
A.G. Gilman et al, eds./ Macmillan Publishing Co. New
York, 1980. These include taxol; nitrogen mustards, such
as mechlorethamine, cyciophosphamide, melphalan, uracil
muétard and chlorambuéil} ethylenimine derivatives, such
as. thiotepa; alkyl. sulfonates, such as busulfan;
nitrquureas; such: as carmustine, lomustine, semustine
and - streptozocin; triazenes, such as dacarbazine; folic
acid“analbgs; such as methotrexate; pyrimidine analogs,

" such” as fluorouracil, cytarabine and azaribine, purine
Lo analogs, such as: m@rcaptopurine and thioguanine; vinca

alkaloids, : such - “yinblastine and vincristine;
antibiotics, . snbh‘ as" dactinomfcin, daunorubicin,
doxorubicin, bleomycin, mithramycin and mitomycin;
enzymes, such as Le-asparaginase; platinum coordination
complexes, such as cisplatin; substituted urea, such as
hydroxyurea; methyl hydrazine derivatives, such as
procarbazine; adrenocortical suppressants, such as
mitotane; hormones and antagonists, such as
adrenocortisteroids (prednisone), progestins
(hydroxyprdqesterone caproate, medroprogesterone acetate
and megestrol acetate), estrogens (diethylstilbestrol and
ethinyl estradiol), antiestrogens (tamoxifen), and
androgens (testosterone propionate and fluoxymesterone).

S

r jof binding sites to which a subsequently
conposition of stijep (b) or (c) binds, thereby anplifying the
g-tnerapeuti ¢ agent at the targeted lesion. 5. A et hod of

or (2) a biotin-protein conjugate,

PO INERE Sl D850 | SoRtIREKEEes WPLANESad! Oduced

S

dsitions of step (a) or (b) further conprises



+associ a't ed with the targét | esion, and allow ng said conjugate to I
accunul atre—at—thae_1AT esion to provide biotin nolecules at the esion;
(b) inje *tREPd—A&EQF@gr%ﬁET apent conprised of (1) avidin, or (2) a

mul tiavi i - poI ymer conj Jg at e, or (3) a nmultiavidin- mul ti t her apeutic
agent - polly AYO90Z, (4) an avidin-therapeutic agent conjugate, or
(5 a m.l|tIaVI I n- theraptnu i c agent-polyggr_conjugate, and permtting sai d
cl earingia circul ating biotin conjugate; (c) injecting a

local izirlg agent conprisedjof (1) avidin, or (2) a nultiavidin-polymer
conjugate; or (3) a multiavidin-nultit herapeut I ¢ agent - pol yner conj ugat e,

or (4) an avi di n-therapeutic agent conjugate, or
Drugs that interfere with intracellular protein

synthesis can also be used in the methods of the present
invention; such drugs are known to these skilled in the
art and include puromycin, cyclohexinmide, and
ribonuclease. . . .

Toxins can also be used in the methods of the present
invention. Toxins useful as therapeutics are known to
those skilled in the art and include plant and bacterial
toxins, such as, abrin, alpha toxin, diphtheria toxin,
exotoxin, gelonin, pokeweed antiviral protein, ricin, and
saporin.

Toxins in their native form require a minimum of
three different biochemical functions to kill cells: a
cell binding function, a cytotoxic function, and a
function to translocate the toxic activity into the’
cells. _ ) .

The modified toxins useful in the present 1nvention
differ from native toxins in that the domain providing
the cell binding function of - the. native toxin is
nonfunctioning because the ‘Qomain is missing partially or
totally. Lo - BRI

- Other. therapéutic
invention - include: ant

'gents usefu]. in the present

anti-RNA, ‘radiolabeled
oligonucleotides anti-sensé . oligodeoxy
ribonucleotides, : anti—protein £ and anti-chromatin
cytotoxic or antimicrobial _agents.

‘The proteins useful in the methods of the present
invention may be labeled or conjugated by a variety of
methods known in the art. Many of these methods are
disclosed in the above-referenced U.S. Patents and Patent
Applications. See also, Rayudu, op. gij_:_,_ and Childs et
al., J. Nuc, Med., 26, 293(1985). Any conventional
method of radiolabeling which is suitable for labeling
isotopes for in vivo use will be generally suitable for

labeling detection agents according to the present
invention.



.(5) a nultiavidin-therapeutic agent-polyner conj ugate, wherein said

| ocal i zi ng 3 as or different fromsaid clearing agent and
is injecte ggl(!}?EmENl?eS}E:WE or subsequent to said clearing agent, and
permttingisdid IocaI|2| ngl{agent to localize at the target |esion by

bi ndi ng to fa |bi 3t0 MA?‘DWQZUI e} (d) injecting a conposition conprising (1) a
bi oti n-t her utic agent cdnjjugate, or_(23 @ polyner-nultibiotin conjugate
or, (3) a ppl i bi n-mul ti-therapeutic agent conjugate, 48 and
permtting piotin mlecwes—af said conposition of step (d) to bind to
avidin'nol ecul es of said |ocalizing agent of step (c);

The avidin or biotin may be conjugated to therapeutic
agents such as drugs; toxins; agents useful in neutron
capture therapy, such as boron and uranium; isotopes;
fluorescent dyes activated by .no'nionizing radiation;
hormones; autocrines; enzymes and proenzymes activated by
another agent; cytokines; cytoprotective egents; etc., by
methods known to those skilled in the art. US Patent
5,057,313, Shih et al, hereby incorporated by reference,
teaches one such method. :

- Other examples of methods of conjugating avidin to
a detection or therapeutic agent include the following:
(a) the chloramine-T or Bolton-Hunter procedures for
conjugating iodine, (b) the procedures described by
Griffiths et al. (Cancer Res. 51:4594, 1991) or Fritzberg
et al. (U.S. Pat. No. 5,120,526) to conjugate technetium
.or rhenium (c) through bifunctional chelating agents as
described by Meares et al. (Br. J. Cancer 62:21, 1990) to
conjugate metallic nuclides. Additionally, avidin or
biotin can be bound to dendrimers by procedures described
for amino-containing proteins as described by Hnatowich
et al. (J. Nucl. Med. 28:1294, 1987).
- Biotin can be readily conjﬁgated to . proteins -
" (including "antibodies and their: fragments) via the
proteins'  1lysine- and cysteine residues , ‘and, 1if-
available, their oxidized- carbchydrate groups. These
methods are exemplified below. :

Methods which can be used to conjugate biotin or
avidin to dextran- include those described in Shih et al.
U.8 Patent 5,057,313, which is .hereby incorporated by
reference, for conjugating haptens containing suitable
derivatives groups to dextrans.

One method for the conjugation of biotin to a
starburst dendrimer is to treat a generation 3 to
generation 10 starburst dendrimer solution (0.01 to 100
mmol) in tris, hepes, phosphate, carbonate or borate
buffer (1 to 2000 mmol) with a solution of N-
hydroxysuccinimidobiotin or N -



. (e) if a coﬁm&ﬁﬁﬁ%‘ﬂ §iH 1;lg polymer is used in step (d), then injecting.a
P

conpositionjc rrsing (1) kBnl avidi n-therapeutic agent conjugate, or (2) a
rMAppsibate}l or (3) .avidin, or (4) a

| tT Therapeuti ¢ @gent-pol ynmer conjugate, and permtting an
avidin rmleci of—sat-d-Toposgi tion of step (e) to bind to a biotin

nmol ecul e of :said I ocalizing nposi tior @B step (d); (f) I f other than said
avi di n- therapeutlc agent conjugate has been injected in step (e), injecting
a biotin-therapeutic agent conjugate and permtting a biotin nolecul e of
sai d conjugate of step (f) to bind to an avidin nolecule at the target

at | east one <t SHEPHTHE BarS TR adb Lo e (ol e, K g 0BT oo cal |
structure so thm-%nﬂ\gﬁnméuamwml@r olyi BMSh mehmhédeﬁ in amounts up
to 70% to facilitate solubility. The reaction is allowed
to proceed for 0.25 to 24 hours at 4-100°C.  The
substituted polymer is purified by dialysis and/or size-
exclusion or ion-exchange chromatography. The
substitution ratio of biotin to polymer is determined
with the HABA reagent and a standard photometric
determination of free amino groups, for example with
flourescamine or ninhydrin. .

Oone method for conjugating avidin to a starburst
dendrimer is to treat a generation 3 to generation 10
starburst dendrimer (0.01 to 100 mmol) with maleic
anhydride (0.01 to 1000 mmol) in a suitable solvent such
as DMF, toluene or DMSO with the optional addition of a
base such as potassium carbonate or sodium hydride. The
reaction is allowed to proceed for 1 to 96 hours at a
temperature of 25 to 170°C, .optio!nally with a device for
the removal of water formed during the reaction, to drive

. the reaction to completion. This and similar reaction
conditions are well known and described in the literature
(Hargreaves et al. Chem. Rev.- ]_Q° 439-469, 1970),. The
reaction mixture- is puri.fied by size-exclus:.on or ion-
exchange chromatography and/or. dialysis in a buffer below
pH 7, to preserve maleimide- groups. . The substitution
ratio of maleimide onto: the dendrimer is determined
spectrophotometrically through the absorbance of the
conjugated imide and quaritit_ation of aminq-groups pre-
and post-reaction with reagents such as flourescamine and
ninhydrin. Avidin is either reduced with a thiol agent
such as 2-mercaptoethanol, to cleave a limited number of
disulfide bonds (Griffiths et al. Cancer Res. 51: 4594~
4602, 1991) or reacted with a reagent which is known to
insert free thiol groups into proteins. For example, in
the latter method, a solution of avidin (0.001 to- 1000
mmol) in tris, hepes, borate, carbonate or phosphate
buffer, ph 6 to 10, is treated with a solution of 2-

mul ti avidin
mul ti avi di n—




each bohjugate binds to a mlecul e al ready present at the target |esion.

A net hod of

injecting a
mul ti avi di n-
wherein the
by or associ
accrete at t

'R

S

Sl

Pr
at

tACEMENTSSHBES | n a subject conprising the steps of (a)
' argeting conposition conprised of a

é ¢onj ugate or an avidin-protein conjugate,
ot ﬂh 6 ‘@ fd C)njugate binds to a marker substance produced

ed with the tar et lesion,.agyl .allowing said conjugate to

(1) biotin,

he target lesion; |(b) injecting a clearing agent conprised of

'i n-pol yner conjugate, or (3) a

nultlblotln nultltherapeutlc agent - pol yner conjugate, or (4) a biotin-

t herapeutic agent_con ernlttln said clearin agent to reane
circul ating con1ﬂ8é?8£§?gi?%$ g) @8 %i

00%1)to 01000 ABOL) 1 oc M

conpri sed of (1)aalnued|booprnepedyﬁer e@j ugatd} lours at 4° to 50°C.

The substituted avidin is purified as above and the
number of thiol groups determined by the Ellman reaction
(Ellman, Arch. Biochem. Biophys.82: 70-77, 1959).

The maleimide-~dendrimer (0.001 to 100 mmol) and the
thiol-avidin (0.001 to 100 mmol) are mixed together in a
suitable buffer at a pH of 5-8 for 0.25 to 24 hours at 4°
to 50°C. The conjugates are purified by size-exclusion,
ion-exchange, affinity, and/or hydrophobic interaction
chromatography according to the exact nature and size of
the polymeric reactants. Conjugates are . sized by
native/SDS gels and -analyzed for biotin-binding
capability with the HABA reagent, as described above.

Methods of preparing conjugates of multiavidin/biotin
with polymer and active agent are known to those skilled
in the art. One method is illustrated in the examples
below. i

A physiological solution of fhe protein containing
conjugate is advantageously metered into sterile vials,
e.g., at a unit dosage of about 1.0 - 500 mg protein
conjugate/vial, and.'the vials are either -stoppered,

sealed and stored at low: temperature, or lyophilized,

stoppered, sealed:and stored.. .

In an embodiment of the detection or therapeutic
protocol of the present invention, the biotin-polymer-
protein conjugate can be injected parentally, usually at
a protein dose of 0.5 to 200 mg. This can be
administered as a single injection or in divided doses.
After 1-5 days, more preferably at less than 2 days and
even at less than 1 day when the first agent involves a

- small and rapidly targeting molecule, such as an antibody

fragment or subfragment, a dose of unlabeled clearing
agent, such as 2.0 to 200.0 mg avidin. is administered
parenterally. The clearing agent and localizing agent
can be given as a single injection or in divided doses;
administering the clearing agent and localizing agent in

6. .



. (2) a mul ti bi oti n- rrultltherapeutlc agent - pol yner conjugate, or (3) a )
bi oti n-t her aj gate, wherein said |ocalizing agent is the
sanme as or djf }éﬁ%ﬁtﬁﬁgg}l clearing agent and is injected concurrently
wi th or subsgpquent to said gl daring agent and permtting said |ocalizing

agent to | ocpl} zS giAvheg9zarigdt | esi on by binding to an avidin nol ecul g;
(d) injecting p conposition fcqnprised oOfgd 1) an avidin-therapeutic agent

conjugate, of (2ZJ a porymer=mjltiavidin conjugate or,
REPLACEVENT SHEET (3) a polynmgr-multiavidin-nultitherapeutic agent
conj ugat e, 49 and pernitting avi d| n nol ecul es of said conjugate of step

(d) to bind to b| otin
two doses is preferred in certain circumstances. The

third step involves injection of the biotin conjugated to
a detection or therapeutic agent. The third step's
reagents can be administered parenterally within 24 hrs
of the 2nd step, but also at up to 3 days later. 1In one
detection embodiment, the third step involves 111-In
conjugated to biotin attached to a 1lesion-targeting
antibody or antibody fragment. Within 24 hours of the
last injection, more preferably within 4 hours, planar
and single-photon emission.computed tomography scans are
made with a gamma camera equipped with the abprOpriate
collimator and selecting the appropriate energy windows
for the detection isotope being used, such as 173 keV and
247 keV for 1li-In.

In another embodiment of the detection or therapy
protocol of the present invention, the biotin-lesion-
targeting protein conjugate can be injected parenterally,
usually at a proteiﬁ'dose of 2 to 200 mg, more preferably
within a dose range of 5 to 50 mg. ‘This can be
administered as a single or as. divided injections. After
1-5 days, more preferably at less than 2  days and even at
less than 1. day when the first aqent involves a small and
rapidly targeting protein, such as an antibody fragment

- or suhfragment , a dose of a multiavidin—polymer conjugate
- clearing agent: is. given parenterally. The longer the
delay after the first step, the lower the amount (and
ratio) of clearing agent and localizing agent given. The
‘ clearing agent and the localizing agent can be given as
a single injection or in divided doses, dividing the
administration of the clearing agent and localizing agent
into at least 2 doses may be preferable, usually within
a short period, such as within 2 hrs. In the third step
of this embodiment of the invention, a dose of 2 to 200
mg of biotin conjugated with a detection or therapeutic
agent, as appropriate, is administered parenterally
either as a single dose or in divided doses.



nmol ecul es of said |ocalizing agent; (e) if a conjugate containing polyner
Is used in step é 4 I ng a conposition consisting essentially of
(1) a biotin-the gonj ugat.e, or (2) a nultibiotin-polyner

conj ugate, or {(3 _
and permtting theSMjnnynw | gcyl es of the conjugate of step (e) to bind to
avi di n nol eculfeg provi ded gz $ajd conpasighi an of step (d); (f) if other
than a biotin{therapeut+e—ageht| has been injected in step (e), injecting an
avi di n-t herapsutic_agent conjugpte and permtting the avidin nol ecul es of

t he conjugate of step o—b+nd to biotin nolecules at the taaget | esi on
thereby treating the | egjon; .wherein a polyner conjugate is _used in at

| east gne step gf t he JR R8st he 398 ynBPARE4CaTIGNF| ¢j @At | yERRER

st ereochem cal Hmudakienso wildt | yeadidybi appparent avo dkhenolradinbeyof each

conj ugat e bi ndssiia 1ed"BE8ENAR, Ad R HUnBEESEYr Rhe! PRal A8 Hedd® of
the patient or treatment regimen, as well as of
variations in the form in which the radioisotopes may be
provided or may become available. i
Routes of administration for the composition include

intravenous, intraarterial, intrapleural,
intraperitoneal, intrathecal, subcutaneous or by
perfusion.

An application. for the method of the present
invention is for magnetic resonance imaging (MRI). 1In
this case, for example, a suitably radiolabeled conjugate
or a conjugate bearing a mr image enhancing agent is
administered with the intention of obtaining an image of
the lesion. _

"The method of the invention can be practiced either
with scintigraphic or magnetic resonance imaging agents.
A combination of these imaging agents can also be used,
although this requires more complex. instrumentation and
data processing.

Scintigraphic imaging according to the method of the

" invention is effected by'obtainihgsa scintigram of the
lesion of interest. : ' :

The scintigram is normally taken by a gamma imaging
camera having one or more windows for detection of
energies in the 50-500 keV range. Use of radioisotopes
with higher energy, beta, or positron emissions would
entail use of imaging cameras with the appropriate
detectors, all of which are conventional in the art.

The scintigraphic data can be stored in a computer
for later processing. _

Methods wuseful for internal detection and/or
treatment of tumors and/or other lesions are disclosed in
U.S. Patent 4,782,840; U.S.Patent 4,932,412; and
copending U.S. Application 07/879,857, the disclosures of
which are incorporated herein by reference. The methods



+ 7. ‘The ne |"¥-5' di to claim2 or the nmethod according to claimb5,
wherein: sgi hsi ti on conprises said

mul ti bi oti bnj ugat e; said clearing and/or |ocalizing
conposi ti of and said therapeutic conposition conprises
said biotig conjugate. 8. The nedi canent according to

claim2 orft ing to cl arm®d,-wherein said targeting
conposi ti de=gonpri ses sai d Qiotin-protein/conjugate; said clearing and/or
| ocal i zi ng conposTTTromeewpdi ses said multiavidi n-pol ymer conjugate; and
sai d therapeut I C corrposi t I on conprises said biotin-therapeutic agent

conj ugat e, 9. SEIGMPCLEGIEN $R08ELAD LanthAl Tiled! cbh iRl eggor ding

to claimb5, vvherelns dtar osition conprises s
bi ot i n- pr ot e n%ﬁj"eﬁaﬁés‘%‘ﬁﬂi c’r’baﬁlﬁ?@ é'ﬁtfﬁé’lenpﬁéal i zi ng conposition
conpr.i ses said ml Magnetic- pekynance hthapbng i (MRUENLs Corfegoéd; innansai d

ther apeuti ¢ COMRANILLAR HEIMEL 36568l dHaihlk LhRLFREULE ﬁ%tceﬂaugate

10. The medi canent dccordi ng cTalm ing to claimé,
imaging agents will contain magnetlc resonance

enhancing species rather than radio:.sotopes. It w111 be
appreciated that the magnetic resonance phenomenon
operates on a different principle from scintigraphy.
Normally, the signal generated is correlated with the
relaxation times of the magnetic moments of protons in
the nuclei of the hydrogen atoms of water molecules in
the region to be imaged. The magnetic resonance image
enhancing agent acts by increasing the rate of
relaxation, thereby increasing the contrast between water
molecules in the region where the imaging agent accretes
and water molecules elsewhere in the body. However, the
effect. of the agent is to decrease both T, and T,, the
former resulting in greater contrast while the latter
results in lesser contrast. Accordingly, the phenomenon
is concentration-dependent, and there is normally an
optimum concentration of a paramagnetic species for
maximum efficacy. This optimal concentration will vary
with the particular agent used, the 1odu_s of imaging, the
mode .of imaging, i.e., spin-echo, saturation-recovery,
inversion-recovery and/or various . other strongly T~
dependent or T,~dependent _}maging techniques, and the
composition of the medium in which the agent is dissolved
or suspended. These faétors,. and . their relative
importance are known in the art. See, e.g., Pykett,
Scientific American, 246, 78(1982); Runge et al., Am. J.
Radiol., 141, 1209(1983).

' The MR image enhancing agent must be present in
sufficient amounts to enable detection by an external
camera, using magnetic field strengths which are
reasonably attainable and compatible with patient safety
and instrumental design. The requirements for such
agents are well known in the art for those agents which




-0 posi tion conprises said avidin-protein conjugate;
; BEE![AD’,‘IEMEmagH conposition conprises said

mul ti bi oti n- pol and said therapeutic conposition conprises
[ I di ' onjugate. 11. The medi canent according ta

claim3 or the addrding to claim6, wherein said targeting
conposition aaTdl i d gvijdi n-proteiB3cenjugate; said clearing and/or

| ocal i zi ng es said nultibiotin-polyner-therapeutic agent
conj ugat e; and lic conposition conprises said

avi di n-t herapeutic agent'conjugate 12. The nedicanent or met hod accordi ng

to any one of ﬁlag}e”%néﬁ- effl\'héa{ 'pﬁnbogté%%ﬁipeu lqe &le(ﬁutggegngeutlc

radi oi sot ope, t OXI res e(§:ye ac
are dlsclosed 1nter alia, in Pykett, _o_g c1t., and Runge

et al., op. cit.

MRI contrast agents are well known in the art and
include, for example, Gadolinium, Iron, Manganese,
Rhenium, Europium, Lanthanium, Holmium, and Terbium.

The MR scans are stored in a computer and the images
processed analogously to the scintigraphic data.

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description,
utilize the present invention to ité fullest extent. The
following preferred specific embodiments are, therefore,
to be constrned as merely illustrative, and not
limitative of the remainder of the disclosure in any way
whatsoever. In the following examples, all temperatures
are set forth uncorrected in degrees Celsius; unless
otherwise indicated, all parts and percentages are by
weight.

.Accordingly, these embodiments constitute improved
methods and reagents for amplification of therapeutic or
_det_ection agents at a lesion targeted for detecting and
therapy _especiéli& .0of cancer and other pathological

conditions.
' . EXAMPLES
Example 1 - t ' ntibo _O tibod
Fragment to Biotin

a) Via a lysine residue _

An antibody or antibody fragment at a concentration
of 1-20 mng/ml in a non-amine containing buffer
(e.g.,borate, phosphate, etc.), at a suitable
concentration (0.05-0.5 M), -at a slightly elevated pH
(7.0~9.5), is mixed with a. 1-100 molar excess of the
activated ester (succinimide or sulfosuccinimide are
preferred) of D-biotin or D-biotin incorporating a spacer
arm (such as succinimido-6-[{biotinamido}hexancate). A
co-solvent, such as dimethylformamide (DMF) or
dimethylsulfoxide (DMSO), may be added to provide a final



by non-i oniz_,L,n_g___r_a_d_i_a.t_i_o_a,__,é_horrmne, a hornone antagoni st, a receptor .
ant agoni st.,J &’{EPQRZEMH\IT gHgmoénzyme activated by another agent, an autocrine
or a cytokipne Hhe—meeicgnent or met.hod according to any one of clains

1-11, wherefnf the tliq@ agent is an electron- or neutron-capturin
agent whichjig Pt{ém%@ Verited to a therapeutic radi oi sotope. 1épl. Theg
medi canent Loethod. am:o.t.dl g to claimig, -wherein said therapeutic

radi oi sotopge is |odine-125, Ilfodi nel31, Actinium 225, Bisnuth-212,

Bi srmut h- 2134 Hum 186, Rhenium 188, Silver-111, Pl atinum 197,
Pal- I adi um 109, Copper - 67 Phosphor us- 32, Phosphorus-33, Yttrium 90,

Scandi um 47, Samarium 153, Lutetium 177, Rhodi um 105, ,Praseod %
Praseodymi um 142PNCRRSTAEHEDS 1 0F HorR (1R 188%0r t@p| kRS tate é@ E@B cament
or net hod accorsﬁ]m;:jnd.my e ofeadtdions sblhtionhéseshitrhedt ierapedsi c

agent is an antygphn xﬁi’)ﬁ;}e ke tém%é%@df@f@d@%ﬁd ‘i:oolahGQHUCheO&hde an
anti-protein or an antl- matin cytoxic_or antimcraqbial géanl .
end of the reaction period ' the modified prodtein is
separated from unbound biotin and other low molecular
weight contaminants by size~exclusion chromatography
and/or dialysis.
b) Via a Cysteine Residue _
An antibody or antibody fragment at a concentration
of 5~20 mg/ml in 0.1-0.5 M tris buffer, pH 8.7, is made
0.5-5 mg/ml in 2-mercaptoethanol. The reaction solution
is let st_and for 5-120 minutes at a temperature of 4°-
37°C. The reduced protein is separated from unreacted
thiol by size-exclusion chromatography in 50 mM acetate
buffer, pH 4.5. Protein concentration and the number of
thiol groups per antibody molecule may be determined at
this time. The reduced antibody or antibody fragment at
a: concentration of. 1-20 mg/ml in a non-amine containing
buffer (e.g., phosphate) at a neutral pH (5.0-7.0) is
mixed with a 1~100 molar excess of biotin-maleimide (N-
‘biotinyl-N=-{6-maleimido hexanoyl]hydrazide) (Sigma Chem.
. €0)... A.co-solvent, e.g., DMF or DMSO, may be added to
provide a final concentration of up to 20% to facilitate
reactant solubility. The reaction solution is stirred
- for 1-24- hpi:rs at a temperature between 4~37°C. At the
end of the reaction period, the bioi:inylated protein is
'separated from unbound biotin and other low molecular
weight contaminants by size-exclusion chromatography
and/or dialysis.
c) Via a Carbohydrate Moiety
Antibody or antibody fragment at a concentration of
1-20 ng/ml is treated with sodium nietaperiodate to a
final concentration of 0.1-10 mg/ml in phosphate buffered
saline at room temperature for 1-4 hours. Ethylene
glycol is added to decompose the remaining periodate.
The oxidized IgG is purified from low molecular weight
contaminants by size-exclusion chromatography in

=




*16. The medi cange
t axol ,. mechl or
chl oranbuci |,
streptozocin,
azari bi ne, ner
dacti nomyci n,

=t-ag.according to claim 12, wherein the drug is
@Qbsnmﬁo-phanide, nmel phal an, uracil nustard,
n] carnustine, |onustine, senustine,
19 t hojrexate, fluorouracil, cytarabine,
hi pguani ne, vinbl astine, vincristine,
xqgr ubi ci k., 38l eonycin, mthranycin, mtonycin,
L- asparagi nase ydroxyurea, procarbazine, m t ot ane,
pr edni sone, hydroxypr oge caproate, medroprogesterone acetate,
di ethyl stil bestrol, ethinyl estradiol, tanoxifen, testosterone propionate
or fluoxynester TE@ di canent qr..method according to claim 12,
EREIEF ot

wherein the tox® Rgsll%hla;tﬁr Fphal 8% 1d1igeanheRELPAAY o(d 720 Badimd); s
gel oni n, pokewckepceked Wwith arat+2p0, mplarnezcesapofi miotin-Aydehedaion kit
when used for depestédgchesiens GLNPrEAl NP ndntahdRb N AAIPOSEL LON
conprising a biqtin-protein conjugate or an avidin-protein conjugafté,
wherei n the pro?olé??’%teﬁ"ew&ﬂtg'bﬁﬁﬁs) 3t Pelnad pHIH$-Am€a Opr S8ticed or
1~48 hours at 4-37°C. After the optimum time for
coupling, the formed hydrazones are reduced by 'l'ihe
addition of sodium cyanoborohydride with pH adjustment to
>7. The biotinylated antibody is purified by size-
exclusion chromatography and/or dialysis.
- q) Via Addended Thiol Groups
An antibody or antibody fragment at a concentration
of 1-20 mg/ml in a non-amine containing buffer {(e.gq.,
borate, carbonate, etc.) at a suitable concentration
(0.05-0.5M) and pH (7-10) is mixed with a 1-100 molar
excess of 2-iminothiolane hydrochloride (Pierce Chemical
Co.). The reaction mixture is made 1-100 mM in EDTA to
help prevent disulfide bond formati?n and held at 4-37°
for from 1~4 hours. The modified protein is purified by
size-exclusion chromatography in a.neutral to slightly
acidic buffer (e.g., acetate, citrate, etc.) pH 5.0-7.0.
The purified sulfhydryl substituted antibody (1-20 mg/ml)
is mixed with a 1-100 molar excess of biotin maleimide.
A co-solvent, e.g@;;DMF;Q!:DﬁﬁQ,nﬁaysbe.added to a final
concentration. of:-up to::20% .to facilitate reactant
solubility. The reaction solution is. stirred for 1-24
hours at a temperature between 4-37°C. At the end of the
reaction period, the biotinylated protein is separated
from unbound biotin and other low molecular weight
contaminants by size-exclusion chromatography and/or
dialysis.
e) Site-specific Conjugation of Biotin and Fab'
Fragments _
An antibody F(ab'), fragment (obtained by pepsin
digestion of the intact antibody) at a concentration of
5-20 mg/ml in phosphate buffer at pH 6-8 is treated with
a freshly prepared solution of L-cysteine to give a final
cysteine concentration of 1-50 mg/ml. The reaction is




.associ ated wity ed Ie5|on a clearing and/or localizing
conposi tion cogpyt ‘ , mhen the targeting conpositionis a
bi oti n- protei biotin, when the targeting conposition is
an avi di n- protfeijn edhpy a e a detection conposition conprised of a
' I }~avidin a 97 a/dét ection agent when the clearing and/or

, or (iL)sRgiotin and a detection agent when
the cl earing agen erein at Feast one of the targeting or
cl earing and/or | ocall onpositions further conprises a polyner to
which nultiple noieties of avidin or biotin are conjugated. 19. A detection
kit when used for detecting |esions, conprising: 51

allowed to proceed for 1-4 hours at 25-37°C. At the end

of this period, the Fab' fragment is purified from low
molecular weight contaminants by size-exclusion
chromatography in an acidic buffer (e.g., acetate, etc.)
at pH 4.0-6.0. The Fab' fragment is reacted with a 1-100
molar excess of biotin-maleimide at pH 5.0-7,0. A co-
solvent, e.g., DMF or DMSO, may be added to a final
concentration of up to 20% to facilitate reactant
solubility. The reaction is stirred for 1-24 hours at a
temperature between 4-37°C. At the end of the reaction
period, the biotinylated antibody fragment is separated
from unbound biotin and other 1low molecular weight
contaminants by size-exclusion chromatography and/or
dialysis.

£) Determination of Extent of Biotinylation of
Proteins

A small amount of biotinylated antibody is heated to
56° in 0.1M phosphate buffer for 10 minutes and-
enzymatically digested with small volumes of 1% pronase
(sigma cChemical Co.). The digestion is allowed to
proceed overnight. The digest is analyzed with a 10 uM
solution of avidin saturated with a 100 uM solution of 2-
(4'-hydroxyazobenzene)-benzoic .acid (HABA) . in 0.1M
phosphate buffer, pH 7.0. The avidin-HABA solution is.
titrated with increasing volumes of d_igested biotinylated
antibody as well as a standard biotin solution containing
1-10 mM of biotin. - The change in absorbance at 500 nM
for each is determined, and the concentration of biotin
in the pronase digested biotinylated antibody calculated
from reference to the standard curve of the titration of
biotin with avidin-HABA. _
Example 2 - Preparation of a multibiotin~-starburst

| dendrimer-antibody Fab' fragment conjugate

0.001 mol of a multibiotinylated-starburst dendrimer
in Tris.HCl1l buffer (0.1M, pH 8.0, 1ml) prepared as
described generally in the specification above, is
reacted with a solution of bromoacetyl chloride (0.02




< (a) a targeti-n

onprising a nultibiotinpolyner-protein

g--conposition ¢
conj ugate o REPIDAOEMENTDSHEHI n conjugate, wherein the protein of said

conj ugate pke

erenttatty—bhi fds to a nmarker substance produced or

associ ated mi [ hot gd {l esion; (b) a clearing and/or |ocalizing
~conposi tion conﬁ#?gfka%%? i di i avi di n- i

a multiavidi nsmultidetectidn{agent-pol yngg conjugate, (4) an

avi di n-detgction agent conjugate, or (5) a nultiavidin-detection

agent - pol y

bi-oti n-detection agent conjugate (2) a polymer-nultibiotin conjugate,
(3) a polyner-nultlblotln nultldetectlon agent conjugate; (d) and I f said

conposi tion (c)@Ynpr iBesCHRtHEr SHAfovife, PMSShpolr2i drl) the

dropwise addition of the latter over 1 hour with
stirring. The reaction is stirred at room temperature
for a further 1 hour and the dendrimer purified on a G-10
size exclusion column. A Fab' fragment of a monoclonal
antibody which binds to colon-specific antigen p ’is
prepared by reduction of a 20 mg/ml solution of the
F(ab'), fragment with a 50 mg/mi solution of L-cysteine
in phosphate buffered saline (PBS), 40 mM, pH 7.4, for 1
hour at 37°C, and subsequent purification of the Fab!
fragment on an acrylamide column run in acetate buffered
saline (ABS) 0.1 M, pH 4.5. The Fab' fragment assays for
2-3 free thiol groups per Fab' when analyzed with
dinitrodithiobenzoic acid (DTNB) by the method of Ellman.

The bromoacetyl multibiotinylated dendrimer (0.0005
mmol) is mixed with a solution of the reduced antibody
Fab' fragment (0.0005 mmol) in Tris.HCl buffer, 0.1 M, pH
7.5, and the solution stirred at room temperature for 3
hours. The Fab'~(biotin),-dendrimer conjugate is
purified on a bed of S-sepharose equilibrated in 50 mM
sodium acetate and run in a gradient of 0 to 1 M sodium
chloride.
Example 3 -~ eparation o multibiotinvlated 40
kiloDalton dextran
A- One gram of dextran (40 kD MW) is partially oxidized
with sodium periodate (0.33 _g) by stirring them together
for 1 hour in the dark at room temperature. The
polyaldehyde dextran so formed is purified by buffer
exchange with an Amicon filter unit and lyophilized to
give a white powder.

The polyaldehyde dextran (0.02 mmol) is then reacted

with biotin hydrazide (1 mmol) at room temperature for 4

hours in PBS buffer, 0.1 M, pH 7.5, to form hydrazone
derivatives. The hydrazones are reduced by the addition
of sodium boréhydride (3 mmol) and stirring for 2 hours
at room temperature. The biotinylated dextran is then
purified on a G-25 gel-filtration column run in 50 mM ABS

ayi di n, (2) a mul tiavidin-pol ymer conjugate,

'a detection conposition conprised of (1) a

(3)

or



+conptising (1) an avidin-detection agent conjugate, (2) a

mul tiavi di , (3) avidin, or (4) a

nmul ti avi di Eent polymer; (e) and, if said conposition (d)
conpri ses tITuer then sair d pv| di n-detecti on agent conj ugate, a conposition
conprisingla bl?blﬁm\dquft oh agent-conjugate, wherein at |east one of said

conposi ti ofs (e) sps a pol ynerygcQnj ugate, wherein the pol yner of
sai d pol ymer ~conjugate—has! al sufficiently rigid stereochem cal structure so
that only ¢ne avidin or biot}n nolecule of each conjugate will bind to a

conpl ementary brotrn or_avidin nol ecul e already present at the target
| esion. 20. A detection kit when used for detecting |esions, conprising:

(a) a targetin§Ccofdddinase comw i HMhg cantaminantsyi di nmﬁ'@l yiekQtrnt e n
conjugate, or substitution level is estimated by the HABA test

procedure and confirmed by titration against an
accurately measured amount.of avidin.

B- In alternative procedure, the polyaldehyde dextran
(0.02: mmol) is reacted with 1,3-diamino-2-hydroxypropane
(2 mmol) at room temperature for 24 hours and then
treated with sodium borohydride (3 mmol) for a further 2
hours at room temperature. The amino-dextran is purified
on a G~25 size~exclusion cdlumn run in 50 mM ABS, pH 4.5,

and the amino-substitution determined
spectrophotometrically by reaction with
trinitrobenzenesulfonic acid (TNBS). An amino

substitution level of 50 to 100 per dextran is obtained
when assayed against an amino reference compound. The
amino dextran (0.001 mmol) is then reacted with an N-
hydroxysuccinimide ester of biotin (o.os'mmol) at a pH of
8 for 24 h at 25°C. The (biotin) dextran is then
separated from the low MW contaminants on a G-~25 size-
exclusion column run in 50 mM ABS, pH 4.5. The biotin
substitution ratio is determined with the HABA method,
verified by avidin titration, and further confirmed by
TNBS determination of remaining unreacted amino groups.
Example 4 - Preparation of mu;tib;otig—gextran-agtipo_gx
conjugates

A- The biotinylated amino-dextran (0 001 mmol) prepared
in example 3b is treated with a solution of bromoacetyl
chloride (0.01 mmol) at a pH of 7.5 for 2 h at 25° C.
The modified biotinylated dextran is purified on an
acrylamide size-exclusion column prior to reaction with
an antibody containing free sulfhydryl groups.

The antibody sulfhydryl groups are produced by an
antibody reduction with a thiol agent. The antibody at
20 ng/ml in TRIS.HCl buffer, 0.1 h, pH 8.7, is treated
with 2-mercaptoethanol to a final concentration of 25 mM.
The reaction is stirred at 4 degrees for 10 minutes and
the reduced protein is purified by size-exclusion



'(2) an avidin- prote| n conj ugate (b) a clearing conposition conprising (1):
biotin, (2) a nulft+btrottm onjugate, (3) a

mul ti bi ot i n- mul t i{ dBERIAGE Mﬁﬁﬁgé'k‘tﬁp | ymer conjugate, or (4) a

bi oti n-det ecti on jad ent conjugate} {c) a localizing conposition conprising
(1) a multibioti -|c WAV’ gpo9ft ¢, (2) a multibiotin-nultidetection _
agent - pol yner cor]j yga ? | otin-getection agent conjugate, wherein
the localizing adger a$ or different fromthe clearing agent;
and (d) a detectifon corrpositio_n,.c_,q rising

chromatography. The antibody concentration is determined
and the ratio of sulfhydryl groups per mole of antibody
determined by the Ellman reaction, using
dithiodinitrobenzoic acid (DTNB), by reference to a
standard curve. The reduced antibody containing 2-3
free-thiol groups is mixed with the bromoacetyl—biotin—
dextran derivative, prepared as above and containing a
limited number of bromoacetyl groups, in a 1:2 ratio at
a pH of 7.5 for 3 hours at 37°C. The conjugate is
purified by ion-exchange and/or size-exclusion and/or
hydrophobic interaction chromatography (HIC) and analyzed
by HPLC, and for Dbiotin content and antibody
concentration in similar procedures as described above.
The conjugate is assayed for immunoreactivity retention
with its pertinent antigen and for quantitative avidin
binding ability.

B~ In an alternate method, the required free thiol
groups on the antibody or fragment may be obtained by
substituting the protein with 2-iminothiolane as
described in the 1literature (Blattler et al.
Biochemistry, 24:1517-1524,1985), and proceeding as
described above for the analysis of the thiol-antibody,
its conjugation to the biotin-dextran, and the subsequent
purifications and analyses.

Example 5 - aratio o multiavidin-dextran

co ate -

Polyaldehyde- dextran (0.001 mmol) and avidin (0.03
mmol) are mixed together and stirred at 25° C for 16
hours at a pH of 7 in 40 mM PBS. Conjugation progress is
followed by a suitable analytical procedure such as size-
exclusion or HIC HPLC. The reaction mixture is treated
with sodium borohydride (0.05 mmol) for 2 hours at room
temperature at a pH of 8 in 40 mM PBS, to convert the
imine groups to amino groups and thus fix the avidin
units to the dextran backbone. The (avidin) -dextran
conjugates containing 2 and 3 avidin units per dextran
are separated from each other and the rest of the



+1) ah avidin-detection agent conJ ugate, 2) a polyner-nultiavidin conjugate,
or 3) a polyner- 'J [orr=rti-t+get ecti on agent conjugate; (e) and, if

sai d conpositionf ( LgééPEENTS§§E¥5E)I ynmer conjugate, a conposition conprising
(1) a biotin-detgeckion agent conj ygate, (2) a mnultibiotin-polyner

conjugate, or ( a @ MAY! flgn-[myl ti detection agent-polyner conjugate, (f)
and, if said co sition (e) conpri ses otfper- than sai d biotin-detection
agent, a conposiftiomrconprts+reg-dan avi di n-detecti on agent conjugate;
wherein at |east{_ one of said conpgsitions (a)-(f) conprises a polyner

conj ugate, wherein the pol yrrer or sai d poI ynmer conjugate has a sufficiently

rigid stereochenica .structE sg Xone a\Aldln or biotin m)gecule
of each conj ug aF 82GF19D pPA¥TIERe JPY 1on-exc ange chromatography on

sepharose equilibrated in 50 mM acetate buffer and run in
a gradient of 0 to 2 M sodium chloride. The biotin
binding capability of the purified avidin conjugates is
determined using the HABA test and a quantifiable amount
of Jbiotin conjugated to a fluorescent agent or
radioisotope. The conjugates are further analyzed by
polyacrylamide gel electrophoresis to verify the presence
of 2 and 3 avidin units per dextran for the isolated
products, respectively.
Example 6 - Preparation o -av‘din ~dextran-Fab'
conjugate

The (avidin), dextran conjugate prepared above
(0.0005mmol) in 1 ml of 0.1 M Tris.HCl buffer, pH 8, is
treated with 100 ul of a solution of bromoacetyl chloride
(0.005 mmol) in DMSO with rapid stirring at 4°C. The
mixture is stirred for 30 nminutes and the modified
polymer is purified on an acrylamide 'size-exclusion
column run in 40 mM PBS, pH 7.5. The F(ab'), fragment of
an antibody which binds to the carcinoembryonic antigen,
(designated NP-4 in Hansen et al., Proc. Am. Assoc.
Cancer Res, 30:414, 1989) in 40-mM PBS, pH 7.4, is
treated with L-cysteine, +to a final cysteine
concentration of 100 mmol, for 1 hour at 37° C. The Fab'
is purified on an acrylamide column run in 50 mM ABS, pH
4.5, and assayed for thiol c.once'ntrai':ion per mole of Fab!'
by the Ellman reaction and absorbance at 280 nm,
respectively. The Fab' (0.0005 mmol) and bromoacetyl-
(avidin),~dextran (0.0005 mmol) are mixed together in 50
mM PBS buffer, pH 7.5, and stirred at 25° C for 3 hours.
The product, Fab'-(avidin) ,—dexti:an, is purified from
uncoupled reactants by ion-exchange chromatography on S~
sepharose equilibrated in 50 mM acetate buffer, pH 4.5,
run in a gradient of 0 to 2 M sodium chloride.
Example 7 - Preparation of a multibiotin-dextran-~




conplement ary. biotin or avidin nolecule already present at the target

| esion. 21. An et hod of detecting lesions in a subject,
the met hod compr REPLAGEMENTSSHEES 6f (a) parenterally injecting a subject
with a targeting [CONMPOSI pri sed of (i) a biotin-protein conjugate or
(i) an avidin{prjotgi ﬁ@nmlp : wherein the protein of said conjugate
binds to a mar iced by _orgjassociated with the targeted

| esi on, and al ljow hite to accrete at the targeted | esion; (b)
t hen parenteral ly inj ectl ng a cl garing conposition conprised of (i) avidin,
when said targ S a biotin- protein conjugate, or (ii)
biotin, when said targeting conposition is an off' avidin-protein

conj ugate, and al | owPRgYatdehydeardeiFr@dmpdSi-O2on m@ldl, eaPreRegetdar &t i ng
conposi tion fronaéseribéed gehbdve)t esan@dnd éontditsling Savd2bdar gellidehyde

conposi tion accrfﬁggtf%néﬁ%ite@’ g'.Lest eéi:ela%%idorei'ith biotin-hydrazide (0.1
mmol) at a pH of 6 for 2 hours at room temperature.
Remaining free aldehyde groups are reacted with
doxorubicin (1 mmol) under similar conditions and the
imino groups converted to amino groups by reduction by
the addition of sodium borohydride (2 mmol) and reaction
over a period of 4 hours at pH 8. The conjugate product
is purified by size-exclusion chromatography on a G-10
column, equilibrated in 50 mM ABS, pH4.5. |
Analyzing the conjugate indicates approximately 5
biotin residues per dextran by the HABA test, and for
approximately 35 doxorubicin moieties when tested
spectrophotometrically at 496 nm.
Example 8 - Conjudgation of biotin to a bifunctional
, chelating agent to form a conjugate useful
' to delive a active metal agent
therapeutic or detection agent.
Biotinylpentylamine (0.001 mol) and
isothiocyanatobenzyl-diethylenetriamine-pentaaceticacid
(ITC-DTPA, 0.001 mol) are mixed together in borate
buffer, 0.1 M, pH 8, and stirred for 3 hours at room
temperature. The biotin-DTPA is purified on a C-18
reverse-phase HPLC column run in an acetonitrile/water:
gradient. The acetonitrile is removed under reduced
pressure ‘on a rotary evaporator and the water by
lyophilization to give a white powdery product. The

structure, biotinylpentylamino-thioureaylbenzyl-DTPA
(biotin-DTPA) is confirmed by mass spectral and micro
analysis.

‘Example 9 -  Yttrium-90 radiolabeling of the biotin-DTPA

conjugate of Example 8

A 25 mCi sample of yttrium-90 chloride in 0.05 M HC1
is treated with an equal volume of 0.5 M sodium acetate
buffer, pH 5, to convert the metal to its acetate salt.
The mixture is allowed to stand for 10 minutes at room



.and (c) parenterally injecting a detection conposition s conprised of a
conjugate of (i) hvhel ISEECt ron agent when said clearing
conposition is bi Dtﬂ%L’A{Q?fﬂ?f}JﬁSﬂ 'ﬁti n and a detection agent when said
clearing agent is}jayidin, and alljowi ng said detection conposition to
accrete at the tafgpt&o0MAY 8997 and (d) detecting said agent accreted at
the |l esion, therepyjdetecting theg llesion, ggherein the inprovenent is that
at | east one of the conpositrons off step (a) or (b) further conprises a
pol yimer conprising—ultiple ayidinjor biotin binding sites, thereby

provi ding an i ncreased nunber of binding sites to which a subsequently
admi ni stered conpositiqgn of stepéb) ‘or (c), binds,, therebx anplifying the
anount of said Tamtegent® A%% MY Spdee P Riokin-PFPAA IR EREAUBS
detecting | esi orscetate sbhféer, t8® aM,hqsH canprisi thenheadde@s of The)

Injecting the sublGeindidd ade! {964 dHh G2TBISA LS LRI ELECSb Hin., at
which time analysis by instant thin-layer chromatography
(ITLC) run in water/ethanol/5N ammonium hydroxide (which
will precipitate unchelated yttrium) indicates that 99 %
of the yttrium-90 is bound to the biotin~DTPA. The *¥-
DTPA-biotin is then ready to use.

Example 10 - Conijugation of biotin and a bifunctional
chelating agent to a polymer to provide a
(biotin), (bifunctional chelating agent).-
polymer useful for targeting metalic
detection or therapeutic agents
Polyaldehyde dextran (0.02 mmol) prepared as in
example 3a, is treated with biotinylpentylamine (0.1
mmol) at a pH of 8 for 2 hours at room temperature. 2-
hydroxy-1, 3-diaminopro'pape (2 mmol) is added and the
solution stirred for a -further 3 hours. Sodium
borohydride (4 mmol) is added and the reaction is stirred
for a further 3 hours at room temperature. The product
is purified on a G-10 size-exclusion column to give a
dextran substituted with approximately 5 biotin residues
and 100 free amino groiz_ps, as analyzed by HABA testing
and TNBS assays. The (biotin);-aminodextran (0.01 mmol)
is treated with a solution of ITC-DTPA (0.5 mmol) in 0.1
M borate buffer, pH 8, for.6 hours at room temperature.
The product is purified from unbound DTPA derivatives by
G-10 size-exclusion chromatography and dialysis. The
number of DTPA residues per dextran is found to be
approximately 40 by spectrophotometric determination at
254 nm, verified by cobalt-57 radiolabeling of the
conjugate using various excess amounts of cobalt-57.
Example 11 - Yttrium-90 radiolabeling of
(biotin)s(DTPA) ~dextran _
Yttrium-90 chloride (25 mCi) is converted to its
acetate form as described in example 9 and then treated
with (biotin)s(DTPA),~dextran (0.0001 mmol) under the
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same conditions used -in the monomer preparation in
example 9. ITLC showed 99% of the yttrium to be chelated
by the conjugate after a 30 minute radiolabeling. The
0y - (DTPA) o (biotin)s~dextran is then ready for use.
Example 12 - (Cancer Imaging with Three-Step Procedure
A patient diagnosed by sigmoidoscopy to have ‘a
colonic neoplasm is injected i.v. with composition

comprised of conjugate of multibiotin-starburst
dendrimer-monoclonal antibody IgG against
carcinoembryonic antigen (CEA). . Two days later,

unlabeled avidin (in two divided doses, 20 min apart) is
injected i.v. The next day, biotin labeled with 111-In
(4 mCi) is injected i.v. The patient is scanned with a
gamma camera 2 hours later, and a focus of increased
radioactivity is detected in the region of the sigmoid
colon, in agreement with the sigmoidoscopy findings.
Example 13 -~ Atherosclerotic Imaging with Three-sStep
Procedure -

A patient with suspected atherosclerotic plaques in
various arteries is injected i.v. with a compositidn-
comprised of a conjugate of multibiotin-dextran-—
monoclonal antibody F(ab'), against macrophage. One day
later, a multiavidin-dextran conjugate (in two divided
doses, 15 min apart) is injected i.v. One day later,
biotin conjugated with 5 mci of 111-In is J.njected i.v.,
and the patient scanned with a gamma camera 3 hours
later. Foci of abnormal radioactivity is found.

Example 14 - Cancer Radioimmunotherapy with a Four-Step

Procedure

A patient with several small colonic carcinoma
metastases to the liver is injected i.v. with a first
composition comprised of a conjugate of multiavidin-
dextran—-anti-CEA IgG monoclonal antibody. Two days
later, a clearing composition of biotin is injected i.v.,
followed 30 minutes later by the i.v. injection of a
localized composition of multibiotin-dextran. After
another 2 days, a composition of multiavidin-dextran

-pteln conjugate, or (2) a biotin-protein

je¢ting a clearing agent conprised of (1)



and pernmitting sajd clearing agent to renmove circulating X biotin i
conj ugate; (c) inqugpmggmﬂ'psaﬂ’m ng agent conprised of (1) avidin, or (2)
a mul tiavi di n-pol ynp (3).a multiavidin-nultidetection
agent - pol yner con ugat @éﬁ n favi di n-det ecti on agent conjugate, or (5)
a mul tiavi di n-det gc &@@ht ol r conjugate, wherein said |ocalizing
agent is the samela$_or differentl ffom saied el earing agent and is injected
concurrently withjor subsequent to kaid clearing agent, and permitting said
| ocal i zi ng agent target lesion by binding to a biotin

nol ecul e; (d) |nject|ng a conposition conpr|5|ng (1) a biotin-detection

agent conjugate ol.y nultlbl .Conj ugate or
pol ymer - nmul ti bi ot Fhe rm% "ﬁ etIeggﬁ'oﬁsa]erﬁc ﬁu&at e, B weéké ?fl.)ater, a

second therapy dose of a composition of biotin-DTPA-Y90
is given i.v.

Example 15 - Cancer Chemoimmunotherapy with a Four-Step
Procedure

A patient with a right lung adenocarcinoma is
injected i.v. with a conjugate of multibiotin,dextran and
antilung-cancer IgG. Four days later, multiavidin-
dextran conjugate is injected i.v. (in two divided doses,
60 minutes apart). After another 2 days, a dose of
multibiotin~dextran-doxorubicin is administered 1i.v.

' Five days later, a dose of streptavidin 6onjugated with-
doxorubicin is administered i.v.

The preceding examples can be repeated with similar
success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

From the foregoing descriptions: one skilled in the
art can easily'ascertaln.the essential characteristics of
this 1nvention.and without departing'from.the spirit and
scope thereof, can make various changes and modifications
of the invention to adapt it to- various usages and
conditions. '



and permitting biotin nolecules of said conposition of step (d) to bind to

avi di n nol ecul es
cont ai ni ng poly
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mul ti avi di n-nul t
avi di n nol ecul e
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| ocal i zi ng conposjtion of step (d); (f)

agent conjugatre S been injected in step lw
ngcQ eIsand permtting a biotin

ijd tec

patient, the method comprising the steps of:
(a) parenterally injectirig a patient with a
targeting composition comprised of
(1) a biotin-protein conjugaté, or
(ii) an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the targeted
lesion, and allowing the protein conjugate to
preferentially accrete at the targeted lesion;
{b) then, parenterally injecting a
clearing/localizing composition comprised of
(1) avidin, when the targeting composition is
a biotin-protein conjugate, or
(ii) biotin, when the targeting composition is
an avidin-protein conjugate,
and allowing the clearing/localizing composition to
substantially clear the targeting composition from
non-targeted sites and to bind to the targetin§
composition accreted at the targeted lesion;
(c) parenterally .injecting a detection
composition comprised of a conjugate of
(i) avidin and detection agent when the
clearing/ localizing composition is biotin, or
(ii) biotin and__détectioh agent when the
clearing/ localizing composition is avidin,
and allowing the detection composition to accrete at
the targeted iesion; and
(d) using the detection agent accreted at the
lesion to detect the lesion;
wherein the improvement is characterized in that at
least one of the compositions of step (a) or (b) further
comprises a polymer to which multiple moieties of avidin
or biotin are conjugated, thereby providing an increased
number of binding sites to which a subsequently
administered composition can bind, and thus amplifying

avidin nol ecule at the target IeS|on
and (g) detecting saild agdht impuaved: mehhod eofodetelbingy lesionsi iy tehe

g agent of step (c);-(e) if-a conjugate

r “Sﬁbﬁgf“fﬁfﬁ’gfﬁ agent conj ugat e, o MR HIFRH I!II-

a|d
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]&)etectlon agent at the targeted lesion.
The method of claim 1, comprising the steps of:
(a) injecting the patient with a targeting
composition comprised of

(1)

(2)
wherein the protein binds to a marker substance
produced by or associated with the target lesion,
and allowing the targeting conjugate to accumulate
at the target lesion to provide biotin receptors;

(b)

multibiotin-polymer-protein conjugate, or
biotin-protein conjugate,

injecting a clearing composition comprised

of
(1) avidin, :
(2) multiavidin-polymer conjugate,
(3) multiavidin-multidetection agent-polymer
conjugate,
_ (4) avidin-detection agent conjugate, or
" (5) multiavidin-detection agent-polymer
conjugate,

and permitting the clearing composition to remove
circulating biotin conjugate;
(c)

injecting a localizing composition comprised

of .
(1) avidin,
(2) multiavidin-polymer conjugate,
(3) multiavidin-multideteétion agent-polymer

conjugate,

- B ~ ' (4) avidin-detection agent conjugate, or
This Sheet Has Been Replaced (5) multiavidin-detection agent-polymer
[T

rein the localizing composition may be the same
‘as or different from the clearing composition and
can be injected concurrently with or subsequent to
the clearing and permitting the
localizing composition to localize at the target

lesion by binding to a biotin receptor;
(a)

composition,

injecting a detection composition comprising



(2) a multibiotin-qot ug or (3) a multibiotin-nultidetection
agent - pol yner conj g&% Aﬁﬁﬂﬁ “ﬁ% |0t|n detecti on agent conjugate, and
permtting said clédarlng agent to rlerove circul ating conjugate of step (a);
(c) injecting a | ochl} zBryMaYe®97canyrised of (1) a nult m [ISIIIL
conjugate, or (2) al nultibiotin-nuljtijdetection agent-polu 'Mﬂ”ﬂﬂgﬂ Al ulg
(3) a biotin-detect]onragent con] ugatle, =wherein said locatizing adenf i %
the sane as or different fromsaid cllearing agent and is injected
concurrently with or subsequent to said clearing agent and pernitting said
| ocal i zing agent to |ocalize at the target | esi on by binding to an avidin
nol ecul e; (d) injecting g $ rlsed ok %&% V|din-detection
agent conjugate, or (2)( )pol ﬁg lﬂu Ftres ﬁgﬁﬁ éuSF

(2) polymer-multlblotln conjugate, or

(3) polymer-multibiotin -~ multi-detection agent
conjugate,
and permitting a biotin of the composition of (d) to
bind to an avidin receptor of the localized agentﬁbf
(c):

(e) if a conjugate containing polymer is used
in (d), then injecting a composition comprising

(1) avidin-detection agent conjugate,

(2) multiavidin-polymer éonjugate, '

(3) avidin, or

(4) multiavidin-multidetection agent-polynmer

conjugate, and permitting an avidin of the composition of
(e) to bind to a biotin receptor of localized composition
of (d); ‘
(£) if other than the avidin-detection agent
conjugate has been injected in step (e):
injecting a biotin-detection agent conjugate and
permitting the biotin to bind to an avidin receptor at -
the target lesion; and -
(g) using the detection agent to detect the
targeted lesion;
wherein the polymer in said polymer conjugate has
a sufficiently rigid stereochemical structure so that
only one avidin or biotin of each conjugate will bind to
a receptor already present at the target lesion.
3. The method of claim 1, comprising the steps of:
(a) injecting the patient with a targeting
composition comprised of

(1) a multiavidin-polymer-protein conjugate, or
(2) an avidin-protein conjugate,
wherein the protein binds to a marker substance
produced by or associated with the target lesion,
and allowing the targeting conjugate to accrete at
the target lesion;

aced

misllsiiiﬁliiilﬁien IITI

T (k) injecting a clearing composition comprised



€3) a'polymer-nultiavidin-nmultidetection agent conjugate, and permfting

avi di n nol ecul es of conj ugat e of step d) to bind to biotj

of said localizing aBEMACEMENT' I-cpnj ugat e cont ai ni ng pol me,nH"mmﬂmlﬂllll
step (d), then inje¢ -t i bn consi sting essenti al

bi oti n-detection a (2) a nultibiotin-polyner conjugate

or (3) a nultibiot)nt [ ﬁ&Vion agent -pol_ymer conjugate, and permtting
t he biotin nol ecul the conj ugatje of step (e) to bind to avidin

nol ecul es provi deo rtijon of step (d); (f) if other than a

bi oti n-detection & =Xs I njgected in step (e), injecting an

avi di n-detecti on agent conjugate and permtting the avidin nolecules of the
conjugate of stePf(f) to bind to biotin nolecules at the target |esion; and
(g) detecting said agentipoundbidtime | esion, thereby detecting the

targeted lesion; (2) multibiotin-polymer conjugate,
(3) multibiotin-multidetection agent-polymer
conjugate, or ,
(4) biotin-detection agent conjugate,
and permitting the clearing composition to remove
c1rculat1ng avidin conjugate;

(c¢) injecting a localizing composition comprised

of
(1) multibiotin-polymer conjugate,
(2) multibiotin-multidetection agent-polymer
conjugate, or
(3) biotin-detection agent conjugate,

wherein the localizing composition can be the same
as or different from the clearing composition and
can be injected concurrently with or subsequent to
the .clearing composition, and permitting the
localizing composition to 1localize at the target
lesion by binding to an avidin receptor;
(d) injecting a composition comprised of
(1) avidin-detection agent conjugate,
(2) polymer-multiavidin conjugate, or
(3) polymer-multiavidin-multidetection agent
conjugate, and permitting avidin of the conjugate to bind
to biotin receptors of the_localiziﬁg composition;
(e) if a conjugate containing polymer is used in
(d), then injecting a composition consisting
essentially of

(1) biotin~detection agent conjugate,
(2) multibiotin-polymer conjugate, or
(3) multibiotin-multidetection agent-polymer

conjugate, and permitting the biotin of the conjugate to
bind to avidin receptors providing by composition (4);

(f) 1if other than a biotin-detection ageﬁt has

been ihjected in step (e), injecting an avidin-

) detection agent conjugate and permitting the avidin

This Sheet Has Been Re'i
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:wherein a pol ynmer conJ ugate is used in at |east one step of the method and.
the polyner has a bw-%u ettty ] stereochem cal st r"u‘t’[]r@—sv‘that—on’ry

one biotin or avi VEMENE %iFgauh conjugate binds to, ﬁ! y

present at the tarnget | esion. 4} The kit according t
nmet hod accordi ng go|clRgMAR.gghefefn: said targeting corrp05|ct|on K0
said nul tibiotinpgl gmer-protel n cpn -ugat ggg sai d clearing and/or |ocalizi ng

conposi tion conprifs shi d detection conposition conprises said
bi oti ndet ecti on agent conjugate. 25j The kit according to claim219 or the
nmethod according to clalm 22, Wherein: said targeting conposi tion conprises
said biotin-protein conjugate; said clearing and/or || ocalizing conposition
conpri ses sai d mul t PRvFRE EQivaAEe &on Pide® akiosdndraeertey A the
conposi tion conpri séargatdlésidnn-ael ecti on agent conjugate.

(g) using the detection agent to detect the
targeted 1lesion; wherein the polymer used in said
polymer conjugate has a sufficiently rigid
stereochemical structure so that only one biotin "or
avidin of each conjugate can bind to a receptor
already preseht at the target lesion.

4. The method of claim 2, comprising the steps

of: )

‘(a) injecting the pétient with a targeting
composition comprised of a multibiotin-polymer-
protein conjugate, wherein the protein
preferentially binds to a marker substance produced
by or associated with the lesion, and allowing the
multibiotin-polymer-protein conjugate to
preferentially accrete and provide multiple biotin
receptors at the targeted lesion;

_ (b) J.n]ectlng:a_t least one dose of a clearing/

localizing composition comprising awvidin and
permitting it to clear the multibiotin-polymer-
protein conjugate from non-targeted sites and to
localize at the targeted lesion by binding to the
multiple biotin receptors at the targeted lesion;

(c) injecting a detection composition
comprising a’ biot—in-dgj:éction égent conjugate and
permitting the biotin to bind to the multiple avidin
receptors at the targeted lesion; and

(d) using the detection agent to detect the
targeted lesion.

5. The method of claim 2, comprising the steps

of:

(a) injecting the patient with a targeting
composition comprised of a biotin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced or associated with the lesion,

——-m—  ——————"— and allowing the biotin-protein conjugate to accrete

"




26. The kit accordi g ' 18ygerT the method f according to claim 22, ,
wherei n: said targetj r$ ﬂmﬂ‘mn lgn.. cqnpri ses said biotin-—preteinA-—— ——-

conjugate; said clearijpng and/ or | ocdlijzi ng conposition conpy sai d

mul ti avi di n- pol yner - ey e3t0 ¥hYa®94t |cdnj ugate; and said daqmﬁ rl!llml '“III -
conposi tion conprisep paid biotindetjegti on agent conj ugat €."3 2. N i
according to claim2p or the nethod acco_r_d_i_. g_.to claim 23, wherein: said
tar getl ng COprOSi ti 0] conpr.ises._said-—avi di n- pr ot ein Conj ugat e; sai d
clearing and/or |ocalizing conposition conprises said nultibiotin-polyner
conjugate; and said detection conposition conprises said avidindetection
agent conjugate. 28. The kit according to claim20 or the method according
to clai m23, wherein:atsathbet akaxgetng lesiposi t thereynprirosdddagd biotin

avi di n-protein conj UgHRptHYsdat! AEI Ok Igsidqal i zi ng conposi tion
conprises said nultibiotin;Rolyner-detectiqn_agent conjugate; and said

det ecti on conposition corrg seé‘nQSF 1093k ﬁ‘&@?chPSng%%"e%} Bofif EtRd/ 20.
The kit or nethod acd®ehhizingany cempositianns 18u2&iamiddei-palsner
detection agent is a doifuate, dRa PEinNHY LHE 88fflgatd¥cPREbhy el dye

or differentiation a£gairlattin-protein conjugate from non-targeted sites and

to bind to the biotin-protein conjugate accreted at
the target lesion, wherein only one avidin of each
multiavidin-polymer conjugate binds to a biotin
receptor at the target lesion and thereby provides
increased numbers of avidin receptors at the target
lesion;

(c) injecting a detection composition
comprising a biotin-detection agent conjugate and
permitting the biotin of the conjugate to bind to avidin
receptors at the target site, and thereby increasing the
amount of biotin-detection agent accreted at the target
lesion; and . - _

(d) using the detection agent to detect the
lesion. '

6. The method of claim 2, comprising the steps of:

(a) injecting the patient with a targeting
composition comprising a biotin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associated with the lesion,
and allowing the biotin:protein'conjugate to bind to
the target 1lesion, thereby producing biotin
receptors at the target lesion;

(b) injecting at least one dose of a
clearing/localizing composition comprised of
multiavidin-polymer-detection agent conjugate; and
pernitting the conjugate to clear biotin-protein
conjugate from non-targeted sites and to localize at
the target lesion, wherein ohly one avidin of each
conjugate binds to a biotin receptor present at the
target lesion, thereby providing the target lesion
with detection agent and an amplified number of

This Sheet Has Béen Reﬂlaced
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30. The kit or nethod according to any one of clainms 19- 28, wherein the
fositron-enmitter, x-ray-emtier,; or——

detection agent is =
fluorescence emttdr. fﬁﬂﬁiéﬁéﬁh nmet hod according to [ '
t he radi onuclide ernfi 4§si on has an egﬂe gy between 10 and 70$ n IH ﬂm

kit or method accor|dijng3toMaAYai997 29, {wherein the nri enhanc¢ing agem s
conpri ses a paramagndti c gadoliniu I ron,__manganese, rhenium europium

| ant hanum hol mi umjor tTerbrurmom— 3. ThéIvét hod accor di ng to any one of
clainms 21-32, wherdin_the detection thod is used for internal detection
during an operative intravascul ar or endoscopi c procedure. 34. The net hod
according to claim33, wherein the radionuclide used for internal detection
i s lodine-125, |odi nevi8in bimfling sites 7 etieretini ol 898ed asi i A-+petiedin 35.

The nmethod accordi Nngah@ anjoRPEcfettl Ry Mnd ;s yherel _%‘@E d is used
for external inaging_and, wherein %ehe lﬂfrf?;ladi 8n%{c:$i21g'ile use%s%&gx erenma 10|nmatgi ng
is |odine- - agent conjugate are metabolized and excreted from

the body;

(c) injecting a biotin-detection agent
-conjugate and permitting the conjugate to
preferentially bind in an amplified manner to the
multi-avidin sites provided by the conjugate of step
(b) at the target lesion; and

(d) using the detection .agent to detect the

lesion.

7. The method of claim 3, comprising the steps of:
(a) injecting the patient with a targeting
composition comprised of an avidin-protein
conjugate, wherein the protein preferentially binds
to a marker substance produced or associated with
the target lesion, and allowing the avidin-protein
conjugate to accrete at the target lesion, thereby
providing avidin receptors at the target lesion;
(b) injecting at least one dose of a
clearing/localizing composition comprised of a
multibiotin-polymer conjugate, and allowing the
- composition to clear the avidin-protein conjugate
from non-targeted sites and to localize at the
target lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to a avidin
receptor adc:eted at the target lesion, whereby each
multibiotin-polymer conjugate provides multiple
biotin receptors at the target lesion;

(c) injecting an avidin-detection agent
conjugate and allowing the conjugate to bind to the
biotin receptors at the target lesion, thereby
amplifying the amount of detection agent available
at the target lesion; and

(d) using the amplified amount of detection
agent accreted at the target lesion to detect the
target lesion.

RN S
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123, 1odine-131, Indium 111 Gl lium 67, Ruthenium 97, Technetium99m .
Cobal t-57, Cobalt- on-59, Selenium 75, Thallium 201 or
Yt terbi um - 169. BG%BEACEME%TH&HEEE nt, kit or nmethod according to any

one of clai rr}s 1-35, 1w r i s selected fromthe group-
consi sting of polyam ho i | gonucl eot i des, pol
pol ysaccharides, pojypnn @p&tﬁ car bbxyl i c aci ds anmm"mglum 'H [" . The
medi canent, kit or frethod-according tio cTatin36, whereinct

restricted stereochpm stry such that jeach of the nultiple biotin or avi d| n

noi eti es conj ugat ed ~to—sard-potynmer-bi nds a conpl enentary avidin or biotin
noi ety subsequently adm nistered, and only one of said nultiple avidin or
bi otin noieties conjugat ed.t orisaintetndy 6€r chahils3 | @omprdsphgnene esteps/i di n
or biotin noi ety&lzready present at the target

(a) injecting the patient with a
targeting composition comprised of an avidin-protein
conjugate, wherein the protein preferentially binds
“to a marker substance proéuced by or associated with
the target lesion, and allowing the avidin-protein
conjugate to preferentially bind to the targeted
lesion and provide avidin receptors;

(b) injecting at least one dose of a
clearing/localiéing composition comprised of
multibiotin-polymer-detection agent conjugate, and
permitting the conjugate to clear avidin-protein
conjugate from non-target sites and to localize at
the target lesion, wherein only one biotin of each
multibiotin-polymer conjugate binds to an avidin
receptor provided by each avidin-polymer conjugate
accreted at the target 1lesion, whereby each
multibiotin-polymer-detection agent conjugate
provides multiple biotin receptors and provides
detection agent to the target lesion; wherein
cleared biotin-protein and non~accreting
multibiotin-polymer-detection agent conjugate are .
metabolized and excreted from the body;

(c) injecting an avidin-detection agent
conjugate and permitting the conjugate to bind in an
. amplified manner to the multi-biotin receptors at
This Sheet Has Been Replaced -

the target tissue; and
AR @ using the smplitica smownt ot
detection agent at the target lesion to detect the
- lesion.

9. The method of any of claims 1-8, wherein the
polymer is selected from the group consisting of
polyamino-acids, proteins, oligodeoxyribonucleotides,
oligonucleotides, polyimines, polysaccharides,
polyamines, polycarboxylic acids and polyalcohols.

- 10. The method of claim 9; wherein the polymer has



l esioh. 38. The

t hod according to
the polyner has a |mypeeACRMENTESEET ¢

f 5,000 to 200, 000

claim 36, wherein
kD. 39. The

kit or

medi canment, kit or )jg{to any one of clainms 1-35, wherein the
polymer is dextra r a starburst [dendrinmer. 40. The nedi canment,

met hod according tjo [cl Qi erleiln the polyner is a dextran carrying a
limted nunber of no qroups 4 The rngy canment, kit

to any one of clai
i nfectious or infl

1- 40, mhereln tthe lesion is cancer

nmedi canent, kit or

IR TR O

net héd accbrding to

claim 41, wherein the cardlovascular

lesion is a thronbus,

enbol us,

infarct or athe

rosclerotic plaque 43. The nedi canent, kit or nethod

accordi ng to cl arestnictgtratieradehepdstsVous | esion is a carci nom,

nel anoma, sarco

na,
a molecular weight of 5,000 to 200,000 kD.

12. The method of claim 1 wherein the polymer is
dextran or a starburst dendrimer. '
13. The method of claim 12 wherein the polymer is

a dextran carrying a limited number of amino groups.

14. The method of claim 1, wherein the lesion is
cancerous, cardiovascular, infectious or inflammatory.
15. The method of claim 14, wherein the

cardiovascular lesion is a thrombus, embolus, infarct or
atherosclerotic plaque.

16. The method of claim 14, wherein the cancerous
lesion is a carcinoma, melanoma, sarcoma, neuroblastoma,
leukemia, lymphoma, glioma or myeloma.

17. The method of claim 14,
infectious or inflammatory.

18. The method of claim 1, wherein the protein is
a peptide, polypeptide, hormone, lymphokine, growth
-factor, albumin, cytokine, enzyme, immune modulator,
receptor protein, antibody or antibody fragment.

19. The method of claim 18, wherein the protein is
a monoclonal antibody, or a specific binding ffagment
thereof.

20. The method of claim 19, whe;ein the fragment is
a Fv, single chain antibody,. Fab, Fab', F(ab), or F(ab'),.
21. The method of claim 20, wherein the fragment is
Fab', F(ab), or F{ab'),.

22. The method of claim 19, wherein the antibody is
multispecific.

23.
multispecific to differing epitopes or molecules of a

wherein the lesion is

Fab,

The method of claim 22, wherein the antibody is

marker substance.

24. The method of claim 18, wherein the protein has
a specific immunoreactivity to a marker substance of at
least 60% and a cross-reactivity to other antlgens or
non-target substances of less than 35%. h
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44. The nedicanent,_kit or nmethad according to claim4l, wherein the |esion

is infectious or}i REPENOFWENTYSHEED. | The medi cament, kit or method according
to any one of clgin nithe protein is a peptide,-polypeptide,

hor mone, | ynphokilndg, rowt? al bumi n, cytokine, enzyne
nmodul at or, receptior g MA ‘pgitl bedy or ant | body fragrrent w“mml““‘\l“\“\
nmedi canent, kit gr rret hod accord' ng to cl a,m45, wherein

nonocl onal antibgdy, or a specific}bi ndi T ng fragment thereof 47. The

medi canment, kit to claim46, wherein the fragment is a
Fv, .single chain antibody, Fab, ; Fab', F(ab)2 or F(ab')2. 48. The

medi canent, kit or nethod according to claim47, wherein the fragnent is

Fab, Fab', F(ab)2 or2§¢ abThPeme]thollQOfTWéaimdllGamemn tther deteleddon
according to cl ahged, Wherein thRidpuchody, i s uitdl ti eARGhEIRg SGgebhts
medi cament, kit Slrlo éggzgva Cé)rdquen%rt 81§¥g£&t1atw§raeéer}rtt.he antibody |

26. The method of claim 1, wherein the method is for
internal detection during an operative intravascular or
endoscopic procedure.

27. The method of claim 25, wherein the radionuclide
is a gamma-, positron- or x-ray-emitter.

28. The method of claim 25 wherein the radionuclide
emission has an energy between 10 and 7000 keV.

29. The method of claim 25, wherein the radionuclide
is used for external imaging, said radionuclide being
Iodine-123, Iodine-~131, Indium-111, Gallium-67,
Ruthenium-97, Technetium-99m, Cobalt-57, Cobalt-58,
Chromium-51, Iron-59, Selenium-75, Thallium-201 or
Ytterbium-169.

30. The method of claim 26, wherein the radionuclide
used for internal detection is Iodine~125, Iodine-131,
Indium-111, Technetium-99m, or Gallium-67.

31. The method of claim 25, wherein the mri
enhancing agent comprises a paramagnetic gadolinium,
iron, manganese, rhenium, europium, lanthanum, holmium or
terbium ion. _ .

32. Use of: ‘

a targeting composition comprising a biotin-
protein conjugate or an avidin—prote:m conjugate,

wherein the prote:.n preferentially blinds to a

marker substance produced or associated with the

targeted lesion;

(7))

—— a clearing/localizing composition comprising
This Sheet Has Been Re; (i) avidin, when the targeting composition is a
' ”"ll, llll, biotin-protein conjugate, or (ii) biotin, when the

_ targeting composition is an avidin-protein
conjugate; and

a therapeutic composition comprised of a
conjugate of (i) avidin and a therapeutic agent when
the clearing/localizing composition comprises



_rrulti‘spec'ific to differing epitopes or nol ecules of a marker substance. 51.
The medi canent, jemé—er—pethod according to claim45, wherein the protein
has a specific i nﬁEPd)AGEMENW‘SHEE‘FC a marker substance of at |east 60% and a

cross-reactivityft &qng or non-target substances. of--less-than™
35% (1) mult '

3 r jcqgnj ugate, (2) multibiotin- rrultlt
agent - pol yner cdnjfug ) {bijoti n- therapeut I c agent rn“ “ m‘
the localizing dg can he the sqne as orditferent fro
agent; and said therapeut i C corrpo< ition conprises

biotin, or (ii) biotin and a therapeutic agent when

the clearing/localizing composition comprises

avidin;
wherein at least one of the targeting or
clearing/localizing compositions further comprises

a polymer to which multiple moieties of avidin or

biotin are conjugated,

“in the preparation of a medicament for use in an improved
method of treating lesions in a patient, wherein in said
treatment, said patient is:

(a) parenterally injected with said targeting compo-
sition, wherein the protein pre_ferentlally binds to a
marker substance produced or associated with the targeted
lesion, and the protein conjugate is allowed to
preferentially accrete at the targeted lesion;

(b) then, parenterally injected with said clearing/
localizing composition, and the clearing/ localizing
composition is allowed to substantially clear the
targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted
lesion; and

(c) parenterally injected with said therapeutic
composition, and the composition is allowed to accrete at
the targeted lesion, the therapeutic agent accreted at
.the lesion being used to treat the l_esion, and the use of
said polymer in at least one of said targeting or
clearing compositions providing an increased number of
binding sites to which a subsequently administered
composition can bind, thereby amplifying the amount of
therapeutic agent at the targeted lesion.

33. The use according to claim 32, wherein

said targeting composition comprises

(1) a multibiotin-polymer-protein conjugate, or
(2) a biotin-protein conjugate;
said clearing/localizing composition comprises one

or more of —

(1) avidin, " This Sheet Hi

Wi



(+1) avi di n- therapeutlc agent conjugate, (2) polyner-multiavidin conjugate,

or (3) pol ymer - m
t he foregoi ng conj

erapeutic agent conjugate; and, if
is used, then said therapeutlc

conposi tion furthef onprlses (1) bilotin- therapeutlc agent conj ugat e, (2)
mul ti bi otin-polymef Forg ggmyewgqr ( mul-ti bi otin-nmultitherapeutic ——

agent - pol yner conjjgate
bi oti n-t herapeutic

conprises an avidi ph-therapeutic age

and, if er than the fore90|n

el

(2) multiavidin-polymer conjugate, .
(3) multiavidin-multitherapeutic agent-polymer

conjugate,

conjugate;

(4) avidin-therapeutic agent conjugate, or
(5) multiavidin-therapeutic agent-polymer
and

said therapeutic composition comprises

(1) biotin-therapeutic agent conjugate,
(2) polymer-multibiotin conjugate, or
(3) polymer-multibiotin - multi-therapeutic

agent conjugate;

and, if a foregoing conjugate containing polymer is
used, then said therapeutic composition further
comprises

(1) avidin-therapeutic agent conjugate,

(2) multiavidin-polymer conjugate,

(3) avidin, or .

(4) multiavidin-multitherapeutic agent-polymer;

and, if other then the foregoing avidin-therapeutic
agent conjugate is used, then said therapeutic
composition further comprises a biotin-therapeutic
agent conjugate,
wherein said polymer has a sufficiently rigiad
stereochemical structure so that only one avidin or
biotin of each conjugate will bind to a receptor already
present at the target lesion.
34. The use of claim 32, wherein
said targeting composition comprises
(1) a multiavidin-polymer-protein conjugate, or
Sheet Has Been Replaced (2) an avidin-protein conjugate;
H“\l“ ‘I““ ml m ﬂl‘ said clearing composition comprises
(1) biotin,
(2) multibiotin-polymer conjugate,
(3) multibiotin-multitherapeutic agent-polymer
conjugate, or

(4) biotin-therapeutic agent conjugate;
said localizing composition comprises



conj Udgate. '35. The wse of claim 33, wherein: said targeting conﬁosition
conprises said mnul tfi y otein conjugate; said
clearing/localizing E%EQM3$@$@ ﬁggﬂb i ses avidin; and said therapeutic
conposi tion conpri ge sai d biotin- t herapeutic agent conjugate. 36. The use
of claim33, whereifn sad @ MAArgeri hg| conposition conprises said”

DL o protel 1 confudate: el epr|ng!l e ;ﬁg?gpgarrsszymmnmmﬁﬂﬂmlli

conprises said

(1) multibiotin-polymer conjugate,

(2) multibiotin-multitherapeutic agent-polymer
conjugate, or

(3) biotin-therapeutic Agent conjugate,

wherein the 1localizing agent can be the same as or
different from the clearing agent; and

said therapeutic composition comprises

(1) avidin-therapeutic agent conjugate,

(2) polymer-multiavidin conjugate, or

(3) polymer-multiavidin—multitherapeutic agent
conjugate;

and, if the foregoing conjugate containing polymer

is used, then said therapeutic composition further

comprises '

(1) biotin-therapeutic agent conjugate,

(2);multibiotin-polymer'conjugate, or

(3) multibiotin-multitherapeutic agent-polymer
conjugate;

and, if other than the foregoing biotin-therapeutic

agent is used, then said therapeutic composition

further comprises an avidin-therapeutic agent

conjugate.

35. The use of claim 33, wherein:

said targeting compos1tlon comprises said
multibiotin-polymer-prqtein conjugate,
said clearing/localizing composition comprises

avidin; and

said therapeutic composition comprises said biotin-

therapeutic agent conjugate.

36. The use of claim 33, wherein

said targeting composition comprises said

This Sheet Has Been Replaced biotin-protein conjugate; i
ﬂ said clearing/localizing composition comprises said

R

multiavidin-polymer conjugate; and
said therapeutic composition comprises said
biotin-therapeutic agent conjugate.



bi otin-therapeut ime

sai d targeting cPnRBRLIACEMENT SHEET S
clearing/localizin =t

mul tiavi di n-poly - ' g
conposition conpw? eg?b§€%+a§%€i
of claim 34, whege '
avi di n-protei n cpnj ugat e;

37. The use of claim 33, wherein

s said biotin-protein conjugate; said
ri ses said

conj ugate; and said t herapeutic—-———70

R T

37. The use of claim 33, wherein

said targeting composition comprises said
biotin-protein conjugate;
said clearing/localizing composition comprises said
multiavidin-polymer-detection agent conjugate; and

said therapeutic composition comprises said biotin-
therapeutic agent conjugate.
38. The use of claim 34, wherein
said targeting composition comprises said
av1d1n—prote1n conjugate; '
said clearing/localizing composition comprlses said
multibiotin-polymer conjugate; and

— - e said therapeutic composition comprises said

avidin-therapeutic agent conjugate.

39. The use of claim 34, wherein

said targeting composition comprises said
avidin-protein conjugate; ‘
said clearing/localizing composition comprises said
multibiotin-polymer~-detection agent conjugate; and

said therapeutic composition comprises said

avidin-therapeutic agent conjugate. .
40. The use of any one of claims 32-39, wherein the
therapeutic agent is a therapeutic radioisotope, a drug,
a toxin, a fluorescent dye activated by nonionizing
radiation, a hormoné, a hormone anéagonist, a receptor
antagonist, an enzyme, a proenzyme activated by another
agent, an autocrine or a cytokine.

41. The use of any one of claims 32-39, wherein the
therapeutlc agent is an electron- or neutron-capturing
agent which is thereby converted to a therapeutic
radioisotope.

42. The use of claim 40, wherein said therapeutic
radioisotope is Iodine-125, Iodine-131, Actinium-225,
Bismuth-212, Bismuth-213, Lead-212, Rhenium~186, Rhenium-
188, Silver-111, Platinum-197, Palladium-109, Copper-67,
Phosphorus-32, Phosphorus-33, Yttrium—Qo, Scandium-47,



sai d'clearing/localizing conposition conprises said multibiotin-polymer.
conj ugate; and salggpq_hggmmutsHEEporrpom tion conprises said

avi di n-t her apeut td. 39. The use of claim w\m “nl

targeting conpobl con%rl sgs | said avidin-protein conﬁm ﬂ ﬂll unﬂ

clearing/localizjn 3&% njcgnprises said

mul tibiotin-pol yprek-detection agdert con}ugate; and said therapeut e
conposition co i ses sai d avidin-jt herapeutic agent conjugate. 40. The use

- of any one of gFLi—ms—%Q—éQ-,—Mhe.Leln the therapeutic agent is a therapeutic

radi oi sotope, a drug, a toxin, a fluorescent dye activated by noni oni zi ng

Samarium-153, Lutetium-177, Rhodium-105, Praseodymium-

142, Praseodymium-143, Terbium-161, Holmium-166 or Gold-
199.

43. The use of claim 39, wherein the therapeutic
agent is an anti-DNA, an anti—RNA, a radiotherapeutlc
oligonucleotide, an anti-prote:.n or an anti-chromatin
cytoxic or antimicrobial agent.

44. The use of claim 40, wherein the drug is taxol,
mechlorethamine, cyclophosphamide, melphalan, uracil
mustard, chlorambucil, thiotepa, busulfan, cérmustine,
lomustine, semustine, strepfozocin ’ dacarbazine,
methotrexate, fluorouracil, cytarabine, azaribine,
mercaptopurine, thioguanine, vinblastine, vincristine,
dactinomycin, daunorubicin, doxorubicin, bleomycin,
mithramycin, mitomycin, L-asparaginase, cisplatin,
hydroxyurea, procarbazine, mitotane, prednisone,
hydroxyprogesterone caproate, medroprogesterone acetate,
diethylstilbestrol, ethinyl estradiol ’ tamoxifen,
testosterone propionate or fluoxymesterone. '

45. The use of claim 40, wherein the toxin is abrin,
alpha toxin, diphtheria toxin, exotoxin, gelonin,
pokeweed antiviral proteih, ricin or saporin.

46. A detection kit for detecting 1lesions,
comprising:

-a targeting composition comprising a biotin-
protein conjugate or an avidin-protein conjugate,
vwherein the protein preferentially binds to a marker

— ——— substance produced or associated with the targeted
lesion ;

: L] clearing/localizing composition comprising
”"II" ll“" I"I II' IIII (i) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein

i conjugate; and )
a detection composition comprised of a
conjugate of (i) avidin and a detection agent when

the_clearing/localizing composition is biotin, or



»sradition,  a hor none, a horrmne ant agoni st, a receptor antagonist, an

enzynme, a pro nzyne a&lﬁ,yat ed—by anot her agent, an autocrine or a cytokihe—
- 41. The use of any Qi

f clai 32-39, wherein the therape
el ectron- or heutron-capturing fagent which is ther eby convemm lmwﬂﬂﬂ,
t her apeutic rad| ol iiope 42 he use of claim40, wherein sa
radi oi sot ope ji s;_| odi ne-125, ljodi ne-131, Actini um 225, Bisnuth-212,
Bi snut h- 213, deead 212, Rhenme 186, Rhenhiggm- 188, Silver-111, Pl ati num 197,

Pal | adi um 109copper-67, Phospghorus-32, Phosphorus-33, Yttrium 90,
Scandi um 47,

(ii) biotin and a detection agent when the clearing
agent is avidin; _

wherein at 1least one of the targeting or
6learing/localizing compositions further comprises
a polymer to which multiple moieties of avidin or
piotin are conjugated.
47. A medicament for treating lesions, comprising:

a targeting composition comprising a biotin-
protein conjugate or an avidin-protein conjugate,
wherein the protein preferentially blinds to a
marker substance produced or associated with the
targeted lesion ;

a clearing/localizing composition comprising
(i) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an avidin-protein
conjugate; and ' !

a therapeutic composition comprised of a
conjugate of (i) avidin and therapeutic agent when
the clearing/localizing composition is biotin, or
(ii) biotin and therapeutic agent when the clearing
agent is avidin;

wherein at least one of the targeting or
clearing/localizing compositions further comprises
a ﬁolymer to which multiple moieties of avidin or
biotin are conjugated.
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. 59 Samarium 153, Lutetium 177, Rhodium 105, Praseodym um 142,
Praseodym um 143, Terbium 161, Hol mum 166 or CGold- ¥9 T1 e-of
claim 39, wherein the therapeutic agent is an anti - ﬁE%ﬁEMENfFQU@ETa
radi ot herapeutic ol igonucl eotide, an anti-protein orjap anti-chromat}n
cytoxic or antimcrobial agent. 44. The use of claim49p, 3OMAY 199Ae| df ug
n
n

is taxol, nechl oretham ne, cycl ophospham de, nel phal uracil nustayd
chl oranbuci |, thiotepa, busulfan, carnugfine, |onustjne——senmustine,
strept ozocin, dacar bazi ne, nethotrexate, fl uorougacil, cyt ar abi n

azari bi ne,

IMPROVED DETECTION AND THERAPY OF LESIONS WITH BIOTIN/AVIDIN
POLYMER CONJUGATES

ABSTRACT i ,
Methods and kits for detecting lesions and éompositions and their use for

treating lesions in a patient are provided. The methods are multibiotin and/or

multiavidin-polymer conjugates to achieve amplification of targeting at the site of the

lesion.



. -5
mer capt opuri ne, thioguanine, vinblastine, vincristine, dacti norry,(y n,
‘daunor ubi ci n, doxorubicin, bleomycin, mthranycin, m tonycin,

L- aspar agi nase, ci splatin, hydroxyureg, pr ocar bazi ne, m t ot ane,

pr edni sone, ggdroxypro est erone capr oat medr opr ogest er one acet at e,
diethylstilb localize at mgﬁ}ﬂesmrel@xmdm@toanw RECERYAT; t est ost erone

pi onat e o(d)f | iigecting moﬁﬁ,f The use of claim40, wherein the toxin

abrin, al pha {Qxin ht t oxi.n, exotoxin, gelonin, pokeweed
apt jvi\al protelhl3 %‘FW‘&W’% B} qrﬁpeuglgagentcp\njuggpectlon kit for

deteept i\ng | esi o(®, palymei-giuliavidintcanjggite g, Conposi tion conprising a
protei n 9N JeohiRr-Rurddvidt bRl Bt fidad oI 3.E gent conjugate, and
permitting avidin of the conjugate to bind to biotin receptors of the localizing agent;

(e) if a conjugate containing polymer is used in (d), then 1n_|ectmg a composition
consisting essentially of

(1) Diotin-therapeutic/detection agent conjugate,
(2) multibiotin-polymer conjugate,
- (3) multibiotin-multitherapeutic/detection agent-polymer conjugate,

and permitting the biotin of the conjugate to bind to avidin receptors provided by
composition (d);

()  if other than a biotin-therapeutic/detection agent has been injected in step (e),
injecting an avidin-therapeutic/detection agent conjugate and permitting the avidin of the
conjugate to bind to a biotin receptor at the target lesion; and

(g) wusing the detectionftherapéutic agent to detect or treat the targeted lesion;
wherein a pblymer conjugate is used in at least one step of the method and the polymer
has a sufficiently rigid stereochemical structure so that only one biotin or avidin of each
conjugate can bind to a receptor already present at the target lesion. Most favorably, in
the foregoing, the biotin bound therapeutic/detection agents of the clearing and localizing
compositions which do not bind to a receptor at the target lesion will be readily
metabolized and excreted, primarily by the liver and/or kidney.

REPLACEMENT SHEETS  §G
] Dm.——-mﬁo*} pages A i3 paged .o

£ Dpawin W8 gaged ...

¥ Absir act p"c“ 57 o paged ...




wherein the protein preferentially binds to a marker substance produced or
associated with the targeted lesion ; a clearing/localizing conposition
conprising (i) avidin, when the targeti 139 conposition is a biotin-protein
conj ugate, or (| i) hiotin, when the target| ng conposi tion S an

avi di n- pRbewing n?‘ﬂ@ﬁ‘tl?é'(’te&h&oﬁl“gﬁétt@cPﬁefﬂﬂent@Bmhmd ttbothe targetad lesion and a
conj ugat providd avidiaviecptorsnd a det ection agent when the clearing/localizing

composi tion kbs) lgje(c):{mg at st one dose of a clearing and locahzmg composition comprised of
multibiotin-polymer-detection/therapeutic agent conjugate and permitting the conjugate to
clear avidin-protein conjugate from non-target sites and to localize at the target lesion,
wherein only one biotin of each multibiotin-polymer conjugate binds to an avidin receptor
provided by each avidin/polymer conjugate accreted at the target lesion, whereby each
multibiotin-polymer-detection/therapeutic agent conjugate provides multiple biotin
receptors and provides detection/therapeutic agent to the target lesion; wherein cleared
biotin-protein and non-accreting multibiotin-polymer-detection/therapeutic agent conjugate
are metabolized and excreted from the body;

(c) injecting an avidin-detection/therapeutic agent conjugate and permitting the
conjugate to bind in an amplified manner to the multi-biotin receptors at the target tissue;
and

(d) using the amplified amount of detection/therapeutic agent at the target lesion to
detect or treat the lesion. _

In a further embodiment of the present invention, there is provided medicaments and
kits comprising the targeting composition, the clearing and/or localizing composition and
the therapeutic composition in accordance with the invention wherein at least one of these
compositions further comprises a polymer to which multiple moieties of avidin or biotin
are conjugated.

Detailed Discussion

It has now been found that the procedures of the present invention are more
advantageous for selective detection and therapy of lesions than the methods of the prior
art because of the significant increase in the amount of the detection or therapeutic agent
which is available at the targeted site due to the increase in the number of biotin and/or
avidin binding sites available at the targeted site.

In a more preferred embodiment of this invention involving a 3-step approach, a
multibiotin-polymer-targeting antibody or fragment is injected, followed by the
application of avidin as a clearing and localizing agent. Then, as a third step, a biotin-
conjugated

Ciia oW

REPLACEMENT SHEET

21 mﬁmsj

R




- 60 - (ii) biotin and a detection agent when the cl eari__n__g__éﬁé'h't“i“g‘avi—di A

wherein at |east one of the targeting or clearing/l oca”"mnm

conposi ti ons further conprises a polymgfsto which nultipl " ”!!I”"I |

avidin og t| n uga 47. A madl canent for tredtifg Lesso

conpri si ﬁrd‘ ‘S‘“éﬁq %%??WW%WPW§1 ng a biotin- protein conjugate

or an avidi n-lprotﬁemdmmnpm\ahﬁx us&ﬂ&bﬁtréatidgﬂemmi; eompssiager ent hal |y blinds
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conjugate, wherem e-protein preferenually binds to a marker substance produced or

associated with the targeted lesion;

a clearing and/or localizing . composition comprising (i) avidin, when the targeting
composition is a biotin-protein cohjugate, or (ii) biotin, when the targeting composition is
an avidin-protein conjugate; and

a therapeutic composition comprised of a conjugate of (i) avidin and therapeutic
agent when the clearing and/or localizing composition is biotin, or (ii) biotin and
thérapeutic agent when the clearing agent is avidin;

wherein at least one of the targeting or clearing and/or localizing compositions
further comprises a polymer to which multiple inoieties of avidin or biotin are conjugated.

2. A medicament when used for treating lesions, comprising:

(a) a targeting composition comprising a multibiotin polymer-protein conjugate or a
biotin-protein conjugate, wherein the protein of said conjugate preferentially binds to a
marker substance produced or associated with the targeted lesion;

(b) a clearing and/or localizing composition comprising

(1) avidin,

(2) a multiavidin-polymer conjugate, REPLACEMENT SHEET ‘

(3) a multiavidin-multitherapeutic agent-polymer conjugate,
(4) an avidin-therapeutic agent conjugate, or 2 1 NSV 1998
(5) a multiavidin-therapeutic agent-polymer conjugate; Jav

P St e ramrn e b

(c) a therapeutic composition comprised of

(1) a biotin-therapeutic agent conjugate,
(2) a polymer-multibiotin conjugate, or
(3) a polymer-multibiotin-multitherapeutic agent conjugate;
(d and, if said composition (c) comprises polymer conjugate, a composition
comprising '
(1) an avidin-therapeutic agent conjugate,
(2) a multiavidin-polymer conjugate,
(3) avidin, or
(4) a multiavidin-multitherapeutic agent-polymer;

(e) and, if said composition (d) comprises other then said avidin-therapeutic agent
conjugate, a composition comprising a biotin-therapeutic agent conjugate, wherein at least
one of said compositions (a)-(¢) comprises a polymer conjugate, wherein the polymer of
said polymer conjugate has a sufficiently rigid stereochemical structure so that only one
avidin or biotin molecule of each conjugate will bind to a complementary biotin or avidin
molecule already present at the target lesion. |

3. A medicament when used for treating lesions, comprising:
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- (b) a clearing composition comprising s
L 21 NGV 998 | -
(1) biotin, SAN '
(2) a multibiotin-polymer conjugate, ;
(3) a multibiotin-multitherapeutic agent-polymer conjugate, or et S O

(4) a biotin-therapeutic agent conjugate;
(c) a localizing composition comprising
(1) a multibiotin-polymer conjugate,
(2) a multibiotin-multitherapeutic agent-polymer conjugate, or
(3) a biotin-therapeutic agent conjugate,
wherein the localizing agent is the same as or different from the clearmg agent; and
(d).a therapeutic composition comprising :
(1) an avidin-therapeutic agent conjugate,
(2) a polymer-multiavidin conjugate, or
(3) a polymer-multiavidin-multitherapeutic agent conjugate;
() and, if said composition (d) comprises polymer conjugate, a composition
comprising
(1) a biotin-therapeutic agent conjugate,
(2) a multibiotin-polymer conjugate, or
(3) a multibiotin-multitherapeutic agent-polymer conjugate,
(f) and, if said composition (¢) comprises other than said biotin-therapeutic agent, a
composition comprising an avidin-therapeutic agent conjugate; '
wherein at least one of said compositions (a)-(f) comprises a polymer conjugate,
wherein the polymer of said polymer conjugate has a sufficiently rigid stereochemical
structure so that only one avidin or biotin molecule of each conjugate will bind to a
complementary biotin or avidin molecule already present at the target lesion.
4. An improvement in a method of treating lesions in a subject, the method
comprising the steps of . '
" (a) parenterally injecting a silbject with a targeting composition comprised of
(i) a biotin-protein conjugate or
(ii) an avidin-protein conjugate,
wherein the protein of said conjugate binds to a marker substance produced by or
associated with the targeted lesion, and allowmg said conjugate to accrete at the targeted
lesion;
(b) then parenterally injecting a clearing composition comprised of
(i) avidin, when said targeting composition is a biotin-protein conjugate, or

.
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(ii) biotin, when said targeting composition is an avidin-protein conjugate, and
allowing said clearing composition to clear said targeting compositibn from non-targeted
sites and to bind to said targeting composition accreted at the targeted lesion; and
- (c) parenterally injecting a therapeutic composition comprised of a conjugate of
(i) avidin and a theraipeutic agent when said clearing composition is biotin, or
(ii) biotin and a therapeutic agent when said clearing agent is avidin, and
allowing said therapeutic composition to accrete at the targeted lesion thereby
treating the lesion;
wherein the improvement is that at least one of the compositions of step (a) or (b)
further comprises a polymer comprising multiple avidin or biotin binding sites, thereby
providing an increased number of binding sites to which a subsequently administered
composition of step (b) or (c) binds, thereby amplifying the amount of said therapeutic
agent at the targeted lesion. '
) 5. A method of treating lesions in a subject, the method comprising the steps of
(a) injecting the subject with a targeting composition comprised of
(1) a multibiotin-polymer-protein conjugate, or
(2) a biotin-protein conjugate,
wherein the protein of said conjugate binds to a marker substance produced by or
associated with the target lesion, and allowing said conjugate to accumulate at the target
lesion to provide biotin molecules at the lesion;
(b) injecting a clearing agent comprised of
(1) avidin, or
(2) a muitiavidin-polymer conjugate, or _
(3) a multiavidin-multitherapeutic agent-polymer conjugate, or
4) an 'avidin—therapeutic agent conjugate, or
(5) a multiavidin-therapeutic agent-polymer conjugate,
and permitting said clearing agent to remove circulating biotin conjugate;
(c) injecting a localizing agent comprised of
(1) avidin, or
(2) a multiavidin-polymer conjugate, or _ 2 1 NEV 1998
(3) a multiavidin-multitherapeutic agent-polymer conjugate, or .
(4) an avidin-therapeutic agent conjugate, or
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(5) a multiavidin-therapeutic agent-polymer conjugate,
wherein said localizing agent is the same as or different from said clearing agent and
is injected concurrently with or subsequent to said clearing agent, and permitting said
localizing agent to localize at the target lesion by bindihg to a biotin molecule;
(d) injecting a composition comprising
(1) a biotin-therapeutic agent conjugate, or
(2) a polymer-multibiotin conjugate or,
(3) a polymer-multibiotin-multi-therapeutic agent conjugate,
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and permitting biotin molecules of said composition of step (d) to bind to avidin
molecules of said localizing agent of step (c);
(e) if a conjugate containing polymer is used in step (d), then injecting a
composition comprising
(1) an avidin-therapeutic agent conjugate, or
(2) a multiavidin-polymer conjugate, or
(3) avidin, or
(4) a multiavidin-multitherapeutic agent-polymer conjugate,

and permitting an avidin molecule of said composition of step (e) to bind to a biotin
molecule of said localizing composition of step (d);

(f) if other than said avidin-therapeutic agent conjugate has been injected in step (e),
injecting a biotin-therapeutic agent conjugate and permitting a biotin molecule of said
conjugate of step (f) to bind to an avidin molecule at the target lesion thereby treating the
lesion;

wherein a polymer conjugate is used in at least one step and the polymer has a
sufficiently rigid stereochemical structure so that only one avidin or biotin molecule of
each conjugate binds to a molecule already present at the. target lesion.

6. A method of treating lesions in a subject comprising the steps of

(a) injecting a subject with a targeting composition comprised of a multiavidin-
polymer-protein conjugate or an avidin-protein conjugate, wherein the protein of said
conjugate binds to a marker substance produced by or associated with the target lesion,
and allowing said conjugate to accrete at the target lesion;

(b) injecting a clearing agent comprised of

(1) biotin, or- .

(2) a multibiotin-polymer conjugate, or

(3) a multibiotin-multitherapeutic agent-polymer conjugate, or (4) a biotin-
therapeutic agent conjugate,

and permitting said clearing agent to remove circulating conjugate of step (a);

(c) injecting a localizing agent comprised of

(1) a multibiotin-polymer conjugate, or _
(2) a multibiotin-multitherapeutic agent-polymer conjugate, or
(3) a biotin-therapeutic agent conjugate,

wherein said localizing agent is the same as or different from said clearing agent and
is injected concurrently with or subsequent to said clearing agent and permitting said
localizing agent to localize at the target lesion by binding to an avidin molecule;

(d) injecting a composition comprised of

(1) an avidin-therapeutic agent conjugate, or

T

(2) a polymer-multiavidin conjugate or, REPLACEMENT SHEET |

(3) a polymer-multiavidin-multitherapeutic agent conjugate,
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and permitting avidin molecules of said conjugate of ste; _(d) to bind to biotin
molecules of said localizing agexit; B

(e) if a conjugate containing polymer is used in step (d), then injecting a
composition consisting essentially of

(1) a biotin-therapeutic agent conjugate, or
(2) a multibiotin-polymer conjugate, or
(3) a multibiotin-multitherapeutic agent-polymer conjugate,

and permitting the biotin molecules of the conjugate of step (e) to bind to avidin
molecules provided by said composition of step (d);

(D) if other than a biotin-therapeutic agent has been injected in step (e), injecting an
avidin-therapeutic agent conjugate and permitting the avidin molecules of the conjugate of
step (f) to bind to biotin molecules at the target lesion thereby treating the lesion;

~ wherein a polymer conjugate is used in at least one step of the method and the
polymer has a sufficiently rigid stereochemical structure so that only one biotin or avidin
molecule of each conjugate binds to a molecule already present at the target lesion.

7.  The medicament according to claim 2 or the method according to claim 5,
wherein: said targeting composition comprises said multibiotinpolymer-protein conjugate;
said clearing and/or localizing composition comprises avidin; and said therapeutic
composition comprises said biotintherapeutic agent conjugate.

8. The medicament according to claim 2 or the method according to claim 5,
wherein said targeting composition comprises said biotin-protein/conjugate; said clearing
and/or localizing composition comprises said multiavidin-polymer conjugate; and said
therapeutic composition comprises said biotin-therapeutic agent conjugate.

9. The medicament according to claim 2 or the method according to claim 5,
wherein said targeting composition comprises said biotin-protein conjugate; said clearing
and/or localizing composition comprises said multiavidin-polymer-therapeutic agent
conjugate; and said therapeutic composition comprises said biotin-therapeutic agent
conjugate.

10. The medicament according to claim 3 or the method according to claim 6,
wherein said targeting éomposition comprises said avidin-protein conjugate; said clearing
and/or localizing composition comprises said multibiotin-polymer conjugate; and said
therapeutic composition comprises said avidin-therapeutic agent conjugate.

11. The medicament according ta claim 3 or the method according to claim 6,
wherein said targeting composition comprises said avidin-protein conjugate; said clearing
and/or localizing composition comprises -said multibiotin—polymer-therapeutic agent
conjugate; and said therapeutic composition comprises said avidin-therapeutic agent
conjugate.

12. The medicament or method according to any one of claims 1-11, wherein the
therapeutic agent is a therapeutic radioisotope, a drug, a toxin, a fluorescent dye activated
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by non-ionizing radiation, a hormone, a hormone antagonist, a receptor antagonist, an

enzyme, a proenzyme activated by another agent, an autocrine or a cytokine.

13. The medicament or method according to any one of claims 1-11, wherein the
therapeutic agent is an electron- or neutron-capturing agent which is thereby converted to
a therapeutic radioisotope.

14. The medicament or method according to claim 12, wherein said therapeutic
radioisotope is Iodine-125, Iodine131, Actinium-225, Bismuth-212, Bismuth-213, Lead-
212, Rbenium-186, Rhenium-188, Silver-111, Platinum-197, Palladium-109, Copper-67,
Phosphorus-32, Phosphorus-33, Yttrium-90, Scandium-47, Samarium-153, Lutetium-177,
Rhodium-105, Praseodymium-142, Praseodymium-143, Terbium-161, Holmium-166 or
Gold-199. _

15. The medicament or method according to any one of claims 1-11, wherein the
therapeutic agent is an anti-DNA, an anti-RNA, a radiotherapeutic oligonucleotide, an
anti-protein or an anti-chromatin cytoxic or antimicrobial agent.

16. The medicament or method according to claim 12, wherein the drug is taxol,
mechlorethamine, cyclophosphamide, melphalan, uracil mustard, chlorambucil, thiotepa,
busulfan, carmustine, lomustine, semustine, streptozocin, dacarbazine, methotrexate,
fluorouracil, cytarabine, azaribine, mercaptopurine, thioguanine, vinblastine, vincristine,
dactinomycin, daunorubicin, doxorubicin, bleomycin, mithramycin, mitomycin, L-
asparaginase,  cisplatin, hydroxyurea, procarbazine, mitotane, ' prednisone,
hydroxyprogesterone caproate, medroprogesterone acetate, diethylstilbestrol, ethinyl
estradiol, tamoxifen, testosterone propionate or fluoxymesterone.

17  The medicament or method according to claim 12, wherein the toxin is abrin,
alpha toxin, diphtheria toxin, axotoxin, gelonin, pokeweed antiviral protein, ricin or
saporin.

18. A detection kit when used for detecting lesions, comprising:

a targeting composition comprising a biotin-protein conjugate or an avidin-protein
conjugate, wherein the protein preferentially binds to a marker substance produced or
associated with the targeted lesion;

a clearing and/or localizing composition comprising (i) avidin, when the targeting
composition is a biotin-protein conjugate, or (ii) biotin, when the targeting composition is
an avidin-protein conjugate; and

a detection composition comprised of a conjugate of (i) avidin and a detection agent
when the clearing and/or localizing composition is biotin, or (ii) biotin and a detection
agent when the clearing agent is avidin;

wherein at least one of the targeting or clearing and/or localizing compositions
further comprises a polymer to which rhultiple moieties of avidin or biotin are conjugated.

19. A detection kit when used for detecting lesions, comprising:
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(a) a targeting composition comprisiﬁg a multibiotinpolymer-protein conjugate or a
biotin-protein conjugate, wherein the protein of said conjugate preferentially blinds to a
marker substance produced or associated with the targeted lesion;
(b) a clearing and/or localizing composition comprising
(1) avidin,
(2) a multiavidin-polymer conjugate,
(3) a multiavidin-multidetection agent-polymer conjugate,
(4) an avidin-detection agent conjugate, or REPLACEMENT SHEET f
(5) a multiavidin-detection agent-polymer conjugate; 21 N6V 1998
e N

(c) a detection composition comprised of
(1) a biotin-detection agent conjugate,
(2) a polymer-multibiotin conjugate, or
(3) a polymer-multibiotin-multidetection agent conjugate;
(d) and, if said composition (c) comprises polymer conjugate, a composition
comprising
(1) an avidin-detection agent conjugate,
(2) a multiavidin-polymer conjugate,
(3) avidin, or
(4) a multiavidin-multidetection agent-polymer; .

(e) and, if said composition (d) comprises other then said ‘avidin-detection agent
conjugate, a composition comprising a biotin-detection agent-conjugate, wherein at least
one of said compositions (a)-(¢) comprises a polymer conjugate, wherein the polymer of
said polymer conjugate has a sufficiently rigid stereochemical structure so that only one
avidin or biotin molecule of each conjugate will bind to a complementary biotin or avidin
molecule already present at the target lesion. _

20. A detection kit when used for detecting lesions, comprising:

(a) a targeting composition comprising '

(1) a multiavidin-polymer-protein conjugate, or
(2) an avidin-protein conjugate;
(b) a clearing composition comprising
(1) biotin,
(2) a multibiotin-polymer conjugate,
(3) a multibiotin-multidetection agent-polymer conjugate, or
(4) a biotin-detection agent conjugate;
(c) a localizing composition comprising
(1) a multibiotin-polymer conjugate,
(2) a multibiotin-multidetection agent-polymer conjugate, or
(3) a biotin-detection agent conjugate,
wherein the localizing agent is the same as or different from the clearing agent; and
(d) a detection composition comprising
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Ji 2) a polymer-multiavidin conjugate, or
3) a polymer-multiavidin-multidetection agent.conjugate;
(©) and, if said composition (d) comprises polymer conjugate, a composition
comprising ' |

(1) a biotin-detection agent conjugate,
(2) a multibiotin-polymer conjugate, or
(3) a multibiotin-multidetection agent-polymer conjugate,
(P) and, if said composition (€) comprises other than said biotin-detection agent, a
composition comprising an avidin-detection agent conjugate;
wherein at least one of said compositions (a)-(f) comprises a polymer conjugate,
wherein the polymer of said polymer conjugate has a sufficiently rigid stereochemical
structure so that only one avidin or biotin molecule of each conjugate will bind to a
complementary biotin or avidin molecule already present at the target lesion.
21. An improvement in a method of detecting lesions in a subject, the method
comprising the steps of |
(a) parenterally injecting a subject with a targeting composition comprised of
(1) a biotin-protein conjugate or '
(i) an avidin-protein conjugate, :
wherein the protein of said conjugate binds to a marker substance produced by or
associated with the targeted lesion, and allowing said conjugate to accrete at the targeted
lesion; . '
(b) then parenterally injecting a clearing composition comprised of
(1) avidin, when said targeting composition is a biotin-protein conjugate, or
(ii) biotin, when said targeting composition is an off' avidin-protein conjugate,
and allowing said clearing composition to clear said targeting composition from non-
targeted sites and to bind to said targe_ting composition accreted at the targeted lesion;
and
() parenterally injecting a detection composition s comprised of a conjugate of
() avidin and a detection agent when said clearing composition is biotin, or
(ii) biotin and a detection agent when said clearing agent is -ai'idin, and
allowing said detection composition to accrete at the targeted lesion; and
(d) detecting said agent accreted at the lesion, thereby detecting the lesion;
wherein the improvement is that at least one of the compositions of step (a) or (b)
further comprises a polymer comprising multiple avidin or biotin binding sites, thereby
providing an increased number of binding sites to which a subsequently administered
composition of step (b) or (c) binds, thereby amplifying the amount of said detection agent
at the targeted lesion. |
22. A method of detecting lesions in a subject, the method comprising the steps of
(a) injecting the subject with a targeting composition comprised of
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(1) a multibiotin-polymer-protein conjugate, or
(2) a biotin-protein conjugate,
wherein the protein of said conjugate binds to a marker substance produced by or
associated with the target lesion, and allowing said conjugate to accumulate at the target
lesion to provide biotin molecules at the lesion;
(b) injecting a clearing agent comprised of
(1) avidin, or
(2) a multiavidin-polymer conjugate, or
(3) a multiavidin-multidetection agent-polymer conjugate, or
(4) an avidin-detection agent conjugate, or
(5) a multiavidin-detection agent-polymer conjugate,
and permitting said clearing agent to remove circulating X biotin conjugate;
(c) injecting a localizing agent comprised of

(1) avidin, or REPLAGEMENT SHEET
(2) a multiavidin-polymer conjugate, or

(3) a multiavidin-multidetection agent-polymer conjugate, or 2 1%:,05 1998
(4) an avidin-detection agent conjugate, or

(5) a multiavidin-detection agent-polymer conjugate,

wherein said localizing agent is the same as or different from said clearing agent and

is injected concurrently with or subsequent to said clearing agent, and permitting said
localizing agent to localize at the target lesion by binding to a biotin molecﬁle;

(d) injecting a composition comprising

(1) a biotin-detection agent conjugate, or
(2) a polymer-multibiotin conjugate or,
(3) a polymer-multibiotin-multi-detection agent conjugate,

and permitting biotin molecules of said composition of step (d) to bind to avidin
molecules of said localizing agent of step (c);

(e) if a conjugate containing polymer is used in step (d), then injecting a
composition comprising |

(1) an avidin-detection agent conjugate, or

(2) a multiavidin-polymer conjugate, or

(3) avidin, 6r

(4) a multiavidin-multidetection agent-polymer conjugate,

and permitting an avidin molecule of said composition of step (€) to bind to a biotin
~ molecule of said localizing composition of step (d);

(D) if other than said avidin-detection agent conjugate has been injected in step (e),
injecting a biotin-detection agent conjugate and permitting a biotin molecule of said
conjugate of step (f) to bind to an avidin molecule at the target lesion; and
' (g) detecting said agent bound at the lesion, thereby detecting the targeted lesion;

wherein a polymer conjugate is used in at least one step and the polymer has a
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sufficiently rigid stereochemical structure so that only one avidin or biotin molecule of
each conjugate binds to a molecule already present at the target lesion.

23. A method of detecting lesions in a subject comprising the steps of

(a) injecting a subject with a targeting composition comprised of a multiavidin-
polymer-protein conjugate or an avidin-protein conjugate, wherein the protein of said
conjugate binds to a marker substance produced by or associated with the target lesion,

T

and allowing said conjugate to accrete at the target lesion;

(b) injecting a clearing agent comprised of i REPLATOMENT SHEET
(1) biotin, or 8
(2) a multibiotin-polymer conjugate, or 21 %@9

(3) a multibiotin-multidetection agent-polymer conjugate, or

(4) a biotin-detection agent conjugate,
and permitting said clearing agent to remove circulating conjugate of step (a);
(c) injecting a localizing agent compnsed of
(1) a multibiotin-polymer conjugate, or
(2) a multibiotin-multidetection agent-polymer conjugate, or
(3) a biotin-detection agent conjugate,
wherein said localizing agent is the same as or different from said clearing agent and
is injected concurrently with or subsequent to said clearing agent and permitting said
localizing agent to localize at the target lesion by binding to an avidin molecule;
(d) injecting a composition comprised of
(1) an avidin-detection agent conjugate, or
(2) a polymer-multiavidin conjugate or,
(3) a polymer-multiavidin-multidetection agent conjugate,
and permitting avidin molecules of said conjugate of step d) to bind to biotin
molecules of said localizing agent;
(e if a conjugate containing polymer is used in step (d), then injecting a
composition consisting essentially of
(1) a biotin-detection agent conjugate or
(2) a multibiotin-polymer conjugate, or
(3) a multibiotin-multidetection agent-polymer conjugate,
and permitting the biotin molecules of the conjugate of step (e) to bind to avidin
molecules provided by said composition of step (d);
(f) if other than a biotin-detection agent has been injected in step (e), injecting an
avidin-detection agent conjugate and permitting the avidin molecules of the conjugate
of step (f) to bind to biotin molecules at the target lesion; and
(g) detecting said agent bound at the lesion, thereby detecting the targeted lesion;
wherein a polymer conjugate is used in at least one step of the method and the
polymer has a sufficiently rigid stereochemical structure so that only one biotin or avidin
molecule of each conjugate binds to a molecule already present at the target lesion.
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24. The kit according to claim 19 or the method according to claim 22, wherein:
said targeting composition comprises said multibjotinpolymer-protein conjugate; said
clearing and/or localizing composition comprises avidin; and said detection composition
comprises said biotindetection agent conjugate.

25. The kit according to claim 19 or the method according to claim 22, wherein:
said targeting composition comprises said biotin-protein conjugate; said clearing and/or
localizing composition comprises said multiavidin-polymer conjugate; and said detection
composition comprises said biotin-detection agent conjugate.

26. The kit according to claim 19 or the method f according to claim 22, wherein: _
said targeting composition comprises said biotin-protein conjugate; said clearing and/or
localizing composition comprises said multiavidin-polymer-detection agent conjugate; and
said detection composition comprises said biotindetection agent conjugate.

27. The kit according to claim 20 or the method according to claim 23, wherein:
said targeting composition comprises said avidin-protein conjugate; said clearing and/or
localizing composition comprises said multibiotin-polymer conjugate; and said detection
composition comprises said avidindetection agent conjugate.

28. The kit according to claim 20 or the method according to claim 23, wherein:
said targeting composition comprises said avidin-protein conjugate; said clearing and/or
localizing composition comprises said multibiotin-polymer-detection agent conjugate; and
said detection composition C(')mprises said avidindetection agent conjugate.

29. The kit or method according to any one of claims 19-28, wherein the detection
agent is a radionuclide, mri enhancing agent, photoactivated dye or differentiation agent.

30. The kit or method according to any one of claims 19-28, wherein the detection
agent is a gamma-emitter, positron-emitter, x-ray-emitter, or fluorescence emitter.

31. The kit or method according to claim 29, wherein the radionuclide emission
has an energy between 10 and 7000 keV.

32. The kit or method according to claim 29, wherein the mri enhancing agent
comprises a paramagnetic gadolinium, iron, manganese, rhenium, europium, lanthanum,
holmium or terbium ion.

33. The method according to any ome of claims 21-32, wherein the detection
method is used for internal detection during an operative intravascular or endoscopic
procedure.

34. The method according to claim 33, wherein the radionuclide used for internal
detection is Iodine-125, Todine-131, Indium-111, Technetium-99m, or Gallium-67.

35. The method according to any one of claims 21-32, wherein the method is used
for external imaging and wherein the radionuclide used for external imaging is Iodine-
123, Iodine-131, Indium-lll, Gallium-67, Ruthenium-97, Technetium-99m, Cobalt-57,
Cobalt-58, Chromium-51, Iron-59, Selenium-75, Thallium-201 or Ytterbium-169.
REPLACEMENT SHEET
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36. The medicament, kit or method according to any one of claims 1-35, wherein
the polymer is selected from the group consisting of polyamino-acids, oligonucleotides,
polyimines, polysaccharides, polyamines, polycarbbxylic acids and polyalcohols.

37. The medicament, kit or method according to claim 36, wherein the polymer
has restricted stereochemistry such that each of the multlple biotin or avidin moieties
conjugated to said polymer binds a complementary avidin or biotin moiety subsequently
administered, and only one of said multiple avidin or biotin moieties conjugated to said
polymer binds to a complementary avidin or biotin moiety already present at the target
lesion.

38. The medicament, kit or method according to claim 36, wherein the polymer
has a molecular weight of 5,000 to 200,000 kD.

39. The medicament, kit or method according to any one of claims 1-35, wherein
the polymer is dextran or a starburst dendrimer.

40. The medicament, kit or method according to claim 39, wherein the polymer is
a dextran carrying a limited number of amlno groups.

41. The medicament, kit or method according to any one of claims 1-40, wherein
the lesion is cancerous, cardiovascular, infectious or inflammatory.

42. The medicament, kit or method according to claim 41, wherein the
cardioyascular lesion is a thrombus, embolus, infarct or atherosclerotic plaque-

43. The medicament, kit or method according to claim 41, wherein the cancerous
lesion is a carcinoma, melanoma, sarcoma, neuroblastoma, leukemia, lymphoma, glioma
or myeloma. '

44. The medicament, kit or method according to claim 41, wherein the lesion is
infectious or inflammatory.

45. The medicament, kit or method according to any one of claims 1-44, wherein
the protein is a peptide, polypeptide, hormone, lymphokine, growth factor, albumin,
cytokine, enzyme, immune modulator, receptor protein, antibody or antibody fragment.

46. The medicament, kit or method according to claim 45, wherein the proteln isa
monoclonal antibody, or a specific binding fragment thereof.

47. The medicament, kit or method according to claim 46, wherein the fragment is
a Fv, single chain antibody, Fab, ; Fab', F(ab), or F(ab'),.

48. The medicament, kit or method according to claim 47, wherein the fragment is
Fab, Fab', F(ab), or F(ab'),.

49. The medicament, kit or method according to claim 45, wherein the antibody is
multispecific.

50. . The medicament, kit or method according to claim 49, wherein the antibody is
multispecific to differing epitopes or molecules of a marker substance.

~ 51. The medicament, kit or method according to claim 45, wherein the protein has
a specific immunoreactivity to a marker substance of at least 60% and a cross-reactivity to
other antigens or non-target substances of less than 35%.
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IMPROVED DETECTION AND THERAPY OF LESIONS WITH BIOTIN/AVIDIN
POLYMER CONJUGATES

ABSTRACT

Methods and kits for detecting lesions and compositions and their use for
treating lesions in a patient are provided. The methods are multibiotin and/or
multiavidin-polymer conjugates to achieve ampliﬁcétion of targeting at .the site of the

lesion.
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