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1- Field of the Invention

5 The present invention relates to improved uses of
compositions containing biotin and avidin in methods for
detecting and treating pathological conditions with a
multi-step process.

2= nescrii_:tion of the Prior Art

10 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 1lesions. The targeting antibody is

15 conjugated to an appropriate detacting or therapeutic
agent accerding to processes waell known and readily
available to one of ordinary skill in the art, as
dagcribed, for example, in Hangen et al., U.S. Patent No.
3,927,193 and Goldenberg, U.S. Pat. Nos. 4_,331,647,

20 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.

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

25 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 being achieved. To
overcome this impediment, various methods have been

30 developed, such as those described in the above-

Sheet Has Been Reﬂlaced

T




- _ 7_ . a-qspM :FOLEY & LARDNER DC. D~ 61 2 2615486:# 4
condigii gns, or lesions.  Pndd P& &e?sr%gm’gnti body i s conjugated to an
appropriate detecting or therapeutic agent according to processes welt

kaown and readily available to one of ordinary skill i 'HAS BEEN
descri bed, for exanple, in Hansen et al., U S. Patent Lrﬂgé;%%a% and

CGol denberg, U.S.. Pat. Nos. 4,331,647, 4,348,376, 4,361,544 4, 7, -
4,444,744, 4,460,459, 4,460,561, 4,624, §46 and 4, 818, Vgaa“mmmt ing a
| esion, ‘a high signal-to-background ratio needs to bel ; er apy
al so requires a high absolute accretion of the therapeutic agent in the

| esi on, as wel | refexencedsGoldenpergrpattents:i on of uptake and bindi ng. High
background | evel s ofe{P-chBbfSidthdds have been developad to increase
the target:background ratios of the detection or
therapeutic agents, such as pre-targeting and
s biotin/avidin approaches, as describked, 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.
Nucl. Med. 28:1294, 1987; Oehr et al., J. Nucl. HMed.
29:728, 1988; Klibanov et al.; J. Nucl. Med. 29:13851,
10 1988; Sinitsyn et al., J. Nucl. Med. 30:66, 1989;
Kalofonos et al., J. Nucl. Med. 31:17391, 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.
1s 51:6650, 1991; and Yuan et al., Cancer Res. 51:3119,
1991.

Avidain, 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).

20 Streptavidin, derived frem Streptomyces avidinii, is
gimilar to avidin, but has lovwer 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

25 bind to biotin.

In a prior art 2-step procedure, a targeting antibedy
is conjugated with either avidin or biotin and then is
injected into a patient, thus localizing the avidin or
biotin at a tumor of intereast. Thereafter, aither biotin

30 or avidin (depending on vhich 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

35 is very critical. Injecting the radiclabeled avidin or
bioctin too early will increase the avidin/biotin
conjugates in the bloodstream and nontargeted tissues,
while injecting very late may decresase the amocunt .

[
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ant i ggewyhave | ong been rec?oz‘:}‘n?muéci5 %\SSMaF%ET or |rrped| r?;nt to high target:
backgfound ratios being achieved. To overcone this inpedinent, various
met hods have been devel oped, such as those descri be'ﬂ-lIS|smEEThlaSéBEEwe-

-2- referenced Gol denberg patents. Still other nethods haREPLUAGER devel oped

to increase the target: background ratios of the det eqwna utic
agents, such as pre-targeting and® Bi oti n/ avi d";nq Bﬁ%g{ E;ﬂﬂ:
described, for exanple, in _ e

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)

5 demonstrated the feasibility of the above approach (the
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

10 also showed that labeled biotin alone (without antibody
pretargeting) coculd detect tumors in 8 of 10 patients.

Paganelll et al. (J. Nucl. Med. 31:735, 1990 and
cancer Res. $1:5960, 1991) disclose a 3-step approach
wherein a biotinylated antibody is administered, followed

i5 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 methed, Paganelli et al.

20 were able to show, with the exception of the kiadneys,
high tumor:normal organ raties. By further examining

- this 3-step procedure, however, the present inventor has
found that cold avidin can reduce the amocunt of biotin
(in the biotihylated antibody) contained in tumor.

25 Further, pany of the above-cited studies have
demonstrated that avidin is immunogenic, resulting in
anti-avidin antibodies which preclude repeated
administrations of this agent (and thereby -rnpeated
detecting or therapy courses). Many of these 2- and 3-

30 step approaches ‘using biotin or avidin immuncconjugates
have shown improved target:background ratios; however,
the administration of a clearing agent, such as avidin,
after a biotinylated targeting antibody is first given,
not only reduces circulating biotinylated antibedy, but

35 also reduces the amount of biotinylated antibedy in the
target lesion. .

Theretore, a need exists for better uses of
compositions in methods which will allow for higher and

eetHasBeenR\i

i




8 2 2615486,; 6

GoodwiENT BY: al ., U S. Patent 2ng0- 96y §63§PM71§)LEYGO% n et aI . Nucl .

29: 226, 1988; Hnatowich et al. J. Nucl. Med. 28: 1294 1987

J.5 Nucl. Med. 29:728, 1988; K i banov et al . ) J. Nucl TH @%}1988
Sinitsyn et al., J. Nucl. Med. 30:66, 1989; Kal of onos et Nucl

31: 1791, - 1990; Schechter et-al., Int. J. Cancer 48: ’i\lm““m eII| et
al ., Cancer Res. 51:5960, 1991, PaganeTI‘i et al ., Nﬁﬁﬂm‘

12:211, 1991; Stickney et al., Cancer Res. 51:6650 1951; and Yuan et al.
Cancer Res. 51:3119, 1991. Avidin, found in egg whites, has a very high

bi ndi-ng affi ni t wok@r selettive Vurjatifig aakd Coatdining (detiaction and
: therapeutic agents to and at pathological lesions and for
retaining higher anounts of biotin with the original

antibody.

5 OBIECTS OF THE INVENTION

The principal object of the present invention is te
provide a composition for use in a methed of delivering
higher amounts and higher target:nontarget ratics of
detection or therapeutic agents to targeted lesions.

10 Another cbjective of the invention is to provide a
composition for use in a method of increasing the amount
of primary targeting antibedy present in a lesion to be
detected or treated. '

$till another object of the invention is to provide

15 . a composition for use in a 3~ or multiple~-step procedure
vhich delivers higher amounts of a detection or
therapeutic agent to a lesion.

Yet another object of the invention is to provide
composition for use in a method of restoring any cleared

20 primary antibody and/or detection or therapeutic agent
from a lesion in a later targeting step.

A further object of the invention is to provide a
composition for use in a method of decreasing the
immunogenicity of the targeting agents.

25 Yet another object of the invention is to provide a
plurality of uses for these detection or therapeutic
agents.

Upon further study of the specification and appended
claims, further objects and advantages of this invention

30 will become apparent to those skilled in the art.

SUMMARY OF THE INVENTION

In its broadest embodiment, the inv_ention provides
a compasition for use in a method of detecting and/or
treating lesions in a patient. The method comprises the °
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(Wighegl: et al., Anal. 2-B-8h&y™H FHOLEY & LAI_;LDgE%) Streptavidin, derived
from 5t reptonyces aV| dinii, is simlar to avidin, but has |over

mon-speci fic tissue binding, and therefore often is wgeehEeT RASBEENT
avidin. Both avidin and streptavidin have a tetraval encyRePoACEDOti n, thus

perm tti-ng anplification when the forneg pind to b|o r art
2-step procedure, a targeting antibody Is”conjugate mm@‘m@ﬂ vidin or
biotin and then is injected into a patient, thus Io avidin or
biotin at a tunor of interest. Thereafter, either biotin or avidin
(depending on viteaps veb (xjuparenterably ttnigsting anenblests vihrang an
i magi ng i SOt OpPegajdeting composition comprised of (i) a biotin-protain
) conjugate or (ii) an avidin-protein conjugate, wherein
the protein preferentially binds to a marker substance
5 produced or associated with the targeted lesion, and
allowing the protein conjugate to prefersntially accrete
at the targeted lesion; (b) then, optionally,
parenterally injecting a clearing composition comprised
of (i) avidin, when the targeting composition is a
10 biotin-protein conjugate, or (ii) biotin, when the
targeting composition is an 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
1s targeted lesion; (c) parentarally injecting a detection
or therapeutic composition comprised of a conjugate of
{i) avidin, protein and detsction or therapeutic agent,
or (ii) biotin, protein and detection or therapeutic
agent, vwherein the protein preferentially binds to a
20 marker substance produced by or associated with the
targeted lesion and vherein the protein may be the same
as the protein of the targeting compesition, and allowing
the composition to accrete at the targeted lesion; and
(d) parenterally injecting, either prior or subsequent to
25  the composition of (c), ancther detection or therapeutic
composition comprised of (i) avidin conjugated to a
detection or therapeutic agent, or (ii)biotin conjugated
to a detection or therapeutic agent, wherein the
detection or therapeutic agent may be the same as the
<]} detection on therapeutic agent of step (c), and allowing
the conjugate to accrete at the targeted lesion, wherein
(i) step (d) is optional if a clearing compesition has
been administered, (ii) the detection or therapeutic
compositions of step (¢) and (d) containing avidin are
35 administered as the next step after the administration of
a composition containing biotin or of a clearing
canf:osition. containing avidin, (iii) detection or
therapeutic compositions of step (c) and (d) ceontaining
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avtdln or biotin,

respectively. Timng of the second injection after the

fitst one is very critical. Injecting the radiol abel eﬂ %%ﬁﬁln t oo
early will increase the avidin/biotin conjugates in t g@bi ﬁgﬁé and
nont argeted tissues, while injecting ver¥ | ate may decrease anount
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biotin are adninistered as the next step arfter <the
administration of a composition containing avidin or of
a clearing composition containing biotin.

In variations of the above embodiment, the following
compositions are used in each step. .

In a threé—stage enbodiment, first the targeting
compoaition comprised of a biotin-protein conjugate is
injected, and no clearing composition is administered;
then a detection or therapeutic composition comprised of
avidin conjugated to a detection or therapeutic agent is
injected and then a detection or therapeutic composition
comprised of a conjugate of biotin, protein and detection
or therapeutic agent is injected,

In a four-step embodiment, a targeting composition
comprised of a bictin-pretain conjugate is first
injected, then a clearing composition comprised of avidin
is injected, then a detection or therapeutic composition
comprised of avidin conjugated to a detection or
therapeutic agent is injected, and, lastly, a detection

R0 AR IEEI

or therapeutic composition comprised of a conjugate of

biotin, protein and detection or therapeut:lc agent is
injected.

In another <four-step embodinent, a targeting
composition comprised of a biotin-protein conjugate is
injected, then a clearing composition comprised of avidin
is injected, then a detection or therapeutic composition
comprised of a conjugate of biotin, protein and detection
or therapeutic agent is injectad, and, lastly, another
detection or therapeutic composition comprised of avidin

conjugated to a detection or therapeutic agent is

injected.

In another four-step embodiment, a targeting
composition comprised of a biotin-protein conjugate is
injected, then a clearing composition comprised of avidin
is injected, then a detaection or therapeutic composition
comprised of biotin conjugated to a detection or
therapeutic agent is injected, and, lastly, a detection
or therapeutic composition coﬁprisad of a conjugate of

R

eet Has Been R laced

T
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at ;the tunor. Paganelli et al. (Int. J. Cancer 2:121, 1988) and Kal of onos
et al. (J. Nucl. Med. 31:1791, 1990) denonstr at edTHIRGHEERSABIBEENY oOf
the above approach (the former used biotinylated anti body;REMACERtt er used

strept avi di n-conj ugat ed anti body for tamoe |ocalizati q m&@ !mg’@;ﬂﬁgorted

by Kal of onos et al. (ibid.), 3 of 10 patients showed ity
However, the patients al so showed that |abeled biotin ‘a"6He

ant 1 body Pr et 2 9S4 S SIS b SnBleddild t'e“tggi;ag,agg: ose
a 3-step appr oadhjected.

In another three-step embediment, a targeting
composition comprised of a biotin-protein conjugate is

s injected, then a clearing composition comprised of avidin
is injected, and, lastly, a detection or therapeutic
composition comprised of a conjugate of biotin, protein
and detection or therapeutic agent is injected.

In ancther four-step embodiment, a targeting

10 composition comprised of a biotin-protein conjugate is
injected, then a clearing composition comprised of avidin
is injected, then a detection or therapeutic composition
comprised of a conjugate of avidin, protein and detection
or therapeutic agent is injected, and, lastly, ancther

15 detection or therapeutic composition comprised of biotin
conjugated to a detection or therapeutic agent is
injected.

In ancther thraa-st.ep embcdiment, a subject is first
injected with a targeting composition comprised of an

20 avidin-protein conjugate, then the subject is injected
vith a detection or therapeutic composition comprised of
biotin conjugated to a detection or therapeutic agent,
and, lastly, the subject is injected with a detection or
therapeutic composition comprised of a conjugate of

25 avidin, protein and detection or therapeutic agent.

In another four-step enmbodiment, a targating
composition comprised of an avidin-protein conjugate is
injected, then a clearing composition comprised of bictin
is injected, then a detection or therapeutic composition

30 ccnprised of biotin conjugated to a detection or
therapeutic agent is injected, and, lastly, a detection
or therapeutic composition comprised of a conjugate of
avidin, protein and detection or therapeutic agent is
injectea.

35 In another tour-stap enbodinent, an avidin-protein
conjugate is injected, then a clearing composition
conprised of biotin is injected, then-a detection or
therapeutic composition comprised of a conjugate of

i
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non-| abel ed and-non-conjugated, avidin to clear nontargeted antibody, and
then a radiol abel ed biotin i.s given which binds to the a‘ﬁiigi 1 \ r%gé i n

t he body, presundbis $heeiHas Been Replaed di N has conpl exed to t 1 gﬁéfﬂé%ga eal

anti body. By thisk] i et al. were able to show, wth th
exception of the Ki unor : nor®ed organ rati oéﬂﬂg?{%ﬁﬁgtm!mun‘

exam ning this 3-step procedure, however, the present i nv d
that cold avidin can reduce the anmount of biotin (in the biotinylated

have derpnst raYbULRNPrEERan, and | AREASELAR LoP, SHAFaRRRtLF agent 18" °°
injected, and, lastly, another detection or therapsutic
composition comprised of biotin conjugated to a detection
or therapeutic agent is injected.

5 In another four-step enmbodiment, a targeting
| composition comprised of an.avidin-protein conjugate is
injected, then a clearing compesition comprised of biotin
is injected, then a detection or therapeutic composition
comprised of avidin conjugated to a detaction or
10 therapeutic agent is injected, and, lastly, another
datection or therapeutic composition comprised of bhiotin,
protein and detection or therapeutic agent is injected.
In ancther three-step eubodiment, a targeting
composition comprised of an avidin-protein conjugate is
15 injected, then a clearing composition comprised of biotin
is injected, and, lastly, a detection or therapeutic
compogsition comprised of a conjugate of avidin, protein

and detection or therapeutic agent is injected.
.In another four-step embodiment, a targeting
20 compogition comprised of an avidin-protein conjugate is
injected, then a clearing composition comprised of biotin
is injected, then a detection or therapsutic compesition
comprised of a conjugate of biotin, protein and detection
or therapeutic agent is injacteé, and, lastly, another
25 detection or therapeutic composition comprised of avidin

conjugated to a detection or therapeutic agent is
injectead.

DRETAILED DISCUSSION

It has now been found that the use of the..

30 compositions disc¢losed herein in 3- and 4-step procedures

of the present invention is more advantageous €for

selective detection and therapy of lesions than the uses
disclosed in the prior art.

In a more preferrad embodiment of this invention

35 involving a 3-step approach, a biotinylated targeting

antibody or fragment is injected, followed by the
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thi;s agent (and thereby repeated detecting or therapy courses). Many of
these 2- and 3- step approaches using biotin or avidin innunoconj ugat es

have shown inproved,jag RAskegEQuUNd ratios; howeve, Répiakat | on
of a cl earing agent, L%Jﬂgggw din, after a biotiny mf %

anti body is first given reduce@mrcul atlng
anti body, but al so muﬁlmﬂmtEMDunt of biotinyl ated
target | esion. The exi sts for better uses of corrp05|t|ons in
rrethods which wil | allow for higher and
application of avidin as a clearing agent. Then, as a
third step, instead of administering biotin-conjugated
isctope or drug as taught in the prior art, a lesion-
targéting antibody or fragment conjugate is administered.
s The antibody or fragment is either the same as that of
~ the first step or another such targeting antibedy or
fragment, and is conjugated with biotin and with a
detection or therapeutic agent. Using the lesion-
targeting antihody' or fragment conjugate forms another
10 lattice of complexation of biotin-avidin-biotin, with the
added advantage of targeting to the lesion with the
antibody or fragment.
The more preferred 4-step embodiments have two basic
approaches. In both, the first step is the injection of
15 a biotinylated antibody or fragment and the second step
is the injection of an avidin chase. The third step
invelves the injection of either avidin cenjugated with
a detection or therapeutic agent, or, alternatively, a
biotin conjugated with a detection or therapeutic agent.
20 When the third step uses an avidin conjugate, the fourth -
step is an injection of a biotinylated anti-lesion
antibody or fragment conjugated with a detection or
therapeutic agent. When the third step involves biotin
conjugated with a detection or therapeutic agent, the
25  fourth step requires tha injection of an anti-lesion
antibody or fragment conjugated with avidin and with a
detection or therapeutic agent.
Each of thase 4-step approaches is an mprovement ’
in terms of absolute amount of detection or therapeutic
30 agent delivered and retained at the site of the lesion,
as compared to the prior art 2- and 3-gtep proceauré:; '
which did not contemplate the use of a biotinylated or
avidin—conjugated antibody or fragment bearing additicnal
detection or therapeutic agents for enhancement of the
3s effects as a last step. '
0f course, if desired, the sequence can be repeated
for additional accumulation of the agents, as needed.
Further, the preferred lesion-localizing antibody can be-




the ori gi nal

more SENTERtive targeting and2R&diing’ ﬁ%’Md’g?’&t% lo‘q}l?l)"gﬁcpctqzu'erapeu(iI
and at pathol ogi cal |esions and for retaining higher anmunts of bleé)%r_l_

anti body. OBJECTS OF THE | NVENTI ON The prTlr\|§|
present invention is to provide a conposition for use in a

del i vering higher anounts and hi gher t_alige.t, nont ar get
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a bispecific or hybrid antibody, whereby at least 2
antibody arms are directed against different epitopes of
the same antigen or against different substancss
agsociated with the lesion. This is preferred in oxder
to achieve higher lsvels of accretion and binding in the
lesion. : .

These uses of the compositions of the present
invention provide the following improved results over
other sequences reported earlier by others:

1. increased binding and retantion of pripary

antibody in the lesicn;

2. higher lesion:normal organ (includiug kidney)

ratios;

3. increased targeting of detection and

therapeutic agents to the lesion; and

4. improved lesion detection or therapy.

The detection/therapeutic agents used in the present
invention can be any or multiples of the following:
A- diagnostic or therapeutic radicnuclides
' (e.g.,alpha~, bata~-, gamma~-, positron-, x-ray-

and fluorescence-emitters; 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 compositions of the present invention can be used

to detect (either by internal precedures or by external
imaging) and/or treat lesions, including cancers,
infectious diseases, cardiovascular diseases and other
pathological conditions.

Internal detection procedures include
intracparative, intravascular or endoscopic, including

laparoscopic, techniques, both surgically invasive and

-—_—
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treated. Still .another object of the invention is to provide a conposition
for use in a 3- or. nultlple step procedure which delivers hlgher anount s of

a detection or t as Been ced 0 @ | esion. Yet anotdy Ta4AS BEEN t he

I nvention is to pr ion for use in a method O?Rapescam ng any
cleared primary a det ect eOB1Q# therapeutlc a

lesion in a later targeting step. A further object of & ﬁgﬂﬁﬁiu \IS to
provi de a conposition for. use in a nethod of decreaS| nogenicity

of the targeting agents.
non-invasive.

Avidins are a family of proteins functionally defined
by their ability to bind biotin with high affinity and
specificity. = Avidins are fairly small -oligomeric

5 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,

10 reptiles and avians, vhich are present in their eggs and
knewn as avidin, and (b) preduced by a streptohyces,
Strabtanyces avidinii, and known as streptavidin. Aas
used herein "avidin” includes all of the above proteins.

Proteins are known which preferentially bind marker

15 substances that are produced by or associated with
lesions. Por example, antibodies can be used against
cancer-associated substances, as well as against any
pathological lesion that shows an increased or unique
antigenic marker, such as against substances associated

20 with cardiovascular lesions, such as, wvascular clots
including thrombi and emboli, myocardial infarctions and
other organ infarcts, atherosclerotic plagues;
inflammatory 1lesions; and infectious and parasitic
agents. Examples of appropriate applications are

25 provided in the above-referenced Goldenberg patents and
applications.

The cancer states include carcinomas, melanomas,
sarcomas, neuroblastomas, leukemias, lymphomas, gliomas

and myelomas.
30 The infecticus diseases include those caused by
invading microbes or parasites. As used herein,

"pmjicrobe® denotes virus, bacteria, rickettsia,
mycoplasma, protozoa, fungi and like nicroorganisms,
*"parasite" denotes infectious, generally microscocpic or
35 very small multicellular 1hvartahrates, or ova or
juvenile forms thereof, which are susceptible to
antibody-induced clearance or 1lytic or phagocytic
destruction, e.g., malarial parasites, spirochetes and
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these detection or therapeuti€ agents. Upon further study of the )
speci fi cati on—ane—appernded Cl a ains, further objects and advantages of this

i nventi on wi | I ls(‘sgi‘rgam \‘wﬁg‘mﬁo those skilled in theTalstSHEShdM)@:ééEﬂ: THE

I NVENTION In it di ment, the invention provi dBEPIAGEINPOSIi ti on

et hod copr i 6 I T

met hod conprise
the like, including helminths, while "infectious agent”
or "pathogen®" denotes both microbes and parasites.
 The protein substances useful in <the present
invention include protein, peptide, polypeptide,
5 glycoprotein, lipoprotein, or the like, e.g. hormones,
lymphokines, growth facteors, albumin, cytokines, enzynmes,
immune modulators, receptor proteins, antibodies and
antibody fragments.
The protein substance of particular interest in the
10 present invention are antibodies and antibody fragments.
By "antibodles and antibedy fragments® is meant generally
jamunoglobulins or fragments thereof that specifically
bind to antigens to form immune complexes.
The antibody may be whole immunoglobulin of any
15 class, e.g., IgG, IgM, IgA, IgD, IgE, chimeric or hybrid
| antibodies with dual or nmultiple antigen or epitope
specificities. It can be a polyclonal antibedy,
preferably an affinity-purified antibody from a human or
an appropriate animal, e.g., a primate, goat, rabbit,
20 mouse or the like. Monoclonal antibodies are also
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 jmmunogenic
25 antigen preparation, fusion of immune lymph or spleen
cells with an immortal myaloma cell line, and isolation
of specific hybridoma clones. More unconventional
methods of preparing monoclonal antibodies are not
excluded, such as interspecies fusions and genetic
30 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 nev_ier techniques for production
of monocleonals can alsc be used, e.g., _hunan monoclonals,

is interspecies monoclonals, chimeric (e.g., human/mousa)
monoclonals, genetically engineered antibodies and the
like.

Antibody fragments useful in the present invention
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st eps Ohb Pa) parenteral ly injecting a subject wth a- target| ng corrp05|t|on

conprised of  (i)—a—bietinA=—protern conjugate or (ii) an aV|
%?Ei ance
e

conj ugat e, vvhereln r Qt ei che@ferentlally binds to a
produced or assoch targeted | esion, and al I ovm n rot ei n
conj ugate to prefe ﬁ‘ﬁ\m ete at “tde "~ targeted @%mﬂmﬂﬁﬂum
optional ly, parent ng a clearing conpositi on | )
avidin, when the targeting conposition is a biotin-protein conjugate, or
(1) bi otin, V\henﬁm&ar N CA(EY) (693 tpgﬂnJ SraB, avwdidddr €l DikON] ugat e,
ens o o 1, U TSR SRR, L b VAR LBt 011 9
Fab', F(ab'),, Fab, and F(ab),. Alseo useful are any
subfraguments retaining the hypervariable, antigen-binding
5 region of an immunoglebulin and having a size similar to
or smaller than a Fab' fragmemt. This will include
ganetically engineered and/or recombinant proteine,
whether single~chain or multiple~chain, which incorporate
an antigen-binding site and otherwise function in vive as
10 targeting vehicles in substantially the same way as
natural immunoglobulin fragments. Such single~chain
binding molecules known in the art, and are disclosed in
U.S.Patent 4,946,778. Fab' antibody fragments may be
conveniently made by reductive cleavage of F(ab'),
15 fragments, which themselves may be made by pepsin
digestion of intact immunoglobulin. Fab antibedy
fragments may be made by papain digestion of iatact
immuncglobulin, under reducing conditions, or by cleavage
of F(ab), fragments which raesult from careful papain
20 digestion of whole immunoglobulin. The fzagnents ‘nay
also be producad by genetic engineering.
It should be noted that mixtures of antibodies and
hnuncglobulin classes can be used, as can hybrid
- antibodies. Multispecific, including bispecit.tc and
25 hybrid, antibodies and antibody fragments are especially
preferred in the present invention for detacting and
treating hsions and are comprised of at least two
different substantially monospecific antibodies or
antibody fragments, wvherein at least two of said
30 antibodies or antibody fragments specifically bind to at
least tvo different antigens produced or associated with
the targeted lesion or at least two different epitopes or
molecules of a marker substance produced or asgociated
with the targeted lesiocn. Multispecific antibodies anad
3s antibody fragmhnts with dual sapecificities 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.,
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parenteral Iy i nfeet+nrg—a—detection or therapeutic conposition conprised of

a conjugate of (i). gvi . rotle%(ﬂ and detection or thengsHEETHASREEN or
(ii) biotin, protefihe Py or therapeutic agent, WREPIAGED he
|Mla mar ker ggubst ance pro‘g
I

protein preferenti 7,3.:’ r
L Me sare
313§ ;“xt Y-

associated with th ion and whérein the p
as the protein of the targeting conposition, and allow e conmposition
to acrete at the targeted lesion; and (d) parenterally injecting, either
prior ‘or subsequ&n®-tRat-hNoednddd;89bandi4,47P, 8950 aRd ingHileteio et
therapeutic conpailli DEm&@IN P68ky 05,09 (E084Jln conjugated to a

Prefarred are proteins having a specific

immunoreactivity to a marker substance of at least 60%
5 and a cross~reactivity to other antigens or non-targeted
substances of less than 3S%..

As digclosed above, antibodies against tumor antigens
and againat pathogens ars known. For example, antibodies
and antibody fragments which specifically bind markers

10 produced by or associated with tumors or infectious
lesions, including viral, bacterial, fungal and parasitic
infections, and antigens and products asscciated with
such microorganisms have bean disclosed, inter aljia, in
Hansen et al., U.S. Patent 3,927,193 and Goldenberg U.S.

15 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, prostats, ovarian, testicular, brain or
lymphatic t¢tumor, a sarcoma or a melanoma, are

20 advantageously used. .

A wide varisty of monoclonal antibodies against
infectious disease agents have been devaloped, and are
summarized in a review by Polin, in EBur. J. Clin.
Microdiol., 3(5):387-398, 1984, showing ready

25 availability. These include monoclonal antibodies (MAbs)

_against pathogens and their antigens such as the
following:

Anti-bacterial Mabs
Streptococcus agalactiae
30 Legionella pneumophilia
Streptococcus pycgenes
Bgcherichia cold
Nelsseria gonorrhosaa
Neisseria meningitidis
35 Pneumococcus
Hemophilis influenzae B
Treponema pallidum
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t herapeutic agent, wherein the detection or therapeutic agent nay be the
safe as the detection on therapeutic agent of step (c), and allow ng the
conjugate to accrete at the targeted |esion, wherein (i JHSISHEETHASIBEEN
optional 'if a clearing conposition has-bH&n-adn1n|stered (REFLAGED

det ection or therapeutic conpositions of step (c¢) and ( vidin
are adm ni stered as the next step after the adm ni strati ﬂmmgmni EI tiron
cont ai ni ng biot| np03|t|on contalnlng avi
detection or the Lé§‘°ﬂ§§ﬁyﬁﬁﬂﬁﬂ8§ of step (c) and (d) contalnlng
Pseudomonas aeruginosa
Mycobacterium leprae
Brucella abortus

5 Mycobacterium tuberculosis
Tetanus toxin -

Anti-viral MARs
HIV-1, -2, =3
Hepatitis A, B, C, D
10 Rabies virus
Influenza virus
Cytomegalovirus
Hexpes asimplex I and II
Human serum parve-like virus
15 Regpiratory syncytial virus
Varicella~Zoster virus
Hepatitis B virus
Measles virus
Adenovirus
20 Human T-cell leukemia viruses
Epstain-nérr virus
Muarine leukemia virus#
Mumps vixus
Vesicular stomatitis virus
2S sindbis virus
Lymphocytic choriomeningitis virus
Wart virus
Blue tongue virus
Sendai virus
30 Feline laukemia virus+®
Reo virus
Polio virus
Sinian virus 40#*
Mouse mammary tumor viruse
35 Dengue virus
- Rubella virus
*=animal virus

-
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conposition containing avidin or of a clearing conposition containing
biotin. In variations of the above enbodinent, the follow ng conpositions
are used in each step. In a three-stage enbodi nent, first thasSHEGEHASBEEN
conposi tion conprised of a biotin-protei k6conjugate is injectedRERACERO

clearing conposi t ion is admni-stered; then a detection or tﬁ%{ m
conposition conprised of avidin conjugated to a detection dis mimml
agent is inject eWaion or therapeutic corrpdé% ﬂ@
Plasmodium falciparum
Plasmodium vivax
Toxoplasma gondii
5 Trypanosoma rangeli
Trypanoscma cruzl -
Trypanosoma rhodesiensei
Trypanosoma brucei
Schistosoma mansoni
10 Schistosoma japanicum
Babesia bovis
Elmeria tenella
Onchocerca volvulus
Leishmania tropica
15 Trichinella spiralis
theileria parva
Taenia hydatigena
Taenia ovis
Taenia saginata
20 Bchinococcus granulosus
Mesocestoides corti

Antimvcoplasmal MAbs
Mycoplasma arthritidis
M. hyorhinis

25 M. orale
M. arginini
Acholeplasna laidlawii
M. galivarium
M. pneunoniae .

30 Additional examples of MAbs generated against
infectious organisms that have been described in the
literature are noted below. '

MAbs against the gpl20 glycocproctein antigen of human

impmunodeficiency virus 1 (HIV-l) are known, and certain

35 of such antibodies can have an immunoprotective role in
humans. See, e.g., Rossi et al.,, Procc. Natl. Acad. Sci.

This Sheet Has Been Reﬂlaced
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agent is injected. In a four-step embodinent, a targeting conposition ’
conpri sed of a biotin-protein conjugate is first | njected, then a cl earl ng
conposi ti on conpThisSiet@fas Bagh Aighcéds | Nj ected, then a depé'é‘ﬁ"@ﬁ-r&p‘s BEEN

et apeut | ¢ 2"2‘35’ ' Jﬂmgﬂﬁu 007 22 conl vaated to 8 Tl ign or
conpogi tion cgnprl se : gai e of bi (;tl n, prot e?WﬁMﬁ“K“ﬂﬁlﬂL or
t herapeutic agent is injected. In another four-step enbodinment, a targeting
conposi tion ¢papri 9@d goks2gisal, N1866L ¢ N cidurOMABs' Sagainst viral
‘antigens and viral induced antigens are alsoc known. This
shows that proper selection of the wepitope can
distinguish between a therapeutic and non-therapeutic
5 target. ' |
MAbs against wmalaria parasites can be directed
against the sporozoite, merozoite, schizont and
gametocyte stages. Monoclonal antibodies have been
generated against sporozoites (circumsporozoite antigen),

10 and have been shown to neutralize sporozoites in vitro
and m rodents (H. Yoshida et al., Science 207:71-73,
1980).

Several groups have developed ms to T. gondii, the
protozoan parasite involved in toxoplasmesis (Kasper et

15 al., J. Imunol. 129: 1694-1699 1982; Id., 130:2407-2412,
1983).

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

20  Parasitology, 83:163-177, - 1981; Smith et al.,
Parasitology, 84:83~91, 1982; 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).

25 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

30 vitro, and vhich reacts with a cell-gsurface glycopretein;
however, this antigen is absent from the mammalian
(bloodstream) forms of the parasite (Sher et al., Nature,
300:639-640, 1982). : )

Suitable MAbs have been developed against most of the

35 microorganisms (bacteria, viruses, protozoa, other

- paraaites') responsible for the majority of infections in
humans, and many have been used previously for in vitro
diagnostic purposes. These antibodies, and newer MAbs
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a detection Og[jﬂgw tion conprised of a conjugate of biotin,

protein and detection or therapeutic agent is injected, and, |astly,

anot her det ect i Of}is@heet 113 BagReplaced conposi tion conprisedpq§ sﬁEEﬂHﬂS(BEENugat ed
ﬁ gent is injected. In anotheredlACEDSt ep

to a detection or
enbodi ment, a tar H!“ﬁ“ tion cemusised of a bioti nJ ugat e
is injected, then I'ng comnposition conprised of Emﬂa [ﬁ ted,
then a detection or therapeutic conposition conpri sed onj ugat ed

to a detection or therapeutic agent is injected, and, lastly, a detection
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,
5 for example, fibrinogen, soluble fibrin, antifibrin
antibodies and fragments, fragment E, (a 60 kDa fragment
of human fibrin made by controlled plasmin digestion of
crosslinked f£ibrin), plasain (an enzyme in the blood
responsible for the dissolution of fresh thrombi),
10 plasminogen activators (e.g., urokinase, streptokinase
and tissue plasminogen activator), heparin, and
fibronectin (an adhesive plasma glycoprotein of 450 kDa)
and platelet-directed proteins, for example, platelets,
antipiatelat antibodies and antibody fragments, anti-
15 activated platelet antibodies, and anti-activated-
platelet factors, which have been reviewed by Koblik et
al., Semin. Nucl. Med., 19:221-237 (1989).
Among the radionuclides useful in the present'
invention, gamma-emitters, positron-emitters, x-ray
20 emitters and fluorescence-emitters are suitable for
localization andfor therapy, while beta- and alpha-
enitters and electron~ and neutron-capturing agents also
can be used for therapy.
Suitable radicisotopes for use in the present
25 invention include: Astatine-211, Iodine-~123, Iodine-lis,
Iodine~126, Iodine-131, Iodine~133, Bismuth-212, Bromine-
77, Indium-11l, Indiuvma-i13m, Gallium-67, Gallium-é68,
Ruthenium-95, Ruthenium-97, Ruthenium-103, Rutheniun~105,
Mercury-107, Mercury-203, Rhenium-186, Rhenium-~188,
30 Tellurium-121m, Tellurium-122m, Tellurium=-12Sm, Thulium-
165, Thulium-167, Thulium-168, Technetium-99m, Fluorine-
18, Silver-111, Platinum-197, Palladium-~109, Copper-67,
Phosphorus-32, Phosphorus-33, Yttrium-s0, Scandium-47,
Samarium-153, Lutetium=-177, Rhodium-105, Praseodymium-
35 142, Prasecdymium~143, Terbium~161, Holmium-166, Gold-
199, Cobalt-57, Cobalt-58, Chromium-~51, Iron-59,
Selenium-75, Thalljium-201, and Ytterbium-169. Preferably
the radiciscotope will emit in the 10 - 5,000 kev range,
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protein and detection or therapeutic agent is injected. In another

t hree-step enbodi nent, a targeting conposition COEP{? TR{ASPBEEN
biotin-protein conjugate is injected, then a clea REPDACED ti on conpri sed

of avidin is injected, and, lastly, a detgection or ther onposi tion
conprised of a-conjugate of biotin, protlégrn and dﬂ“m ““ ﬁ\ ﬂiﬁrapeut I C
agent is injected.

more preferably S0 - 1,500 kev, moat preferably S0 - 500
kev. '
Isotopes preferred for external imaging
include:Iodine-123, Iodine-131, Indium~111, Gallium=-67,
5 Ruthenium-97, Technetium~-99m, Cobalt-57, Cobalt-58,
Chromium-51, Iroen-59, Selenium-~75, Thalliun-zo:t, and
Ytterbium=169.
Isotopes most preferred for internal detection
include:
10 Iodine-128, fodine-123, Iodine-131, Indium-111,
Technetium~99m and Gallium-€7.
Iscotopes preferred for therapeutic use include:
Iodine~125, Yodine-131, Rheniun-186, Rheniun-188, silver-
111, Platinum-197, Palladium-109, Copper-§7, Phosphorus-
15 32, Phosphorus=33, Yttrium-90, Scandium~47, Samarium-153,
Lutetium-177, Rhodium-105, Praseodymium-142,
Praseodymium-143, Terbium-161, Holmium-166, and Gold~-199.
Many drugs and toxins are known which have cytotoxie
effects on cells. They are to be found in compendia of
20 drugs and toxins, such as the Merck Index, Goodman and
Gilman, and the like, and in the references cited above.
Any such drug can be conjugated to or locaded onto the
antibody by conventional means vell know in the art, and
illustrated by analogy to those described akove.
25 The present invention also contemplates dyes used,
for example, in photodynamic therapy, conjugated to
proteins, biotin or avidin and used in conjunction with
appropriate nonionizing radiatien.
The use of light and porphyrins in the prescnt
3a invention is alsoc contemplated and their use in cancer |
therapy is readily available to one of ordinary skill in
the are, as reviewed by van den Bergh (Chemistry in
Britain, May 1986, Vol. 22, pp. 430-437).
Examples of known cytotoxic agents useful in the
35 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 taxel, n:l'.t:ogen_ mustards, such
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bi otin-protein conjugate is injected, then a clearing conposition corrprl sed
of avidin is |T|]—eft"d"Th€n’a‘Jd’et ect ion or therapeuti

conprised of a PEnéetaiasBéth Repli protein and det ecﬁ'%%ggffbé rapeutlc
agent is inj ect anot her detection or therapeut | C

conposi tion conpr ‘mm\m m ‘conj:ugat2ed-t o a dete g%gnmm mﬂiﬂn eutic
agent is injected hr ee- st ep enbodi nent, 1 i r st
injected with a targeting conposition conprised of an avi din-protein

conjugate, then the subject is injected with a detection or therapeutic
conposi ti on caspmachlorgthamine, cyclophosphamide, melphalan, uracil

mustard and chlorambucil; ethylenimine derivatives, such
as thiotepa; alkyl sulfonates, such as busulfan;
nitrosoureas, such as carmustine, lomustine, semustine
5 and streptozocin; triazenes, such as dacarbazine; folic
acia anaiogs, such as methotrexate; pyrimidine analogs,
guch as fluorouracil, cytarabine and azaribine; purine
analogs, such as mercaptopurine and thioguanine; vinca
alkaloids, such as vinblastine and vincristine;
10 antibiotics, such as dactinomycin, daunorubicin,
doxorubicin, bleomycin, mithramycin and mitomycin;
enzymes, such as L-asparaginass; platinum cocordination
complexes, such as cisplatin; substituted urea, such as
hydroxyurea; methyl hydrazine derivatives, such as
15 procarbazine; adrenocortical suppressants, such as
mitotane; hormones and antagonists, such as
adrenocertisterocids (predniscne) ’ progestins
(hydroxypragésterona caproate, medroprogesteraone acetate
and megestrol acetate), estrogens (diethylstilbestrol and
20 ethinyl estradiol), antiestrogens (tamoxifen), and
androgens (testosterone propionate and fluoxymesterone).

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

25 art and include purcmycin, cyclcheximide, and
ribonuclease.

Toxins can also be used in the methods of the present
invention. Toxins useful as therapeutics are knowm to
those skilled in the art and include plant and bacterial

30 toxins, such as, abrin, alpha toxin, diphtheria toxin,
exotoxin, gelonin, pokaweed antiviral protein, ricin, and
saporin. :

Toxins in their native form require a minimum of
three different biochemical functions to kill cells: a

35 cell binding function, a cytotoxic function, and a
function to translocate the toxic activity into the
cells.

The modified toxins useful in the preée{ invention
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subject is injected with a detection or therapeutic conposition conprised

of a conjugate of avidin, rotel n and detection or therapeutic agent. In
anot her four-step gt geti ng conposition comprsuest HAE BEEN

avi di n-protein conj rm ted, then a clearing conpoBERUAGEDCONTi sed
of biotin is inject ection. gyq tdherapeutic bt 4
conprised of biotin conjugated to a detection or thera Mmm&@m “I
i njected, and, lastly, a detection or therapeutic corrp Sed of

a conj ugate of avidin, protein and detection or therapeutic agent is
i nj ect ed. differ from native toxins in that the domain providing

the cell binding function of the native toxin is
nonfunctioning because the domain iz missing partiany or
totaily.

5 Other therapeutic agents useful in the present
invention include anti-DNA, .anti-RNA, anti-protein and
anti-chromatin cytotoxic or antimicrobial agents.

The proteins useful in the present invention may be
labeled or conjugated by a variety of methods known in

10 the art. Many of these methods are disclosed in the
above-referenced U.S. Patents and Patent Applications.
See also, Rayudu, op., cit.; and childs et al., J, Nuc,
Meq., 26, 293(1985). Any conventional method of

: radiolabeling which is suitable for labeling isotopes for

15 in. vivo use will be generally suitable for labeling
detection agents according to the present invention,

The avidin/streptavidin, biotin or proteins may be
conjugated to therapeutic agents such as drugs, toxins,
boron addends, isotopes, fluorescent dyes activated by

20 nonionizing radiation, hormones, autocrines, cytokines,
cytoprotective agents, etc., by methods known to those
skilled in the art. US Patent 5,057,313, shih et al,
teaches one such method.

Other examples are conjugating avidin/streptavidin

25 . to (a) iodine by the chloramine-T or Bolton-Hunter
procedures, (b) technetium/rhenium by procedures
described by Griftiths et al. (Cancer Res. 51:4594, 1991)
or Fritzberg et al. (U.S5. Pat. No. 5,120,526) and (c)
metallic nuclides through bifunctional chelating agents

30 as described by Meares et al. (Br. J. Cancer 62:21,
1990). Additionally avidinl streptavidin/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). : :

35 Bioctin can be readily conjugated to proteins
(including antibodies and their fragments) via the
proteins’ lysine and cysteine residues, and, if
available, their oxidized carbohydrate groups.
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then a clearing conposition conprised of biotin is injected, then a
det ecti on or therapeutiec—conposition conprised of a cnj#ggafEF?;HA sRENdI N,

E

protein and detegtifon, ar
anot her det ectigglillsg?'et asﬁ
to a detection or lm B
enbodi nent, a tar @«

h EHtiC agent is injected, an LASEDY,
2¥conposition conprised of biotin copjugated
ent isd Bpgected. =ln aniﬁaﬁﬁ ‘“BHE‘ EHW
i on conprised of an-avi _
conjugate is

The detection or therapeutic agents may be treated
by methods, known to those skilled in the art, to permit
the agents to be more easily conjugated to biotin,
avidin/streptavidin or targeting protein as required.

5 Loading of drugs onto a carrier, as disclosed in U.S.
Patent 5,057,313, will depend upon the potency of the
drug, the efficiency of the antibody targeting and the
efticacy of the conjugate once it reaches its target. In
most cases, it is desirable to locad at least 20,

10 - preferably 50 and often 100 or more molecules of a drug
on a carrier. The ability to partially or completely
detoxify a drug as a conjugate, while it is circulation,
can reduce systenic side effects of the drug and permit
its use vhen systemic administration of the unconjugated

15  drug would be unacceptable.

Toxins will often be less heavily loaded than drugs,
but it will still be advantageocus to load at least 1,
preferably 5, and in some cagses 10 or more molecules of
toxin on a carrier and load at least cone carrier chain on

20 the antibody for targeted delivery. |

In addition to conjugating radioisotopes to bietin
(or to streptavidin) for targeting to tumors (or other
legsions), it is possible to conjugate drugs to avidin,
for example via a dextran spacer molecule (Schechter et

25 al., Int. J. Cancer 48:167, 1991) for delivery of a
cytotoxic agent to tumors in animals.

Methods for treating toxins and, in particular,
modified Psuedomonas exotoxins, are well known in the art
and are Qisclosed, for example, in Batkra et al.,Proc.

30 Natl. Acad. Sci. UsA, Vol. 86, pp. 8545-8549, 1989;
Seetharam et al., J. Biol. Chem., Vol 266, no. 26, pp.~
17376-17381, 1991; and Pastan et al., and U.S. Patent
4,892,827. '

When conjugating the foregoing quantity of antibody

35 or antibody fragment, the amount of dyrug or toxin is
generally about 0.25 to 5 times, praferably 1-3 times,
the amount of antibody or antibody fragment, and the time
of reaction is about 10 to 120 minutes, preferably 30-90
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a detection or therapeutic conposition conprised of avidin conjugated to a
detection or therapeutic—agent-is-.injected, and, lastly, = another

detection or ther iﬂt e corrp03| t | on conpri sed of bi ot THIS SPEBT HAS BEFY

detection or ther %e i njected. In another thr%@’@@@&
enbodi ment, a targ

i on cofMp®Bs&d of an av M‘
conjugate is injec earl ng conposition co gmm \‘m nis

injected, and, lastly, a detectlon or therapeutic conp i'on conprised of
a conjugate of avidin, protein and detection or therapeutic agent is
injected. In % < four-step enbodinent, a targeting

A physiological solution of the protein conjugate is
advantageously metered into sterile vials, e.g., at a
unit dosage of about 1.0 - 500 mg protein conjugate/vial,

5 and the vials are either stoppered, sealed and stored at
low temperature, or lyophilized, stoppered, sealed and
stored. Variationas and nmodifications of these
formulations will be readily apparent to the ordinary
skilled artisan, as a function of the individual needs of

10 the patient or treatment regimen, as well as of
variations in the form in which the radioisotopes may be
provided or may become available. '

The presant invention includes uses of the.
compositions vherein there is a reduction of the

18 impunogenicity of (a) avidin (b) the therapeutic agent
moiety of a conjugate, e.g., the toxin, or (c) the
targéting composition, by coupling the immunogenic agent
vith a carbohydrate polymer or polycl groups. Examples
of useful carbohydrates or polyel groups include dextran,

20 polysaccharides, polyethylene glycol (PEG), and the like.

The use of a dextran or another polymer for
attachment of the therapeutic agents to avidin, or a
dextran or another polymer coupled directly to avidin or
streptavidin is desirous tc decrease the immunogenicity

25 of the conjugates involving avidin. This then permits
repeated appliications of avidin alone or as a conjugate,
in the tresatment courses. If the avidin used in the
clearing composition is so coupled then more time may be
needed for the clearing conposition to fulfill its

30  tunctions. . .

In an embodiment of the 3-gtep improved detection or
therapeutic protocol of the present invention, the
biotinylated or avidin (streptaiidinj lesion~targeting
protein can be injected parentally, usually at a protein

3s dose of 0.5 to 50 mg, more preferably within a dose range
of 1.0 to 20.0 mg, and still more preferably at 2.0 to
10.0 mg. This can be administered as a single injection
or in divided doses. After 1-5 days, more preferably at
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clearing conposition conprised of biotinis injected, then a detection -or

t her apeutic COWDQﬁkShearHaﬁ of a conjugate of biot |
detection or ther s injected, and, lastl y,h'ia?l% E%ﬁ‘tﬁ gtaggﬁl on
or therapeutic co | sed of, %Idl n conjugated to detectlon or
t her apeuti c agent | nj ec e TAI LED DI

that the use of the conposi ti ons di scl osedsﬁgfg: E]N| Int ShTE @H}Eﬂlﬁ@ﬂ“ﬂlnd

procedures of the present invention is nore advant %geous for. sel ective

det ection and t hehasy than| 2sdawss andafVeRcat siass 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
s avidin (more preferably abcut a ratio of 2.5:1 to 10:1 of
avidin to biotinylated protein) when a biotinylated
lesion-targeting protein is used as the first agent, is
administered parenterally. The clearing agent can be
given as a single injection or in divided doses, wherein
10 administering the clearing agent in 2 doses is preferred
in certain circumstances. The third step involves
injection of the bictinylated (oxr avidin-conjugated)
lesion-targeting protein, ‘as in the first step, but
conjugated to a detection or therapeutic agent. The
15 lesion-targeting protein can ba identical to that of the
first step, or another protein capable of similarly
targeting the lesion, such as a second targeting
antibody. The third step’s reagents can be administered
parenterally within 24 hrs of the 2nd step, but also at
20 up to 3 days latar. In one detection embodiment, the
third step involves 111-In conjugated to biotin attached
to a lesion-targeting antibedy or antibody fragment.
Within 24 hrs of the last injection, mere prefsrahly
within ¢ hrs, planu'- and single-photon emission computed
25 tomography scans are made with a gamma camera eguipped
vith the appropriate collimator and selecting the
appropriate energy windows for the detection isctope
= being used, such as 173 keV and 247 keV for 111-In.
In an embodiment of a 4-gstep detection or therapy
30 protocol of the present invention, the biotinylated or
avidin (streptavidin) lesion-targeting protein can be
injected parenterally, usually at & protein dose of 2 to
200 ng, more preferably within a dose range of 5 to SO
ng, more preferably at 2.0 to 10.0 =mg. This can ke
35  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 vhen the first agent involves a small and
rapidly targeting molecule, such as an antibody fragment °
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I nvention involving a 3-step approach, a biotinylated targeting anti body or
fragnment is i nijby—t he -9- applicat igp EE%\f-\Ag BE@P @
clearing agent. Th€Sheets Bech Ri.d tep, i nstead of adni ni skepj Ak

bi oti n- conj ugat ed ’ H ﬂm tau gt n. the prllor art
| lﬂﬂﬂ Hriastil T

or subfragnent , a dose of unlabeled clearing agent, such
as 2.5~ to 10-times the dose of the first step's protein
(which can be determined also by measuring the amount of
first agent's protein circulating in the blocd at the

5 time of the second step’s injection}, is given
parenterally. The longer the delay after the first step,
the lower the amcunt (and ratioc) of cléaring agent given.
The clearing agent can be given as a single i.njection or
in divided doses, dividing the administration of the

10 clearing agent into at least 2 doses may be preferable,
usually within a short pericd, such as within 2 hrs. In
the third step of one embodiment of the invention, a dose
of 2 to 200 mng protein, more preferably 5 to S0 mg, of
biotin conjugated with a detecticn or therapeutic agent,

15 as appropriate, is administered parenterally either as a
gsingle dose or in divided doses. A fourth step involves
the parenteral administration of avidin (or streptavidin)
conjugated to a lesion-targeting agent, which can be the
sanme or different from the first lesion-targeting agent,

20 to which a detection or therapeutic agent, as -
appropriate, is also attached.

In another embodiment, the thirad step can involve the
biotinylated lesion-targeting protein conjugated with a
detection or therapeutic agent, as appropriate, and the

25 fourth step the destection or therapeutic agent, as
appropriate, conjugated to avidin (or streptavidin). The
third step's reagents can be administered within 24 hrs
of the 2nd step, but also at up to 7 days or more later,
depending upon the targeting time and clearance involving

30 the first two steps. The fourth step can be initiated

" within 24 hrs of the third step, but alsc up to.7 days or
more  later.

Routes of administration include intravenocus,
intraarterial,  intrapleural, intraperitoneal,

35 intrathecal, subcutaneous or by perfusion.

An application of the lesion-specific or lesion-
associated protein disclosed hereinabove is for magnetic
resonanca imaging (mri). 1In this case, for example, a
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conjugated with biotin and wi.th a detection or therapeutic agent. Usi ng
the lesion- targeting anfibody or fragnent conjugate {-mg@ggm@[ABeBEENatti ce
of conpl exation of mgg{eét@ragygegkm igotin, with the added adnamlﬁmj@ of

targeting to the le ntlbody or fragment. rred
4-step enbodi nents i g\i
on step S

T
appr ca®fes. | n both, ”Ef_'
the injection of a ti body or fragment. ane
the injection of an avidin chase. The third step involves the injection of

either avidin co ated with a detection or eutic ent or,
al ternatively, 89% radiolabele iLoSy?gragnen%g an

an_tibody/ fragment bearing a mr image emhancing agent is
administered with the intention of obtaining an image of
the lesion. . :

5 The uses of compositions in methods according ta 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
10 processing.

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

The scintigram is normally taken by a gamma imaging

1s camera having one or more windows for detection of
energies in the S0-500 keV range. Use of radiocisotopes
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.
20 The scintigraphic data can be stored in a computer
- for later processing. |

Methods wusgeful for internal detection and/or
treatment of tumors and/or other lesions are readily
available to those skilled in the art, and are disclosed,

25 for example, in U.S. Patent 4,782,840; U.S.Patent
4,932,412; and copending U.S. Application 07/879,857.
The uses of compositions according to the present
invention can enhance the methods disc].osed in these
references. o

30 Magnetic resonance imaging (mri) is effected in an
analogous manner to scintigraphic imaging except that the
imaging agents will contain magnetic resconance (mr)
enhancing species rather than radioisotopes. 1It will be
appreciated that the magnetic resonance phenomenon

35 operates on a different principle from scintigraphy.
Normally, the signal generated is correlated with the
ralaxation times of the magnetic moments of protons in
the nuclei of the hydrogen atoms of vater molecules in
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biotin conjugated with a det egtzlnoartl5 'OI‘G 4ta er?ﬁu?i%mg%ge%wmen th %ﬁﬁﬁa&#za
step ‘'uses an avidin conjugate, the fourth step is an injection of a )
biotinyl ated anti-|esion anti body or fragment conj ugaf"éésﬁﬁ'ﬁ” SEF¥ct i on
or therapeutic agent. When the third stegﬁi nvol ves bioti rBF(?(SﬁF Bat ed with a

detection or therapeutic agent, the folOr¢h-Step requi | I on of
an anti-lesion antibody or fragment conjugated with Eug%ﬁ“mm‘mrmn a
detection or therapeutic agent. Each of these 4-step approaches is an
i nprovenent, in gg_gns,f]fmalgsolgg_twnt T ARjrticopesdndnte’ dRsgd i C agent
delivered and reiapned el Went' (Scbl WP 'REGNad PRl 0ot e PTIOT
relaxation, thereby increasing the contrast between water
molecules in the region where the imaging agent accretes
5 and vater molecules elsevhere 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 phenomenen
is concentration-dependent, and there is normally an
10 optimum 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,
inversion-recoﬁery and/or variocus other strongly T,
1s dependent or T;~dependent imaging techniques, and the
composition of the medium in which the agent is dissolved
or suspended. These factors, and their relative
importance are known in the art. See, e.g., Pykett,
Scientific American, 246, 78(1982); Runge et al., Am. J.
20 Radiol., 141, 1209(1983).

The nr iwmage enhancing agent must be present in
sufficient amounts te enable detection by an external
camera, using magnetic field strengths vwhich are
‘reasonably attainable and compatible with patient safety

25 and instrumental design. The requirements for such
agents are well known in the art for those agents which
have their effect upon water molecules in the medium, and

= are disclosed, inter alia, in Pykett, op. cit., and Runge
et al., aop. git.

30 Preparation of protein, biotin or avidin/streptavidin
(molecule) conjugated to a magnetic resonance image
enhancing agent can be effected by a variety of methods.
In order to lcad a molecule with a large number of
paramagnetic ions, it may be necessary to react it with

35 a reagent having a long tail to which are attached a
multiplicity of chelating groups for binding the ions.
Such a tail can be a polymer such as a polylysine,

polysaccharide, or other derivatized or derivatizable
e, T
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antibody or fragment hearing additional detection or therapeutic agents f
or enhancenent ‘of the effects.as a last step. O course, iTggaTadhs BESN

sequence can be rBx mm i onal accumul ati on of the agepLACEmS
needed. Further, t esi on-4 @@l« zi ng anti body : Akl @
bi specific or hyb?mim . ereby at Teast 2 anti bodnﬁﬂﬁiﬁwﬂﬁ laﬁﬁl
di rected agai nst different epitopes of _

chain having pendant groups to which can be bound

chelating groups such as, e.g., ethylenediaminetetra-

acetic acid (EDTA), diethylenetriaminepentaacetic acid

(DTPA), porphyrins, polyamines, crown ethers; bis-thio-

S semicarbazones, polyoximes, and like groups known to be

useful for this purpese. The chelate is normally linked

to the molaecule by a group which enables formation of a

bond to the molecule with aninimal loas of

immuncreactivity and minimal aggregation and/or internal

10 cross-linking. Other, more unusual, methods and reagents

for conjugating chelates to antibodies are disclosed in

'U.S. Patent 4,824,659 to Hawthorne, entitled "Antibody

Conjugates”, issued April 25, 1989.
MRI contrast agents are well known in the art and
15 include, for example, Gadolinium, Iron, Manganese,
' FRhenium, Europium, Lanthanium, Holmium, and Ferbium.
The mr scans are stored in a computer and the images
processed analcgeusly to the scintigraphic data.

Without turther elaboration, it is believed that one

20 skilled in the art can, using the preceding description,

utilize the present invention to its fullest extent. The

folloving preferred specific embodiments are, therefore,

to be construed as merely illustrative, and not

limitative of the remainder of the disclosure in any way

25 whatsoever. In the following examples, all temperatures

are gset forth uncorrected in degrees Celsius; unless

otherwise indicated, all parts and percentages are by

weight.

Accordingly, these embodimenta constitute improved

30 compositions and uses therecof for amplification of
protein, especially antibody and antibody fragments,

targeting for detecting and therapy of cancer and other

pathological conditions. ' -

- 38




the sarEVaALi gen or against diffPe¥ehf: 00 FOHNCR SARDNERPS Bt eg wi £h 2t?f"é548—6#-‘31

|l esion. This is preferred in order to achieve higher |evels of accretion

and binding in the Iesion. These uses of the conpositions g slidter RASEERY
i nvention provide the follow ng inproved results over other s@@URBESS

reported earlier by others: 1. increasedsnding and retention of primary
antibody in the lesion; 2. higher |esion:normal organ (l?%%“ﬁ@ﬂuﬁgﬁﬁ) -
" ents

ratios; 3. increased targeting of detection and!

to the lesion; and  ,y antinody or antibody fragment at a concentration

of 1-20 mg/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

5 (7.0-9.5), is mixed with a 1-100 molar excess of the
activated ester (succinimide or sulfosuccinimide are
praeferred) of D-biotin or D-biotin incorporating a spacer
arm (such as succinimido-6-[biotinamidojhexancate). 2a
co-solvent, such as dimethylformamide (DMF) or

10 dimethylsulfoxide (DMSO)}, may be added to provide a final
concentration of up to 20% to facilitate reactant
eoclubility. 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

15 separatad from unbound biotin and other low molecular
weight contaninants by size-exclusion chromatography
and/or dialysis.

20 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 ng/ml in 2-mercaptcethanol. The reaction solution
is let stand 5-120 min., at a temperature of 4°-37°C, The
reduced protein is sgeparated from unreacted thicl by

25 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 at a concentration of 1-20
ng/ml in a non-amine containing buffer (e.q., phoaphata)—

30 at a neutral pH (5.0-7.0) is mixed with a 1-100 molar
excess of biotin-maleimide (N-biotinyl-N-{6é-maleimido
hexanoyllhydrazide) (Sigma Chem. Co). A co-solvent,
e.g., DMF or DMSO, may be added to provide a final
concentration of up to 20% to facilitate reactant

5 solubility. The reaction solution is stirred for 1-24
hours at a temperature between 4~37°C. At the end of the -

This Sheet Has Been Re;i
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used*in the present invention can be any or nultiples of the follow ng A-
di agnostic or —therapeutic——radionuclides (.g., alpha-  beta- g
positron-, X-ray-_and fl uorescence emitters; elect rJNISéé’LE?FﬂgH AS B
neutron-capturing ﬁ@eﬁ toact [ vat ed dyes for det AERr
therapy;, G cyto rm (e. g~ 39-8r ugs, t oxie AREdr “
cyt oki nes, hornon S recept or antagoni st S)m:!léiuaggﬂ ngﬁ l

differentiation agents (e.qg., vitam ns, cytokines, autocrines,.
certain hornones
reagtic.icn period, the biotinylated protein is separated

from unbound biotin and other low molecular weight
contaminants by size-exclusion chronatography and/or
dialysis.

Antibody at a concentration of 1-20 mg/ml is treated
with sodium metaperiodate to a final concentration of
0.1-10 mg/ml in phosphate buffered saline at room

10 temperature for 1-4 hours. Ethylene glycol is added to
decompose the remaining pericdite. The oxidized IgG is
purified from low molecular weight contaminants by size-~
exclusion chromatography in phosphate buffer. The
oxidized antibody (1-20 mg/ml) is reacted with a 1-100

1s molar excess of bioctin-hydrazide (Pierce Chemical Co.) in
a non-amine buffer (e.g., phosphata, carbonate, etc.) at
neutral pH (5.0-8.0) for 1-48 hours at 4~37°C., After the
cptimum time for coupling, the formed hydrazones are
reduced by the addition of sodium cyanoborohydride with

20 pH adjustment to >7. The biotinylated antibody is
purified by sigze-exclusion chromatography and/or
dialysis.

25 An antibody or antibedy 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
excess of 2-iminothiclane hydrochloride (Pierce Chemical

30 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-exclusien chromatography in a neutral to slightly
acidic buffer (e.g., acetate, citrate, etc.) pH 5. 0~7.0.

38 The purified sulfhydryl substituted antibedy (1-20 ng/ml)
is mixed with a 1-100 molar excess of biotin maleimide.
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(either by internal procedures or by external imaging) and/or treat
| esi ons, including cancers, infectious diseases, cardi fyesaeEprHASIBEERSES

and ot her pathol ogi cal conditions. |nternal det ecti on Rwumedures
i ncl ude intraoparative, intravascul ar arzgososcopic,
| apar oscopi c, techni ques, both surgically invasive an 3 “"l

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 solution is stirred for 1-24
hours at a temperature between 4-37°C, At the end of the

s reaction periocd, the biotinylated protein is separated
from unbound biotin and other low molecular weight
contaninants by size-exclusion chromatography and/or
dialysis.

Example © - Copjugating Biotin and Fab® Fradments

10 An antibody F(ab'), fragment (oktained by pepsin
digestion of the intact antibody) at a concentration of
5-20 mg/pl in phosphate buffer at pH 6-8 is treated with
a freshly prepared golution of L-cysteine to give a final
cysteine concentration of 1-50 mg/ml. The reaction is
15 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
20 molar excess of biotin-maleimide at pH 5.0-7.0. A co-
solvent, e.g9., DMF or DMSO, may be added to a final
concentration of uyp to 20% to facilitate reactant
solubility. The reaction is stirred for 1-24 hours at a
temperature betwesn 4-37°C. At the end of the reactiocn
25 period, the biotinylated antibody fragment is separated
from unbound biotin and other low molecular weight
‘contaninants by size-exclusion chromatography and/or

dialysis. .
Example 6 = Determination of Extent of Blotinylation of
30 Broteins

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 Chemical Co.). The digestion is allowed to

35  proceed overnight. The digest is analyzed with a 10 uM

This Sheet Has Been R
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their ability to bind biotin with high affinity and specificit

are fairly

up to four noles of biotin per nole of_ awi di n.  Avi di ngimnpl

produced by anphibians, reptiles and avi ans, which ar e iRl ggﬁmgﬁ%ﬁ

, ot hamger

Avi di ns

smal | oligomeric proteins, made up of foJH'S%!’éﬁﬁﬁ%da? BEEMuni ts,
each bearing a single binding site for biotin.

Avi di ns cafREPHAYER ore bind

ins (a)
eir

eggs and known as avidin, and (b) produced by a streptomyces, Streptonyces

avidinii and known as streptavidin. As used herein "avidin" includes all- of
t he above pr ot e|q§uti°n of avidin saturated with a 100 uM sclution of 3-

1o

5

20

25

30

35

(4'-hydroxyazobenzene)~-benzoic acid (HABA) in 0.1M
phosphate buffer, pH 7.0. The avidin-HABA =olution is
titrated vith increasing volumes of digested 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 antibeody calculated
from reference to the standard curve of the titration of
biotin with avidin~HABA.

Example 7 - Cancer Imaging with Three-sStep Procedurs

A patient diagnosed by sigmoidoscopy to have a
colonic neoplasm is injected i.v. with 1.0 mg. of a
biotinylated MN-14 monoclonal antibody Ig¢ against
carcinoembryonic antigen (CEA). Two days later, S5 mg of
unlabeled avidin (in two divided doses, 20 min apart) is
injected i.v. The next day, 1 mg of biotinylated Mu-9
antibody IgG against colon-speclific antigen-p (CSap)
labeled with 111-In (4 mCi) is injected i.v. The patient
is scanned with a gamma camera 2 hrs later, and a faocus
of increased radicactivity is detected in the region of

the sigmoid colon, in agreement with the sigmoidoscopy
£indings.

A patisnt with suspected atherosclerotic plagques in
varicus arteries is injected i.v, with 2.0 mg of the

biotinylated LL1 monoclonal antibody F(ab'), against

macrophage. One day later, 6 mg of unlabeled avidin (in
tvo divided doses, 15 min apart) is injected i.v. One
day later, 1 ng of biotinylated LL1 IgG conjugated with
S mCi of 111~In {8 injected i.v., and the patient scanned
with a gamma camera 3 hours later. Foci of abnormal
radioactivity is found in a tibial artery, the abdominal
aorta, and possibly in a right cerebral vessel.

eet Has Been Re;ilaced
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produced by or associated with |esions. For exanple, antibodies can be
used agai nst cancer-associ at ed subst ances, as wel | asTHWHEﬁT%EgEEN
pat hol ogi cal |esion that shows an increased or unique ant REBHI<ESar ker,

such as agai nst substances associ ated WMgghacardi ovasc ' rmmfuch ‘as,
vascul ar clots including thronbi and -enboli, nyocardi H m‘H Eﬂuﬂl and
ot her or gan i nfarcts, at herosclerotic pl aques; | nflamrat ory
| esi ons; and infectious and parasitic agents. Exanpl es_ of appropriate
applications ardifReSi et~ SARERE SRORMIIRRVARRSBY-ONE. B BRULAXRRoNt S and
appl i cations. Procedure
A patient with several small colonic carcinoma
netastases to the liver is injected i.v. with a dose of
5 10 mg of a first composition comprised of bhiotinylated
MN~14 anti~CEA IgG monoclonal antibody. Two days later,
a clearing composition of 25 mg avidin is injected i.v.
(in two divided doses, 30 min apart). After ancther 2
days, a dose of 10 mg of a second composition of biotin
10 having 25 mCi 90-Y is injected i.v. Two wveeks later, a
sacond therapy dose of a third composition of 20 nCi S0-Y
conjugated to avidin-labeled MN-14 anti-CEA IgG (10 mg)
is given i.v. Based upon liver CT scans and plasma CEA
titers performed 8 weeks later, significant regression of
15 the liver tumor lesions is observed.

> i

Bxocedurs _
A patient with a right lung adenocarcinoma is
" injected with biotinylated "RS7" anti-lung~cancer IgG
20 i.v. PFour days later, avidin is injected i.v. (in twe
divided doses, 60 minutes apart). After another 2 days,
a dose of biotinylated RS7 conjugated with aminodextran~
doxorubicin, according to the methods described in the
shih patent (USP 4,699,784), is administered i.v. Five
25 days later, a dose of streptavidin conjugated with
aminodextran-doxorubicin is administered {.v. Pour weeks
later, chest CT indicates that the right lung lesion is

decreased in size by about 50 percent. '

The preceding examples can be repeated with similar
30 success by substituting the generically or specifically
described reactants and/or cperating 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
35  this invention and, without departing from the spirit and
scope thereof, can make various changes and modifications

This Sheet Has Been eﬂlaced
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| eukem as, | ynphomas, gliomas and nyel onas. The infectious di seases i ncl ude
t hose caused by invading mcrobes or parasites. ARngis: HIY S

"“m crobe” denot es virus, bacteria, rickettsia, nycegbe&ten pr ot ozoa
fungi and |ike m croorganisns, "parasitgg Lenotes infectio

m croscopi c or "very small rrul ticellular Tnvertebrat ﬁ%ﬁﬁi %ﬁ%ﬁ
juvenile forms thereof, which are susceptible to anti ear ance

or lytic or phagocytic destruction, e.g., nalarial parasites, Sa%drOChet es
and . of the invention to adapt it te various usages

conditions.
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denotes both m crobes and parasites. The protein substances useful
i nvention Lnclude—protein, peptide, pol ypeptide

present
gl ycoprotei m;
factors, albu

anti bodi es an

i nt er est

10

15

20

25

30

35
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1. Use of a compogition comprising:
. (A) a targeting composition comprising -
(i) a biotin-protein conjugate or
(11) an avidin~protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associated with a targeted
lesion;

(B) optionally, a clearing compositicn comprising

: (1) avidin, when the targeting composition is
a biotin-protsin conjugats, or ’
(ii) biotin, when the targeting composition is
a avidin-protein conjugate;

(C) a detection or therapeutic composition

comprising a conjugate of
(1) avidin, protein and a detection or
therapeutic agent, or
(1i) biotin, protein and a detection or
therapeutic agent,

wvherein tha protein preferentially binds to a marker
substance produced by or associated with the targeted
lesion and may be the same as the protein of said
targeting composition (A); and

(D) optionally, another detection or therapeutic
composition comprising

(i) avidin conjugated to a detection or
therapeutic agent, or . -
(ii)biotin conjugated to a detection or
therapeutic agent;

in a method of detecting or treating targeted lesions
in a patient, wherein , in the method, the patient is
injected parenterally with:

(a) targeting 'conposition (A), and the: protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;

(b) then, optionally, clearing composition (B), and
said composition is allowed to substantially clear the
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By "eogENT Bodi es and anti body 21*2“&%@[‘%““’@%8#“ gengcr.gTI y i munogl obul i ns

or fragnents thereof that specifically bind to antigens to forminmune
conpl exes. The antibody nmy be-whol e i nmunogl obul i n of“ﬁ%’?“éﬁ"éﬁég%ﬁﬂ. ,
1gG tgM 1gA~TgD, IgE chiarerjc or hybrid antibodies w tTH &G5FPor

mul tipl e anti gengy ﬂ&ﬂt\}ﬂvificitie _ It canjhe u l al
ant i body, pref-e“m“mm“ A \s -purifret anti body fr(l) Eﬁlﬁaﬁg I/ﬂ ﬂﬂn
appropriate anin#tl, *e.b., a primate, goat, rabbit, nmouse or the like.

Monocl onal anti bodies are also suitable for use in the present invention,

and are preferr edabgeeitecaipddition [Troh mnetatgetdd sites ang o bingadily
prepared by what .gr enQOoPaf i ind BHApSALItR! aBEPbted at the targeted
lesion;
(c) detection or therapeutic composgition (C), and
S said composition is allowed to accrete at the targeted
lesion; and . ' |
(d) either prior or subsequent to composition (C),
detection or therapeutic composition (D), and the
conjugate of said composition (D) is allowed to accrete
10 at the targeted lesion;
vherein
(i) step (d) is optional if a clearing compesition
(B) has been administered,
(ii) the detection or therapeutic compositions (C)
15 and (D) of steps (c) and (d) containing avidin are
administered as the next step after the
adninistration of a composition containing biotin or
of a clearing composition containing avidin, and
(1ii) the detection or therapeutic compositions (C)
20 and (D) of steps (¢) and (&) containing biotin are
administered as the next step after the
administration of a composition containing avidin or
of a clearing composition containing biotin.

2. The use of a composition according to claim 1,
25 wvherein the compesition comprises:

(A) a targeting composition comprising a biotin-
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
wvith a targeted lesion;

30 (B) adetection or therapeutic compesition comptiscé
of avidin conjugated to a detection or therapeutic agent;
and

(C) adetection or therapeutic composition comprised
of a conjugate of biotin, protein and a aetectien or

35 therapeutic agent, wherein the protein preferentially
binds to a marker substance producad by or asscciated
- with the targeted lesion and may be the same as the
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procdWk BE of i rmuni zation 8f20n3§m13I5§PM iFORE, mrunogeni ¢ antigen preparation,
fusion of inmmune |ynph or spleen cells vmth an i mmrtal rryel oma cell 1ine,
and i sol ation of —speeti+e—hybridoma clones. Mor e S A BEeNTet hods

of preparing no ant i bod| es are not excl uded, suchgaeAcm erspeci es
fusi ons and geneﬂi ‘Em mﬂa n| pul g4 ions. of hyperv ons
since it is pri speC|f|C|ty of th EU E

M
affects their utility in the present i nventi on. ted t hat

newer techniques for, productiion of ponoclonals,c Iso be used, e.g.,
human nonocl onaPEe® F*ﬁ&%ﬁé&?eﬁ‘%ﬁwm 5‘@’0 "f‘rtrs]“l’ﬂei (e.g., human/ nouse)

monocl onal s, geneti dal lay meiiodecfax Mﬁdtdagesptanﬂﬂmng targeted
lesions in a patient, wherein, in the method, the patient
is injected parenterally with: . "

5 (a) targeting composition (A), and the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;

(b) then, detection or therapeutic composition (B),
and the conjugate of said composition (B) is allowed to
10 accrete at the targeted lesion; and
(c) then, detection or therapeutic composition (C),
and said composition (C) is alloved to accrete at the
targeted lesion.

3. The use of ‘a composition according to claim 1,

15 wherein the composition comprises:

(A) a targeting composition comprised of a biotin-
protein conjugate, vherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

20 (B) a clearing composition comprised of avidin;

(C) a detection oxr therapeutic composition comprised
.of avidin conjugated to a detection or therapeutic agent;
and

(D) adetection or therapeutic composition comprised

25 of a conjugate of biotin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A);

30 in a method for detecting or treating targeted '
lesions in a patient, wherein, in the method, the patient
is injected parenterally with:

(a) targeting compogition (A), and the protein
conjugate of said compesition (A) is allowed ¢to

35 preferentially accrete at the targeted lesion;

{b) then, clearing composition (B), and said
compesition (B) is allowed to substantially clear the
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targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted
lesion; '

(c) then, datection or therapeutic compositien (C),

5 and the conjugate of sald composition (C) is allowed to

accrete at the targeted lesion; and

(d) then, detection or therapeutic composition (D),
and said composition (D) is allowed to accrete at the
targeted lesion.

10 4. The use of a composition according to claim 1,
vherein the composition comprises:

(A) a targeting composition comprising a biotin-
protein conjugate, wherein the protein preferentially
binds - to a marker substance produced by or asscciated

15 with a targeted lesion; '

(B) a clearing composition comprised of avidin;

(C) adetection or therapeutic composition comprised
of a conjugate of biotin, protein and a detection or
therapautic agent, wherein the protaein preferentially

20 binds to a marker substance produced by or associated
with .the targeted lesiocn and may be the same as the'.f- .
protein of said targeting compositien (A); CHA

(0) anocther detection or therapeutic conpos:.tion'
comprised of avidin conjugated to a detection or

25 therapeutic agent;

in a nethod for detecting or treating targeted
lesions in a patient, wherein, in tlhe method, a2 patient
is injected parenterally with

(a) targeting composition (A}, and the protein

30 conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;

{b) then, clearing composition (B), and said
composition (B) is alloved to substantially c¢lear the
targeting composition from non-targeted sites and to bind

a5 to the targeting composition accreted at the targeted
lesion; ' :

(c) then, detaction or therapeutic composition (C),

Ly
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antigen-binding site and otherwi se function in vivo as targeting vehi cl es

in‘substantially the same way as natural inunoglobulingfg ?ﬁﬁ& h
singl e-chai n bi nding nol ecul es -known in the art, and are dgsslaes

U. S. Patent 4,946, y fra nts may be convenient |
reductive cl eavag mlll Imgmmﬂrﬂmp@nt S, H ch themselr“ﬁﬁn magﬁgﬁ
pepsi n di gestion S ntact fnmmunogl obulin. Fab a s may
be. made by papain dlgestlon of intact imunogl obulin, under reduci ng
condi tions, or bundl saidosouposition (C)adaealiowdd cto raxxwrietef atnkhar ef ul
papai n di gesti ontgj_.gxm q‘egmp%ghobul in. The fragnents may
(d) then, detection or therapeutic compeosition (D),
anhd the conjugate of said composition (D) is.allowed to
5 accrete at the targeted lesion.

5. The use of a composition according to claim 1,
wherein the composition comprises:

: (A) a targeting composition comprising a biotin-
protein conjugate, wherein the protein preferentially

10 binds to a marker substance produced by or associated
with s targeted lesion;

(B) a clearing compesition comprised of avidin;

(C) adetection or therapeutic cénpcsition comprised
of bictin conjugated to a detection or therapeutic agent;

15 and '

(D) another detacting or therapeutic composition
comprised of a conjugate of avidin, protein and detection
or therapeutic agent, vhersin the protein preferentially
binds to a marker substance produced by or associated

20 with the targeted lesion and may be the same as the
protein of said targeting composition (A);

in a method for detecting or treating targeted
lesions in a patient, wherein, in the method, a patient
is injected parenterally with:

25 " (a) targeting composition (A), and the protein
conjugate of said composition (A) is alloved to
preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) is allowed to substantially clear the

30 targeting composition from non-targeted sites and to bind
to the targeting composition accreated at the targeted
lesion; -

{c) then, detection or therapeutic composition (C),
and the conjugate of said compesition (C) is allowed to

35 accrete at the targeted lesion; and

(d) then, detection or therapeutic compositien (D),
and said composition (D) is allowed to accrete at the-
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different substantially nonospecific antibodies or antibody fragnents,
wherein at |east two of saidantibodi es or antibody fragnents speC|f|caIIy

bind to at t antigens produced or assddi sPhestiHas
targeted Iesﬁmu m"mmﬁ mwo di fferent ep| t opes or nol ﬁ“‘lﬁ“l rker

subst ance protlucedtor "associ at ed

targeted lesion.

6. The use of a composition according to claim 1,
wherein the composition comprises:
(a) a targeting composition conprising a biotin-

s protein conjugate, wherein .the protein preferentially
binds to a marker substance produced or associated with
the targeted lesion;

(B) a clearing composition comprised of avidin; and

(C) a detection or therapeutic composition comprised
10 of a conjugate of biotin, protein and a detectipf,n or" o
therapeutic agent, wherein the protein prefe‘teiitia’;l_.].’j{':
binds to a marker substance produced by or associated .

with the targeted lesion and may be the same as the

protein of said targeting composition (A); in a methed

15 for detecting or treating targeted lesions in a patient,

wherein, in the method, the patient is parenterally
injected with:

(a) targeting composition (A), and the ° protein'

conjugate of said composition (A) is alloved “to-
20 preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) is allowed to substantially clear the
targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted

25 lesion; and
(e) thcn, detoetion or thearapeutic cenposition (€},

and said composition (C) 1s allowed to accrete at the
targeted lesion.

7. The use of a composition according to claim 1,
30 vherein the composition comprises: .

(A) a targeting composition comprising a biotin-
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

35 {B) a clearing composition comprised of avidin;
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(C) a detection or therapeutic composition comprised
of a conjugata of avidin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or:associated
with the targeted lesion and may be the same as the
protein of said targeting camposition (A); and

(D) another detection or therapeutic composition
comprised of biotin conjugated to a detection or
therapautic agent;

in a method for detecting or treating targeted
lesions in a patisnt, whersin, in the method, the patient
is injected parenterally with:

| (a) targeting compogsition (A), and the protein

conjugate of said composition (A) is allowed ¢to

preferentially accrete at the targeted lssion;

(b) then, clearing composition (B), and said
composition (B) is allowed to subatantiilly clear the
targeting composition from non-targeted sites and to bind

to the targeting compomition accreted at the targeted

lesion;

(c) then, detection or therapeutic composition (C),
and said composition (C) is allowed to accrete at the
targeted lesion; and

(d) then, detection or therapeutic composition (D),
and the conjugate of said composition (D) is allowad to
accrete at the targeted lesion.

8. The use of a composition according to claim 1,
wherein the composition comprises:

() a targeting composition comprising an avidin-

protein conjugate, wherein the protein preferentially
binds to a marker substance procduced by or associated
with a targeted lesion;

(B) a detaction or therapeutic composition comprised
of biotin conjugated to a detection or therapeutic agent;
and

(C) adetection or therapeutic composition copprised
of a conjugate of avidin, protein and a detaction or

\\%
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therapeutic agent, vherein the p:otein preferentially
kinds to a marker substance produ;ed by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A);

in a methed for detecting or treating targeted
lesions in a patient, wherein, in the methed, the patient
is parenterally injected with:

(a) targeting composition (A), and the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;

(b) then, detection or therapeutic coinposition (B),
and the conjugate of said composition (B) is allowed to
accrete at the targeted lesion; and

(c) then, detection or therapeutic composition (C),
and said composition (C) is allowaed to accrete at the
targeted lesion.

9. ‘The use of a compogsition according to claim 1,
vherein the composition comprises:

(A) a targeting composition comprising an avidin-
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
wvith a targeted lesion;

(B} a clearing composition comprised of biotin;

(C) adetection or therapeutic composition comprised
of biotin conjugated to a detection or therapeutic agent;
and

(D) a detection or therapeutic composition comprised
of a conjugate of avidin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated
‘with the targeted lesion and may be the same as the
protein of said targeting compesition (A);

in a method for detecting or treating targeted
lesions in a patient, wherein, in the method, the patient
is parenterally injected with: .

(a) targeting compesition (A), and the“protein
conjugate of said composition (A) is allowed to
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preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
compogition (B) is allowed to substantially clear the
targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the tarxgeted
lesion; -

(c) then, detection or therapeutic composition (C),
and the conjugate of said composition (C) is allowed to
accrete at the targeted lesion; and

(4) then, detection or therapeutic composition (D),
and said compoaition (D) is allowed to accrete at the
targeted lesion. '

10. The use of a compesition according te claim 1,
wherein the cemposition comprises:

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

(B) a clearing composition comprised of biotin;

(C) adetection or therapeutic composition comprised
of a conjugats of avidin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or asscciated

y of

I n.

rized in a review by Polin, in EuREpQAC@,
m WHH’, 984,  showing ready These
dnale a MAbs) ag?ﬂ st pat hogen %ﬂﬁ ilm I gens

with the targeted lesion and may be the same as the

protain of said targeting composition (A); and

. (D) another detection or therapeutic composition
comprised of biotin conjugated to a detection or
therapeutic agent; '

in a method for detecting or treating targeted

lesions in a patient, wherein, in the method, the patient
is parenterally injected with:

(a) targeting composition (A), and the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) is allowed to snbstantially clear the

targeting composition from non-targeted sites and to bind
"

"l

a
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to ths ta:get‘iﬁé composition accrested at the targsted
lesion; _ :
(¢) then, detection or therapeutic composition (C),
and said composition {(C) is allowed to accrete at the
s targeted lesion; and
(d) then, detection or therapeutic composition (D),
and the conjugate of said compesition (D) is allowed to
accrete at the targeted lesion.

11. The use of a composition according to claim 1,
10 vherein the composition comprises:

(A) a targeting composition comprising an avidin-
protein cenjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

15 (B) a clearing composition comprised of biotin;

(C) adetection or therapeutic compesition comprised
of avidin conjugated to a detection or therapeutic agent;
and

(D) a datection or therapeutic composition comprised

20 of a conjugate of biotin, protein and detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A); '

2s in a method for detacting or treating targeted
lesions in a patient, vherein, in the method, the patient
is parenterally injected with: .

(a) targeting composition (A), and the protein
conjugate of said composition (A) 1is allowed to

30 preferentially accreta at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) is allowed to substantially clear the

" targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted

35 lesion;

(c) then, detection or therapeutic composition (C),
and the conjugate of said compesition (C) is allowed to -

This Sheet Has Been qulaced
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accrste at the targeted lesion; and ' -
(d) then, detection or therapeutic composition (D),
and said composition (D) is allowed to accrete at the
targeted lesion.

—-—...,—_.

&'ft,.

5 12. The use of a composition according to claim 1,
vherein the composition comprises:

(A) a targeting composition comprising an avidin-
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated

10 with a targeted lesion;

(B) a clearing composition comprised of biotin; and

(C} adetection or therapeutic composition comprised
of a conjugata of avidin, protein and a detection or
therapeutic agent, wherein the protein preferentially

1s binds to a marker substance préducod by or associated
with the targeted lesion and may be the same as the
protein of said targeting compesition (A);

in a method for detecting or treating targeted

lasions in a patient, whaerein, in the method, the patient
20 is parenterally injected with:

- (a) targeting composition (A), and the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesiocn;

(b) then, clearing composition (B), and said

25 composition (B) is allowed to substantially clear the

targeting composition from non-targeted sites and to bind

= to the targeting composition acecreted at the targeted
lesion; and

(c) then, detection or therapeutic composition (C),

30 and said composition (C) is allowed to accrete at the
targeted lesion.

13. The use of a cowmposition according to claim 1,
wherein the composition comprises:

(A) a targeting composition comprising an avidin-

3s protein conjugate, wherein the protein preferentially

binds to a marker substance produced by or associated

—_—
This Sheet H

Ll Illlll | Ilﬁill



_ SENT BY: . 2-20-96 ; 6:53PM ;FOLEY & LARDNER DC 81 2 28157868
Hepatitis B virus Masles virus Adenovi rus Human T-cel I eukenm a viruses

Epstein-Barr virus Marine |eukem a virus* ‘Minps virus Vesicular stomatitis
virus Si ndb| S vrr-us—ty“n'phocyﬁf*chorl oneni ngi ti s wvirus \WarTHISSHEET BASBEEN

B LU L T

with a targeted lesion;
(B) a clearing composition comprised of biotin;
(C) & detection or therapeutic composition comprised
of a conjugate of biotin, protein and a detection or

5 therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A); and

(D} another detection or therapeutic compoesition

10 comprised of avidin conjugated to a detection or

' therapeutic agent;

in a method for detecting or t:eating targeted
lesions in a patient, wherein, in the method, the patient
is parenterally injectad with: _

15 - (a) tafgetinq compogition (A), and the protéin
conjugate of said composition (A) is alloved to
preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) is allowed to substantially clear the

20 targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted
lesion;

. (¢) then, detection or therapsutic canpositinn <y,
and said composition (C) is allowed to accrete at the

25 targeted lesion; and

(d) then, datection or therapeutic compositien (D),
and the conjugate of said compoesition (D) is allowed to
accrets at the targeted lesion.

14. A method of detecting or treating targeted lesions
30 in a patient, the method comprising the steps of: o
(a) parenterally injecting a subject with a targeting
couposition comprised of :
{1) a bictin-protein conjugate or
(ii) an avidin-protein conjugate,
3s vherein the protein preferentially binds to a marker
substance produced by or agsociated with -gsaid targeted
lesion, and allowing the protein conjugate to
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preferentially accrete at said targeted lesion;

{b) then, optionally, parenterally injecting a

clearing composition comprised of
{1) avidin, when the ga:getihg composition is
a biotin-protein conjugate, or
(11) biotin, when the targeting composition is
a avidin-protein conjugate,

and allowing said clearing composition ¢to
substantially clear the targeting composition from nen-
targeted sites and to bind to the targeting composition
accreted at said targeted lesion;

(c) parenterally injecting a detection or
therapeutic compesition comprised of a conjugate of

{1) ividin, protein and a detection or
therapeutic agent, or .

(ii) biotin, protein and a detection or .
therapeutic agent, -

vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said
targeting composition, and allowing said detection or
therapeutic composition to accrete at said targeted
lesion; '

(d) parentsrally injecting, either prior or
subseguent to the composition of (c), another detection
or therapeutic composition comprised of

(i) avidin conjugated to a detection or

therapeutic agent, or

(ii)biotin conjugated to a datection or

therapeutic agent, ..
and allowing the conjugate to accrete at said

targeted lesion;

vherein
(i) step (d) is optional if a clearing
composition has been administered,
(11) the detection or therapeutic compositions
of steps (c) and (4) containing avidin ere
administered as the next step after the
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administration of a composition containing
biotin or of a clearing composition containing

avidin,
(iii) the dstection or therapeutic compositions
5 of steps (c) and (d) containing biotin are

administered as the next step after the
administration of a composition containing
avidin or of a clearing composition containing
biotin.

10 15. The wethod of claim 14 for detecting or treating
targeted lesions in a patient, the method comprising the
steps of: '

(a) parenterally injecting a subject with a targeting
composition comprised of a biotin-protein conjugate,

15 wherein the prof;ein preferentially binds to a marker
substance produced by or assocliated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a detection or

20 therapeutic composition comprised of avidin conjugated to
a detaction or therapeutic agent, and allowving the
conjugate to accrete at said targsted lesion; and

(¢c) theﬂ, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of

25 biotin, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a marxker
substance produced by or associated with said targeted

"lesion and may be the same as the protein of said
targeting composition, and allowing the composition to

30 accrete at said targeted lesion.

16. The method of clain 14 for detecting or treating
targeted lesions in a pationi, the methed comprising the

steps of:
(a) parenterally in'jecting a subject with a targeting
35 composition comprised of a biotin-protein conjugate,
wherein the protein preferentially binds to a marker
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substance produced by or associated with said targeted
lesion, and allowing the protein conjugate ¢to
preferentially accrete at said targeted lesicn;
(b)  then, parenterally injecting a clearing
5 composition comprised of avidin, and allowing said
clearing composition to substantially clear the targeting
composition from non-~targeted sites and to bind to the
targeting composition accreted at said targeted lesion;
(c) then, parenterally injecting a detection or
10 therapaeutic conposition comprised of avidin conjugated to
a detection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion; and
{(d) then, parenterally injecting & detection or
therapeutic composition comprised of a conjugate of
15 biotin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said
targeting composition, and allowing said detection or
20 therapeutic composition to accrete at said targeted
lesion.

17. The method of claim 14 for detecting or treating
targated lesions in a patient, the method comprising the
staps of:
25 (a) parenterally injecting a subject with a targeting
- composition comprised of a biotin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugata to
30 praeferentially accrete at said targeted lesion; '
(b) then, parenterally injecting a clearing
cénposition comprised of avidin, and allowing saia
clearing composition to substantially clear the targeting
composition from non~targeted sites and to bind to the
35 targeting composition accretaed at said targeted lesion;
{c) i:heu, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of’
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blotin, protein dnd a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said tarxgeted
lesion and may be the same as the protein of said
S targeting composition, and allowing the composition to
accrete at said targeted lesion; and
(d) then, parenterally injecting another detection
or therapeutic compesition comprised of avidin conjugated
to a detection or therapeutic agent, and allowing the
10 conjugate to accreta at sald targeted lesion.

18. The method of claim 14 for detecting or treating
targeted lesions in a patient, the method comprising the
ateps of:

(a) parenterally injecting a subject with a targeting

15 composition comprised of a biotin-protein conjugate,
wherein the protein prefesrentially binds to a marker
. substance produced by or associated with said targeted
lesion, and allowing the protein conjugate ¢to
preferentially accrete st said targeted lesion;

20 (b) then, parenterally injecting a clearing
composition comprised of avidin, and allowing said
clearing conposition to substantially clear the targeting
- composition from non-targeted sites and to bind to the
targeting composition accreted at said targeted lesion;

25 (c) then, parenterally injecting a detection or
therapeutic composition comprised of biotin conjugated to

= a detection or therapeutic agent, and allocwing the
conjugate to accreta at said targeted lesion; and
(d) then, parenterally injecting a detecting or

30 therapeutic composition comprised of a conjugate of
avidin, protein and a dstection or therapeut:.ic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said

35  targeting composition, and allowing said detecting or
therapeutic composition to accrete at said targeted
leaion.
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targetd lesions in a patient, the methed comprising the
steps of:

 (a) parenterally injecting a subject with.a targeting
composition comprised of a biotin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein cenjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
compesition comprised of avidin, and allowing said
clearing composition to substantially clsar the targsting
composition from non-~targeted sites and to bind to the
targeting composition acereted at gaid targeted lesion;
and _

(c) then, parentarally injecting a detaction or
therapeutic composition comprised of a conjugate of
biotin, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a marker

substance produced by or associated with said targeted -

lesion and may be the same as the protein of said
targeting composition, and allowing the composition to
accrete at said targeted lesion. B

20. The method of claim 14 for detecting or treating
targeted lesions in a patient, the method comprising the
steps of:

(a) parenterally :l.njecting a subject with a targeting
compogition comprised of a biotin-protein cenjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with saiad targste&
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
composition comprised of avidin, and allowing said
clearing compoaition to substantially clear the targeting
composition from non~targeted sites and to bind to the
targeting composition accreted at said targeted lesion;
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therapeutic composition comprisad of a conjugate of
avidin, protein and a detection or therapautic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targsted
lesion and may be the same as the protein of said
targeting composition, and allowing said detection or
therapeutic composition to accrete at said targeted
lesion; and

(d) then, parenterally injecting another detection
or therapautic composition comprised of biotin conjugated
to a datection or therapeutic 'agent, and allowving the
conjugate to accrete at said targeted lesion.

21. The nethod of claim 14 for detecting or treating
lesions in a patient, the methed comprising the steps of:
(a) parenterally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accreste at said targeted lesion;

(b) then, parenterally injecting a detection or
therapeutic composition comprised of biotin conjugated to
a detaction or therapeutic agent, and allowing the
conjugate to accrets at said targeted lesion; and

(c) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
avidin, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a marker

S the
ote to

substance produced by or associated with said targetadw

lssion and may be the same as the protein of said
targeting composition, and allowing the composition to
accrete at said targeted lesion.

22.. The method of claim 14 for detecting or tfeating
lesjions in a patient, the method comprising the ateps of:
(a) parenterally injacting a subject with a targeting
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composition comprised of an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
5 preferentially accrete at said targeted lesion;

(b) then _pareﬁterany injecting a clearing
composition conprisad of biotin, and allowing saiad
clearing composition to substantially clear the targeting
composition from non-targeted sites and to bind to the

10 targating compesition acereted at said targeted lesion;

(¢} then, parenterally injecting a detection or
therapeutic composition comprised of biotin conjugated to
a detection or therapsutic agent, and allewing the
conjugate to accrete at said targeted lesion; and

15 (d) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
avidin, protein and a detection or therapeutic agent,
wvharein the protein preferentially binds tc a marker
substance produced by or asscciated with said targeted

20 lesion and may be the same as the protein of said
targeting composition, and allowing said datection or
thaerapeutic composition to accrete at said targeted
lesion.

23. The nethod of claim 14 for detecting or treating
25 targted lesions in a patient, the method comprising the
steps of:

(a) parenterally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
wherein the protein preferentially binds to a marker

30 substance produced by or associated with said tarqetad.'
lesion, .- and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

{b) +then, parenterally injecting a clearing
conposition comprised of biotin, and allowing said

35 clearing composition to substantiaily clear the targeting
composition from non-targeted sites and to bind to the
targeting composition accreted at said targeted lesion;

-_

This Sheet Has

G IIITW



approggd afe for use in the prememt 7 HPEAFILEH & LRDERPAL" usef L?F 2 ?615486""3(3
detecting and treating cardiovascular |esions include fibrin-specific
proteins, for exanple, flbrlnogen soluble fibrin, antifibrin antibodies
and fragnents, fragnent [err] (a 60 kDa fragment of hunmarisfddiETHARSENY

controlled pla crosslinked fibrin), plasm Rs(oac(caj\zyrre in
t he bl ood respjmm Mﬂlmnlmu l ssol ut ro%# of fresh throg%gﬁ?@
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S0 BTE) orot Bne ol SR PRy e b MRAS o
thnrapentic composition cmlprise of a conjugate of
avidin, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a marker

5 substance produced by or assoclated with gsaid targeted
lesion and may be the same as the protein of =aid
targeting composition, and allowing said detection or
therapeutic composition to accrete at the targeted
lesion; and

10 (d) then, parenterally injecting another detection
or therapeutic composition comprised of biotin conjugated
to a detection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion.

nof

24. The method of claim 14 for detecting or treating
15 targeted lesions in a patient, the method comprising the
steps of: '

(a) parenterally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
vherein the protein preferentially binds to a marker

20 substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

a (b) then parenterally injecting a clearing
composition comprised of biotin, and allowing said

25 clearing composition to substantially clear the targeting
composition from nen~targeted sites and to bind te the
targeting composition accreted at said targeted lesion;

(¢) then, parenterally injecting a detection or
therapeutic composition conprised of avidin conjugated to

30 a detection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion; and

(d) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
biotin, pzetein and a detection or therapeutic agent,

35 wherein the protein preferentially binds to a marker
substance produced by or associated vith said targeted
lesion and may be the same as the protein of said
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therapeutic compesition to accrete at said targeted
les_i.on.

25, The method of claim 1 for detecting or treating
targeted lesions in a patient, the methed comprising the
steps of:

(a) parenterally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accreta at said targeted lesion;

(b) then, parenterally injecting a clearing
composition comprised of biotin, and allowing said
clearing composition to substantially clear the targeting
composition from non~targeted sites and toc bind to the
targeting composition accreted at said targeted lesion;
and :
' (c) then, parenterally injecting a detection or
therapeutic composition comprised of a co_njugata of
avidin, protein and a detaection or therapeutic agent,
vherein the protein preferentially binds to a marker
gubstance produced by or associated with said targeted
lesion and may be the same as ‘the protein of said
targeting composition, and allowing said detection or

therapeutic compesition to accrete at said targeted
lesion. '

26. The methoed of claim 14 2or detecting or treating

leasions in a patient, the nethod comprising the steps of -

(a) parenterally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing

e
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Fluorine- 18, Silver-111, Platinum 197, Pal | adi um 109, gopp@pr_

Phosphor us- 32, PU mllﬁﬂluum“ um 90, Scandi um 47, Samar
Lutetium 177, Rh dym unB6142, - Pr aseodyh‘f1 W\M‘l
Ter bi um 161, Hol m unt 1 6, 'Gofd-"199, Cobalt-57, Cobal!hI

I ron-59, Selenium 75, Thallium 201, and Ytterbium 169. Pref erabl y the

radi oi sotope W lhpEllieioa { SSuptisea® P Opf6Vid 2Ndia allowing said

clearing compogition to substantially clear the targeting

composition from non-targeted sites and to bind to the

targeting composition accreted at said targeted lesion;

s (c) then, parenterally injecting a detection or

therapeutic composition comprised of a conjugate of

biotin, protein and a detaection or therapeutic agent,

vherein the protein preferantially binds to a marker

substance produced by or associated with said targeted

10 lesion and may be the same as the protein of said

targeting composition, and allowing said detection or

therapeutic composition to accrete at said targeted

lesion; and

(d) then, parenterally injecting ancother detection

15 or therapeutic composition comprised of avidin conjugated

to a detaction or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion.

27. Ths use or method of any of claims 1 or 14, vherein
the lesion is cancerous, cardiovascular, infectious or
20 inflammatory.

28. The use or nethod of claim 27, wherein the
cardicvascular lesion is a thrombus, embolus, infarct or '
atherosclerotic plaque.

29. The use or method of claim 27, wherein the cancerous
25 lesion is a carcinoma, melanoma, sarcoma, neuroblastoma,
leukemia, lymphoma, glioma or myeloma.

30. The use or method of claim 27, wvherein the lesion is. '
intecticus or inflammatory.

31. The use or method of any of claims 1 or 14, wherein
30 the protein is a peptide, polypeptide, hormone,
lymphokine, growth factor, albumin, cytckine, enzyme,
immune modulator, receptor protein, antibedy or antibody

il




-19- npre preferabl y 50 key. osei0gh R ELRERIDZ B0 - 5081 X@615486&583%0pes
pr ef SNt &Y+ for externalzgg):%?m;yng | ngllﬂgde | odi ne-123, | odi ne-131,

| ndi um 111, mum 97, Technetium 99m Cobal t-57, Cobalt-58,
Chrom umb51, Iro 75, ThaI i um 201, andTp(Lgtg;(ElErrmASJMN
.| sot opes rmst Eﬂ‘ﬁ m !‘E ernal detection include: REBLARED25,
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32. The use or method of any of claims 1 or 14, wherein
the protein of the targeting conposition and the
detaction or therapeutic composition are the same.

33. The use or method of any of claims 1 or 14, wherein
5 the protein of the targeting composition and the
detection or therapeutic composition are different.

34. The use or method of claim 33, wherein the different
proteins pretferentially bind to differing epit.opes' or
molecules cof the same marker substance.

10 .
3S. The use or method of claim 31, wherein the protein
is a monoclonal antibody, or a specific binding fragment
thereof. )

36. The use or method of clain 35, wherein the fragment
is is a Fv, single chain antibody, Fab, Fab', F(ab); or
F(ab'),.

37. The use or method of claim 36, wherein the fragnent
is Fab, Fab', F(ab); or F(ab');.

38. The use or method of claim 35, wherein the intihody
20 is multispecific. -

39. The use or method of claim 38, wherein the antibody

is multispecific to differing epitopes or molecules of a
marker substance.

40. The use or method of claim 31, vherein the protein'-
25 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%.
41. The use or method of any of claims 1 or 14, vherein
the method is for detection of a lesion.
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43. The use or method of claim 42, wherein internal
detection is during an operatj_.\re, intravascular or
S endoscopic procedure. -

44. The usse or method of claim 41, wvherein the detaction
agent is a radionuclide, nri enhancing agent,
photoactivated dye or differentiation agent.

45. The use or method of claim 44, wherein the
10 radionuclide is a gamma-, positron-, x-ray or.
fluorescence-enitter.

46. The use or method of claim 44, wherein the

differentiation agent is a vitamin, cytokine, autocrine,
hormone or drug.

15 47. The use or method of claim 44, wherein the
radionuclide has an energy between 10 and 5000 KkeV.

48..The use or method of claim 47, vherein the
radionuclide has an energy between 50 and 500 keV.

49. The use or method of claim 44, vherein the

20 radionuclide used for imaging is Iodine-123, Iodine-131,
Indium=-111, Gallium-67, Ruthenium-97, Technetium-9sm,
Cobalt-57, Cobalt-58, Chromium-S51, Iron-59, Selenium-7S,
Thallium-201, or Ytterbium-169. .
50. The use or method of claim 43, wherein the

25 radionuclide used is Iodine-~12%, Iodine-123, Iodine-131,
Indiun-111, Technetium~99m or Gallium=-67.

51. The use or method of claim 44, wvherein the nri
enhancing agent is a species of Gadolinium, Irxon,
Manganese, Rhenium, EBuropium, Lanthanium, Holmium, or
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invention are listed in Goddnan et al., "The Pharnmacol ogi cal Basis of

Therapeutics, " gRigdtigEdition, A G G | man et al , eds./ Macm ||l an Publishing
Co. New '

52. The use or method of any of claims 1 or 14, wherein
the method is for treating a lesion.

53. The use or wmethod of claim 52, wherein the
S therapeutic agent is an isctope, drug, toxin, fluorescent

dye activated by nonionizing radiation, hormone, hormone

antagonist, receptor antagonist, autecrine or cytokine.

S4. The use or wmethod of claim 52, wherein the
therapeutic agent is an electron- or neutron-capturing
10 agent.

$5. The use or method of claim 53, vherein the isotope
is Iodine-125, Iodine-131, Rhenium~186, Rhenium-188,
Silver-111, Platinun-197, Palladium-109, Copper-67,
Phospherus-32, Phosphorus-33, Yttrium-90, Scandium-47,
15 Samarium-153, Lutetium-177, Rhodium~-10S, Prasecdymium-

142, Prasecdymium=143, Terbium-161, Holmium-166, or Gold~
198.

56. The use or method of claim 52, wherein tha
therapeutic agent is an anti-DNA, anti-RNA, anti-protein
20 or anti-chromatin cytotoxic or antimicrobial agent.

57. Tha use or method of claim 53, wherein the drug is
taxol, mechlorethamine, cyclophosphamide, melphalan,
uracil nustard, chlorambucil, <thiotepa, busulfan,
carmustine, lomustine, semustine, atreptozocin, ..
25 dacarbazine, mnethotrexate, fluorcuracil, cytarabine,
azaribine, mercaptopurine, thicguanine, vinblastine,
vincristine, dactinomycin, dauncrubicin, doxorubicin,
bleomycin, mnithramycin, niteaycin, L-asparaginase,
cisplatin, hydroxyurea, procarbazine, =aitotane,
30 pradnisone, hydroxyprogesterone caprcate,
nedroprogesterone acetate, diethylstilbestrol, ethinyl
estradiocl, tamoxifen, and testosterons propionate or’

I
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Yor kseNtk ®86. Thesé incl ude t2R&i86 ini: P?"Mg& sltAgP]\gE DCsuch 20 as
mechl'or et ham ne, cycl ophospham de, nel phal an, uracil nustard and-
chl oranbuci | ; Mt ives, such as thiotepa; alkyl

sul fonates, sug nitrosoureas, such as carnustine,
| onusti ne, serru ZOCI n; i azenes, "such as TS SHEEZHAS BEEN
folic acid anal mr nas srret‘ hot r exat “pyri m di ne anal ogs REFLACER

e ?E: R T
fluoxymesterone.

$8. The use or method of claim 53, wherein the toxin is
abrin, alpha toxin, diphtheria toxin, exotoxin, gelonin,
pokeweed antiviral protein, ricin, or saporin.

s $9. The use or method of claim 53, wherein the drug is
puromycin, cyclcheximide or ribonuclease.

60. A compesition for use in a methed for reducing
imdunogenicity of avidin, wherein the compositien
comprises avidin coupled vwith a carbohydrate polymer or

10 polyol groups, which nmakes the parenterally injected
composition less imur'logenic.

61. The ecnipcsition of claim 60, wherein the carbohydrate
polymer or polyol groups are dextran, polysaccharides, or
polyethylene glycol (PEG).

15 62. The use or nmethod of any of claims 1 or 14, wherein
the immuncgenicity of avidin or of the therapeutic agent
conjugate 1is reduced by coupling the avidin or
therapeutic moiety of the conjugate with carbohydrate
polymer or polyol groups.

20 63. Tha use or method of any of claims 1 or 14, wherein .
the immunogenicity of the targeting compesition is
reduced by coupling with a carbohydrate polymer or polyol
groups.

64. A sterile injectable composition for human useﬁ'
25 comprising a detection or therapeutic composition
comprised of a conjugats of
(i) avidin, protein and a detection or therapeutic
agent, or
(ii) biotin, protein and a detection or therapeutic
30 agent, '
vherein the protein preferentially binds - to a marker

This Sheet Has Been Reﬂlaced
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al kaigRi @g: such as vinblz21-Phe 7°ERY SFQLER & HRRNER BF D2yt i (T 22 EUER s
dact rnonmyci n, daunorubi cin, doxbrubicin, bleonmycin, mthranycin and .

mi'tonycin; enzymes. such as |-asparagi nase; platinum cob"r"éls{h‘&ﬁ"'(bwscﬂﬁﬁbl exes
such as cisplatin; substituted urea, such as hydroxyurea; nBEPKACER dr azi ne

derivatives, m] mmm mﬂl ne; adrgnqcortical suppness as
m t ot ane; hoIJ mm“ | t agoni stEST' such as :‘»::;fi mmuimmn ds
(pr edni sone), pfogestt ns (hydroxyprogesterone caproate,
medr opr ogest erone acetate and nmegestrol acetate), estrogens

(di et hyl stil bessubétamea oirvdaged byt ruzdlaﬂa)aciahcdl with ogertargetedoxi f en)
and androgens ({gsi&Qst erone propionate and fluoxynesterone).

65. A kit suitable for use in a method of detecting or
treating targeted lesions in a human, the kit comprising:

5 . (a) a vial containing a sterile injectable
preparation of a targeting composition comprised of

(1) a biotin-protein conjugate, or
(ii) an avidin-protein conjugata,
vherein the protein preferentially binds to a marker
10 substance produced or associated with the targeted
lesion; _
(b) optionally, a vial containing a asaterile
injectable preparation of a clearing composition
conprised of '
1s (i) avidin, when the targeting composition is
a biotin-protein conjugate, or
(1i) biotin, vhen the targeting composition is
a avidin-protein conjugate;
() a vial containing a sterile injectable
20 _ preparation of a detection or therapeutic
composition vhich when administered to the human is
conmprised of a conjugate of
(1) avidin, protein and detection or
therapeutic agent, or '
2S (14) Dbiotin, protein and detection or
tharapeutic agent,
wvherein the protein preferentially binds to a
marker subgtance produced by or associated with
the targeted lesion and may be the same as the
30 protein of the targeting composition; and
(d) optionally, a vial containing a sterile
injectable preparation containing another detection
or therapeutic composition which when administered
to the human is comprised of
35 (1) avidin c¢onjugated to & detection or
therapeutic agent, or
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i n, #he net hods of the present invention; such drugs are known to these
skilled in the‘m%\wggm pur onyci n, cycl ohexiTHISISHEETAMS BEEN
ri bonucl ease ns can al so sed in the methods of the ﬁﬁé’%%@

i nvention. Toxi m’ mlm apeutj gg are known to th the
art and incl ude ial toxins, such as, abrﬂg ‘El mm
dlphtherla t oxi n, exotOX|n sget Oni n, pokemeed antiviral proteln ricin, and

saporin. Toxins in their native form require a mninum of three di fferent
bi ochemi cal functions ttlidiiotim| |eonjngated to a detection or

therapeutic agent.
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the.t'oxic activity into the cells.
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Thie-wodi.fi ed toxins useful
present invention -21- differ f'rom native toxins in that the donmain

providing the cell binding function of the native tff§8HeEPHAS BEEN
nonfuncti oni ng because the domain is m€§| g partiall y or t gerLlgepQ her

t herapeutic agents useful in the presen ,
| S0 R

Uses of compositions in methods for detecting and/or
treating targeted lesions in a patient are provided. The
compositions used are comprised of

5 a targeting compositin. comprising a b:lctin and
targeting protein conjugate or an avidin and tarqeting
protein conjugate;

opticnally, a clearing composition comprised of
avidin, wvhen the targeting compesition is a biotin

10 conjugate, or biotin, when the targsting conposiﬁion is
a avidin conjugate; :

a detection or therapeutic composition comprised of
a conjugate of avidin or biotin with a targeting protein
and detection or therapeutic agent; and, _

1S5 optionally, another deiectien or therapeutic
composition comprised of avidin or biotin conjugated to
a detection or therapautic agent.

The compositions, mathods of une, and kits for use
are alsc provided.
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_invention iinclude anti-DNA -anti-RNA, anti-proté n RASLAOEVENT SHEETH SG
._‘@yt ot oxi c or antj m crobi al agents. The proteins ug%@bﬂp’mﬂ ﬁ&zaﬁﬁeientgaued_é’_‘f
|nvent|on may be | abel ed or conjugated by a var i esficefm@pt hoﬂ:&aﬂm guguﬁhﬁg,
arti. Many of these methods are disclosed in theja ﬁ‘ﬁ@i(e)rem@g Y15 paeed T
“Patents and Patent Applications. See al so, Rayudu ﬁ%acgl :J:»aadiai‘tal iﬂé@dei—
al ., J: Nuc. Med. 26, 293(1985). ~Ahy convg¢ntional net of

radiolabeling which is suitable for | abel i ng is¢t f Ve 4 Wd,
be generally suitable for |abeling detection ag fl@\e@pﬁ%{#ﬁﬁvlﬁ %1 A5 é

present invention. The avidin/streptavidin, biotin or protei ns may be
conjugated to therapeutic agents such as drugs, toxins,

TIMPROVED DETECTION AND THERAPY OF LESIONS

WITH BIOTIN/AVIDIN CONJUGATES  ['HIS SHEET HAS BEEN
REPLACED -
t
sacxaroun or Tz mwvmerzon - HGH 1 4
} .:.hua“

1- Field of the Invention -

The present invention relates to improved uses of
compositions containing biotin and avidin in methods for
detecting and treating pathological conditions with
multi-step process.

2= Description of the Pricr Art

Antibodies against different determinants associated
with pathological and normal cells, as well as associated
with pathogenic microcorganisms, have been used for the
detection and treatment of a wide variety ot pathological
conditions, or lesions. The targeting antibody is
conjugated to an appropriate detecting or therapeutic
agent acceording to procésses well known and readily
available to one of ordinary skill in the art, as
dascribed, 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.

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 reascnably long duration of uptake .
and binding. High background levels of nen-targeting
antibody have long been recagnized as a major impediment |
to high target: hackgroundﬁxat:.os being achieved. To
cvercome this impedinent, nVaricus methods have been
developed, such as those described in the above-

REPLACEMENT SHEET|
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.boron addends, isotopes, f luorescent dyes activated by nonionizing

radi ati on, hornones, autocrines, cytokines, cytoprotecth_ﬁg gents etc .,
by net hods known to those skilled in the art. US Patent H EBHBSBSBNh et
@al, teaches one such nethod. Qther exanples are conj ugat| n

avidin/streptavidin to (a) iodine by thg chl oram ne- T
procedures, .(b) technetiunirhenium y® procedures i
Giffiths et al. (Cancer Res. 51:4594, 1991) or Fri tzberg et a Pat .

No. 5,120,526) and (c) netallic nuclides through bifunctional chel ating
agents as descrrdfatehpgedadldenBérdpateiits. J. Cancer 62: 21, 1990).

Addi tional 'y "avi di rgeghheptRed HeRhBaS HakeCBleR eveloped 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; Gocdwin at
al., J. Nucl. Med. 29:226, 1988; Hnatowich et al., J.
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. 51:59603, 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.

Avidin, found in egy whites, has a very high binding
affinity for biotin, which 1is a B-complex vitamin
(Wilcheck et al., Anal. Biochem, 171:1, 1988},
Streptavidin, derived from Streptomyces avidinii, is =~
gimilar 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 anplitication vhen the former
bind to bictin. : '
% 7In a prior art 2~step proccdura, a targeting antibody
is conjugated with either avidin or biotin and then is
injected into a patient, thus localizing the avidin or
bictin at a tumor of intereat. Thereafter, either biotin
or avidin (depending on which was coupled to the
targeting antibody), bearing an imaging jsotope, is
injected and is localized at the site of the primary
antibody by binding to avidin or biotin, respectively.
Tinming of the gecond injection after the first cone
is very critical. Injecting th; radiclabeled avidin or
biotin too early will inczsas- the avidin/biotin
' conjugates in the hloodstreau and nontargeted tissues,
while injecting very 1late may decrsase the anmount

RFPLACEMBNT SHEET
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~bound to dendrinmers by procedures described for am no- containing proteins

. described by Hnatowich et al. (J. Nucl. Med. 28:1294, 1987). Biotin can
‘be readily conjugated to proteins (including antibodies and their
fragnents) via the proteins Iysine and cysteine reS|dh@%SHEERHA$BEEN

xavallable t heir oxidi zed carbohydrate groups. -22- TRE BRtion or

- as

art,

t her apeutic agents may be treated by Tet Ifods, known ” 11
to pernit S 68T I

targeted to the tumor because of reduced ratention of the
primary antibody at the tumor.

Paganalli et al. (Int. J. Cancer 2:121, 1988) and
Kalofonos et al. (J. Nucl. Mea. 31:1791, 1990)
demonstrated the feasibility of the above approach (the

. former used biotinylated antibedy; 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) ceuld 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
by cold, i.e., non-labeled and non-conjugated, avidin to
clear nontargeted antiquy, 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 antibedy. By this methoed, Paganelli et al.
were able to show, with the exception of the kidneys,
high tumor:normal organ raties. By further examining

lg din the
18

this 3-step procedure, however, the present inventor has -

found that cold avidin can reduce the amocunt of biotin
(in the biotihylatad antibody) contained in tumor.

_Further, many of the above-cited- studies have

- desopstrated that avidin is immunogenic, resulting in

anti-avidin antibodies which preclude repeated

administrations of this agent (and thereby repeated

detecting or therapy courses). Many of these 2- and 3-

step approaches ‘using biotin or avidin immunoconjugates

have shcwn improved target:background ratiog; however,
‘the administration of a clearing agent, such as avidin,
after a biotinylated targeting antibody is first given,
not only reduces circulating biotinylated antibody, but
also reduces the amount of biotinylatad antiboedy in the
target lesion.

Therefore, a nsed axists for bﬁtter uses of
compositions in metheds which will allow for higher and

|REPLACEMENT SHEET
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the agents to be nore easily conjugated to biotin, avidin/streptavidin or
targeting protein as required. Loading of drugs onto a carrl er, as

disclosed in U's. Patent 5,057,313, will depend upon th sodeeNe
drug, the efficiency of the antibody targeting and the efsf Rgﬁ@mgmf t he
conj ugate once it reaches its target. In nost cases, it |s de5| qgal%‘

| oad at |east. 20, preferably 50 and oft#®n=100 or nore it drug
on a carrier. The abllltyto partially or conpletely d'Lé% as a
conjugate, while it is circulation, can reduce systemc S|de effects of the

drug. and perm tpdigs &mbeafaen RUSLEIry AHE Peila1Rihg" dakebbeonk "gRYI Ugat ed
drug mould be unaccept a
therapeutic agents to and at pathological lesions and for
retaining higher amounts of bi.ot:.n with the original

antibedy.
QBJECTS OF THE INVENTION

The principal object of the present invention is to
previde a composition for use in a method of delivering
higher amounts and higher target:nontarget ratics of
detection or therapeutic agents to targeted lesions.

‘Another objective of the invention is to provide a
composition for use in a method of increasing the amount
of primary targeting antibedy present in a lesion to be
detacted or treated.

Still another cbject of the invention is to previde
a composition for use in a 3~ or multiple-step procedure
which delivers higher amounts of a detection or
thlcrapeutic agent to a lesion.

Yet another object of the invention is to provide
cenpcsition for use in a method of restoring any cleared
primary antibody and/or detection or therapeutic agent
from a lesion in a later targeting step. : -

A further object of the invention is to provide a
composition for use in a method of decreasing the

" "’ﬁﬁnogenicity of the targsting agents.

Yot another cbject of the invention is to provide a
plurality of uses for these detection or therapeutic
agents.

Upon further study of the specification and appended

ciains, further objects and advantages of this invention
will become apparent to those gkilled in the art.

SUMMARY OF THE INVENTION

- In its broadest enbod_inehi:, the invention provides
a composition for use in a method of detecting and/or

S ACEVANTSARES Lesions in a patient. The method comprises the
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.Toxins w ||l

often be |l ess heavily | oaded than drugs, but it will still be

advant ageous to load at least 1 preferably 5, andin sone cases 10 or nore
nmol ecul'es of toxin on a carrier and | oad at |east one carTHI®SHEERHAS 8BEfhe
-antibody for targeted delivery. In addition to conjugating r &FPbAEBDOpes to

is possible to conjugate drugs to avi di

biotin (or to streptavidin) for targetlﬁg to tunors (or p;ﬁi 9
thH
nmol ecul e (Schechter et al., Int. J. Cancer 48:167, 1991) for

for exanple via:

-:—U)

T

cytotoxic agent to tunors in animals. Methods for treating toxins and, in

particul ar,

noditiepad oS {a) o parenteralilygX iinjecting wel subjent) with he art
targeting composition comprised of (i) a biotin—protein
conjugate or (ii) an avidin-protein conjugate, vherein
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; (k) then, optionally,
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 an avidin-protein conjugate, and
allowing the clearing composition to substantially clear
the targeting composition from non-targeted sites and to
bind to the targeting compesition accreted at the
targeted lesion; (c) parentarally injecting a detection
or therapeutic composition comprised of a conjugate of
(1) avidin, protein and detsction or therapeutic agent,
or (ii) biotin, protein and detection or therapeutic
agent, vherein the protein preferentially binds to a
parker substance produced by or associated with the
targeted lesiocn and wherein the protein may be the same
as the protain of the targeting conpositiori, and allowing
the composition to accrete at tha targeted lesion; and
(d) parenterally injecting, either prior or subsequent to
the composition of (c), another detectien or therapeutic

" composition comprised of (i) avidin conjugated to a
detection or therapeutic agent, or (ii)biotin conjugated
to a detection or therapéutic agent, vwherein the
detection or therapeutic agent may be the same as the
detection on therapeutic agent of step (c) , and allowing
the conjugate to accrete at the targeted lesion, vherein
(1) step (d) is optional if a clearing composition has
been administered, (ii) the detection or therapeutic
compositions of step (c) and (d) containing avidin are
administered as the next step after the administration of
a composition containing biotin or of a clearing
composition containing avidin, (iiil) detection or

therapeutic compositions of step (c) and (d) containing. -
REPLACEMENT SHEET
_
This Sheet Has 18 SEP 1996

i fill




_and are disclosed, for exanple, in Batkra et al. ,Proc. Natl. Acad. Sci.
USA, Vol. 86, pp. 8545-8549, .1989; Seetharam et aI J. Biol. Chem, Vol
266, no. 26, pp. 17376-17381, 1991; and Pastan et al . , arTHIS)SBEEPHAS IBEEN
.4,892,827. Wen conjugating the foregoing quantity of anti booBERLACEﬁti body

fragnent, the anount of drug or toxin is generally about
preferably 1-3 tines, the anount of .artt®b8dy or anti body lﬁﬂ Eﬁﬂt he
time of reaction is about 10 to 120 m nutes, preferably

biotin are administered as the next step after the
administration of a composition contailning avidin or of
a clearing ccﬁnposition containing bioctin.

In variations of the above embocdiment, the following
compositions are used in each step. . N

In a three-stage embodiment, first the targeting
composition comprised of a biotin-protein conjugate is -
injected, and no clearing composition is administered;
then a detection or therapeutic composition comprised of
avidin conjugated to a detection or therapeutic agent is
injected and then a detection or therapeutic composition
comprised of a conjugate of biotin, protein and detection
or therapeutic agent is injected.

In a four-step embodiment, a targeting con’pos_ition‘
comprised of a biotin-protein conjugate is first
injected, then a clearing composition comprised of av;ldin
is injected, then a detection or therapeutic composition
comprised of avidin conjugated to a detection or
therapeutic agent is injected, and, lastly, a detection
or therapeutic composition comprised of a conjugate of
biotin, protein and detection or therapeutic agent is
injected. :

In another <four-step embodinent, a targeting
composition comprised of a biotin-protein conjugate is
“injected, then a clearing composition comprised of avidin

R ) 'E-:I.njeeted. then a detection or therapeutic ccmpo_si_ti’on'
comprised of a conjugate of biotin, protein and deﬁe’ction_.
or therapeutic agent is injected, and, lastly, another
detection or therapeutic composition comprised of avidin
conjugated to a datection or therapeutic agent is
injected. .

In another four-step embodiment, a targeting
composition comprised of a biotin-protein conjugate is
injected, then a clearing composition comprisad of avidin
is injecteaq, then a detection or therapeutic com_position'
é-onprised of biotin conjugated to a detectioen or
therapeutic agent is injected, and, lagtly, a detection

REPLACEMENTW‘P“*“ composition comprised of a conjugate of
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m nutes. A physiological solution of the protein conjugate is

advant ageously netered into sterile vials, e.g., at a unit dosage of about
1.0 - 500 ng protein conjugate/vial, and the vials are ei {elsHEE?MAS SEEN
seal ed and stored at |ow tenperature, or |yophilized, stoppergrgrLa®sd ed and

st or ed. Variations and nodificatiqons of these fornul ati iy Lo e

readlly apparent to the ordinary skilled artisan, as a f H% I\EAQ"E

i ndi vi dual needs of the patient or treatnent reginmen, as M

Latne!ouai | BoebLa LS kel Sho, Bl 2, ISR L o ™
injected.

In another three-step embodiment, a ‘targeting
composition comprised of a biotin-protein cenjugate is
injected, then a clearing composition comprised of avidin

. is injected, and, lastly, a detection or therapeutic
composition comprised of a conjugate of biotin, protein
and detection or therapeutic agent is injected.

In another four-step embodiment, a targeting
composition comprised of a biotin-protein cenjugate' is
injected, then a clearing composition comprised of avidin
is injectsd, then a detection or therapeutic composition
comprised of a conjugate of avidin, protein and detection
or therapeutic agent is injected, and, lastly, another
detection or therapeutic composition comprised of biotin
conjugated to a detection or therapeutic agent is
injected.

In another three~step embedirent, a subject is first
injected with a targeting composition conmprised of an
avidin-protein conjugate, then the subject is injected
with a detection or therapeutic compesition compriied of
biotin conjugated to a detection or therapeutic agent,
and, lastly, the subject is injected with a detection or
therapeutic composition comprised of a conjugate of
avidin, protein and detection or therapeutic agent.

" = In another four-stap enbodiment, a targeting
composition comprised of an avidin-protein conjugate is
injected, then a clearing composition comprised of bictin
is injected, then a detection or therapeutic composition
comprised of biotin conjugited to a detection or
therapeutic agent is injected, and, lastly, a detection
or therapeutic composition comprised of a conjugate of
‘avidin, protein and detection or therapeutic agent is
injectea.

" In another four-step embodiment, an avidin-protein
cenjugate is injected, then a clearing composition
comprised of biotin is injected, then a detection or
therapeutic composition comprised of a conjugate ] : wﬂ“"""‘"“'
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corrp05|t|o_ A TETE AT
“avidin (b) ;,’: ALENEY

is a reduction of the innunogenicity of (a
ent noiety of a conjugate, OXI n,
, by coupling the i mrunogenl,ﬁl

. £ar bohydr ati | groups. Exanples of useful

pol yol groupst i , pol ysacc%arl des, polyethyl ef
and the |ikk. ~Fre-use ol a dgxtran or other poI ymer for

therapeutlc‘agents t o avidia-4 or a dextran or another pol yner coupled
directly to™avidin or streptavidin is desirous to decrease the

i munogeni ci t wwddinhe protiedpaiana idutalctiss a¢ difbrapautithegeRer Mg S

repeated appliGalleng OfndV! flfef O nhedS c3eE0I UYL E therapeutic
composition comprised of biotin conjugated to a detection
or therapeutic agent is injected.

In another four-step embodiment, a targeting
composition comprised of an_avidin-protein conjugate is
injected, then a clearing composition comprised of bioctin
is injected, then a detection or therapeutic c'omposition
comprised of avidin conjugated to a detection or
tharap_afutic agent is injected, and, lastly, another
6atact-io,n or therapeutic composition comprized of biotin,
protein and detection or therapsutic agent is injected.

In another three-step enmbodiment, a targeting
composition comprised of an avidin-protein ccnjugaté is
injectaed, then a clearing composition comprised of biotin
is injected, and, lastly, a detection or therapeutic

, composition comprised of a copjugate of avidin, protein
and detection or therapeutic agent is injected.

In another four-step embodiment, a targeting
compogition comprised of an avidin-protein conjugate is
injected, then a clearing composition comprised of biotin
is injected, then a detection or therapautic composition
cemprised of a conjugate of biotin, protein and detection
or therapeutic agent is injectad, and, lastly, another
detection or therapeutic composition comprised of avidin
conjugated to a detection or therapeutic agent is
injected. |

RETAILED DISCUSSION

It has now bean found that the use of the-
com;;ositions disclosed herein in 3- and 4-step procedures
of the present invention is more advantageous for
 selective detection and therapy of lesions than the uses
disclosed in the prior art.

In a more preferred embodiment of this invention
involving ‘a 3-step approach, a biotinylated targeting
antibody' or fragment is injected, followed by the



, .@;‘ avidin used in the clearing corrp05|t|on

e ;y be needed for the clearing conposition to
tbgdi ment of the 3-step i NPYRYSEIRE Beh RS
(streptavidin) {

nt invention, the biotinyl
. jfotein can%t he i.njected padmﬂ mum ly
at a protein doge™ 0! nore pre erably W t hin

1.0 to 20.0 ny, fland still Fere pueferably at 2.0 to 10.0 ng. This can be
adm nistered as a single injection or in divided doses.. After 1-5 days,
more preferably aipplication of avidin as a clearing agent. Then, as a

third step, instead of administering biotin-conjugated
isotope or drug as taught in the prior art, a lesion-
targeting antibody or fragment conjugate is administered.
The antibody or fragment is either the same as that of
the first step or another such targeting antibody or
fragment, and is conjugated with bictin and with a
detection or therapeutic agent. Using the lesion-
targeting antibody or fragment conjugate forms ancther
lattice of complexation of bictin-avidin-biotin, with the
added advantage of targeting to the lesion with the
antibody or fragment.

The more preferred 4-step embodiments have two basic
approaches. In both, the first step is the injection of
a biotinylated antibody or fragment and the second step
is the injecticn of an avidin chase. The third step
involves the injection of either avidin conjugated with
a detection or therapeutic agent, or, alternatively, a
biotin conjugated with a detaction or therapeutic agent.
When the third step uses an avidin conjugate, the fourth -
step 1is an injection of a biotinylated anti-lesion
antibody or fragment conjugated with a detection or
théFapeutic agent. When the third step involves biotin
conjugated with a detection or therapeutic agent, the
fourth step requiras the injection of an anti-lesion
antibody or fragment conjugated with avidin and with a
detection or therapeutic agent.

Each of these 4-step approaches is an mprovement ¢
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 2- and 3-step procedures- '
- which did not contemplate the use of a biotinylated or

avidin-conjugated antibedy or fragment bearing additional
detection or therapeutic agents for enhancement of the
effects as a last step.

Of course, if desired, the sequence can be repsated
for additional accumulation of the agents, as needed.
Further, the preferred lasion-lccaliziné antibody can be -

t h‘e{v.af)eut i C proj




-24-+less than 2 days and even at |ess than 1 day when the f irst agent

Fhvol ves a snal

and rapidly targeting nolecule, such as an

fragnent or subfragnent, a dose of unl abel ed cl earing agent,
200.0 ng avidin (nore preferably about a ratio of 2.5:1 to 10 of
to’ biotinylated protein) when a biotinykated | esion-target}

i %@Hﬁ%ﬂé il
used as the first agent, is adm nistered parenterally. Thelld H

can be given as a single injection or in divided doses, wherein
admi ni stering the G agpasifGeHr hgb2idOfRIbbdy P edtlebgdat least 2

\
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lesion.

antibedy arms are directad 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 accretion and binding in the

These ugses of the compositions of the present

. invention provide the following improved results over

other sequences reported earller by others:

1. increased binding and retention of primary
' antibody in the lesion;
. 2. higher lesicn: normal organ (including kidnay)
' ratios;

3. increased targeting ot detection and

therapeutic agents to the lesion; and
4. improved lesion detection or therapy.

The detection/therapeutic agents used in the present
invention can be any or multiples of the following: ‘
A- diagnostic or therapeutic radionuclides
) (e.g.,alpha-, beta~, gamma-, positron-, x-ray-
and fluorescence-emitters; electron- and
neutron-capturing agents);
B- phetoactivated dyes for detection or therapy;
€~ ecytotoxic agents (e.g., ‘drugs, toxins,
. hormones, cytokines, hormone antagonists,
receptor antagonists);
D- differentiation agents {e.q., vitamins,
cytokines, autocrines, certain hormones and
drugs).

|¥A BEEN
aV|d|

The compositiona of the present invention can be used

to detect (either by internal procedures or by external
imaging) andfor treat lesions, including cancers,
infectious diseases, ;#rdiovascular diseases and other
pathological conditions.

"~ _ Internal detection procedures include
intraoperative, intravascular.or endoscopic, including
laparoscopic, technigues, both surgically invasive and




in certain circ

e TR
@Pﬁﬁ%@ﬁ it hird step involves injection of the
biotinylated (o

avrdrm-con] ugajed) | esion-targeti ng-protein,. as in the

first step, but fcgnj l{%aSgi‘\q%a dgtection or therapeut_tlgs fifas BebiReplaced

| esion-targeting| pyotein can belidentical to that of -t | ARRor

anot her protein tapable—ef=stMTaryy targeting the Iesiiﬁf‘iﬂ“ﬂﬁ“i‘“econd
s reagdhts can be adn .

parenterally wt S of the 2nd step, but also at up to 3 days later.
In one detection enbodinment, the third step involves 111-In conjugated to

bi otin attached éézn_ailj‘@as%m.t argeting anti body or antibody fragnent. Wthin
24 hrs of the la I'nj ectTon, nore preferabl¥ .

Avidins are a family of protains functionally defined
by their ability to bind biotin with high affinity ang
specificity.  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 ambhibians,
reptiles and avians, which are present in their eggs and
knewn as avidin, and (b) produced by a streptomyces,
Streptomyces avidinii, and known as streptavidin. As .
used herein "avidin” includes all of the above proteins.

Proteins are known which preferentially bind marker
substances that are prcduced by or associated with
lesions. For example, antibodies can be used against
cancer-agsociated substances, as well as against any
pathological lesion that shows an increased or unique
antigenic marker, such as against substances associated
with cardiovascular lesions, such as, vascular clots
including thrombi and emboli, myocardial infarctions and
other. organ infarcts, atherosclerotic  plagues;
inffammatory lesions; and infecticus and parasitic

agents. Examples of appropriate applications are
provided in the above-referenced Goldenberg patents and
applications.

The cancer states include carcinomas, melanomas,
sarcomad, nheurcblastomas, leukemias, lymphomas, gliomas
and myelomas. '

The infectious digeases include those caused by
invading microbes or parasites. As used herein,
"microbe" denctes virus, bacteria, rickettsia,
mycoplasma, protozca, -fungi and like microétganisms,
"parasite" denotes infectious, generally microscopic or
very small mnulticellular invertebrates, or ova or
juvenila forms thereof, which are susceptible to
antibody-induced clearance or lytic or phagocytic
destruction, e.g9., malarial parasites, spirochetes and



rrphrsihot on eni ssion conputed tonography scans
T pped with the appropri am
sel ecting the appgopr € 0 ndows for the detection ssgg PiSs Hei Replaced

used, such as 1%3 ke jfor 111-In. In an enbodl

detection or thd the present invention, M“ ‘“m

avi di n (streptadi din)—d-esion La.gtl ng préfel™n can be |nJ ect

parenteral |y, usi aIIy at a protein dose of 2 to 200 ny, nore preferably

Wi thin a dose rang 0 SO ny, nore preferably at 2.0 to 10.0 ng. This

nore preferably at Iess eve{n
or "pathogen® denctes both m crobes and parasites.

The protein substances useful in the present
invention include protein, peptide, polypeptide,
glycoprotein, lipoprotein, or the like, s.g. hormones,
lymphokinea, 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 antibedy fragmentsa.
By "antibodias and antibedy fragments® is meant generally
immuncglobulina 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, IgA, IgD, IgE, chimeric or hybrid
antibodies with dual or =multiple antigen or epitope
specificities. It can be a polyclonal antiboedy,
preferably an affinity-purified antibody from a human or
an appropriate animal, e.g., a primate, goat, rabbit,
mouse or the like. Monoclonal antibodies are also
suitable for use in the present invention, and are
preferred because of their high specificities. They are
readily preparad by what are now considered conventional
procedures of immunization of mammals with immunogenic
antigen préparation, 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 fugsions 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
of monoclonals can alsgo 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

can be adm niste S d Tl r days,
£Rd i‘ﬁké‘f 1&19!2&&9{25 angmwe JHY 180 Wi AR ctABLE! adeneday



less than 1 d ' en the flrst agent involves a small -and rapidly targeting

nol ecul e, such MBM gnent -25- or subfragnent, a dose of
as 2.5- to 10-tinmes the dosdHs$ SHERET HAS BEEN

unl abel ed clearin

step's protein (vﬂWﬂm term ned al so by neasuring the dRFLACEBT
first agent's pro culatlnglnth-elbleod at thetlrre‘-: |

step's injection), is given parenterally. The | onger th@,; %“éggng ﬁ!%ﬁgﬁ

first step, the lower the anmount (and ratio) of clearing agent given.
include F(a_b.'-_:)z. F(ab),, Fab', Fab, Fv and the 1like
ineluding hybrid fragments. Preferred fragments are
Fab', F(ab'),, Fab, and F{ab),. Also useful are any
subfragnents retaining the hypervariable, antigen-binding
region of an immunoglebulin and having a size similar to
. or smaller than a Fab' fragment. This will include
genetically engineered andfor recombinant proteins,
whether single-chain ox nultiple—chain, vhich incorporate
an antigan-binding site and otherwise function in vivg as
targeting vehicles in substantially the same way as
natural immunoglobulin fragments. Such single-chain
hi_nding molecules known in the art, and are disclosed in
U.S.Patent 4,946,778. Fab' antibody fragments may be
conveniently made by reductive cleavage of F(ab'),
fragnents, which themselves may be made by pepsin
digestion of intact immunoglobulin. Fab antibody
fragments nmay 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 immunoglebulin. The fragments may
also be produced by genetic engineering.
It should be notéd that mixtures of antibedies and
:I.munoglohulin clagsges can be used, as can hybrid
. antibodies. Multispecific, including bispec:l.fic and
hybrid, antibodies and autihody fragments are especially
,puferred in the present invention for detecting and
tzoating lesions and are comprised of at least two
different substantially monospecific antibodies or
antibody fragments, wherein at least two of said-
P 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
molecules of a marker substance produced or asgociated
with the targeted lesion. Multispecific antibodies and
antibody fragments with dual apecificities 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.,

REPLACEMENT SHEET
18 SEP 1996




The cl earing agent_can be given as a single injeétion or in divided doses,

di viding the administration of the clearing agent into at Iemms&E@Qm%,%@&
be preferable, usumi':ﬁeev\msfﬁééhléﬁﬁhert period, such as within 2 hrepLACED NE

third step of one e he invention, a dose of 2t
protein, nore prefe mg, of bigtin conjugated vml@é Eﬂﬂﬂiﬂgm
or therapeutic agent, as appropriate, is adm ni stered par ent’ ' _

as a single dose or in divided doses. A fourth step involves the parenteral
adm ni stration of avidin (or stregtavi din) conjugated to a | esion-targeting -
agent, whi ch can beUt$e Pabindioerd di7fi833camd fty 1 BRE, ARAskn Hilskain ek get i ng
agent, to which a delectimfnal. rhdsygpsyissiiagent, as

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 againat pathogens are known. For example, antibodies
and antibody fragments which specifically bind markers
produced by or associated with tumors or infectious
lesionsg, including viral, bacterial, rungal.and.parasitic
infections, and antigens and products associated with
such microorganisms have bean disclosed, jnter 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, 4,468,457,
4,444,744, 4,818,709 and 4,624,846. 1In particular,
antibodies against an antigen, e.g., a gastrointestinal,
lung, breast, prostate, ovarian, testicular, brain or
lymphatic tumor, a sarcoma or a melanoma, ars
advantagecusly used. ! .

A wide variety of nonoclonal antibodies against
infectiocus diseasa agants have been dévelcped, and are
summarized in a review by Polin, in Eur. J. Clin.
Microbiol., 3(5):387-398, 1984, showing ready
availability. These include monoclonal antibedies (MAbs)
i -againgt pathogens and their antigens such as the

following: '

Anti-bacteria) Mabs
Streptocaccus agalactiae
Legionella pneumophilia
Streptococcus pyogenis
Escherichia coli
Neisseria gonorrhosaa
Neisseria meningitidis
Pheumococcus

Hemcphilis influenzae B
Treponema pallidum

18 SEP 196




appropriate, is also attached. In another enbodinent, the third step can

I hvol ve the biotinylated | esion-targeting protein conjugated with a )
detection or therapeutic agent, as appropriate, and the fourth step the
detection or therapeutic agent, as appropriate, conjugated tTHI&8HEENHASBEEN
streptavidin). The third step's reagent.slsa.n be adm ni stered w tRERLAZEDNr s
of the 2nd step, but also at up to 7 days or nore |ater, deQ%gl‘ng SHRON: ;~Q
targeting tinme and cl earance involving the first two steps ' fﬁu[‘tilﬁi}{tﬁ

can be initiated Wlthln 24 hrs, of the third step, but also tjp 5 7 déi‘f/s or

nmore |ater. Rout S¥m@rdiRpAsSe; spirpchetes \c| yde | ntravenous,

Pseudomonag aeruginosa
Mycobacterium leprae
Brucella abortus
uycébactariun tuberculosis

. Tetanus toxin -

avrs.

anti-viral Mabg
HIV-1, -2, -3 .
Hepatitis A, B, C, D
Rabies virus
Influenza virus
q‘&onagalovirus
Hexpes ainpqu I and II
Human serum parvo-like virus
Regpiratoery syncytial virus
Varicella-Zostar virus
Hepatitis B virus
Measles virus
Adenovirus
Human T-cell leukemia viruses
Epstein-Barr virus
Murine leukemia virus+ -
Mumps vixus

. -Vesicular stomatitis virus

" .Sindbis virus |
Lymphocytic choriomeningitis virus
wart virus '
Blue tongue virus
Sendai virus
Feline leukemia virus*
Reo virus
Polio virus
Sinian virus 402
Mouse mammary tumor virus*

Dengue virus REPLAQE%’E‘\!T SHRRY
Rubella virus
s=animal virus 18 SEP 1996

is Sheet Has Been Re laced
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Infraarterial, I ntrapl eural, I ntraperitoneal, intrathecal,

subcut aneous or by perfusion. An application of the | esi on- speC|f|c or

| esi on- associ ated protein disclosed hereinabove is for Hﬂﬁﬁ@ﬁﬁi”ﬁ§§$ﬁ§nce
ingging (nti). In this case, for exanple, a -26- sui t abl yREPYASEPol abel ed

anti body/ f r agment or an anti body/f rageeat bearing a [ %RiCI ng
agent is admnistered wwth the int ent i on of .obtaining arﬁﬁmmm m%?'
| esi on. :
Anti-protozoan MAks
Plasmodium falciparum
Plasmodium wvivax
Toxoplasma gondii
Trypanosoma rangeli
. Trypancsoma cruzi -
Trypanosoma rhodesiensei
Trypanosoma brucei
Schistogsoma mansoni
Schistosoma japanicum
Babesia bovis
Elmeria tenella
Onchocerca volvulus
Laishmania tropica
Trichinella spiralis
theileria parva
Taenia hydatigena
Taenia ovis
Taenia saginata
Echinococcus granulosus
Mesocestoides corti

Antinvcoplasmal MAbs
Mycoplasma arthritiais
M. hycrhinis
au. orale

M. arginini
Acholeplasma laidlawii
M. salivarium
M. pneumoniae

Additional examples of MAbs generated against

infectious organisms that have been described in the
literature are noted below. R

~ MAbg against the gpl20 glycoprotein antigen of human
“immuncdeficiency virus 1 (HIV-1l) are known, and certain
of such antibodies can have an immunoprotective role in
humans. Seae, e. g., Ressi et al., Prec. Natl. Acad. Scz.

This Sheet Has Been Reﬂl ced
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The uses of cooposi-id ons I A Hods accor di ng to the invention can be
practiced eit ‘Q&mt' #phi ¢ or magnetic resonance 1 nmagl ng agents. “A

conbi nation oftt Imagl ng dggqnts can al so be used,“g.lshm%énfﬁe aced
requires nore ' '

CONpd QEP 1996t ntation and data pr ‘ '
SCi nti graphic gi hg ‘accordin o the oeifod of the IBMH'“E !HL fected
by obtai ni ng alstinid ellesion of interest. T S

normal |y taken}lby a gamm i naqi canera having one or nore w ndows for
detection of energres Tn the 50-500 keV range. Use of-radi oi sotopes with
hi gher energy, WSk, @6:8055¢+8Q88 onil$90ons RShey MAbs against wviral

antigens and viral induced antigens are alsoc known. This

- shows that proper selection of the epitope can
distinguish between a therapeutic and non-therapeutic
target. _

MAbs against wmalaria parasites can be directed
against the sporozoite, merozoite, schizont and
gametocyte stages. Monoclenal antibodies have been
genaerated against sporozoites (circumsporozoite antigen),
and have bsen 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; Id., 130:2407-2412,
1983). ' '

MAbs have been developed against schistosomular
gurface antigens and have been found to act against
schistosomulae in vivo or in vitrc (Simpson et al.,

' Parasitology, 83:163-177, 1981; Ssmith et al.,
Parasitoloqgy, 84:83-—91, 1982; Gryzch et al., J. Immunol.,
129:2739-2743, 1982; Zodda et al., J. Immunol. 129:2326~-
2323 1982; Dissous et al., J. Immunol., 129:2232-2234,
1982) . .

3 Trypanosoma cruzi is the causative agent of Chagas'*
disease, and 1s 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 wvhich reacts with a cell-surface glycoprotein;
however, this antigen is absent from the mammalian

. (bloocdstream) formsg of the parasite (Sher et al., Nature,
' 300:639-640, 1982).

Suitable MAB& have been develcped against most of the

microorganisms (bacteria, viruses, protozoa, other

: parasites) responsible for the majority of infections in

humang, and many have been used previocusly for in vitro

diagnostic purposes. These antibodies, and newer MAbs



t he appropriate detecfors, all of which

entai | “use of i yREAEITE HRET
cintigraphic data can be stored in a

By J

ar'e convent i onal At

conputer for |atied processing. .
treatnment of turforls 488 e
skilled in the &tl and are_disdl
4,782, 840; U.S. Pat ~4, 932, 412; nd copentﬂng uU. S. Appllca
The uses of conppsitions.accerd+mg to the present invention can enhance th

met hods di scl osed™in these references. Magnetic resonance imaging (nri) is
effected in an

hods useful for internal detection and/or

Resi ons are readily avai Imhsneemnstan laced
sed, for exanple, |nUS u‘ “

that can ba genaerated by conventional metheds, are
appropriate for usa in the present invention.

Proteins useful for detecting and treating
cardiovascular lesions include fibrin-specific proteins,
for example, fibrinogen, soluble f£ibrin, antifibrin
‘antibodies and fragments, fragment E, (a 60 kDa fragment
of human fibrin made by controlled plasmin digestion of
crosslinked fibrin), plasmin (an enzyme in the blood
rasponsible for the dissolution of fresh thrombi),
plasmincgen activators (e.g., urokinase, streptokinase
and tissue plasmincgen activator), heparin, and
fibronectin (an adhesive plasma glycoprotein of 450 kDa)
and platelet-directed proteins, for example, platelets,
antiplatelet antibodies and antibody fragments, anti-
activated platelet antibedies, and anti-activated-
platelet factors, which have been reviewed by Koblik et
al., Semin. Nucl. Med., 19:221-237 (1989).

Among the radionuclides useful in the present
invention, gamma-emitters, positron-emitters, x-ray
emitters and fluorescence~emitters are sujitable for
localization and/or therapy, while baeta- and alpha-~
emitters and elactron- and neutron-capturing agents also
can be used for therapy.

Suitable radioisotopes for use in the present
invention include: Astatine-211, Iodine-123, Iodine-125,
Iodine-126, Iodine-~131, Icdine~133, Bismuth-212, Bromine~-
77, Indium-i11l, Indium-113m, Gallium~-67, Gallium-68,
Ruthenium=-95, Ruthenium-97, Ruthenium-103, Ruthenium=-1085,
Mercury-107, Mercury-203, Rhenium-186, Rhenium~188,
Tellurium-121m, ‘Tellurium=-122m, Tellurium-125m, Thulium-
165, Thulium-167, Thulium-168, Technetium-99m, Fluorina-
18, Silver-111, Platinum~197, Palladium-109, Copper-67, -
Phosphorus—-32, Phosphorus¥33, Yttrium-90, Scandium-47,
Samarium-153, Lutetium~177, Rhodium-10S5, Praseodymium-
142, Prasscdymium~i43, Terbium~161, Holmium-166, Gold-
199, Cobalt-57, Cobalt-~58, cChromium-51, Iron-59,
Selenium~-75, Thallium-201, and Ytterbium-169. Preferably
the radioisctope will emit in the 10 - 5,000 kev range,



anal ogous manner to scintigraphic inmaging except that the inmagi ng agents
w Il contain magnetic resonance (nr) enhancing species r g EEN
radi oi sotopes. It will be appreciated that the nmagneti c f"il Pﬁﬂsa
phenonenon operates on a different principle fromscintigraphy. Norrral

the signal generated is correl ated wi thyghe relaxation tmm“ﬂmﬁume
magneti c monents of protons i-n the nucl & of the hydrog
nol ecul es in -27 - the region to be imaged. The magneti c resonance i mage

more preferably SO0 - 1,500 kev, moat preferably SO0 - S00
kev.

Isotopes preferred for external imaging
include:Iodine-123, Iocdine-131, Indium-111, Gallium-67,
Ruthenium=97, Technetium-99m, Cobalt-57, Cobalt-58,

. Cchromium~51, Iren-59, Selenium~75, Thallium-201, and
Ytterbium-169. :

Isctopes most preferred for internal detection
include:

Iodine-125, Iodine~123, Iodine-131, Indium~111,
Technetium~39m and Gallium-67.

. Isotopes preferred for therapeutic use include:
Jodine~125, Xodine-131, Rhenium-186, Rhenium-188, silver-
111, Platinum-197, Palladium-109, Copper-§7, Phosphorus-
32, Phosphorus=-33, Yttrium-90, Scandium=-47, Samarium-153,
Lutetium-177, Rhodium-105, Praseodymium-142,
Prasecdymium—-143, Terbium=161, Holmium-166§, and Gold-199.

Many drugs and toxins are known which have cytotoxic
effects on cells. They are to be found in compendia of

i drugs and toxins, such as the Merck Index, Goodman and
Gilman, and the like, and in the references cited above.
Any such drug can be conjugated to or loaded ontoc the
antibody by conventional means vell knew in the art, and
illustrated by analogy to those described above.

_ The present invention also contemplates dyes used,
for example, in photcdynamic therapy, conjugated to
proteins, biotin or avidin and used in conjunction with
appropriate nonionizing radiation. =

The use of light and porphyrins in the present
invention is alsc contewplatsd and their use in cancer_
therapy is readily available to one of ordinary skill in
the are, as reviewed by van den Bergh (Chemistry in
Britain, May 1986, Vol. 22, pp. 430-437).

- Examples of known cytotoxic agents useful in the
present inventiocn are listed in Goodman et al., "The
Pharmacological Basis of Therapautics,® Sixth Edition,
A.G. Gilman et al, eds./ Macmillan Publishing Co. New
York, 1980. These include taxol, nitrpgen mugtards, such -

i T “"‘"




enhanci'ng age eagiing the rate of rel axati on—thereby

I ncreasing the
| magi ng agent
t he- ef fect of
resulting in g

Nt . ,
A jwat er nol ecul es in the regi on where the

fer} nol ecul es el sewhere in t Hihisi$hetyHas laced
rease both [err] and. [err]
t le the latter results in | _ :

Accordi ngly, tHe \phenerenomTn cdncentrati 8d-dependent, and there Is
normal |y an opt}i mum concentrati of a paramagnetic species for maxi num
efficacy. This ' concentration will vary with the particul ar agent

Saturat i on- recover§ SRTTRTSRLRs, efo  epelmines, ne BRAISE Vorarit [ or )
mustard and chlorambucil; ethylenimine dexrivatives, such
as thiotepa; alkyl sulfonates, such as busulfan;
nitrosoureas, such as carmustine, lomustine, semustine
and streptozocin; triazenes, such as dacarbazine; folic
acid analogs, such as methotraexate; pyrimidine analogs,
gsuch as fluorouracil, cytarabine and azaribine; purine
analogs, such as mercaptopurine and thioguanine; vinca
alkaloids, such as vinblastine and vincristine;
antibiotics, such as dactinomycin, daunorubicin,
doxorubicin, blecmycin, mithramycin and mitomyein;
enzymes, such as L-asparaginase; platinum coordination
complexes, such as cisplatin; substituted urea, such as
hydroxyurea; methyl hydrazine derivatives, such as
procarbazine; adrenocortical suppressants, such as
mitctane; hormones and antagonists, auch as
adrenocortisteroids (prednisone), progestins
(hydroxyprogesterone caproate, medroprogesterone acetate
and megestrol acaetate), estregens (diethylstilbestrol and
ethinyl estradiol), antiestrogens (tamoxifen), and
androgens (testostercne propionate and fluoxymesterone).

- Drugs that interfere with intracellular protein
synthesis can alsc be used in the methods of the present
invention; such drugs are known to these skilled in the
art and include puronycin, cycloheximide, and
ribonuclease. :

Toxins can alsc 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,
exoctoxin, galonin, pokeweed antiviral protein, ricin, and
saperin.

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 tec translocate the toxic activity into the
cells.

The modified toxins usaeful in the present invention
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the cell binding function of the native toxin is
nonfunctioning because the domain is missing partially or
totally.

Other therapeutic agents useful in the present
invention include anti-DNA, .anti-RNA, anti-protein and
anti-chromatin cytotoxic or antimicrobial agents.

The proteins useful in 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,
Ses also, Rayudu, op, git.; 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 presaent invention.

The avidin/streptavidin, biotin or proteins may be
conjugated to therapeutic agents such as drugs, toxins,
boron addends, isotopes, fluorescent dyes activated by
nonionizing radiation, hormones, autocrines, cytokines,
cytoprotective agents, etc., by methods known to those
skilled in the art. US Patent 5,057,313, Shih et al,
teaches one such method.

Other examples are conjugating avidin/streptavidin
to (a) iocdine by the chlorxamine-T or Bolton-Hunter
procedures, {b) technatiunyrheniun by procedures
described by Griffiths et al. (Cancer Res. 51:4594, 1991)
or Fritzberg et al. (U.5. Pat. No. 5,120,526) and (c)
metallic nuclides through bifunctiocnal chelating agents
as described by Meares et al. (Br. J. Cancer 623:21,
1990). Additionally avidin/streptavidin/biotin can be
bound to dendrimers by procedures described for aminc-
containing proteins as described by Hnatowich et al. (7.
Nucl. Med. 28:1294, 1987).

Biotin can be readily conjugated to proteins
(including antibodies and their fragments) via the
proteins' 1lysine and cysteine residues, and, if
available, their oxidized carbohydrate groups.
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The detsction or therapeutic agents may be treated
by metheds, known to those skilled in the art, to permit
the agents to be more easily conjugated to Biotin,
avidin/streptavidin or targeting protein as required.

Loading of drugs onte a carrier, as disclosed in.U.S.
Patent 5,057,313, will depend upon the potency of the
drug, the efficiency of the antibody targeting and the
efficacy of the conjugate once it reaches its target. In
mogt cases, it is desirable to load at 1least 20,
preferably 50 and often 100 or more malecules of a drug
on a carrier. The abillity to partially or completely
detoxify a drug as a conjugate, while it is circulaticn,
can reduce systenmic side effects of the drug and permit
its use vhen systemic administration of the unconjugated
drug would be unacceptable.

Toxins will often ba less heavily loaded than drugs,
but it will still be advantageous to load at least 1,
preferably 5, and in some cages 10 or more molecules of
toxin on a carrier and load at least cone carrier chain on
the antibody for targeted delivery.

In addition to conjugating radioisotopes to bictin
(or to streptavidin) for targeting to tumors (or other
1es:'i.ons) , it is possible to conjugate drugs to avidin,
for example via a dextran spacer molecule (Schechter st
al., Int. J. Cancer 48:167, 1991) for delivery of a
cytotoxic agent to tumors in animals.

Methods for treating toxiné_ ‘and, in particular,
modified Psuedomonas exotoxins, are well known in the art
and are disclosed, for example, in Batkra et al.,Proc.
Natl. Acad. Sci. USA, Vol. 86, pp. 8545-8543, 1989;
Seetharam et al., J. Biol. Chem., Vol 266, no. 26, pp.ﬁ
17376-17381, 1951; and Pastan et al., and U.S. Patent
4,892,827. | ' -

When conjugating the foregoing quantity of antibody
or antibody fragment, the amount of drug or toxin is
generally about 0.25 to 5 times, preferably 1-3 times,
the amount of antibody or antibody fragment, and the time
of reaction is about 10 to 120 minutes, preferably 30-90
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A physiclogical solution of the protein 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. variations and modifications 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
variations in the form in which the radioisotopes may be
provided or may become available.

The present invention includes wuses of the
compositions wherein there is a reduction of the
immunogenicity of (a) avidin (b) the therapeutic agent
moiety of a conjugate, e.g., the toxin, or (c) the
targéting composition, by coupling the immunogenic agent
with a carbohydrate polymer or polycl groups. Examples
of useful carbochydrates or polyol groups include dextran,

" polysaccharides, polyethylene glycol (PEG), and the like.

The use of a dextran or another polymer for
attachment of the therapeutic agents to avidin, or a
‘dextran or another polymer coupled directly to avidin or
streptavidin is desirous to decrease the immunogenicity
of the conjugates inveolving avidin. This then permits
repeated applications of avidin alone or as a conjugate,
in the treatment courses. If the avidin used in the
clearing composition is so coupled then more time may be
needed for the clearing composition to fulfill its
tunctions.

In an embodiment of the 3-step improved detection or
therapeuti.c protocol of the present Iinvention, the

- : bictinylated or avidin (streptavidin) lesion-targeting
protein can be injected parentally, usually at a protein
dose of 0.5 to 50 mg, more preferably within a dose range
of 1.0 to 20.0 mg, and still more preferably at 2.0 to
10.0 mg. This can be administered as a single injection
or in divided doses. After 1-5 days, more preferably at



U.S. Patent 4,824,659 to Hawt horne, entitled "Anti body Conjugates”, issued
April 25, 1989. MRl contrast agents are well known in the artr nd |ncI ude
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the images processed anal ogously to the ?%I ntigraphic data. F mumuimw
el aboration, it is believed that one skiffed i-n the art can,| il
precedi ng descrlptlon, utilize the present invention to its fullest extent. -

The follow ng preferred specific enbodi ments are, therefore, to be
construed as nieesythan |2 dayst ané, evemat less| than al i day ofhenhahgenai nder

of the disclosureitdt 2ageH€Y 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 ng
avidin (more preferably about a ratioc of 2.5:1 to 10:1 of
avidin to blotinylated protein) when a biotinylated
lesion-targeting protein is used as the first agent, is .
adninistered parenterally. The clearing agent can be
given as a single injection or in divided doses, wherein
administering the clearing agent in 2 doses is preferred
in certain circumstances. The third step involves
injection of the biotinylated (or avidin-conjugated)
lesion-targeting protein, as in the first step, but
conjugated to a detection or therapeutic agent. The
lesion-targeting protain can be identical to that of the
first step, or another protein capable of similarly
targeting the lesion, such as a second targeting
antibody. The third step's reagents can be administered
parenteaerally vith;n 24 hrs of the 2nd step, but also at
up to 3 days latar. In one detection embodiment, the
third step involves 111-In conjugated to biotin attached
to a lesion-targating antibody or antibody fragment.
Within 24 hrs of the last injection, more preferably
within ¢ hrs, plapar and single-photon emission computed
tomography scans are made with a gamma camera equipped
with the appropriate collimator and selecting the
appropriata energy windows for the detection isotope -
being used, such as 173 keV and 247 keV for 111-In. '
In an embodiment of a 4-step datection or tﬁerapy
~protocol of the present invention, the biotinylated or_
avidin (streptavidin) lesion-targeting protein can ln .
injected parenterally, usually at a protein dose of 2 te
200 mg, more preferably within a dose range of 5 to SO
ng, more preferably at 2.0 to 10.0 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 vhen the first agent involves a small and

rapidly targeting molecule, such as an antibody fragment -
. / - ton]
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or subfragmeiit, a dose of unlabeled clearing agent, such
as 2.5~ to 10-times the dose of the first step's protein
{which can be determined alsc by measuring the amount of
firat agent's protein circulating in the blood at the
time of the second step’s injection), is given
parenterally. The longer the delay after the first step,
the lowver the amount {and ratio) of clearing agent given.
The clearing agent can be given as a single inject'ion or
in divided doses, dividing the administration of the
clearing agent into at least 2 doses may be preferable,
usually within a short period, such as within 2 hra. 1In
the third step of one embodiment of the invention, a dose

_eof 2 to 200 mg protein, more preferably 5 to S50 mg, of

biotin conjugated with a detection or therapeutic agent,
as appropriate, is administered parenterally either as a
single dosa or in divided doses, A fourth step involves
the parenteral administration of avidin (or atreptavidin)
conjugated to a lesion-targeting agent, which can be the
same or different from the first lesion-targeting agent,

to which a detection or therapeutic agent, as. -

appropriate, is also attached.

In another embodiment, the third step can involve the
biotinylated lesion~targeting protein conjugated with a
detection or therapeutic agent, as appropriate, and the
fourth step the dstection or therapeutic agent, as
appropriate, conjugated to avidin (or streptavidin). The
third step's reagents 'can be administered within 24 hrs
of the 2nd step, but also at up to 7 days or more later,
depending upon the targeting time and clearance involving
the first two steps. The fourth step can be initiated

within 24 hrs of the third step, but also up to.7 days or

more  later.

Roeutes of administration_ include intravenous,
intraarterial, intrapleural, intraperitoneal,
intrathecal, subcutaneocus or by perfusion.

An application of the lesion-specific or 1lesion-
associated protein disclosed hereinabove is for magnetic
resonance imaging (mri). 1In this case, for exampls, a
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facilitate react aghitably radioclabeled antibody/fragment or an

' antibody/fragment bearing a mr image enhancing agent is
administered with the intention of obtaining an image of
the lesion.

The uses of compositions in methods according to 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 obtaining a 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 kaV range. Use of radicisotopes
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 bea stored in a computer
for later processing.

Methods ugeful for internal detection and/or
tréatment of tumors and/or cother lesions are readily
available to those skilled in the art, and are disclosed,
for example, in U.S. Patent 4,782,840; U.S.Patent
4,932,412; and copending U.S. Application 07/879,857.
The uses of compositions according to the present
invention can enhance the methods disclogsed in these
references. ' '

Magnetic resenance imaging (mri) is effected in an
analcogous manner to scintigraphic imaging except that the.
in;ging agents will contain magnetic resonance (mr)
enhancing species rather than radioisotopes. It will be
appreciated that the magnetic rescnhance 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
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relaxation, thereby increasing the contrast between watar
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 concantration of a paramagnetic species for
maximum efficacy. Thias optimal concentration will vary
with the particular agent used, the locus of imaging, the
mode of imaging, i.e., spin-echo, saturation-recovery,
inversion-recovery and/or varicus other strongly T,-
depehdant or T,-dependent imaging techniques, and the
composition of the medium in which the agent is dissolved
or suspended. These factors, and their relative
importance are known in the art. See, e.g., Pykett,
Scientific Amexican, 246, 78(1982); Runge et al., Am. J.
Radiol., 141, 1209(1983).

The mr image enhancing agent must be present in
sufficient amounts te enable detection by an external
camera, using magnetic field strengths vhich 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
have their effect upon wataer malecules in the medium, and

t enper ature of [erlr! cx;ge ggedn ceda&rotgyn ﬁ eac%&;,%t eqhgrogkegreaft ed thiol

are disclosed, inter alia, in Pykett, op. git.., and Runge .

et al., op. git.

Preparation of protein, biotin or avidin/streptavidin_

(molecunle) conjugated to a magnetic resonance image _'

enhancing agent can be effected by a variety of methods.
In order to load a molscule with a large number of
paramagnetic ions, it may be necessary to react it with
a reagent having a long tail to which are attached a

‘multiplicity of chelating groups for binding the ions.

Such a2 tail can be a polymer such as a polylysine.,
polysaccharide, or other derivatized or derivatizable

REPLACEMENT SHEET
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co-sol vent, e. g, [ Neor—BMSO™TAY be added to provide a final

concentration of up to 20* to facilitate reactant solubility. The reaction

solution is. stir¢edtmohariag npepdanty grewpmeitst WRight @8h Reseund|. At
the end of the chelating groups such as, e.g., ethylenediaminetetra-

acetic acid-(EDTA), diethylenetriaminepentaacetic acid
(DTPA), porphyrins, polyamines, crown ethers; bis-thioc-
semicarbazones, polyoximes, and like groups known to be
useful for this purpose. The chelate is normally linked
to the molecule by a group which enables formation of a
bond to the molecule with mninimal loss of
immunoreactivity and minimal aggregation and/or intexnal
cross~linking. Other, more unusual, metheds and reagents
for conjugating chelates to antibodies are disclosed in
U.S. Patent 4,824,659 to Hawthorne, entitled “Antibody
conjugates", issued April 25, 1989,

MRI contrast agents are well known in the art -and
include, for example, Gadolinium, Iron, Manganese,
Rhenium, Europium, Lanthanium, Holmium, and Ferbium.

'I;ha mr scans are stored in a computer and the images
processed analogeusly to the scintigraphic data.

without further elaboration, it is balieved that one
skilled in the art can, using the preceding descripticn,
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
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 coenstitute improved
compositions and uses thereof for amplification of
protein, especially antibody and antibedy fragments," '
targeting for detecting and therapy of cancer and other
pathological conditions.

i . This Sheet Has Been Re,i
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tenperature for 1-4 hours. Ethylene glycol is added to

An antibedy or antibedy fragment at a concentration
of 1-20 mg/ml in a non-amine containing buffer
(e.g.,borate, phosphate, etc.), at a suitable
concentration (0.05-0.5 ¥), 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
praferred) of D-biotin or D-bioctin incorporating a spacer
arm (such as succinimido-6-[biotinamidolhexancate). A
co-solvent, such as dimethylformamide (DMF) or
dimethylsulfoxide (DMSO), may be added to provide a final
concentration of up to 20% to facilitate reactant
solubility. The reaction sclutien 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
separated from unbound biotin and other low molecular
weight contaminants by size-exclusion chromatography
and/or dialysis. '

An antibody or antibody fragment at a concentration
of 5-20 mg/ml in 0.1-0.5 X tris buffer, pH 8.7, is made
0.5-5 mg/ml in z—hércﬁptoqthanol. The reaction solution
is let stand 5-120 nin. 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 at a concentration of 1-20
ng/ml in a non-amine containing buffer (e.q., phosphate)—
at a neutral pH (5.0-7.0) is mixed with a 1-100 molar
excess of biotin-maleinmide (N-biotinyl~N-{6é-maleimido
hexanoyl]hydrazide) (Sigma Chem. Co). A co-solvent,
e.g., DMP or DMSO, may be added to provide a final

" concentration of up to 20% to facilitate reactant
solubility. The rsaction solution is stirred for 1-24

_ hours at a temperature between 4=37°C. ALt M of the -
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Antibody Fragmenje {0 mbound biotin and other low molecular weight

contaminants by size-exclusion chromatography and/or
dialysis.

Antibody at a concentration of 1-20 mg/ml is treated
with scdium metaperiodate to a final concentration of
0.1-10 mg/ml in phosphate buffered saline at room
ltem'parature for 1-4 hours. Ethylene glycol is added to

decompose the remaining periodite. The oxidized IgG is -

purified from low moclecular weight contaminants by size-~
exclusion chromatography in phosphate buffer. The
oxidized antibody (1-20 mg/ml) is reacted with a 1-100
molar axcess of biotin-hydrazidé (Plerce Chemical Co.) in
a non-anine buffer (e.g., phosphata, carbonate, stec.) at
neutral pH (5.0-8.0) for 1-48 hours at 4-37°C. After the
optimum time for coupling, the formed hydrazcones are
reduced by the addition of sodium cyanchorohydride with
pH adjustment to >7. The biotinylated antibody is
purified by size-exclusion chromatography and/or
dialysis.

An antibedy or antibedy fragment at a concentration
of 1-20 mg/ml in a non-amine containing buffer (e.g.,
borate, carbonate, etc.) at a suitable concentration

(0.05-0.54) and pH (7-10) is mixed with a 1-100 molar

excess of 2-iminothiclane hydrochloride (Pierce Chemical
Co.). The resaction 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 nsutral to slightly
acidic buffer (e.g., acetate, citrate, etc.) pH 5.0-7.0.
The purified sulfhydryl substituted antibedy (1-20 ig/ml)
is :ﬁixed with a 1-100 molar excess of biotin maleimide.



Biotin via addended Thi ol Groups An antibody or antibody fragnent at a
concentration of 1-20 ng/m I n a non-amne containing buffer (e.g., borate,
carbonate, etc.) at a suitable concentration (0.05-0.5M andeF(gF— ‘?%EN
mxXed with a 1-100 nol ar excess of 2-im nothiol ane hydrochl ori d&

Chem cal Co.). The reaction mxture is dgge-1-100 mM in EDT, ﬁiL
prevent disulfide bond formation and held at [err] for fro au mwm
nodi fied protein is purified by size-exclusion chromatography neut r al
to slightly acidic buffer ate trate et 0. The '
purified sul f hydRy F°§Mutg§3 %6 ch%a %1 o&ﬂ‘ﬁh a 1-100
nol ar excess of Icootentratiionn of. up t:o 20% to tacilitate reactant
solubility. The reaction solution is stirred for 1-23
hours at a temperature between 4-37°C. At the end of the
reaction pericd, the biotinylated protein is separated
‘ from unbound biotin and other lov molecular weight

contaminants by size-exclusion chromatography and/or
dialysis.

Example 5 - copnjugating 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 praepared solution of L-cystaine to give a final
cysteine concentration of 1-50 mg/ml. The reaction is
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 Pab' fragment is reacted with a 1-100
polar 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 208 to facilitate creactant

 solubility. The reaction is stirred for 1~24 hours at a
- temparature 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. .
Example 6 - Determination of Extent of Biotinviation of
Broteina

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 Chemical Co.). The digestion is allowed to

proceed overnight. The digest is analyzed with a 10 uM
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-3% A co-solvent, e.g., DVF or DMSO, may be added to a final
concentration of up to 20%to facilitate reactant solubility. The reaction

solution is stirred for 1-24 hours at a tenperature between THS SHEETAIAS BEEN
end of the reaction period, the biotinylated protein is separat ®&PLACED
unbound biotin and other |ow nolecul garayei ght contaninants

E: é?i- ﬁxglngs::ggl CE; ggan;ﬁ?;aphy and/.or d? alysis. Exanple 5 - Hﬁﬁmm{bmg‘g“gél

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 digested biotinylated
antibody as well as a standard biotin soluticn containing
1-10 mM of biotin. The change in absorbance at 500 nM
for sach is determined, and the concentration ‘of biotin
" in the pronase digested biotinylateéed antibedy calculated
from reference to the standard curve of the titraticen of
. biotin with avidin-HABA.

A patient dliagnosed by sigmoidoscopy to have a
colonic neoplasm is injected i.v. with 1.0 mg. of a
biotinylated MN-14 monoclonal antibody IgG against
carcihcembryonic antigen (CEA). Two days later, 5 mg of
unlabeled avidin (in two divided doses, 20 min apart) is
injected i.v. The next day, 1 mg of biotinylated Mu-9
antibody Ig¢ against colon-specific antigen-p (Csap)
labeled with 111-In (4 mCi) is injected i.v. The patiem':
is scanned with a gamma camera 2 hrs later, and a focus
of increased radicactivity is detacted in the region of
the sigmeid colon, in agreement with the sigmoidoscopy
f£indings. -

A patient with suspected atherosclerotic plaques in
various arteries is injected i.v, with 2.0 mg of the
biotinylated 1IL1 monoclonal antibedy F(ab'), against" _
macrophage. One day later, 6 mg of unlabeled avidin (in
tvo divided doses, 15 min apart) is injected i.v. One .
day later, 1 mg of biotinylated LL1 IgG conjugated with
S mCi of 111-In is injected i.v., and the patient scanned
with a gamma camera 3 hours later. Focl of abnormal
radicactivity is found in a tibial artery, the abdominal
aorta, and poesibly in a right cerebral vessel.
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An- antibody [err] fragment (obtained by pepsin digestion of the intact

anti body) at a concentration of 5-20 ng/m in phosphate buf f-g4is dHeptHAS BEER
treated with a freshly prepared solution of L-cysteine to give argpLABED

cysteine concentration of 1-50 ng/m . The reaction is all owed
for 1-4 hours at [err]. At the end of _t{y s period, the Fab’ Eﬁﬁgmisilagl
purified froml ow nol ecul ar wei ght contam nant s by Si

chromat ography in an acidic buffer (e.g., acetate, etc.) at pH 4.0-6.0. The
Fab' fragnent |s reacted W|th a 1- 100 rml ar exCcess of b| otln rral ei m de at
pH 5.0-7.0. A chxam : . ’ Sl 23ROy

concentration OMO% t o faci I itate react ant

A patient with several small colonic carcinoma
metastagses to the liver is injected i.v. with a dose of
10 mg of a first composition comprised of biotinylated
MN-14 anti-CEA IgG monoclonal antibody. Two days later,
a clearing composition of 25 mg avidin is injected i.v.
(in two divided doses, 30 min apart). After another 2
days, a dose of 10 mg of a second composition of biotin
having 25 mCi 90-Y is injected i.v. Two weeks later, a
second therapy dose of a third composition of 20 nCi 90-¥Y
conjugated to avidin-labeled MN-14 anti-~CEA IgG (10 mg)
is given i.v. Based upcn liver CT scans and plasma CEA
titers performed 8 weeks later, significant regression of
the liver tumor lesions is observed.

A patient with a right lung adenccarcincma is
injected with biotinylated "RS7" -anti-lung-cancer IgG
i.v. Four days later, avidin is injected i.v. (in twe
divided doses, 60 minutes apart). After another 2 days,
a dose of biotinylated RS7 conjugated with aminodextran-
doxorubicin, according to the methods described in the
Shih patent (USP 4,699,784), is administered i.v. Five
days later, a dose of streptavidin conjugated with
aminodextran-doxorubicin is administered {.v. Pour weeks
later, chest CT indicatas that the right lung lesion is
decreased in size by about 50 percent.

The preceding examples can be repeated with similaz:.
success by substituting the qcmrically 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 aasily ascertain the essential characteristics of
this invention and, without departing from the spirit and
scope thereof, can make various changes and modifications
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solubility. The reaction is stirred for 1-24 hours at a teperature bet ween

[err]. At the end of the reaction period, the biotinylated apd tﬁb‘@gTHASBEEN
fragnent is separated from unbound biotin and ot her | ow nol ecul &

cont am nants by size-excl usion chromat ography and/or dialy e
Determ nation of Extent of Biotinylati n of Proteins A smal 1'!%“%”%5&[ @5'

biotinyl ated anti body is heated to [eI’I%] Fn 0. 1M phosphate buffer for

m nutes and enzymatically digested with small vol unes of 1% pronase (Sl grra

Chemical Co.). The digestion is allowed to proceed overnight. The digest
is anal yzed wi t¢f ati® Hhention to adapt it to various usages and

conditions.
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32 -solution of avidin saturated with a 100 uM sol ution of 2-
(4' - hydr oxyazobenzene) - benzoic acid (HABA) in 0.1M phosghate bufferEEF\PH

7.0. The avidin= solution is.-titrated V\nthlncreasmg stﬁfi’g?%‘(rfg
digested bioti s well as a standard biotin soREET
containing 1- 16\3@@&“@“‘ “I‘“H“Fhe change 4 n absorbance at uﬂmm
I s determ ned a cencentration of biotin in the pronummu

bi oti nyl at ed anti body cal cul at ed fromreference to the standard curve of
the titration of
CLAINS

1. Use of a composition comprising:
. (A) a targeting composition comprising -
(1) a biotin-protein conjugate or
(11) an avidin-pfotein conjugate,
wherein the protein p:eferentia'ny binds to a marker
substance produced by or associated with a targeted
lesien; '

(B) optionally, a clearing composition comprising

' (1) avidin, when the targeting compcsition is
a biotin-protein conjugate, or
(ii) biotin, vhen the targeting composition is
a avidin-protein conjugate;

() a detection or therapeutic compesition
comprising a conjugatae of _

- (i) avidin, protein and a detection or
' therapeutic agent, or '
(ii) Dbiotin, protein and a detection or
therapeutic agent,

wherein the protein preferentially binds to a marker
substance produced by or associated with the targeted .
lesion and may be the same as the protein of said
targeting composition (A); and
i (D) optionally, -ancther detection or therapeutic.
tomposition comprising '

(1) - avidin conjugated to a detection or
“therapeutic agent, or '
(Li)biotin conjugated to a detection or
therapeutic agent; .
in a method of detecting or treating targeted ldsions
in a patient, wherein, in the method, the patient is
injected parenterally with: _ .

(a) targeting composition (A), and the: protein
conjugate of said composition (A) is allowed ¢to
preterentially accrate at the targeted les:.on,

(b) then, optionally. ‘clearing conposxtion (B), and
said composition is allaved to substant_::la]_.ly clear the
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biotin with avidin-HABA. Exanple 7 - Cancer |maging wth Three- Step
"Procedure A patient- dl—agnosed—by‘ si gnoi doscopy to have a c %g@g&

is injected i a biotinylated M\-14 nonoc on@gpgg@

LgG agai nst carmlm m IHQ igen (CEA). Two days | ater

“unl abel ed avi di d doses 20 nmin apart) is |UE@W@ jjw ]iThe
next day, 1 ng of biotinylated Mi-9 an body | gG agai nst ¢ §

antigen-p (CSAp) labeled with 111- I'n (4 nCi) is injected, i.v. The patient
Is scanned with a ganma canera 2 hrs later, and a focus of increased

radi oactivity itardettnd Qﬂmpasithstnrﬂg:mnow#tddqetaﬂgmrad &% €6, biny agr eenent
wi th the si gm)'tgzo sﬁﬁoﬁargeting composition accreted at the targeted
lesion;

(c) detection or therapeutic composition (C), and
said composition is allowed to accrete at the targeted
lesion; and -

(d) either prior or subsequent to composition (c),
detection or therapeutic composition (D), and the
conjugate of said composition (D) is allowed to accrete
at the targeted lesion;
vherain

(i) step (4) is optional if a clearing composition

(B} has been administered,

(ii) the detection or therapeutic compositions (¢)

and (D) of steps (c) and (d) containing avidin are

administered as the next step after the
adninistration of a composition containing biotin or
of a clearing composition containing avidin, ana

(ii1) the detection or therapeutic compositions (C)

and (D) of stops‘ (c) and (&) containing biotin are

administexred as the next step after the
administration of a composition containing avidin or
of a clearing composition containing biotin.

‘2. The use of a composition according to claim 1,
wherein the composition comprises:

(A) a targeting composition comprising a biotin-
protein conjugate, wherein the . protein preferentially
binds to a marker substance produced by or associated
with a targetad lesion;

{(B) adetaction or therapsutic cempoesition comprised
of avidin conjugated to a detection or therapsutic agent;
and

- (C) adetection or therapeutic composition comprised
of a conjugate of biotin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds te a marker substance produced by or asscciated
with the targeted lesion and may be the s RF?LA(,W' WG
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findings. Exanple

otic Imaging with Three-Step A patlent
-Wi t h suspect ed fagques in various arteri

- At heros.
mhm SHEED
with 2.0 ng of L1 monocl onal antibody [err] h@é? LJ]?eEnR laced
rracrophage Onel dpy Iatgh 98 ng df unl abeled avidin (in t\/\th
15 nin apart) i nj &8 1% daysyater, 1 ng of bi oti
( IB injected i.v., and the p
with f["‘_ gan}m c? Foci of abnornal radioacti Vi ty S found
In a tibral artér ] i i i
vessel . prttein of said targatilnqtcohpongtfggshql;y in aright Cerebral
in a method for detecting or treating targeted
lesions in a patient, wherein, in the methed, the patient
is injected parenterally with: .
(a) targeting composition (A), and the protein
. conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;
(b) then, detection or therapeutic composition (B),
and the conjugats of said compesition (B) is allowed to
accrete at the targeted lesicn; and
(¢) then, detection or therapsutic compesition (C),
and said ccmpeosition (C) is alloved to accrete at the
targeted lesion.

4. The use of ‘a composition according to claim 1,
vwherein the composition comprises:

(A) a targeting composition comprised of a biotin-
protein conjugate, vherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a clearing composition comprised of avidin;

(C) a detection or therapeutic composition comprised
of avidin conjugated to a detection or therapeutic agent;
and : o

(D) a detection or therapeutic composition comprised
of a conjugata of biotin, protein and a detection or
therapeutic agent, whersin the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A);

in a method for detecting or treating targated ' .
lesions in a patient, wherein, in the method, the patient
is injected parenterally with:

(a) targeting composition (A), and the protein
conjugate of said compesition (A) is allowed to
preferentially accrete at the targeted lesion; )

(b} then, clearing ccnpasitién ‘(B), and said
composition (B) is allocved to substantially clear the

—
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. -33- Exanmple 9 -Cancer Radi oi mmunot herapy with a Four-St
~patient with several snmall colonic carci noma netastases
injected i.v. with a dose of 10 ng of a first corrp05|t|on H

_hiotinylated M\-14 anti-CEA | gG nonocl onal antibody. Two

clearing conposition of 25 [err] avid gsls injected i.v. (| N two d| vi ded
doses, 30 mn apart). After another 2 days a dose of 10 of a second

corrposition of biotin having 25 nCi 90-Y is injected i.v. Tvvo weeks | ater,
a

targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted
lesion;

{(c) then, detection or therapeutic composition tC) .
and the conjugate of said compogition (C) i3 allowed to

. . accrete at the targeted lesicn; and

(d) then, detection or therapeutic composition (D),
and said composition (D) is allowed to accrete at the
targeted lesion.

4. The use of a composition according to claim 1,
wherein the composition comprises:

(A) a targeting composition comprising a biotin-
protein conjugate, wherein the protein preferentially
binds to a wmarker suhstance produced by or associated
with a targeted lesien;

{(B) a clsaring composition comprised of avidin;

(C) adetection or therapeutic composition comprised
of a conjugate of biotin, protein and a detection or
therapautic ageﬁt. vherein thé protein preferentially
binds to a marker substance produced by or associated
vith the targetsd lesicn and ‘may be the same as _the:;- :
protein of said targeting composition (A); and ° T

(D) ancther detection or therapeutic conpos:.tion"
conprisad of .avidin conjugated to. a detection or
'therapeutic agent;

in a method for detecting or treating targeted
lesions in a patient, vherein, in the method, a patient
is injected parenterally with .

(a) targeting composition (A), and the protein
conjugate of said composition (A) is allowed to
prefersntially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) is allowved to substantially clear the
targeting composition from non-targeted gsites and to bind
to the targeting composition accreted at the targeted
lesion;

(c) then, detsction or therapeutic compositi

e
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second therapy dose of a third conposition of 20 nCi 90-Y conjugated to
-‘avidin-1labaled MN-14 anti-CEA_A9G (10 ng) is giveni.v. Ba 403 LAY EE

CT scans and phashet it '-C':_‘&seJl performed 8 weeks |ater, si gﬁlﬁﬁ ﬁgplt_AgéglgtE‘"r

regression of t \el esions is observed. Exanple 10 - Cancer
-"Chenoi mmunot her p Apatient with a right | ungumﬂﬁﬁﬁ@fimom
is injected wit totinyl ated "RS7" afft?2ITng-cancer 1gG . M gy &
|ater, avidin is injected i.v. (in two divided doses, 60 m nutes apart).
After another 2 days, a dose.of biotinylated RS7 conjugated with

ani nodextran- danar e#idi compraieien N(e)t dsl Aa16wadiots desrutiedat ithet he Shih
patent (USP 4, 6@3‘_‘;&1&4 lie§i&q§ﬁ£4'dstered I.v. Five

(d) then, detection or therapeutic compesition (D),
and the conjugate of said composition (D) iE-allowed to
accrete at the targeted lesion.

5. The use of a composition according to claim 1,
wherein the composition comprises:

(A) a targeting composition comprising a biotin-~
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a clearing composition comprised of avidin;

(C) adetection or therapeutic composition comprised
of biotin conjugated to a detection or therapeutic agent;
and '

{D) ancther detecting or therapeutic composition
comprised of a conjugate of avidin, protein and detection
or therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may ba the same as the
protein of said targeting composition (A); :

in a method for detecting or treating targeted
lesions in a patient, wherein, in the method, a patient
is injected parenterally with: F
= (a) targeting compesition (A), and the protein
conjugate of said composition (Aj is allowed to -
preferentially accrete at the targeted lesion; _

(b) then, clearing composition (B}, and said
composition (B) ia allowed to substantially clear the
targeting composition from non-targeted sites and to bind )
to the targeting composition accreted at the targetead
lesion;

(c) then, datection or therapeutic compesition (C),
and the conjugate of said composition (¢) is allowed to
accrete at the targeted lesion; and }

{d) then, detection or therapeutic compositioen (D),
and said sition (D) is allowed to accrete at the-
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days- |l ater, a dose of streptavidin conjugated with am now
<15 admnistered i. v. Four weeks later, chest CT indicatés that the ri
| ung |l esion is decreas sfize by about 50 percent. The mphietkeek
exanpl es cang: E SHEE Bim | ar success by substitutin “\“‘\
“generically 11 g,. egcri bed reactants and/ or ~opera
) sd4d in the preceding exanples. romthe :
iy led in the art can easily ascertain the

of this invengilon for _
f oregoi ng deskr pt‘i&)ﬁE{:h‘gﬁé S

hy s i nvention and, w thout departing from
reof, can neke vari ous#lranges and nodi fi cations

essential chatagteri sti
sprit and scope

o

targeted lesion.

6. The usa of a composition according to claim 1,
wherein the composition comprises:

(A) a targeting composition comprising a bioctin-
protein conjugate, wherein .the protein preferentially
binds to a marker substance preduced or associated with
the targeted lesion;

(B) a clearing composition comprised of avidin; and

(C) a detection or therapeutic composition comprised
of ‘a conjugate of biotin, protein and a detection or
therapeutic agent, wherein the protein preferentially.
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A); in a methed
for detecting or treating targsted lesions in a patient,
wherein, in the method, the patient is parenterally
injected with:

(a) targeting composition (A), and the protein
‘conjugate of gaid composition (A) is anowe.d to-
preferentially accretae at the targetad lesion;

* (b) then, clearing compogition (B), and said
compoaition (B) 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) then, detection or therapeutic cenposition (¢},
and said composition (C) is allowed to accrete at the
targeted lesion. .
7. The ugse of a composition according to claim 1,
wherein the composition comprises:

(A) a targeting composition comprising a h:.otin-—
protein conjugate, wherein the protein preferentially
binds te a marker suhstance produced by or associated
with a targeted leaion;

(B) a clearing composition comprised of avidin;

-
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(C) a detection or therapeutic composition comprised
of a conjugate of avidin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or: associated
with the targeted lesion and may be the same as the
protein of said targeting camposition (A); and

(D) another detaction or therapeutic composition
comprised of biotin eonjugated to a detection ‘ar
therapeutic agent;

in a method for detecting or treating targeted
lesions in a patient, wherein, in the methoed, the patient
is injected parenterally with:

(2) targeting composition (A), and the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesicn;

(b} then, clearing composition (B), and said
composition (B) is allowed to aubstantiélly clear the
targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted
lesion;

(c) then, detection or therapeutic composition (C),
and said composition (<€) is allowed to accrete at the
targeted lesion; and

- (d) then, detection or therapeutic composition (D),

‘and the conjugate of said composition (D) is allowad to

accrete at the targeted lesion.

8. The use of a composition according to claim 1;
whare:.n the composition comprises:

(A) a targeting composition comprising an avidin— ,

protein conjugate, wherein the protein preterentxally
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a detection or therapeutic composition comprised
of biotin conjugated to a detection or therapeutic agent;
and | g

(C) adetection or therapeutic composition comprised
of a conjugate of avidin, protein and a detection or

A



(11) an avidin-targeting protein conjugate, wherein said targeting protein
“preferentical ly bi nds to a_Imrker substance produced by or associ at ed W th

sai d target g IT4wW ng sai d targeting proteln,sog}l@gt

preferenti al ald targeted | esion; (b) then

parenteral | y{i ar| ng conposition conprised o amm‘m"m "kvhen
said targeti 5 |2 biotin-protein conjugate,

when said tatgéti ng conposi is an avidin-protein conjugate, . and

al | ow ng sai g ion to® %Estantially clear the targeting
conposi tion firom non-targs ites and to bind to the targeting
corrp05|t|on accreted at sald targeted lesion; (c) parenterally injecting a

detection or ttwsrapeutie ageEROsSi théreinoRpea @edt_einapﬁetb'tﬁgwielw (i)
avidin, target{figad"Qf & Thaft k2 sUEEEfIdeO Brobul dEMBP Y | fadtlQteal”
with the targeted lesion and may be the same as the

protein of said targeting composition (A);

in a nethed for detecting or treating targeted
lesions in a patient, wherein, in the method, the patient
is pafentera_lly injected with:

(a) targeting composition (A), and the protein
conjugate of said composition (A) is allowed teo
preferentially accrete at the targeted lesion;

(b) then, detection or therapeutic composition (B),
and the conjugate of said composition (B) is allowed to '
accrete at the targeted lesion; and

(¢) then, detection or therapeutic composition (c),
and said composition (C) is allowed to accrete at the

~ targeted lesion.

9. The use of a composition according to claim 1,
wherein the composition comprises:
(A) a targeting composition comprising an avidin-
protein conjugate, wherein the protein preferentially
.~ binds to a marker substance produced by or associated
vi.th a targeted lesion;
' (B) a clearing composition comprised of biotin;
{(C) a detection or therapeutic composition comprised
of biotin conjugated to a detaction or therapeutic agent;
and

-

(D} a detection or therapeutic compogition comprised
of a conjugate of avidin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated
‘with the targeted lesiocn and may be the same as the
protein of said targeting compeosition (a);

in a method for detecting or treating targeted
lesions in a patient, wherein, in the method. the patient
is parenterally injected with: . '

(a) targeting composition (A), and the“”protein

conjugate of said composition (A) 1is allowed to
Ittt
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(ii) biotin,
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tEtGutangCoonpositon TebhaicH-RErdeted Bites and to bind
to the targeﬁing composition accreted at the targeted
lesion; -

(c) then, detection or therapeutic composition (©),
and the conjugate of said composition (C) is allowed to
accrete at the targeted lesion; and

(d) then, detection or therapeutic composition (D);
and said composition (D) is allowed to accrete at the
targeted lesion.

10. The use of a composition according to c.‘l.ain 1,
wherein the composition comprises:

(A) a targeting composition comprising an avidin-
protein conjugeée . Whersin the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a clearing composition comprised of bilotin;

(C) adatection or therapeutic composition comprised :

of a conjugats of avidin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by er associated
with the targeted lesion. and may be the same as the
protein of said targating compomition (A); and

(D) another detection or therapeutic composition

comprised of biotin conjﬁgated to a detection or

therapeutic agent;

in a mnmethcd
lesions in a patient, wherein, in the method, the patient
is parenterally injected with:

{(a) targeting compeeition (A), and the protein
conjugate of said composition (A) is allowed ¢to
pgeferentially accrete at the targeted lesion;

(k) then, clearing composition (ﬁ) , and said
composition (B) is allowed to subetentially clear the
targeting composition from non~targeted sites and to bind

L

and Wheﬂ@ﬂ
as the targeting proteln |
i ng said detection or ther

(d) parenterally I njecti ng

for detecting or treating targeted

preferentially binds to a marker substance

eplaced

I

er apeuti.c.compestti on conprised of (i) avidin conjugat ed to

&Bﬁ’ﬂieﬁ Q@%Eet&rat( ithd @éf&dﬁ%dcﬂﬂeilﬂﬁt ed to a det ection
accrete at b3al d



are admi ni st ered—as the next—step after the administration of a composition

‘cont ai ni ng bi o'g_ihﬂsg Ifafs er tt’l'e (?dm' nistration of a cleari nngg,grgg@Eir ' grﬁEEN
cont ai ni ng avi IHI@[MI‘E@EEW ection or therapeutic conpositi QQ-SLA%@DS eps

(¢) and (d) cont are adm ni stered as the next stei) after the

admi ni stration o n containjng avidin or after H HHEE L
1B (AR e i

admini stration of a clearing conpositioh tontaining biotin.
met hod of claim 1, wherein: said targeting conposition (A) conprises a
biotin-targeting protein conjugate; said optional clearing conposition of
step (b) is nottadeheitsizejetdng codfositiidndaterstah atr thecrtargated
conposi tion of féﬁfbn(;d) conprises avidin conjugated

(c) then, detection or therapeutic composition (C),
and said composition (C) is allowed to accrete at the
targeted lesion; and

(d) then, detection or therapeutic composition (D),
and the conjugate of said composition (D) is allowed to
accrete at the targeted lesion.

11. The use of a composition according to claim 1,
wherein the compositien comprises:

(A) a targsting compesition comprising an avidin-
protein conjugate, wherein the protein preferentially
binds tc¢ a marker subastance produced by or associated
with a targeted lesion;

(B) a clearing composition comprised of biotin;

(C) adetection or therapeutic composition comprised
of avidin c'onjugatcd to a detection or therapeutic agent;
and

(D) adetection or therapeutic composition comprised
of a conjugats of biotin, protein and detection or
therapeutic agent, wherein the protein preferentially

- binds to a marker substance produced by or associated
vith the targeted lesion and may be the same as the
protein of said targeting eomposition (a);

- in a method fer detecting or treating targeted
lesions in a patient, vherein, in the method, the patient
is: parenterally injected with: ' T

(a) targeting composition (A), and the protein
conjugate of said composition (A) 1is allowed to
preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) is allowed to substantially clear the

" targeting ¢omposition from non-targeted sites and to bind

to the targeting composition accreted at the targeted
lesion; '

{c) then, detection or therapeutic composition (C),
and the conjugate of said composition (C) is a

g allowed. @
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to a det ectj_an_ar_ihe_papeu{—i—e—agent and is injected prior to the
conposition of ste and sai d detection or therapeuti

step (c) comﬂ“ﬂ j Mﬂ“le of biotin, targeting prot e?ﬁﬁgﬁgﬁgkg%gﬁon
or- t her apeut i he met hod of claim1l1, wherein; sald targeting
conposi tion of step “(a) comprises a bi4g in- target| ng prot i‘ EE IJH%EHIE[

sai d clearing conposition of step (b) conprlses avi di n;
t herapeutic conposition of step (c) conprises a conjugate of biotin,
targeting prote| n etq E r apgﬁglc agent; and said detection
or therapeutlc ‘Eﬁ?}&s# % gg‘é) 1%&8{; fprises avidin,c °r“(d at ed to a

detection or ther atﬁhtﬁhenag@#ﬁectéﬁd ‘?rs WF!E?‘E'H“’S[?BEE&ﬁ% dai d
conposi tion of afd egaid)coupositic epyetisodlabwed aten dccrmter aitn the

targeted lesien.

. 12. The use of a composition according te claim 1,
wherein the composition comprises:

(A) a targeting composition comprising an avidin-
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion; :

(B) a clearing composition comprised of biotin; and

(C) adetection or therapeutic composition comprised
of a conjugate of avidin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of sald targeting composition (A);

" in a method for detecting or treating targeted
lesions in a patient, wherein, in the method, the patient
is parenterally injected with:

(a) targeting compesition (A), and the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesiocn;

_ (p) then, clearing composition (B), and said
| " composition (B) is allowed to substantially clear the
targeting composition £rom non-targeted sites and to bind
to the targeting composition accreted at the targeted
lesion; and

(c) then, dstection or thonpeutic composition (C), _
and said compeosition (€) is allowed to accrete at the
targeted lesion.

13. The use of a composition according to claim 1,
wherein the composition comprises:

) (A) a targeting composition comprising an avidin-
protein conjugate, wherein the protein preferentially
binda to a marker sukstance pruduced by or associated
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sai.d targeting conposition of step (a) conprises a biotin-targeting protein
conjugate; said clearin ggﬁgﬁmsmﬁﬁﬂf step (b) conprises avidin; said
det ection or therapeutl comsucanon of step (d) conprises biotin

conjugated to a detection or t |c agent, and i s inj ectT@éﬁgfgﬁfrHﬁ%BEE"
t he conposition of step ﬁ%m ﬂi Agt ection or therapeutic c FEAGED on
of step (c) conprises a avidin, targeting prote i1
detection or therapeutlc agent. 5. The met hod of claim 1, ”mgﬂm“ﬁe}l_g

targeting conpogition_of conprises a biotin-targeting protein
conj ugat e; sai Fitea b %(?ﬁpbé?%?’bn of step (b) conprises avidin; said

detection or therafd@)tis <nardsgt coppasition comprised et detingon; ugat e of
biotin, targeting iyt ehdetedt oot therdpewtict diptivdtiios cogipfisedind

of a conjugate of biotin, protein and a detection or
therapeutic agent, wherein the protein preferentially
. ' binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A); and
- (D) another detection or therapeutic composition
comprised of avidin ccnjugated to a detection or
thaerapeutic agent;

in a method for detecting or treating targeted
lesions in a patient, wherein, in the method, the patient
is parenterally injected with:

(a) targeting composition (A), and the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesien;

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

. (¢) then, detection or therapautic composition (C),
and said composition (C) is allowed to accrete at the
. _targatsd lesion; and

(d) then, detection or therapeutic conpoaition (D) '
and the conjugate of said composition (D) is allowed to

= accrets at the targeted lesion.

14. A method of detecting or treating targeted lesions
in a patient, the method comprising the steps of: o
(a) parenterally injecting a subject with a targeting
couposition comprised of
(i) a biotin-protein conjugate or
{(i1i) an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by ci' associated with said targeted
lasien, and allowing the p:o’cain conjugate to
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said detection or therapeutic-—coenposition of step (d) is not adm ni stered.
The nmethod of claiml,- wherein: said targeting conposition of step

6. oy
(a) conprises ﬁﬁﬁﬁﬁﬁﬁi‘ﬁﬁ
conposition of s

conposition of s ﬂ

& protein conjugate; said GIISEHEEHHAS BEEN
ses avidin; said detection or tH&LABERLIc

ses a CthJ,lg@te of avidin, ' mei n
and a detection or therapeutic agent; and said detecti onl m“}ﬂ HW%H
conposition of step (d) conprises biotin conjugated to a detection or

t herapeutic agent, and is injected subsequent to said conposition of step

(c). 7. The PEefereniiiadly mqr,emheteﬁaiﬂ Sargptedr destemi conposition of
step (a) conprises 3B)avindn)- t Ss€iRinally P’ Palbht&H)1yJaAiAjes il ORL | Onal

clearing agent Qhegtfily (ihpbsititin WL sehCEET:

R

(1) avidin, when the targeting composition is
a blotin-protein conjugate, or

(ii) biotin, when the targeting composition is
a avidin~-protein conjugate,

and allowing said clearing composition ¢to
substantially clear the targeting composition from nen-
targeted sites and to bind to the targeting composition
accretad at sald targeted lesion;

- {e) parenterally ianjecting a detection or
thérapeutic composition comprised of a conjugate of
{i1) avidin, protein and a detection or
therapeutic agent, or
(1i) bilotin, protein and  a detection or
therapeutic agent,

wherein the protein preferentially binds to a marker
substance produced by or asscciated with said targeted
lesicn and may be the same as the protein of saia
targeting composition, and allowing said detection or
therapeutic composition to ‘accrete at said targeted
lesion;

(d) parenterally injecting, either prier or
subgequent to the composition of (c), another detection
or therapeutic composition comprised of -

(1) avidin conjugated to a detection or
therapeutic agent, or '
(ii)biotin conjugated to a datection or
therapeutic agent, ..
and allowing the conjugate to accrete at said
targeted lesion;

vherein '
(1) step (d) is optional if a clearing
couposition has been administered,
(ii) the detection or therapeutic compositions
of steps (c) and (d) containing avidin are
administered asg  the n atter the
[



Biaatin T~

37 -sai d detection or therapeutic conposition of step (d) conprises biotin ™
conj ugated to &y,dQh&Fids BBnReplhdd®r apeutic agent, and is i nj@ﬁg rior to

d .
sai d conposition and said detection or therap R'éE T 8FENon -
of *step (c) conp El“ﬁmlguwate of avidin, targeting protein B
detection or the emt. 8. . Ipe.nethod of clai ngﬁlgmmuﬁmmmﬂ d
targeting conposition of step (a) conprises an avidin-tar ety i _-
conjugate; said clearing conposition of step (b) conprises biotin; said
detection or therapeutic conposition of step (d) conprises biotin

conj ugated to a det ect i¥pigistrakiae Pt ¢ HgSARPORIRIANs FaptRid®Iprior to
sai d conposition of steajideih ofilsk a clearing composition containing

avidin, :
{(iii) the detaction or therapeutic compositions
of steps (c) and (d) containing biotin are
administered as the next step after the
administration of a composition containing
avidin or of a clearing composition containing
biotin. '

15. The method of claim 14 for detecting or treating
targeted lesions in a patient, the method comprising the
steps of: :

" {a) parenterally injecting a subject with a targeting
composition comprised of a biotin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a detection or
therapeutic composition comprised of avidin conjugated to
a daetection or therapeutic agent, and allowing the
conjugate to accrete at said targated lesion; and

(c) then, parenterally injecting a detection or’
therapeutic composition comprised of a conjugate of
bictin, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a maxker

- substarice produced by or associated with said targeted -
lesion and may be the same as the protein of said
targeting composition, and allowing the composition to
accrete at said targeted lesion.

16. The methed of clain 14 for detecting or treating
targeted lesions in a paticni:, the method comprising the
steps of: ) _

) (a) parenterally in'ject}ng a subject with a targeting
composition comprised of a biotin-preotein conjugate,
wherein the protein preferentially binds toc a marker

S REPLACEMENT SHEET
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sai-d detectionor therapeutic conposition of step (c) conprises a conjugate
of avidin, targeting protein and a detection or therapeutic agent. 9.

The nethod of cihif as eblaced s5i d targeting conposi ti onHeY SHEEHHASBEEN
conpri ses an avi I m protein conjugate; said cleari nGEESABLRI ti on
of step (b) conp sai d detegbion or therapeutigg T of
step (c) conprises a conjugate of avidin-targeting protei Hg%aﬁgmaﬂlaﬁﬁlon

or therapeutic agent; and said detection or therapeutic conposition of step
(d) conprises biotin conjugated to a detection or therapeutic agent, and is
i nj ect ed subseq@uhstarce (RFadoRpdshY | ¥ ageosiaked With)gaid targekednod of
claim1, whereinessiof, t aagat i Rgl6eimpsi thon piowdizp (cYnjogapei sad an
avi di n-target | ngrReQLEhLAIY WGBdEe 3€' Safd RaEbROeSATIBH} ! On Of Step (D)
: ' (b) then, parenterally injecting a clearing
composition comprised of avidin, and allowing said
clearing composition to substantially clear the targeting
composition from non-targeted sites and to bind to the
targeting composition accreted at said targeted lesion;
(e) then, parenterally injecting a detsction or
therapeutic compoesition comprised of avidin conjugated to
a detection or therapeutic agent, and allowing the
conjugate to accrets at said targeted lesion; and
(@) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
blotin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
‘lesion and may be the same as the protein of said
targeting composition, and allowing said detection or
therapeutic composition to accrete at said targeted
lesion. |

17. The method of claim 14 for detecting or treating
targeted lesions in a patient, the methoed comprising the
steps of: - _

(a) parenterally injecting a subject with a targeting
composition comprised of a bilotin-protein conjugate,
wherein the protein preferentially binds to a marker'
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
composition comprised of avidin, and allowing said
clearing composgition to substantially clear the targeting
composition frem non-targeted sites and to bind to the
‘targeting composition accreted at said targeted lesion;

(c) then, parenterally injecting a detection or
therapeutic composition comprised of 'a conjugate of"
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'sai d detection_or therapeutic conposition of step (d) conprises avidin
‘conjugated to a det ectlon or: ‘therapeutic agent, and is injected prior to

t he corrpostnTlﬁs‘Shsér Rephmd sai d detection or therap@ﬁ*ﬁl%lE&BMé‘@sBEtEf\bn
of. step (c¢) corrp te of biotin, targeting proteif

det ection or the 11. - 36 rrethod of cl ai

targeting conposi |on 0 step (a) conpri ses an avi di n- taW@ "Mﬂ)ﬂ&@:l
conjugate; said clearing conposition of step (b) conprises b| otin;, said
detection or tlccrrp03|t|o co rlsesacnjugate.of
avi di n, targetPﬁ‘ba’ST'ot‘E%“gﬁdaﬁddﬁt 3?? °8r %h SHapRtd ag‘é?f"%'and sai d
det ection or tWhexgizuttlee apestteinf mgpr(ngianynmndarrm St agker]?2. The
met hod of cl ai gulgtHhQ Pridused thy ¥rJbboEH AV RELhi 981 &f tdrigiald)

conprises an axiegigﬁtg!rigetl 00 2 O otel ng COI’IJ u.gaggé protein of said
targeting composition, and allowing the compositiocn to
. ‘accrete at said targeted lesion; and
(d) then, parenterally injecting another detection
or therapeutic composition comprised of avidin conjugated
to a detection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion.

18. The method of claim 14 for detecting or treating
targeted lesions in a patient, the method comprising the
steps of:

(a) parenterally injecting a subject with a targeting
composition comprised of a biotin-protein conjugate,
wherein the protein preferentially binds to a marker :
substance produced by or associated with said targeted o
lesion, and allowing the protein conjugate to

! preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
composition comprised of avidin, and allowing said
clearing compesition to substantially clear the targeting
composition from non-targeted sites and to bind to the
targeting composition accrated at said targeted lesion;

- (e) then, parenterally :lnjecting a detection or
therapeutic composition comprised of biotin conjugated to
a detection or therapeutic agent, and allowing the
conjugate to accrete at said targeted 1eiicn; and
' (d) then, parenterally injecting a detecting or
therapsutic composition comprised of a conjugate of-'
avidin, protein and a detection or therapeut'ic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said

" targeting composition, and allowing said detecting or
‘therapeutic composition to accrete at said targeted

lesion. _
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sai.d clearing conposition of step (b) conprises biotin; said detection or
t herapeutic conposition of step (c) conprises a conjugate of bi oti n
targeting protein and a detection or therapeutic agent; and ai d
detection or therapeutic conposition of step (d) conpriseSasH F'HHAS BEEN
conjugated to a detection or therapeutid® agent, and is inject @GEQequent

to the conposition of step (c). 13. A kit for detectin

| esions in a patient, conprising: (A a targeting corrposgrmmm ﬂﬁﬂgﬁﬂﬁ&lg

(1) a biotin-t afsg.eﬁ'hﬂgn%ﬂéf | 8¢ Cgﬂﬂgaﬂe f¥r detecting or treating
targetd lesions in a patient, the method comprising the
steps of:
' (a) parenterally injecting a subject with.a targeting
composition comprised of a biotin-protein conjugate,

. vherein the protein preferentially binds to a marker

substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(8) then, parenterally injecting a clearing
composition comprised of avidin, and. allowing said
clearing composition to substantially clear the targeting
composition from non-~targeted sites and to bind to the
targeting composition acereted at said targeted lesien;
and '

(¢) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
biotin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted -
lesion and may be the same as the protein of =said
targeting composition, and allowing the composition to
accrete at said targeted lesion.

i ) _ . .. 30. The method of claim 14 for detecting or treating
targated lesions in a patient, the method comprising the
steps of: .

! (a) parenterally injecting a subject with a targeting -
composition comprised of a biotin-protein conjugate,
wherein the protein preferentially binds teo a marker
substance produced by or associated with said targated
lesion, and allowing the protein conjugate ¢to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
composition comprised of avidin, and allowing said
clearing composition to substantially clear the targeting
composition from non-targeted sites and teo bind to the
targeting composition accreted at said targeted lesion;
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(i) an awd,ﬁ_j_a.r_ggu%g——pfot—ern conj ugate wherein sald targeting protein

preferentially bi nds to JRLlger substance produced by or 1agsaGEEtGAs BEEND a
targeted | esi BysS ng conposi tion conprising (i) aviREPoACEDEn the
targeting corrp | ‘

otlntargetlng protein conju
bi otin, when t nposi ti ens@s=an avidi n-targcnai ‘{ mmﬁﬁ ﬁl
conjugate, -(C) a detection or therapeutic conposition co
conjugate of (i) avidin, targeting protein and a detect i on or therapeutic
agent| wher el b sai 40 atBBRT nBUBBEETLLY, FOPERTS| By URTEIPE Prmarcer
subst ance pr od¥begapsutic amﬁéﬁéaﬂmptm aPﬁetaechlﬂéligéﬁeam! may be the
sane as sai d tavdQih)0pPstEiti Andl a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
. _ lesion and may be the same as the protein of said
targeting composition, and allowing said detection or
. therapeutic composition to accrete at said targeted
lesion; and
(d) then, parenterally injecting. another detection
or therapeutic composition comprised of biotin conjugated
to a datection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion.

21. The method of claim 14 for detecting or treating
lesions in a patient, the methed comprising the steps of:

(a) parenterally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
pubstance produced by or associated with said targeted - !
lesion, and allewing the protein conjugate to
preferentially accrete at said targeted lesicn;

(b) then, parenterally injecting a detection or
therapeutic composition comprised of biotin conjugated to
a detection or therapeutic agent, and allowing the

R conjugate to accrete at said targeted lesion; and

(c) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
avidin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said tarqatad"'
lesion and may be the same as the protein of said
targeting composition, and allowing the composition to
accrete at said targeted lesion.

22.‘ The method of claim 14 for detecting or treating
lesions in a patient, the method comprising the steps of:
(a) parenterally injecting a subject with a targeting

u\\
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said targeting conposition (A); and (D) another detection or therapeutic
"conposi tion conpri sing: (i) avidin conjugated to a detection or therapeutic
agent, or (ii) biotin conjugated to a detection or therapeTHliS(s;-mermAsgw
used in a nmethod of detecting or treating targeted |esions |n BEBlmmce
with any one of clains 1 to 12.° 14. ~TH® srethod or kit of A
claims 1 to 13, wherein said targeting protein preferentl ’#EEH

mar ker substance produced by or associated with a cancerous eS|

cardi ovascul ar an |nfec S 0, f | esi on.

The method or - Eﬁi%%pﬁ? Srm SPAPE ere‘l’én %%u éc}dt%rm.gfwd’?%eﬁ#

preferential |y Wheeein othe mmxnsmsimip%uueéa%y or aaé'?@éﬁea‘t ed with a
t hronbus, enbol sabstdricy Grouced B @achssctiated aquh. sdfd tarbutedet hod or

kit of cI aim 14,1339@&;’@ naﬁgi daiﬁ;ﬁ‘?fgi NG ot&l&eq;,ef E'Jo?ﬂhi;ﬂéy to
preferentially accrete at said targeted lesion; '
. (b) then parenterally injecting a clearing
composition comprised of blotin, and allowing saiq
clearing composition to substantially clear the targeting
composition from non-targeted sites and to bind to the
targeting compesition accreted at said targeted lesion;
(c) then, parenterally injecting a detection or
therapeutic composition comprised of biotin conjugated to
a detection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion; and
{d) then, parenterally injecting a detection or
therapeutic compoesition comprised of a conjugate of
avidin, protein and a detection or therapeutic agent,
vherein the protein prefarentially binds to a narker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said
targeting compesition, and allowing said detection or
therapeutic composition to accrete at said targeted
lesion.

23. The methed of claim 14 for detecting or treating
targted lesions in a patient, the method comprising the
steps of: .

(a) parenterally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted.'
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
conposition comprised of biatin. and allowing said
clearing compoaition to suhstantiany clear the targating
composition from _uun-targatad sites and te bind to the
targeting conpo-.ition accreted at said targeted lesion;
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binds to a”rrark

yduced by or associ ated w rci noma,
.mel anoma, sa '

: lhew @“ﬁ)lf’gﬁﬁ e, | eukem a, |ynphoma, gli
17. The kit “g ‘hed-of-any lone of clains 1'to 16; ﬁ'm%h% .
protein is a eptl edt i{lde, hornone, | ynphoki ne gr m\x
-al*bum n 1%%8%% y or

,,s,uhst anca—ak

==4

, -cytoki ne nmodul ator, receptor prot
anti body frag kift or neth@ﬂ'of any one of clalns 1 to 16,
wherein the t rgetlng protein the targeting conposition and the
targeti ng protei-R-ef—~t+hRe—deteTTri on or therapeutic conposition are the sane.

39 égiingThe kit or pefhefeR! po¥e¥iadiyClinjBEting Oal@etdbeisnh Nokhe
therapeutic composition comprised of a conjugate of
avidin, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion and may be the same as the protain of said
targeting composition, and allowing said detection or '
therapeutic composition to accrete at the targeted
lesion; and

(d) then, parenterally injecting another detection
or therapeutic compositiocn comprised of biotin conjugated
to a daetaction or therapesutic agent, and allowing the
conjugate to accrete at said targeted lesion.

24. The method of claim 14 for detecting or treating
targeted lesions in a patient, the method comprising the
steps of:

{a) parenterally injecting a subject with a targeting
composition cemprised of an avidin-protein conjugate,
wherein the protein preferentiailly binds to a marker
substance produced by or associated with said targeted
lesion, and ailcw:lng the protein conjugate to
preferentially accrete at sald targeted lesicn;

(b) then parenterally injecting a clearing
composition comprised of biotin, and allowing said

"' clearing composition to substantially clear the targeting
composition from non~targeted sites and to bind te the -
targeting composition accreted at said targetad lesion;

(c¢) then, parenterally injecting a dastection or
therapeutic conposition comprised of avidin conjugated tr.-_ )
a detection or therapeutic agent, and allewing the
conjugate ts accrete at said targeted lesion; and

(d) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
biotin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds toc a mnarker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said:.

.
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_ protein of the targeting conpositjon and the targeting pr therapeutic
. L —el—a—m—ﬂ——vdaeﬁern—‘t
conposition are s .lﬁﬁygﬁTFhe kit or nmethod of he
different protei frant-ia bind to different epi

nol equl S
of the sanme mar subs‘§ nce. 21. The kit or net hod erein
eild vk é%nc clfonal antibody, or ﬁﬁ[ﬁ&ﬁl
22, The kit jon net BBd-of claim 21

said targeting
fragnment thereof}
singl e chai n antii body, Fab, Fab’ F(ab)2 or [err]. 23.
irein said antlbody is multispecific. 24.

fragment is a Fv
The kit or rret ho

The kit or éﬂg%ﬁitwr% SAhdwdRd | Bot a&éﬂﬂifohs%‘ic' ficto
di fferent eplt es or | eCul es mar ker s stance. The kit of any
one of clains gg"t’%? "V\/r%"ﬁ 1'1%“05ﬁp(?§FFF Pis %‘?pofﬂ%‘fﬂ ®dC) and (D)

each conprise aedbomcti i on agent .

25. The methed of claim 1 for detecting or treating
targeted lesions in a patient, the method comprising the
steps of: .

(a) parenterally injecting a subject with a targeting
compesition comprised of an avidin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
composition comprised of biotin, and allowing saia
clearing composition to substantially clear the targeting
composition from non-targeted sites and to bind to the
targeting composition accreted at said targeted lesion;
and

- (c) then, parenterally injecting a detection or

. therapeutic composition comprised of a conjugate of
" avidin, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a marker

substance produced by or associated with said targeted

- lesion and may be the same as the protein of said
targeting composition, and allowing said detection or

therapeutic composition to accrete at said targeted
lesion.

26. The method of claim 14 for detecting or treating
lemions in a patient, the method conprising the steps of:

(a) parenterally injecting a subject with a targeting
composition cénpriud of an avidin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lasion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing

= ¢ L M § *




26. The method of any one of claims 1 to 12 or 14 to 24, whereln t he

*corrposmlons that are parenterally injected in steps (c) {% each
conprise a detection agent. 27. The kit or nethod of cl'a

wherein said detection agent is a radionuclide, nri enhanci ng a 4 or
“phot oacti vat ed dye. 28. The kit or method of claim 27, ;ﬁgﬂmm
detection agent is a radionuclide sel ecééd=fromt he grou m,ﬂﬂuf
gama-, positron-, x-ray or fluorescence enmtter. The kit of any one
of claims 13 to 24 wherein the conpositions of corrponents (© and (D) each

conprise a theregﬁg“& e e geidgd ofhngny of clainms 1 to 12
or 14 to 24, whetein thigchérrp SI tsl'gns thg? are' pé’r'gntaél‘rigﬁ aé'(‘,’ted I n

steps (c) and (§}oREiNg compreitdon to anbsfantially ciear the taWEting
compos’ition from non-targeted sites and to bind to the

targeting composition accretad at said targeted lesion ;

(¢) then, parenterally injecting a detection or
therapeutic ccnpdsition comprised of a conjugate of
biotin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or asscciated with said targeted
lesion and may be the same as the protein of said
targeting composition, and allowing said detection or
therapeutic composition to accrete at said targeted
lesion; and

(d) then, parenterally injecting another detection
or therapsutic cemposition comprised of avidin conjugated
to a detaction or therapeutic agent, and allowing the
. conjugate to accrete at said targeted lesion.

27. The use or method of any of claims 1 or 14, ivherein
the lesiocn is cancercus, cardiovascular, 1nte=tious or
intlamatory.

28. The use or method of claim 27, vherein the
cardicvascular lesion is a thrombus, embolus, infarct.er = °
atherosclerotic plaque. | '

29, The use or method of claim 27, vherein the cancerous
lesion is a carcinoma, melanoma, sarcoma, neuroblastoma,
leukemia, lymphosa, glioma or myeloma.

30. The use or method of claim 27, wherein the lesion is. .
intectious or inflammatery.

31. The use or method of any of claims 1 or 14, wherein
the protein is a peptide, polypeptide, hormone,
- lymphokine, growth factor, albumin, cytokine, enzyue,
immune modulater, receptor gretnjg“ antibody or antiboedy

tragment. [REPLACEMENT SHEET
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31. The kit or nmethod of clains 29 or 30, wherein said therapeutic agent
.i's an isotope, drug, toxin, fluorescent dye activated by non-ionizing

radi ati on, herpone, _horpmone ant agoni st, receptor antagorfiHil SHEER lWeS BBEN
agent or cytokine. The kit or nethod of clainms 29 or BEPLAREDR ein said

32
“t her apeuti c alfijhest HagBeewRapiatedon- or neutron-capturing - e kit
or nethod of cl wherein. gai d therapeutic gmmﬂgﬂﬁr‘ﬁ‘ fsx .
anti-DNA, anti ein or anti-thromatin cytotoxic or N

antim crobial agent. 34. he kit or nmethod of any one of the preceding
clainms, wherein the i nmunogenicity of one or re of avidin, the targeting
conposi ti on or 3Rne ThRcrEH SR math SRRY RFF icdaiBa t RF 3¢ BRIy one or
more of the avittien, ptoteiet i b ctnposargering thwpepkhiicnc sndposhd i on with

car bohydrat e PQle¢@RE1Sh di0hkagiutils compositibheaks iend saBbhOd of claim 34,
wherein said carbohydrate polyner or polyol groups are dextran,

pol ysacchari des, or pol yethylene glycol (PEG.
) 33. The use or method of any of claims 1 or 14, wherein

the protein of the targeting composition and the
detection or therapeutic composition are different.

34. The use or method of claim 33, wherein the different
protains preferentially bind to differing epitopes or
molecules of the same marker substance.

35. The use or method of claim 31, wherein the protein
is a monoclenal antibody, or a specific binding fragment
thereof.

36. The use or method of claim 35, wherein the fragment
is a Fv, single chain antibody, Fab, Fab', F(ab); or .
F(ab'),. ’

37. The uae or method of claim 36, vherein the fragment
is Fab, Fab', F(ab), or F(ab');.

38.  The use or msthod of claim 35, wherein the antibody
is multispecific. '

39. The use or method of claim 38, wherein the antibody
is multispecific to differing epitopes or molecules of a .
marker substance.

40. The use or methed of claiam 31, vherein the protsin"
has a specific immunoreactivity to a marker substance of
at least 60% and a cross-reactivity to other antigens or
non-target substances ¢f less than 35%.

41. The use or metMed of any of claims 1 or 14, vherein
the method is for detection of a lesion.
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40 targeted lesion. 6. _The use of a conposition according to claiml,
V\herelsn the conposition cogprises: (A) a targeting corrpnsu._l_an_cgn@Lw—ng—a
bi otin- protein conjugate, jwherein the protein preferentially. binds to a
mar ker subst ance produced dr associated with the target ebhi

" cl eari ng_conpesition—conprised of avidin; and (C) a dete
t her apeutic conposition conprised - 58 =

42. The use or method of claim 41, wherein the method
further comprises external imaging or internal detection.

43. The use or iathod of claim 42, wherein internal
detaction 1s during an operative, Iintravascular or
endoscopic preocedure. -

44. The uss or method of claim 41, wharsin the detaction
agent is a radionuclide, mri enmhancing agent,
photoactivated dye or differentiation agent.

4S. The use or method of claim 44, wherein the
radionuclide is a gamma-, positron-, x-ray or
fluorescence-emitter.

46. The use or mnethod of claim 44, vwherein the
differentiation agent is a vitamin, cytokine, autocrine,
hormone or drug.

47. The use or methad of claim 44, vherein the
P radionuclide has an snergy between 10 and 5000 KkeV.

48..The use or method of claim 47, wherein the
ndionuclide hag an energy batween 50 and 500 keV.

49. The use or mnethod of claim 44, whersin the
radionuclide used for imaging is Iodine-123, Iodine-131,
Indium=-111, Gallium=-67, Ruthenium-97, Technetium-95m,
Cobalt-57, Cobalt-58, Chromium-51, Iron-59, Selenium-7$,
Thallium-201, or Ytterbium-169. .
50. The use or method of claim 43, vwherein the
radicnuclide used is Iodine-125, Iodine-123, Iodine-131,
Indium-111, Technetiun~39m or Gallium-67.

S1. The use or method of claim 44, wherein the mri

enhancing agent is a species of Gadolinium, Iron,
PRt AT N TN NN . s llli
| REPL ACH M:ﬂ\ ; WE?%;“" Rhenium, Europium, Lant.haaimn Holmium, or
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of a conjugate of biotin; pretein and a detection or therapeutic agent,

~-“wher ei n the
or associ at

of said targe

“targeted |le

conj ugat e

e
S I

of

said conposition (A is allowed to

oteln preferentlally bi nds to a marker substance produced by

ed | esion and nay be the sa?ﬁ s. the protel n
n (A); in a method for detec ﬁ%’g r??g
nt, wherein, in the nethod, the pari S

&l

parenterally inj ect ed with: (a) targetissg=conposition Jmmmg Igﬁil Erot ein

accrete at the targeted lesion; (b) then, clearing conposition (B),
sai d conpositi Oﬁz(t@m' s allowed to substantially clear the

52. The use or method of any of claims 1 or 14, wherein
the method is for treating a lesion.

53. The usa or method of claim 52, wherein the
therapeutic agent is an isotope, drug, toxin, fluorescent
dyes activated by nonionizing radiation, hormone, hormene
antagonist, receptor antagonist, autecrine or cytokine.

S4. The usa or methed of claim 52, wherein the
therapeutic agent is an electron- or neutron-capturing
agent.

55. The use or method of claim 53, wherein the isotope
is Iodine-125, IJodine-131, Rhenium-186, Rhenium-188,
8ilver-111, Platinum-197, Palladium-109, Copper-67,
Phoesphorus-32, Phosphorus-33, Yttrium-90, Scandium-47,
Samarium=-15%3, Lutetium-177, Rhodiun-108, Praseocdymium-
142, Praseodyrium-143, Terbium«161, Holnium-166, or Gold~
198.

56. The use or mnethod of claim 52, vwherein the
therapeutic agent is an anti~DNA, anti-RNA, anti-protein
or anti-chromatin cytotoxic or antimicrobial agent.

57. Tha use or method of claim 53, wherein the drug is
taxel, mechlorethamine, cyclophosphamide, melphalan,
uracil nustard, chlorambucil, thiotepa, busulfan,
carmustine, lomustine, semustine, atreptozocin, .

dacarbazine, mnethotrexate, fluorouracil, cytarabine, i

azaribine, mercaptopurine, thicguanine, vinblastine,
vincristine, dactinomycin, daunorubicin, doxerubicin,
bleomycin, mithramycin, wnitomycin, L-asparaginase,
cisplatin, hydroxyurea, procarbazine, mitotane,
prsdnisone, hydroxyprdgeaterone caproats,
medroprogesterone acetate, diethylstilbestrol, ethinyl

_ ol, tamoxifen, and testosterone propionate or’
REPLACEME { ,ﬁ;ﬁﬁ
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targeting conposition fromnon-targeted sites and to bind to the targeting
-éowpositimrdccreted at the targeted lesion; and (c) then, detection or

t her apeuti CT’{}Q QS BOA RESHcéq @and sai d conposition (C) is al | oned t o accrate
at the targe % Thée use of a conposition accoratmsgng@Tq_j ég
“wherein the ¢ mlm m'prl ses: (A) a targeting conpositi OREBIQIB] L:t'm\lg a
biotin- prote wherei n th'e5|§r.ot ein preferenti nds to a
mar ker subst ance produced by or associated with a target 6}3 ‘, E?g”" EHE@[
cl earing conposition conprised of avidin,;

fluoxymesterone.

$8. The use or methed of cliim 53, vherein the toxin is
abrin, alpha toxin, diphtheria toxin, exotoxin, gelonin,
pokeweed antiviral protein, ricin, or saporin.

$9. The use or method of claim $3, wherein the drug is
purcmycin, cyclcheximide or ribonuclease.

60. A composition for use in a method for reduciag
imduncgenicity of avidin, wherein the compositien
comprises avidin coupled with a carbohydrate polymer or
polyol groups, which makes the parenterally injected
conposition less imﬁoganic.

§1. The composition of claim 60, wherein the carbohydrate
polymer or polyol groups are dextraxi, polysaccharides, or
polystlivlene glycol (PEG).
: i

62. The use or method of any of claims 1 or 14, vherein ~
the immuncgenicity of avidin or of the therapeutic agent
conjugate is reduced by coupling the avidin or
therapeutic moiety of the conjugate with carhohydrate
polynar cr polyol g:oups.

63. The use or method of any of claims 1 or 14, wherein

. the . immuncgenicity of the targeting compesition is
reduced by coupling with a carbohydrate polymer or polyol
groups.

64. A sterile injectable composition for human use
ceuprising a detection or therapeutic composition
comprised of a conjugate of
(1) avidin, protein and a detaction or therapeutic
agent, or
(ii) biotin, protein and a detectien or therapeutic
agent, _
wvherein the protein preferentially binds - to a ma
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(C a detection or therapeutic conposition conprised of a conj ugate of
-avi din, protein and a detection or therapeutic agent, V\/ner
~preferentiall Whhlsmdﬂ{dsﬂeﬁﬂvﬁi‘dter subst ance produced by or

the targeted le e the sane as the protein of saldtar t|
“conposition (A) her det ect | on or therapeuti cm%m%“ﬁ% Ug
conprised of ugated to 1 Qetection or th ;

in a nmethod for detectlng or treating targeted

substance produced by or associated with a targeted
lesion.

65. A kit suitable for use in a method of detecting or
treating targeted lasions in a human, the kit comprising:
(a) a vial containing a sterile injectable
preparation of a targeting conpositicn comprised of

(i) a bictin-protein conjugate, or
(ii) an avidin-protein conjugatas,
wherein the protein prefarentially binds to a marker
subgtance produced or associated with the targeted
lesion; :
(b) optionally, a vial containing a sterile
injectable preparation of a clearing composition
comprised of
(i) avidin, vhen the targeting composition is
~ a biotin~protein conjugate, or
(1i) biotin, when the targeting composition isa
a avidin-protein conjugate;
(<) a vial containing a sterile injectable
_ preparation of a detsction or therapeutic
composition which vhen adninj.itared to the human is
comprised of a conjugate of -
() - avidin, - protein and dete_ctio'n' or
therapeutic agent, oxr ' .
(1) Dbiotin, protein and deﬁect‘ion or
tharapeutic agent,
vherein the protein preterantially binds to a
marker substance produced by or associated with
the targeted lesion and may be the same as the
protein of the targeting composition; and
(d) optionally, a vial containing a sterile
injectable preparation containing ancther detectioen
or therapeutic compositien which when administerasd
) to the human is comprised of '
(i) avidin conjugated to a detection or

therapeutic agent, or REPLACEI\&?\}T SHEET

'l
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"~conj ugat e GhisSHee

Y

Ie5|on5| '. ereln in the nethod, the patient is injected
parenterally w t 'sgge\mgﬁﬁcgdatl ng conposition (A), and the proteihn

ion (A) is allowed to prefereTHIS SHERT HASBEER at
‘the target ed& hen clearing conposition (B), arRERACED

. conposition to subst i.ally clear the t E sition
fromnon-targeted sites and to bi nd 0 the targeting cé%g ggaaﬂggeted
at the targeted lesion; (c) then, detection or t her apeutT ¢ corrpo's“ on (O,

“and said conposition (C) is all ovved to accrete at égteaét oget gg | esi on; and

(1i)biotin conjugated to
therapeutic agent.
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{d) then, detection or therapeutic conposition (D), and the conjugate of
~isai d conposition (D) is allowed to-actcrete at the targeted | esion. 8.. The
-‘use of a conposition according to claim1, wherein the cOom®SHEEDPHAS BEEN
. conprises: (A) a targeti.ng conposition conprising an avi di n- RERMAGER
“tonjugate, wherein the protein preferegiially binds to a ce

produced by or associated with a targeted lesion; (B) a i%ﬁﬁ@“ﬁwmm

t herapeutic conposition conprised of biotin conjugated t ctlon or

t herapeutic agent; and (C) a detection or therapeutic conposition conprised
Abatract of tha Invention

—

Uses of compositions in methods for detecting and/or
trsating targeted lesions in a patient are provided. The
compositions used are comprised of .

a targeting compositin- comprising a biotin and
targeting protein conjugate or an avidin and targeting
protein conjugats;

opticnally, a clearing composition conmprised of
avidin, when the targeting composition is a biotin
conjugate, or biotin, when the targeting composition is
a avidin conjugate; _

a detection or therapeutic composition comprised of
a cenjugate of avidin or biotin with a targeting protein
and detecticn or therapautic agent; and,

optionally, another detection or therapeutic
compoaition comprised of avidin or blotin conjugated to
a detection or therapeutic agent.

The compositions, methods of use, and kits for use
are alsc provided. |

This Sheet Has Been er
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agent, wherein the proteln preferentially bihd

prooduced by or associated with the targeted |
the protein of said targeting conposition (A
treating targeted lesions in a patient, wher

Is parenterally injected with: (a) targe]Eln
protein

of " a conjugate’ of avidin, protein and a dete tlommm’zs?rawt I C

t

-----

-

IMPROVED DETECTION AND THERAPY OF LESIONS
WITH BIOTIN/AVIDIN CONJUGATES

1~ Field of the Invention

The present invention relates to improved uses of
compositions containing biotin and avidin in metheds for
detecting and treating pathological conditions with a
multi-step process.

2= Description of the Prior Art

Antibodies against different determinants associated
with pathological and normal cells, as well as associated
wvith pathogenic microorganisms, have been used for the
detection and treatment of a wide variety of pathological
conditions, or lesions. The targeting antibody is

: conjngai:ed to .an appropriate detecting or therapeutic
agent according to processes well known and readily
available to one of ordinary skill in the art, as
" degeribed, for example, in Hansen et al., U.S. Patent No.
3,927,193 and Goldenberg, U.S. Pat. Hos? 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.

When detecting a legion, a high signal-to-backg'round
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 being achieved. To
overcome this impediment, various methods have been
developed, " such as those described in the above-
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conjugate of said conmposition (A) is allowed to preferentially accrete at
the targeted lesion; (b) then, detection or therapeutic conposition (B),
and the conjugate of said conposition (B) is allowed to accrete at the
targeted lesion; and (c) then, detection or therapeutic conposition (O,
and said conposition (C) is allowed to acerete at the targeted | esion. 9.
The use of -a conposition according to claim1, wherein the conposition
conprises: (A) a targeting conposition conprising an avidin- protein
conj ugat e, where&.gfgggnégdp%ilge“gggerﬁggﬁ@g‘ly bi nds to a nmarker substance
produced by or assoms%;fl other mrethods have been 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; Goecdwin et
al., J. Nucl. Med. 29:226, 1988; Hnatowich et al., J..
Nucl. Med. 28:1294, 1987; Oehr et al., J. Nucl. Med.
29:728, 1988; Klibanov et al., J. Nucl. Mad. 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; sStickney et al., Cancer Res.
51:6650, 19%1; and Yuan et al., Cancer Res. 51:3119,-
1991.
Avidin, found in eqgg whites, has a very h:i.gh binding
agfinity for biotin, vhich 1is a B-conpllex vitamin
(Wilcheck et al., Anal. Biochem, 171:1, 1988).
streptavidin, derived from Streptomyces avidinii, is
gsimilar 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.
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 antibeody), bearing an imaging isotope, is
injected and 1is 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. Injecting the radioclabeled avidin or
biotin too early will increase the avidin/biotin
conjugates in the bloodstream and nontargeted tissues,
while injecting very late may decresase the amount
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with a targeted lesion; (B) a clearing conposition conprised of biotin; (O
a detection or therapeutic conposition conprised of biotin conjugated to a
detection or therapeutic agent; and (D) a detection or therapeutic

conposi tion conprised of a conjugate of avidin, protein and a detection or
t herapeutic agent, wherein the protein preéferentially binds to a marker
subst ance produced by or associated with the targeted | esion and may be the
sanme as the protein of said targeting conposition (A); in a nethod for

detecting or treatafgetedl §6!€Hk kalbP Bechisd ofotédited YR ILN bE L
met hod, the pati eB:t:'inary 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
former used biotinylated antibody; the latter used
streptavidin-conjugated antibedy 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.

Paganelll 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
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 whers the avidin has complexed to the
biotinylated antibody. By this method, Paganelli et al.
vare able to shovw, with the exception of the kidneys,
high tumor:normal organ raties. By further examining
this 3-step procedurs, however, the present inventor has °
found that cold avidin can reduce the amount of biotin
(in the biotihylatad antibody) contained in tumor.

Further, many of the above-cited studies have
demonstrated that avidin is immunogenic, resulting in
anti-avidin antibgdies which = preclude repeated
administrations of this agent (and thereby repeated
detecting or therapy courses). Many of these 2- and 3-
step apprcaches ‘using blotin or avidin immunoconjugates
have shown improved target:background ratios; however,
the administration of a clearing agent, such as avidin,
after a biotinylated targeting antibody is first giwven,
not only reduces circulating biotinylated antiboedy, but
also reduces the amount of biotinylated antibody in the
target lesion. _ _

Therefore, a need exists fc:' be'ttar uses of
compositions in methods which will allow for higher and
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i§ parenterally injected with: (a) targeting conposition (A), and the
protein conjugate of said conposition (A) is allowed to
preferentially accrete at the targeted lesion; (b) then, clearing
conposition (B) , and said conposition (B) is allowed to substantially
clear the targeting conposition fromnop-fargeted sites and to bind to the
targeting conposition accreted at the targeted lesion; (c) then, detection
or therapeutic conposition (C),

more selective targeting and retaining detection ang
therapeutic agents to and at pathological lesions and for
retaining higher amounts of biotin with the original
antibedy.

QBJRCTS OF THE INVENTION

‘The principal object of the present invention is teo
provide a composition for use in a methoed of delivering
higher amounts and higher target:nontarget ratiocs of
detection or therapeutic agents to targeted lesicns.

Another objective of the invention is to provide a
composition for use in a method of increasing the amount
of primary targeting antibedy present in a lesion to be
detacted or treated.

Still another object of the invention is to provide
a composition for use in a 3~ or multiple~-step procedure.
which delivers higher amounts of a detection or
therapeutic agent to a lesion.

Yet another object of 'the invention is to provide
composition for use in a methed of restoring any cleared
primary antibody andfor detection or therapeutic agent
from a lesion in a later targeting step.

" A further object of the invention is to provide a
composition for use in a method of decreasing the
ismunegenicity of the targeting agents.

Yet another object of the invention is to provide a
plurality of uses for these datection or therapeutic
agents. .

Upon further study of the specification and appended

claims, further objects and advantages of this inventioen
will become apparant to those gskilled in the art.

SUMMARY OF THE INVENTION

In its broadest embodiment, the invention provides
a composition for use in a method of detectinyg and/or
treating lesions in a patient. The method compr

10d compriges the.....
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and the conjugate of said conposition (C) is allowed to accrete at the
targeted lesion; and (d) then, detection or therapeutic conposition (D) ,
and said conposition (D) is allowed to accrete at the targeted | esion. 10.
The use of a conposition according to claim1, wherein the conposition
conprises: (A) a targeting conposition conprising an avidin- protein
conjugate, wherein the protein preferentfi & Ty binds to a marker substance
produced by or associated with a targeted lesion; (B) a clearing
conposition conprised of biotin; (C) a detection or therapeutic conposition
conpri sed steps of (a) parenterally injecting a subject with a

targeting composition comprised of (i) a biotin-protain
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 protain conjugate to preferentially accreate
at the targeted 1lesion; (b) then, optionally, -
parenterally injecting a clearing composition comprised
of (i) avidin, when the targeting composition is a
biotin-protein conjugate, or (ii) biotin, when the
targeting compesition is an avidin-protein conjugate, and
allowing the clearing composition to subatantially clear
the targeting composition from hon-targeted sites and to
bind to the targeting composition accreted at the
targeted lesion; (c) parenterally injecting a detection
or therapeutic composition comprised of a conjugate of
(i) awvidin, protein and detection or therapeutic agent,
or (ii) biotin, protein and detection or therapeutic
agent, wherein the protein preferentially binds to a
marker substance produced by or associated with the
targeted lesion and vherein the protein may be the same
as the protein of the targsting composition, and allowing
the composition to accrete at the targeted lesion; and
(d) parentasrally injecting, either prior or subsequent to
the composition of (c), another detection or therapeutic
- composition comprised of (i) avidin conjugated to a

detection or thetapeutic agent, or (ii)biotin conjugated
to a detection or therapeutic agent, wherein the
detection or therapeutic agent »ay be the same as the
detection on therapeutic agent of step (c), and allowing
the conjugate to accrete at the targeted lesion, wherein
(i) step (d) is optional if a clearing composition has
been administered, (ii) the detection or therapeutic
conpositions of step (¢) and (d) containing avidin are
administered as the next step after the administration of
a composition containing biotin or of a clearing
compogition containing avidin, (iil) detection or
therapeutic compositions of step (c) and (d) containing ,
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of a conjugate of avidin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker substance produced. by
or associated with the targeted | esion and nmay be the sane as the protein
of said targeting conposition (A); and (D) another detection or therapeutic
conposition conprised of biotin conjugated to a detection or therapeutic
agent; in a nethod for detecting or treating targeted |l esions in a patient,
wherein, in the nmethod, the patient is parenterally injected with: (a)
targeting conposition (A), and the protein conjugate of said conposition

(A) is allowed t ®bictin are administered as the next atep after the
administration of a composition containing avidin or of
a clearing compeosition containing biotin.

In variations of the above embodiment, the following
compositions are used in each step. .

In a three-stage embodiment, first the targeting
composition comprised of a biotin-protein conjugate is-
injected, and no clearing composition is administered;
then a detection or therapeutic composition comprised of
avidin conjugated to a detection or therapeutic agent is
injected and then a detection or therapeutic composition
comprised of a conjugate of biotin, protein and detection
or therapeutic agant'is injected.

In a four-step embodiment, a targeting composition
comprised of a biotin-protein conjugate iz first
injected, then a clearing composition comprised of avidin

_ is injected, then a detection or therapeutic composition

i comprised of avidin conjugated to a detection or

therapeutic agent is injected, and, lastly, a detection

or therapeutic conpésition conprised of a conjugate of

biotin, protein and detsction or therapeutic agent is
injected. '

- In another four-step embodiment, a targeting
composition comprised of a biotin-protein conjugate is
injected, then a clearing composition comprised of avidin

" is injected, then a detection or therapeutic composition
comprised of a conjugate of bioctin, protein and detection
or therapeutic agent is injected, and, lastly, ancther
detection or therapesutic composition comprised of avidin
conjugated to a detection or therapeutic Agent is
injected.

In another four-step embodiment, a targeting
composition comprised of a biotin-protein conjugate is
injected, then a clearing composition comprised of avidin'
is injected, then a detection or therapeutic composition
comprised of biotin conjugated to a detection or
therapeutic agent is injected, and, lastly, a detecticn
or therapeutic conéosition coﬁprised of a_conjugate of

REPLACEMENT SHEET
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preferentially accrete at the targeted lesion; (b) then, clearing
conposition (B), . and said conposition (B) is allowed to substantially
clear the targeting conposition fromnon-targeted sites and to bind to
the targeting conposition accreted at the targeted lesion; (c) then,
detection or therapeutic conposition (C), and said conposition (C) is
allowed to accrete at the targeted | esion. and (d) then, detection or

t herapeutic conposition (D),

avidin, protein and detection or therapeutic agent is
injected.

In another three-step embediment, a targeting
composition comprised of a biotin-protein cenjugate is
injected, then a clearing compesition comprised of avidin
is injected, and, lastly, a detection or therapesutic
composition comprised of a conjugate of bictin, protein
and detection or therapeutic agent is injected.

In ancther four-step embodiment, a targeting
composition comprised of a biotin-protein conjugate is
injected, then a clearing composition comprised of avidin
is injected, then a detection or therapeutic composition
comprised of a conjugate of avidin, protein and detection
or therapeutic agent is injected, and, lastly, another
detection or therapeutic composition comprised of biotin
conjugated to a detection or therapeutic agent is
injected.

In another three-step embodiment, a subject is £irst
injected with a targeting composition comprised of an
avidin-protein conjugate, then the subject is injected
with a detection or therapeutic cemposition comprised of
biotin conjugated to a detection oxr therapeutic agent,
and, lastly, the subject is injected with a detection or
therapeutic composition comprised of a conjugate - of
avidin, protein and detection or therapeutic agent.

In another four-step embodiment, a <targeting
composition comprised of an avidin-pratein conjugate is
injected, then a clearing composition coaprised of biotin
is injected, then a detection or therapeutic composition
comprised of biotin conjugated to a datection or
therapeutic agent is injected, and, lastly, a detection
or therapeutic composition comprised of a conjugate of
avidin, protein and detection or therapeutic agent is
injectea.

In another four-stap embodiment, an avidin-protein
conjugate is injected, then a clearing composition
comprised of biotin is injected, then a detection or
therapeutic composition ccomprised of _a..conjugate— ST'
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and the conjugate of said conposition (D) is allowed to accrete at the
targeted lesion. 11. The use of a conposition accordi
the conposition conprises: (A) a targeting conpositi|@
avidin- protein conjugate, wherein the protein preferfen
mar ker substance produced by or associate¥ With a tarjgd
clearing conposition conprised of biotin; (C a detedqti -
conposition conprised of avidin conjugated to a detedtiion _or therapeft

agent; and (D) 3s@9HeCH YLl n 1416l ARELEEEL P BOS LR LHPSNTE | 3§8nt ie

injected, and, lastly, another detection or therapeutic
composition comprised of biotin conjugated to a detection
or therapeutic agent is injected.

In another four-step embodiment, a targeting
composition comprised of an.avidin-protein conjugate is
injected, then a clearing composition comprised of biotin
is injected, then a detection or therapeutic composition
conprised of avidin conjugated to a detection or
therapeutic agent is injected, and, lastly, another
detection or therapeutic composition comprised of biotin,
protein and detection or therapeutic agent is injected.

In another three-step embodiment, a targeting
composition comprised of an avidin-protein conjugate is
injected, then a clearing composition comprised of biotin
is injected, and, lastly, a detection or therapeutic
composition comprised of a copjugate of avidin, protein
and detection or therapeutic agent is injactad.

In another four-step enbodiment, a targeting
composition comprised of an avidin-protein conjugate is
injected, then a clearing composition comprised of biotin
is injected, then a detection or therapsutic composition
cpnprised of a conjugate of biotin, protein and detecticn
or therapoutic agent is injected, and, lastly, another -
detection or therapeutic composition comprised of avidin
conjugated to a detection or therapeutic agent is
injected.

DETAILED DISCUSSION

It has now been found that the use of the
compositions disclosed herein in 3~ and 4-step procedures
of the present invention is more advantageous for
selective detection and therapy of lesions than the uses
disclosed in the prior art.

In a more preferred embodiment of this invention
involving a 3-step approach, a biotinylated targeting
antibodf oxr fragment is injected, followed by the

OO0 9o



of a conjugate of biotin, protein and detection or
wherein the protein preferentially binds to a mark
or associated with the targeted |esion and nmay be
of said targeting conmposition (A); in a nmethod for
targeted lesions in a patient, wherein,~ i%h the net
parenterally injected with: (a) targeting conposit
conj ugate of said conposition (A) is allowed to pr
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thirda step,” 1nstaad of adniniatering biotin—conjugated
isotope or drug as taught in the prior art, a lesion-
targeting antibody or fragment conjugate is administered.
The antibody or fragment is either the same as that of
the first step or anocther such targeting antibedy or
fragment, and is conjugated with biotin and with a
detection or therapeutic agent. Using the lesion-
targeting antibody or fragment conjugate forms anothexr
lattice of complexation of biotin-avidin-biotin, with the
added advantage of targating to the-lesion with the
antibedy or fragment.

The more preferred 4-step enbodiments have two basic
approaches. In both, the first step is the mjection of
a biotinylated antibody or fragment and the second step
is the injection of an avidin chase. The third step
involves the injection of either avidin conjugated with
a detection or therapeutic agent, or, alternatively, a
biotin conjugated with a detection or therapeutic agent.
When the third step uses an avidin conjugate, the fourth
step is an injection of a biotinylated anti-lesion
antibody or fragment conjugated with a detection or
therapeutic agent. When the third step involves biotin
conjugated with a detection or therapeutic agent, the
fourth step requires the injection of an anti-lesion
antibody or fragment conjugated with avidin and with a
"detection or therapeutic agent.

Each of these 4-step approaches is an improvement,
in terms of absolute amount of datection or therapeutic
agent delivered and retained at the site of the lesion,
as compared to the prior art 2~ and 3-step procedures
which did not contemplate the use of a biotinylated or
avidin—-conjugated antibedy or fragment bearing additional
detection or t_herapeutic agents for enhancement of the
effects as a last step.

Of course, if desired, the sequence can be repeated
for additional accumulation of the agents, as needed.
Further, the preferred lesion-localizing antibody can be



targeting conposition fromnon-targeted sites and to i@
conposition accreted at the targeted lesion; (c) therg*
t herapeutic conposition (C), and the conjugate of saiyd i
all oned to accrete at the targeted |lesion; and (d)jt; eid
t herapeutic conmposition (D), and said conposition (D) '? aIIowed Tn
at the targeted lesion. 12. The use ot 1 eonposition

. 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 accretion and binding in the
lesion.

These uses of the compositions of the present
invention provide the following improved results over
other sequences reported earlier by others:

1. increased binding and retention of primary

antibody in the lesion;

2. higher lesion:norzal organ (including kidney)

' ratios; -

3. increased targeting of detection and

therapeutic agents to the lesion; and

4. improved lesion detection or therapy.

The detection/therapeutic agents used in the present
invention can be any or multiples of the following:
A~ diagnostic or tharapeﬁtic radionuclides
’ (e.g.,alpha-, beta-, gamma-, positron-, x-ray-

and fluorescence-emitters; electron~- and

.~ neutron-capturing agents);

B- photoactivated dyes for detection or therapy;

C- -‘cytotoxic agents (e.g., drugs, ‘toxins,

- hormones, cytokines, hormone antagonists,
recsptor antagonists);

b= differentiation agents {e.g., vitamins,

cytokines, autocrines, certain hormones and
dmgs) L ]

' The compositions of the present invention can be used
to detact (either by internal procedures or by external
imaging} andfor treat 1lesions, including cancers,

infectious diseases, cardiovascular diseases and other
pathological conditions. _ _
Internal datection procedures include
intracparative, intravascular or endoscopic, including
laparcscopic, techniques, both surgically invasive and



wherein the conposition conprises: (A a targeting conpdtii{iAdri} .' rgﬁﬁ;t
an avidin- protein conjugate, wherein the protein prefe m Tty “Bad ‘T]g
mar ker substance produced by or associated with a targ gﬁs &‘1“9&8) ag
cl earing conposition conprised of biotin;_ and (C) a detleqgt 14

t her apeuti c conposition conprised of a COH- ugat e of avifdita.—protein arl@l E

t‘D

detection or therapeutic agent, wherein the protein pr ferentlally bi ndsjto
a marker substance produced by or associated with the t& 36401,

may be the same,gs_jheaRieiein of said target| ng conposition (A) in a
nmet hod for detectln or treatln targ
vidins are a fami Y of proteins functionally defined

by their ability to bind biotin with high afrinity and
specificity. Avidins are fairly small -cligomeric
proteins, made up of four identical subunits, each
bearing a single binding site for biotin., Avidins can
therefore bind up to four moles of bictin per mole of
avidin.

Avidins include proteins (a) produced by amphibians,
‘reptiles and avians, which are present in their eggs and
known as avidin, and (b) preoduced by a streptomyces,
Streptomyces avidinii, and known as streptavidin. As
used herein wavidin® includes all of the above proteins.

Proteins are known which preferentially bind marker
subgtances that are produced by or associated with
lesions. For example, antibodies can be used against
cancer-agsociated substances, as wvell as against any.
patholég:l.cal lesion that shows an increased or unique
antigenic marker, such as against substances associated
with cardiovascular lesions, such as, vascular clots
including thrombi and emboli, myocardial infarctions and
other organ infarcts, atherosclerotic plagues;
inflammatory lesions; and infectiocus and parasitic

agents. . Exanmples of -appropriate applications are
provided in the above-referenced Goldenberg patents and
applications. '

The cancer states include carcinomas, melancmas,
sarcomas, neurcblastomas, leukemias, lymphcmas, gliomas
and myelomas.

The infecticus diseases include those caused by
invading mnicrobes or parasites. As used herein,
"microba™ denctes virus, bacteria, rickettsia,
mycoplasma, protozoa, Zfungi and 1ike microorganisms,
"parasite" denotes infectious, generally microscopic or
very small mnulticellular 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



l'esions in a patient, wherein, in the nethod, the padhireAiCHNMENGR SEIET;
injected with: (a) targeting conmposition (A), and tjhg protern conj ggdte of
said conposition (A) is allowed to preferentially dcg by ar get ed
| esion; (b) then, clearing conposition (Bi and saiid: [
allowed to substantially clear the targét 11@' corrpoi' :
sites and to bind to the targeting conposition accileted at the tar geff ed
| esion; and (c) then, detection or therapeutic conposition (C), and said

conposi tion (C) ¢hg $hk@Iefhd fudfisd RSMAnthBS LRIE! PenkEStPous agents
' or "pathogen" denotes both microbes and parasites.

The protein substances useful in 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
antibedy fragments.

The protein substance of particular interest in.the
present invention are antibodies and antibedy 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, IgA, IgD, IQE, 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
an appropriate animal, e.g., a primate, goat, rabbit,
mouse or the like. HMonoclonal antibodies are also
suitabie for use in the present invention, and are
preferred because of their high specificities. 'They are
readhy 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 myaloma 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
of monoclonals can also be used, e.g., human monoclonals,
interaspecies monoclonals, chimeric (e.g., human/mouse)
monoclonals, genetically engineered antibodies and the
like.

Antibedy fragments useful in the present invention




13. The use of a conposition according to claim1, wherein the conposition
conprises: (A) a targeting conposition conprising an avidin- protein
conjugate, wherein the protein preferentially binds to a marker substance
produced by or associ ated with a targeted lesion; (B) a clearing
conposition conprised of biotin; (C a gefquion or therapeutic conposition
conprised of a conjugate of biotin, protern and a detection or therapeutic
agent, wherein the protein preferentially

include F(ab’'),, F(ab),, Fab', Fab, Fv and the 1like
inelunding hybrid fragments. Preferred fragments are
Fab', F(ab‘'},, Fab, and F(ab);. Alsc 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 proteing,
whether single-chain or multipla—chain, vhich incorporate
an antigen-binding site and otherwise function in vive as
targating vehicles in substantially the same wvay as
natural immunoglobulin fragments. Such single-chain
binding molecules known in the art, and are disclosed in
U.S.Patent 4,%946,778. Fab' antibedy fragments may be
conveniently made by reductive cleavage of F(ab'}),
fragments, 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 rasult from careful papain
digestion of whole immuncglobulin. The fragments may
also be praduced by genetic engineering.

It should be noted that mixtures of antibodies and
1nnpnnglobu1;n clagses can be used, as can hybrig
antibodies. Multispecific, including bispecific and
hybrid, antibodies and antibody fragments are especially
preferred in the present invention for detecting and
treating lesions and are comprised of at least two
different gsubstantially monospecific antibodies or
antibody <fragments, wherein at least two of said
antibodies or antibody fragments specifically bind to at
least two different antigens procduced or associated with
the targeted lesion or at least two different epitopes or
nmolecules of a marker substance produced or assoclated
with the targeted lesion. Multispecific antibodies and
antibody fragments with dual apecificities can be
prepared analogously to the anti-~tumor marker hybrids
djsclosed in U.S. Pat. No. 4,361,544. . Other techniques
REPLM,EMENT Sg preparing hybrid antibodies are disclosed in, e.g.,
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bi nds to a marker substance. produced by or associated with the targeted
| esion and may be the sane as the protein of said targeting conposition
(A); and (D) another detection or therapeutic conposition conprised of
avidin conjugated to a detection or therapeutic agent; in a nethod for
detecting or treating targeted | esionsgjn-a patient, wherein, in the

net hod, the patient is parenterally injected with: (a) targeting
conposition (A), and the protein conjugate of said conposition (A is
allowed to preferentially accrete at the taragget;ed Ieision' éb t hen,
clearing conpo¥i®i Sidtepye- 4nd7449P and 4,479,895, and In Hilstein 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 bina markers
produced by or associated with tumors or infectious
lesions, including viral, bacterial, fungal and parasitic
infections, and antigens and products associated with
such microcorganisms have been disclesed, 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, 4,468,457,
4,444,744, 4,818,709 and 4,624,846. In particular,
antibodies against an antigen, e.¢., a gastrointestinal,
lung, breast, prostate, ovarian, testicular, brain or
lymphatic tumor, a sarcema or a mnelancma, are
advantageously used.

A wide variety of moncclonal antibodies against
infectious diseasse agents have been developed, and are
sumparized in a review by Polin, in Eur. J. cClin.
Microbiol., 3(5):387-398, 1984, showing ready
availability. These include monoclonal antibodies (MAbs)

against pathogens and their antigens such as the
following:

anti-bacterial Mabs
Streptococcus agalactiae
Legionella pneumophilia
Streptococcus pyocgenes
Bscherichia coli
Neisseria gonorrhosae
Neisseria meningitidis
Pneumococcus

Hemophilis influenzae B
Treponema pallidunm




conposition (B) is allowed to substantially clear the targeting conposition
fromnon-targeted sites and to bind to the targeting conposition accreted
at the targeted lesion; (c) then, detection or therapeutic conposition (C),
and said conposition (C) is allowed to accrete at the targeted | esion; and
(d) then, detection or therapeutic conposition (D), and the conjugate of
said conposition (D) is allowed to accrel® -t the targeted lesion. 14. A
met hod of detecting or treating targeted lesions in a patient, the nethod
conprising the steps of: (a) parenterally injecting a subject with a
targeting Lyme disease spirochetes

Pseudomonas aeruginosa

Mycobacteriunm leprae

Brucella abortus

Mycobacterium tuberculosis

Tetanus toxin

Anti-viral Mabs

HIV-1, -2, =3

- Hepatitis A, B, ¢, D

Rabies virus

Influenza virus
Cytomegalovirus

Hexpes simplex I and II
 Human serum parvo-like virus
Respiratory syncytial virus
Varicella-Zoster virus
Hepatitis B virus

Measlaes virus

Adenovirus

Human T-cell leukemia viruses
Epstein—silrr virus

Murine leukemia virug#

Mumps virxus

Vesicular stomatitis virus
Sindbis virus :
Lymphocytic choriomeningitis virus
Wart virus .

Blue tongue virus

Sendal virus

Feline leukemia viruse

Reo virus

Polio virus

Sinian virus 402

Mouse mammary tumor viruss
Denque virus | REPLACEMENT SHEET
Rubella virus .
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cbnposition conprised of (i) a biotin-protein conjugate or (ii) an
avi di n-protein conjugate, wherein the protein preferentially binds to a

nar ker substance produced by or associated with said targeted | esion, and
allowing the protein conjugate to - 47- preferd L ateh aianmt
said targeted lesion; (b) then, optionally, parent dPaEEgEvhaRpod e fla
clearing conposition conprised of - 16 - |

- 244 RN || |

. i

Plasmodium falciparum
Plasmodium vivax
Toxoplasma gondii
Trypanosoma rangeli
Trypanosoma cruzi
Trypanoscma rhodesiensei
Trypanosoma brucei
Schistosoma mansoni
Schistosoma japanicum
Babesia bovis

Elmeria tenella
Onchocerca volvulus
Leishmania tropica
Trichinella spiralis
theileria parva

Taenia hydatigena
Taenia ovis

Taenia saginata
Echinococcus granulosus
ubgocestoiées corti

Antimvcoplasmal MAbs
Mycoplasma arthritidis
M. hyorhinis

M. orale

M. arginini
Acholeplasma laidlawii
M. salivarium

M. pneumoniae

Additional examples of MAbs generated against
infectious organisms that have been described in the
literature axre noted below.

MAbs against the gpl20 glycoprctein antigen of human
immunodeficiency virus 1 (HIV-1) are known, and certain
of such antibodies can have an immuncprotective role in
humans. Sea, e.g., Rossi et al., Proc. Natl. Acad. Sci.



(i) avidin, when the targeting conposition is a biotj Qrotel n con| ugat e,
or (ii) biotin, when the targeting conposition is a sl e SR
conj ugate, and al | owi ng said clearing conposi fT gF
clear the targeting conmposition fromnon- targeted s |
targeting conposi:tion accreted at said-ta?geted |esi )n,lm@ﬂ JANWe
injecting a detection or therapeutic conposition fohprised of a §
conjugate of (i) avidin, protein and a detecti O![I or therapeutic

age”t’ or (i) u | Ot' 2.80?: ESL-Q, %o.a d@éhee(i:t | ﬁﬂhémagalnst vira_l'"i
antigans 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
gametécyte stages. Moncclonal antibodies have been
generated against sporozoltses (circumsporozoite antigen),
and have been shown to neutralize sporozoites in vitro
and m rodents (N. Yoshida et al., Science 207:71-73,
1980).

Several groups have developed MAba to T. gcndii, the
protozocan parasite involved in toxoplasmosis (Rasper et
al., J. Imuncl. 129: 1694-1699 1982; I1d,, 130:2407-2412,
1983).

Mbs, have been developed against schistosomular
surface antigens and have been found to act against
schistosomulae in vive or in vitreo (Simpson et al.,

 Parasitolagy, 83:163~177, 1981; Smith et al.,
Parasitology, 84:83-91, 1982; Gryzch et al., J. Immunol.,
129:2739-2743, 1982; Zodda et al., J. Immunocl. 129:2326~
2328, 1982; Dissous et al., J. Immunol., 129:2232-2234,
1982).

Trypanosoma cruzi is the causative agent nf Chagas’
disease, and is transmitted by bloed-sucking reduviid
ingsects. A MAb has bsen generated that specifically
inhibits the differentiation of one form of the parasite
to another (epimastigote to trypomastigote stage) in
vitroe, and vhich reacts with a cell-surface glycoprotein;
however, thia antigen is absent from the mammalian
(bloodstream) forms of the parasite (Sher et al., Nature,
300:639-640, 1982).

Suitable MABS have been developed against most of the
microorganisms (bacteria, viruses, protozoa, other

- paragsites) responsible for the majority of infections in
humans, and many have been ugsed previously for in vitro
diagnostic purposes. These antibodies, and newer MAbs




t herapeutic agent, wherein the protein preferentially bina~m-'
subst ance produced by or associated with said targeted | el @
the sane as the protein of said targeting conposition, an§l :
detection or therapeutic conposition to accrete at said t.rqet ,g
(d) parenterally. injecting, either =plBor or subsequgn{ to the
conposition of (c), another detection or therapeutic conm sition conprlsedi
of (i) avidin conjugated to a detection or therapeutic ag

con ugat ed to atggkecéag "re generated by conventiomal methods, are
appropriate for use in the present invention.

Proteins "~ useful for detecting and treating
cardiovascular lesions include fibrin-specific proteins,
for example, fibrinogen, scluble £fibrin, antifibrin
antibodies and fragments, fragment E, (a €0 kDa fragment
of human fibrin made by contrclled plasmin digestion of
crosi:l.nked £ibrin), plasnin (an enzyme in the blood
rasponsible for the. dissolution of fresh throembi),
plasnminogen activators (e.g., urckinase, streptokinase
and tissue plasminogen activator), heparin, and
fibronectin (an adhesive plasma glycoprotein of 450 kDa)
and platelat-directed proteins, for example, platelets,
antiplatalat antibodies and antibedy 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).

Among the radionuclides useful in the present
invention, gamma-emitters, positron-emitters, x-ray
emitters and fluorescence~emitters are suitable for
localization and/or therapy, while beta- and alpha-
enitters and electron- and neutron-capturing agents aiso
can be used for therapy.

Suitable radioisotopes for use in the present
invention include: Astatine-211, Iodine-~123, Iodine-125,
Iodine-126, Iodine-131, Icdine-133, Bismuth-212, Bromine-
77, Indium-111, Indium-113m, Gallium-67, Gallium-68,
Ruthenium-95, Ruthenium-97, Ruthenium-103, Rutheniun=-105,
Mercury-107, ' Mercury-203, Rhenium-186, Rhenium-188,
Tellurium-121m, ‘Tellurium=-122m, Tellurium-12Sm, Thulium-
165, Thulium-167, Thulium~-168, Technetium-99m, Fluorine-
18, Silver-il1i, Platinum-197, Palladium-109, Copper-67,
Phosphorus-32, Phosphorus-33, Yttrium-90, Scandium-47,
Samarium-153, Lutetium-177, Rhodium-105, Prasecdymium-
142, Prasecdymium~143, Terbium-161, Holmium-166, Gold-
199, Cobalt-57, Cobalt-58, Chromium-51, Iron-59,
Selenium-75, Thallium-201, and Ytterbium-169. Preferably
the radicisotope will emit in the 10 - 5,000 kev range,
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more preferably S0 - 1,500 kev, most preferably S0 - 500
kev.

Isotopes preferred for external imaging
include:Iodine~123, Iodine-131, Indium~111, Gallium=-67,
Ruthenium-97, Technetium-99m, Ccbalt-57, Cobalt-58,
Chromium=-51, Iron-59, Selenium~75, Thallium-201, and
¥tterbium=-169.

Igsotopes most preferred for internal detection
include:

Iodine-125, _ Iodine-123, Iodine-131, Indium~111,
Tachnetium-99m and Gallium-67.

Isotopes preferred for therapeutic use include:
Iodine-125, Icdine-131, Rhenium-186, Rhenium-188, Silver-
111, Platinum-197,- Palladium-109, Copper~67, Phosphorus-
32, Phosphorus-33, Yttrium-90, Scandium-47, Samarium-153,
Lutetium-177, Rhedium-10S, Pragseodymium=-2142,
Prasecdymium—-143, Terbiun-161, Holmium-166, and Gold-199.

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 like, and in the references cited above.
Any such drug can be conjugated to or loaded onto the
antibody by conventional means well know in the art, and
1llustrated by analogy to those described above.

The present invention also contemplates dyes used,
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 the present
invention is also contemplated and their use in cancer
therapy is readily available to one of ordinary skill in
the are, as reviewed by van den Bergh (Chenmistry in
Britain, May 1986, Vol. 22, pp. 430-437).

Examples of known cytotoxic agents useful in the
present inventicn are listed in Goodman et al., *The
Pharmacological Basis of 'rhei-apeutics," Sixth Editien,
A.G. Gilman et al, eds./ Macmillan Publishing Co. New
York, 1980. These include taxol, nitrogen mustards, such
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as mechlorethamine, cyclophosphamide, melphalan, uracil
mistard and chlorambucil; ethylenimine derivatives, such
as thiotepa; alkyl sulfonates, such as busulfan;
nitrosoureas, such as carmustine, lomustine, semustine
and streptozocin; triazenes, such as dacarbazine; folic
acid analogs, such as methotrexate; pyrimidine analogs,
guch as fluorouracil, cytarabine and azaribine; purine
analogs, such as mercaptcpurine and thioguanine; vinca
alkaloids, such as vinblastine and vincristine;
antibiotics, such as dactinomycin, daunorubicin,
doxorubicin, bleomycin, mnithramycin and mitomyecin;
enzymes, such as L-asparaginase; platinum coordinatiocn
complexes, such as cisplatin; substituted urea, such as
hydroxyurea; methyl hydrazine derivatives, such as
procarbazine; adrenocortical suppressants, such as
mitotane; hermones and antagonists, such as
adrenocortisteroids (prednisone)g progestins
(hydroxyprogesterona caproate, uadroprogéstercne acetate
and megestrol acetate), estrogens (diethylstilbestrol and
ethinyl estradiol), antiestrogens (tamoxifen), and
androgens (testostercne propicnate and fluoxymestarcne).

Drugs that interfere with intracellular protein
synthesis can also ba used in the methods of the present
invention; such drugs are known to these skilled in the
art and include puromycin, cycloheximide, and
ribonuclease. |

Toxins can also be used in the methods of the present
invention. Toxins useful as therapeutics are kxnown to
those skilled in the art and include plant and bacterial
toxins, such as, abrin, alpha toxin, diphtheria toxin,
exotoxin, gelonin, pokewead 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 inte the
cells.

The modified toxins useful in the present invention
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t herapeuti ¢ agaie cell" binding function of the native toxin is

nonfunctioning because the domain is missing partially or
totally. :

Other therapeutic agents useful in the present
invention include anti-DNA,.anti-RNA, anti-protein and
anti-chromatin cytcotoxic or antimicrobial agents.

The proteins useful in 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
abova-refer#ncad U.S. Patents and Patent Applications.
See also, Rayudu, op., cit.; and Childs et al., J, Nug,
Med,, 26, 293(1985). Any conventional method of
radiolabeling which is suitable for labeling :lsoi:opes for
in. vivo use will be generally suitable for labeling
detection agents according to the present invention,

The avidin/streptavidin, biotin or proteins may be
conjugated to therapeutic agents such as drugs, toxins,
boron addends, isotopes, fluorescent dyes activated by
nonienizing radiation, hormones, autocrines, cytokines,
cytopr&tactiva agents, etc., by methods known to those
skilled in the art. US Patent 5,057,313, Shih et al,
teacﬁes one such method.

Other exai\ples ‘are conjugating avidin/streptavidin
to (a) lodine by the chleoramine-T or Bolton-Hunter
procedures, (b} technetium/rhenium by procedures

" described by Griffiths et al. (Cancer Res. 5134594, 1991)

or Fritzberg et al. (U.S. Pat. No. §,120,526) and (<)
metallic nuclides through bifunctional chelating agents

as described by Meares et al. (Bz". J. Cancer 62:21,

1990). Additionally avidin/streptavidin/biotin can be
bound to dendrimers by procedures described for amine-
containing proteins as described by Hnatowich et al. (J.
Nucl. Med. 28:1294, 1987).

Biotin can ) be readily conjugated to proteins
(including antibodies and thelr fragments) via the
proteins' 1lysine and cysteine residues, and, if
available, their oxidized carbohydrate groups.
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The detecticn or therapeutic agents may be treated

by methods, known to those skilled in the art, to permit
the agents to be more easily conjugated to biotin,
avidin/streptavidin or targeting protein as required.

Loading of drugs onto a carrier, as disclosed in.U.S.
Patent 5,057,313, will depend upon the potency of the
drug, the efficiency of the antibedy targeting and the
efficacy of the conjugate once it reaches its target. In
most . cases, it 1is desirable to load at least 20,
preferably 50 and often 100 or more moleculaes of a drug
on a carrier. The ability to partially or completely
detoxify a drug as a conjugate, while it is circulation,
can reduce systemic side effects of the drug and permit
its use when systemic administration of the unconjugated
drug would be unacceptable. '

Toxins will often be less heavily loaded than drugs,
but it will still be advantageous to load at least 1,
preferably 5, and in some cases 10 or more molecules of
toxin on a carrier and load at least one carrier chain on
the antibody for targested delivery.

In addition to conjugating radioisctopes to biotin

(or to streptavidin) for targeting to tumors (or other
lesions), it is possible to conjugate drugs to avidin,
for example via a dextran spacer molecule (Schechter et
al., Int. J. Cancer 48:167, 1991) for delivery of a
cytotoxic agént to tumors in animals. :
' ‘Methods for treating toxins and, in particular,
nodified Psuedomonas exctoxins, are well known in the art
and are disclosed, for example, in Batkra et al.,Proc.
Natl. Acad. Sci. USA, Vol. 86, pp. 88545-8549, 19839;
Seetharam et al., J. Biol. Chem., Vol 266, no. 26, pp.
17376-17381, 1991; and Pastan et al.‘, and U.S. Patent
4,892,827.

When conjugating the foregoing quantity of antibody
or antibody fragment, the amount of drug or toxin is
generally about 0.25 to 5 times, preferably 1-3 times,
the amount of antibody or antibody fragment, and the time
of reaction is about 10 to 120 minutes, preferably 30-90



subst ance produced by or associated with said targeted | esion, and allow ng
the protein conjugate to preferentially accrete at said targef Qd,ajag_gl on;

(b) then, parenterally injecting a clearing cé g.t““ ATy of
avidin, and all ow ng said clearing,onposition to gt LR Lye"efeag the
target| ng conposition fromnnon-targeted Ltes and tloibind to t“g? targeting
conposition accreted at said targeted |lesion; (c) t\hen 2ﬂa~% %7a y!E
injecting a detection or therapeutic conposition cdnirised of avj idilni
conjugated to a gdetection or therapeutic agent, and alTow ng t he coni ugat e

to accrete at ‘H‘Y%ﬂ'get ed | esion; and !
A physioclogical solution of the proteln conjugate is

advantageously metered intc 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. Variations and modifications 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
variations in the form in vhich the radioisotopes may be
provided or may become available.. :

The present invention includes uses of the
compositions wherein there is a zeduction of the
imunogenicity of (a) avidin (b) the therapeutic agent
noiety of a conjugate, e.g., the toxin, or (c¢) the
targét;ng composition, by coupling the immuncgenic agent
with a carbohydrate polymer or polyol groups. Examples
of useful carbohydrates or polyol groups include dextran,

) polysaccharides, polyethylene glycol (PEG), and the like.

The use of a dextran or another polymer for
attachament of the therapeutic agents to avidin, or a
dextran or argother polymer coupled directly to avidin or
streptavidin is desirous tc decrease the immunogenicity
of the cenjugates involving avidin. This then permits
repeated applications of avidin alone or as a conjugate,
“in the treatment courses. If the avidin used in the
clearing composition is so coupled then more time may be
needed for the clearing composition to fulfill its
tunctions.

In an embodiment of the 3-gtep improved detection or
therapeutic protocel of the present invention, the
biotinylated or avidin (streptavidin) lesion-targeting
protein can be injected parentally, usually at a protein
dose of 0.5 to 50 mg, more preferably within a dose range
of 1.0 to 20.0 mg, and still more preferably at 2.0 to
10.0 mg. This can be administered as a single injection
or in divided doses. After 1-5 days, more preferably at
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met hod conpri si ng Jdi€ +3afiPS Qhye (&Ha RVenher Bbsy m,é_c;t_ﬂlgﬁ FheWbikget Wth a
targeting first agent invelves 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 ng
avidin (more preferably about a ratio of 2.5:1 to 10:1 of
avidin to biotinylated protein) when a biotinylated
lesion-targeting protein is used as the first agent, is
adninistered parenter;lly. The clnaring agent can be
given as a single injection or in divided doses, wherein
administering the clearing agent in 2 doses is preferred
in certain circumstances. The third step involves
injection of the biotinylated (or avidin-conjugated)
lesion-targeting protein, as in the first step, but
conjugated to a detection or tharapeutic agent. The
" lesion~targeting protain can ba identical to that of the
first step, or another protein capable of similarly
targeting the lesion, such as a second targeting
antibody. The third step's reagents can be administered
parenterally within 24 hrs of the 2nd step, but also at
up to 3 days later. In one detection embodiment, the
third step invelves 111-In cocnjugated to biotin attached
to a lesion-targeting antibody or antibody fragment.
within 24 hrs of the last injection, more preferably
within ¢ hrs, planar and single-photon emission computed
"tomography scans are made with a gamma camera egquipped
vith the appropriate collimator and selecting the
appropriate energy windows for the detection isotope
being used, such as 173 keV and 247 keV for 111-In.

In an embodiment of a 4-step detsction or therapy
protocol of the pregsent invention, the biotinylated or
avidin (streptavidin) lesion-targeting protein can be
injected parenterally, usually at a protein dose of 2 to
200 mg, more preferably within a dose range of 5 to S0
mg, more preferably at 2.0 to 10.0 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 agent involves a small and
rapidly targeting molecule, such as an antibody fragment
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t herapeutic conposition Conprised of a_conjugate of .
as 2.5~ to 10-times the dose o e first step's protein
{which can be determined also by measuring the amount of
first agent's protein circulating in the blocd at the
time of the second step's injection), is given
parenterally. The longer the delay after the first step,
the lower the amount (and ratic) of clearing agent given.
The clearing agent can be given as a single injecficn or
in divided doses, dividing the administration of the
clearing agent into at least 2 doses may be preferable,
usually within a shert period, such as within 2 hras. In
the third step of one embodiment of the invention, a dose
of 2 to 200 mg protein, more preferably 5 to S0 mg, of
biotin conjugated with a detection or therapeutic agent,
as appropriate, is administered parenterally either as a
single dosae or in divided doses. A fourth step involves
the parenteral administration of avidin (or streptavidin)
conjugated to a lesion-targeting agent, which can be the
same or different from the first lesicn-targeting agent,
to which a detection or therapeutic agent, as
appropriate, is also attached.

In another embodiment, the third step can involve the
biotinylatad lesion-targeting protein conjugated with a
detection or therapeutic agant, as appropriate, and the
fourth step the detection or therapeutic agent, as
appropriate, conjugated to avidin (or streptavidin). The
third step's reagents can be administered within 24 hrs
of the 2nd step, but also at up to 7 days or more later,
depending upon the targeting time and clearance involving
the first two steps. The fourth step can be initiated
within 24 hrs of the third step, but alsoc up to.7 days or
more - later.

Routes of administration include intravenous,
intraarterial, intrapleural, intraperitoneal,
intrathecal, subcutaneous or by perfusion.

An application of the lesion-specific or lesion-
associated pfotein disclosed hereinabove is for magnetic
resonance imaging (mri). In this case, for example, a



biotin, protein and a detection or therapeutic agent, WREPRAFAEETHHEEET
preferentially binds to a marker substance produced byjof~assoct g t
said targeted | esion and nay be the sane as the protei f %al%'g =
conposition, and allow ng the corrpositi_or}StQ accrete aff §aid-t d

| esion; and (d) then, parenterally injecting another détéction or. 4oy
t herapeutic conposition conprised of avidin conjugatedjto a detection or
t herapeutic agent, and all ow ng the conjugate to accrete-at-sait-targete

l'esion. 18. ThenjEiadiyd, of ghaifldfeiéd deigeibddy Sfrdqiait N or  an
antibody/fragment bearing a mr image enhancing agent is
administered with the intention of obtaining an image of
the lesion.

The uses of compositions in methods according to 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 mathod of the
invention is effected by obtaining a scintigram of the
lesion of interest. o

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 radioisctopss
with higher energy, beta, or positron emissions would
entall 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 useful for internal detection and/or
treatment of tumors and/or other lesions are readily
available to those skilled in the art, and are disclosed,
for example, in U.S. Patent 4,732,840; U.S.Patent
4,932,412; and copending U.S. Application 07/879,857.
The uses of compositions according to the present
invention can enhance the nethods disclosed in these
references. ‘

Magnetic rescnance imaging (mri) is effected in an
analcgous manner to scintigraphic imaging except that the
imaging agents will contain magnetic resonance (mr)
enhancing species rather than radioisotopes. It will be
appreciated that the magnetic rescnance phenomenon
operates on a different principle from scintigraphy.
Normally, the signal generated is correlated with the
ralaxation times of the magnetic moments of protons in
the nuclei of the hydrogen atoms of water molecules in

i
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relaxation, thereby increasing the contrast between watar
melecules in the regio'n'where the imaging agent accretas
and wvater molecules elsevhere 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. Accerdingly, the phenomendn
is concentration-dependent, and there is normally an
optimum concentration of a paramagnetic species for
maximum efficacy. This optimal cohcentratien will vary
with the particular agent used, the locus of imaging, the
mode of imaging, i.e., spin-echo, saturation-recovery,
inversion-recovery and/or various other strongly T,-
dependent or T;-dependent imaging techniques, and the
composition of the medium in which the agent is dissolved
or suspended. Thesa factors, and their relative
importance are known in the art. See, e.g., Pykett,
 Scientific American, 246, 78(1983); Runge et al., Am. J.
Radiol., 141, 1205(1983).

The nmr 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
have their effect upon water molecules in the medium, and
are disclosed, inter alia, in Pykett, op. gjit., and Runge
et al., op. git.

Preparation of protein, biotin or avidin/streptavidin
(molecule) conjugated to a magnetic resonance image
enhancing agent can be effected by a variety of methods.
In order to locad a molecule with a large number of
paramagnetic ions, it may be necessary to react it with
a reagent having a long tail to which are attached a
nultiplicity of chelating groups for binding the ions.
Such a tail can be a polymer such .as a polylysine,
polysaccharide, or other derivatized or derivatizabie



(c) then, parenterally injecting a detection or therapeutic.co.
conpri sed of biotin conjugated to a detection or therigiti R
allowi ng the conjugate to accrete at said targeted |gfl Fouekd

parenterally injecting a detecting or th Reutic co d i e of
a conjugate of avidin, protein and a detgs lon or th ae@t‘#)w % t
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or associated with said targeted | esion and may be thg s'ame as theproti in
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corrp05| tion to §e¢ etfngat géé“';gst SLER! & ed eg 2 ethylenediaminetetra*
' acetic acid (EDTA), diethylenetrianinepentaacetic acid
(DTPA), porphyrins, polyamines, crown ethers, bis-thio-
semicarbazones, polyoximes, and like groups known to be
ugeful for this purpose. The chelate is normally linked
to the molacule by a group vhich enables formation of .a
bond to the molecule with minimal loas of
immunoreactivity and nminimal aggregation and/or intexrnal
eross-linking. Other, more unusual, methods and reagents
for conjugating chelates to antibodies are disclesed in
U.S. Patent 4,824,659 to Hawthorne, entitled "Antibody
Conjugates”, issued april 25, 1989.

MRI contrast agents are well known in the art -and
include, for example, Gadolinium, Iron, Manganese,
Rhenium, Europium, Lanthanjum, Holmium, and Ferbium.

The mr scans are stored in a computer and the images
processed analogously to the scintigraphic data.

Without further elaboration, it is believed that cne
skilled in the art can, using the preceding descripticn,
utilize the present invention to its fullest extent. The
following preferred specific embocdiments are, thexefore,
to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way
vhatsoaver. 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 embodimenta constitute improved
compositions and uses thereof for amplification of
protein, especially antibody and antibody fragments,
targeting for detecting and therapy of cancer and other
pathological conditions.




- 51- 19. The nethod of claim 14 for detecting or treat i sy
in a patient, the nethod conprising the steps of: (a) par terally
injecting a subject with a targeting conposition conpri g 3 %gf

bi otin-protein canjugate, wherein the protein preferenti aI: %sNWa
mar ker substance produced by or associ ate@sw~th said tarp ﬂ l-esi-6h; né

allowing the protein conjugate to preferentially acg| ete at sald
targeted | esion;

An antibody or antibedy fragment at a concentration
of 1-20 ng/ml in a non-amine containing Duffer
(e.g.,borate, pbosphate, 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
pretezred) of D-biotin or D-biotin incorporating a spacer
arm (such as succinimide-6-{biotinamidojhexancate). a
co-solvent, such as dimethylformamide (DMF) or
-dimethylsulfoxide (DMSO), may be added to provide a £inal
concentration of up to 20% to facilitate reactant
solubility. The reaction seclution iz 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
separated from unbound biotin and other low molecular
weight contaminants by size-exclusion chromatoegraphy

' and/or dialysis.

Example 2 - Conjugating Antikody or Antibodv Fragment to
Biotin via Cysteine,

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-mercaptoethancl. The reaction solutien
is let stand 5-120 min. at a temperature of 4°-37°C. The
reduced protein is separated from unreacted thiocl by
size-exclusion chromatography in 50 mM acetate buffer, pH
4.5. Protein concentration and the number of thiol
groups per antibody molecule may ba determined at this
time. The reduced antibody 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-maleinide (H—biotinyl-n-[s-maleinidn
hexanoyl]lhydrazide) (Sigma Chem. Co). A co-solvent,
e.g., DMF or DMSO, may be added to provide a final
concentration of . up tc 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



(b) then,

avi di n,

and allowi ng said clearing conposition to substanti
targeting conposition fromnon-targeted sites and to bind!
conposition accreted at said targeted | ggion; and (c) the
injecting a detection or therapeutic é'oﬁ%

of blotin, protein and a detection or therapeutic agent,

parenterally injecting a clearing conpositi

 parenterally |

g

osition conprise

protein preferentially binds to a marker substance produced by or

associ ated W tRasaidnl Yegqkad oS iRy IRtedepibteSintsasepaeageat ei n of .
said targeti n% conposi t1 on, haind al | ow ngoélh% cpnposi tl

rom unbound otin and mole%nu lta?r weight
contaminants by size-exclusion chromatography and/cr
dialysis. )

‘Antibody at a concentration of 1-20 mg/ml is treated
with sodium metaperiodate 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 periocdite. The oxidized IgG is
pux;ifiéd from low molecular weight contaminants by size-
exclusion chromatography in phosphate buffer. The
oxidized antibody (1-20 mg/ml) is rsacted with a 1-100
moelar excess of bioctin-hydrazide (Pierce Chemical Co.) in
a non-amine buffer (e.g., phosphate, carbonate, stc.) at
neutral pH (5.0-8.0) for 1-48& hours at £4~37°C. After the
cptimum time for coupling, the formed hydrazones are
reduced by the addition of sodium cyancborohydride with
pH adjustment to >7. The biotinylated antibody is
purified by size-exclusion chromatography and/or
ajalysis. | '

An antibody or antibedy 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
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
acidic buffer (e.g., acetate, citrate, etc.) pH S5.0-7.0.
The purified sulfhydryl substituted antibody (1-20 mg/ml)
is hixed with a 1-100 molar excess of biotin maleimide.

of a conjugate




accrete at said targeted |esion. 20. The nethod of cl
or treating targeted lesions in a patient. the nethod
of: (a) parenterally injecting a subject with a targe
conprised of a biotin-protein conjugate, wherein the [
binds to a marker substance produced by=-o031 associ at ed jwi
lesion, and allowing the protein conjugate to phiekerenti
at said targeted lesion; (b) then, parenterally inj

conposition corrpri sg&_vg)\‘éd@r?.qngﬂldrom gqu,gl AL :

substantially cl egt;ncag%zggion afg up to 20% to facilitate reactant
solubility., The reaction solution is stirred for 1-23
hours at a temperature between 4-37°C. At the end of the
reaction perio&, the bictinylated protein is separated
from unbound biotin and other low molecular weight
contaminants by size-exclusion chromatography and/or

dialysis.

RERALSHTNT SﬁEﬁH‘.gs
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Example § - Copjugating Biotin and Fab: Fragments

An antibedy 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 £inal
cysteine concentration of 1-50 mg/ml. The reaction is
allowed to proceed for 1-4 hours at 25-37°C. At the end
of this period, the Fab' fragment is purified from lew

" molecular weight contaminants Dby size-exclusion
chromatography in an acidic buffer (e.g., acetate, etc.)
at pH 4.0-6.0. The Pab' fragment is reacted with a 1-100
molar eaxcess of biotin-malaimide 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 low molecular weight
contaminants by size-exclusion chromatography and/or
dialysis.

- roin at
Eroteing
A small amount of biotinylated antibody is heated to
56° in 0.1M phosphate buffer for 10 minutes and
enzymatically digested with small velumes of 13 pronase
{(Sigma Chemical Co.). The digestion is allowed to
proceed overnight. The digest is analyzed with a 10 uM



conposition fromnon-targeted sites and to bind to the targeting
conposition accreted at said targeted | esion; - 52
parenterally injecting a detection or therapeutic conp
a conjugate of avidin, protein and a detection or ther
wherein the protein preferentially biAdd8s~to a narker s
or associated with said targeted | esion and nay be the
of said targeting conposition, and allow ng said deteg

solution of avidin saturated with a 100 uM solution of 2-

(4 '-hfdroxyazohenzane)-henzoic acid (HaBa) in 0.1M
phosphate buffer, pH 7.0. The avidin-HABA solution is
titrated with increasing volumes of digested biotinylated
antibody as well as a standard biotin solution containing
1-10 mM of biotin. The chanqe'in absorbance at 500 nM
for each '1s deternmined, and the concentration -of biotin
in the pronase digested biotinylated antibedy caleulated
from reference to the standard curve of the titration of
biotin with avidin-HABA.

Example 7 - cancer Imaging with Three-Step Procedurs

A patient diagnosed by sigmoidoscopy to have a
colonic neoplasm is injected i.v. with 1.0 mg. of a
biotinylated MN-14 monoclenal antibody IgG against
carcincembryonic antigen (CEA). Two days later, S mg of
unlabeled avidin (in two divided doses, 20 ain apart) is
injected i.v. The next day, 1 mg of biotinylated Mu-9
antibody IgG against colon-specific antigen-p (CSAp)
labeled with 111-In (4 nCi) is injected i.v. The patient
is scanned with a gamma camera 2 hrs later, and a focus
of increased radiocactivity is detected in the region of

the sigmoid colon, in agreanent with the sigmoidoscopy
£indings.

A patient with suspected atherosclercotic plaques in
varicus arteries is injected i.v. with 2.0 mg of the
biotinylated L1 monoclonal antibedy F(ab'), against

- macrophage. One day later, 6 mg of unlabeled avidin (in
twvo divided doses, 15 min apart) is injected i.v. One
day later, 1 mg of biotinylated LL1 IgG conjugated with
5 mCi of 111-In is injected i.v., and the patient scanned
with a gamma camera 3 hours later. Focli of abnormal
radioactivity is found in a tibial artery, the abdominal
aorta, and pessibly in a right cerebral vessel.



t herapeutic conposition to accrete at said targeted | esion; and (d) then,
parenterally injecting another detection or therapeutic conposition
conprised of biotin conjugated to a detection or therapeutic agent, and

al l'owing the conjugate to accrete at said targeted lesion. 21. The nethod
of claim14 for detecting or treating |leshgns in a patient, the nethod
conprising the steps of: (a) parenterally injecting a subject with -a
targeting conposition conprised of an avidin-protei-n conjugate, wherein the

protein preferentially binds to a narker substance produced_by or
associ ated with seSMERER-cP dCARSS adiginpunothgrARy ~a Eous .

conjugate to Procedure
A patient with several small colonic carcinoma
netastases to the liver is injected i.v. with a dose of
10 mg of a first composition comprised of biotinylated
MN-14 anti-CEA IgG monoclonal antibody. Two days later,
a clearing composition of 25 mg avidin is injected i.v.
(in two divided doses, 30 min apart). After ancther 2
days, a dose of 10 mg of a second composition of bietin
having 25 mCi 90-Y is injected i.v. Two weeks later, a
sacond thafapy dose of a third composition of 20 nCi 90-Y
conjugated to avidin-labeled MN=-14 anti-~CEA IgG (10 mg)
‘is given i.v. Based upon liver CT scans and plasma CEA
titers performed 8 weeks later, significant regression of
the liver tumor lesions is observed.

A patient with a right lung adenoccarcinoma is
injected with biotinylated "RS7* anti-lung~cancer IgG
i.v. PFour days later, avidin is injected i.v. (in two
divided doses, 60 minutes apart). After another 2 days,
a dose of biotinylated RS7 conjugated with aminodextran~
doxorubicin, according to the methods described in the
Shih patent (USP 4,699,784), is adainistered i.v. Five
days later, a dose of streptavidin conjugated with
aminodextran-doxorubicin is administered i.v. Pour weeks
later, chest CT indicates that the right lung lesion is
decreased in size by about 50 percent.

The preceding examples can be repeated with similar
success by substituting the generically or specitically
describad reactants and/or cperating conditions of this
invention for those used in the preceding examples.

From the foregoing descriptions, cne skilled in the
art can easlly ascertain the essential charactaristics of

this invention and, without departing from th and
scope thereof, can make various cha j TadENT 1 SHEEd s
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preferentially accrete at said targeted lesion; (b) then, paranterally
injecting a detection or therapeutic conposition conprised of biotin
conjugated to a detection or therapeutic agent, and allow ng the conjugate
to accrete at said targeted lesion; and (c) then, parenterally injecting a
detection or therapeutic conposition conpr+d gg¢d-of a.conjugate of avidin,
protein and a detection or therapeutic agent, wherein the protein
preferentially bi nd;fto a marker substance produced by or associated with
sai d targeted |esioPf atendyvagel S tge rotein of said targeting
conposi tion, and al csmdsitdohhe corr%gsi%tai”%ﬁg?% Ecg& &aydoyai sshgegehig

| esi on.
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22. The nethod of cl ai m_;LAL_f_gx_de-t—e-c{—i ng or treating lesions in a patient,

the nmet hod conpri si ng t he steps of:

conj ugate, wherein timﬁﬁmﬁé
produced by or associ

with a targeting

(a) parenterally inj ectl ng a subj ect

onprised of an av
ﬁm erentially binds t @%%mce
t ar get3 < esi on,

protein conjugate to preferentially accrete at sald targeted | esion;
then parenterally injecting a clearing

CLAINS

1. Use of a composition comprising:
. (A) a targeting composition comprising
(1) a biotin-protein conjugate or
(11) an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associated with a targete&
laesion;
(B) optionally, a clearing composition comprising
' - (1) avidin, when the targeting composition is
a biotin-protein conjugate, or
(11) biotin, vhen the targeting composition is
a avidin-protein conjugate; _
() a detection or therapeutic comﬁosition
comprising a conjugate of
(1) avidin, p:otain and a detection or
| therapeutic agent, or
(ii) biotin, protein and a dstection or
therapeutic agent,
wherein the protein preferentially binds to a marker

substance produced by or associated with the targated -

lesion and may be the same as the protein of saia
targeting composition (A); and

(D) optionally, another detection or therapeutic
composition comprising

(1) avidin conjugatcd to a detection or
“therapeutic agent, or

(ii)biotin conjugated ¢to a detection or
therapeutic agent;

in a method of detecting or treating targeted lesions
in a patient, vherein, in the method, the patient is
injected parenterally with:

(a) targeting composition (A), and the: protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;

{b) then, optionally, clearing compesition (B), and
sald composition is allowed to substantially clear the

(b)

REPLACEMENT SHEET
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conposi tion conprised of biotin, and allowi ng said clearing conposition to
substantially clear the targeting conposition fromnon-targeted sites and

to bind to the targefl ig.GAIPRAREJa accreted at e argereg=kesFn; (c)
then, parenterally i fikcti on or ther gpdHH8 SHEE)'FrﬁeslBLEEUn
conprised of biotin MM[‘H& E det-eatsi en or ([ her afdf A@Eé?gent and

al | owi ng the conj ugat £7at said target €t hen,

parenterally inj ectl ng a detection or t her apeuti ¢ conposi ti on conprised of

a conjugate of a| roten dadetetl N Q) he eut

wherein the protel ng T’% T FERPPET qf“oﬁﬂ%n ol zﬁfl’:‘? %@ gfe%éluced by

or associ at ed Wi ¢ ded taxggbing composition ameted ﬂt the targeted
lesion; .

(c) detecticn or therapeutic composition (C), and
said composition is allowed to accrete at the targeted
lesion; and

(d) either prior or subsequent to composition (C),
detection or therapeutic compesition (D), and the
conjugate of said composition (D) is allewed to accrete
at ths targeted lesion;
vherein

" (1) step (d) is optional it a clearing composition

(B) has been adminisgtered,

(1) the detection or therapeutic compositions ()

and (D) of steps (c) and (d) containing avidin are

administored as the next step after the
administration of a composition containing biotin or
of a clearing composition containing avidin, and

(111) the detection or therapeutic compositions (C)

and (D) of steps (c¢) and (d) containing biotin are

administered as the next step after the
administration of a composition containing avidin or
of a clearing composition containing biotin.

2. The use of a composition according to claim 1,
vherein the composition comprises:

(A) a targeting composition comprising a biotin-
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion; :

' (B) adetaction or therapeutic compesition comprised
of avidin conjugated to a detection or therapeutic agent;
and |

(C) adetection or therapeutic compesition comprised
of a conjugate of biotin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the

REPLACEMENT SHEET
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'esion and. may be te sane as the protein of said target| ng conposi tion,

and al |l owi ng sai dmcapeut | ¢ conpgpFEron=ta-—agee _at said
targeted lesion. 23q.THe. ﬁ}@ldx pfaced| @i m 14 for éHQ:$Hng HAS'BV ‘ng

thod conpri gi ng tREPSAeaB a)

targted lesions in a
parenterally inj ect| B ‘th a-tgfgeting ----.-,.:;. | sed of
an avidin-protein co refn the protein preferentially binds to a

mar ker subst ance produced by or associated with said targeted | esion, and
allowng the Protsidia Sy gétt,meeiﬁr%feggsaiefo.l Yaggerete at said

in a methocd for detecting or treating targeted
lasions in a patient, wherein, in the method, the patient
is injected parenterally with: -

(a) targeting composition (A), and the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;

(b) then, detection or therapeutic composition (8) p
and the conjugate of said composition (B) is allowed to
accrete at the targeted lesicn; and

(c) then, detection or therapeutic cempesition (),
and said composition (C) is allowed to accrete at the
targeted lesion.

3. The use of ‘a composition according to claim 1,
vherein the composition comprises:

(A) a targeting composition comprised of a biotin-
protein conjugate, wvherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a clearing composition comprised of avidin;

(C) a detection or therapeutic composition comprised
of avidin conjugated to a detection or therapeutic agent; -

(D) adetection or therapeutic composition comprised
of a conjugate of biotin, protein and a detection or
therapeutic agent, wherein the protsin preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A);

in a method for detecting or treating targetegd
lesions in a patient, vherein, in the method, the patient
is injected parenterally with:

(a) targeting composition (A), and the protein
conjugate of said composition (A) 1is allowed to
preferaentially accrete at the targeted lesion;

(b) then, clearing composition '(B), and said
composition (B) is alloved to subatantially clear the

_—
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(b) then,

biotin,

conposition accreted
injecting a detectio
idin, protein an

of avidin

protein preferentially binds to a marker substance produced by or
associated with %ﬂgeﬁﬂgq%to:engos:.tien from non-targeted sitas and to bing

to the targeting conmposition accreted at thé targeted
lesion;

(c) then, detection or therapeutic composition (),
and the conjugate of said composition (C) is alleowed to
accrete at the targeted lesion; and

(d) then, detection or therapeutic composition (D) ’

and .said composition (D) is allowed to accrete at the
targeted lesion.

4. The use of a composition according to claim 1,
wherein the composition comprises:

(A) . a targeting composition comprising a biotin-
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a clearing coumposition comprised of avidin;

(C) adetection or therapeutic composition comprised
of a conjugate of biotin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated

vith tha targeted lesion and may be the same as the

pratain of sa:ld targeting composition (A); and

- (D) another detection or therapeutic composxt:.on
comprised of avidin conjugated to a detection or
therapeutic agent;

in a method for detecting or treating targeted
lesions in a patient, vherein, in the method, a patient
is injected parenterally with

(a) targeting composition (A), and the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;

(P) then, clearing composition (B), and said
composition (B) is allowed to substantially clear the
targeting compositicn from non-targaeted sites and to bind
to the targeting composition accreted at the targeted
lesion;

(c) then, detsction or therapeutic compoution (€) ,;

* c L M ] *

ed lesion; °~ (c) {then, RgpLaOERral |y
C co-Frmsi-tion ConNprTset—o e
or therapeutic agent, V\/nerel n the

parenterally injecting a cleari ng conposi ti on corrprl sed of
and allowi ng said clearing conposition to subpsizeatiadly

targeting conpositi msﬁﬂe&IHaﬁlﬁébnk%w@J ed sites and to|piH $mEEThﬁAS@'E§ﬁt "



| esi on and may be -the—sane—=as Llle protein of said targeting corrp05|t|on

and all ow ng said d e ti opser: ?r%peut | C CONpOSi jFret=karaeaholGeg he
targeted | esion; i hteral |y inject ] nTg-HaﬁelEEeHA@aSEEN on or
t her apeuti.c conposi t:_l H TﬁlEf bi otin conj ugat ed tﬂtm_ﬂdmmCtl or
t herapeutic agent, a confutfate to acCrete—ar—Sard=tary get ed

| esi on. 24. The nethod of clﬂal m 14 for detecti ng or treatl ng target ed
| esions in a patient, the nethod conprising the steps of: (a) parenterally
injecting a subj cand vadia Tonpegtticn (n)rrnesaumd;armramtef atNthe

avi din-protein coplHiled 1esion; and -
(4
(d) then, detection or therapeutic compesition (D),
and the conjugate of said composition (D) is.allowed to
accrets at the targeted lesion.

5. The use of a composition according to claim 1,
wherein the conpositicn comprises:

{A) a targeting composition comprising a biotin-
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a clearing compesition comprised of avidin;

(C) adetection or therapeutic composition comprised
of biotin conjugated to a detection or therapeutic agent;
and _ .

(D) another detacting or therapeutic composition
comprised of a conjugate of avidin, protein and detection
or therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may ba the same as the
protein of said targeting composition (A);

' in a method for detecting or treating targeted
lesions in a patient, wherein, in the methed, a patient
is injected parenterally with: .

" (a) targeting composition (A), and the protein
conjugate of said composition (A) is alloved to
preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and saia
compesition (B) ia allewed to substantially clear the
targeting compositicn from non-targeted sites and to bind
to the targeting composition accretad at the targeted
lesion; '

(c) then, detection or therapeutic composition (C),
and the conjugate of said composition (€) is allowed to
accrete at the targeted lesion; and

(d) then, detection or therapeutic composition (D),
and sald composition (D) is allowed to accrete at the -
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wherein the protein preferentially binds to a marker substance produced by

or associ ated w t—h—sard——t—ar—geted—l—erm on, and allow ng the protein conjugate

to preferentially cedarget ed lesion; (b) then parenterally

injecting a cl ea ‘ N conpri sed of betFr=—4 B0 ol | i said

cl earing COWDOSItIO iﬁeﬁ aI ly clear the t rTgléEBBH EH;{ 11 §n from
| the taQeting chnposiRERMNS j

non-targeted sites

said targeted | esion; (c) ‘t hen, parenteral ly injecttng a detection or
t her apeuti c conposition conpri sed of avidin conjugated to a detection or

t her apeutic agen&rggquaﬂ&vgnrlg the conjugate to accrete at said targeted

| esi on; and

6. The use of a composition according to claim 1,
wherein the compesition comprises:

(A) a targeting composition comprising a biotin-
protein conjugate, wherein .the protein preferentially
binds to a marker substance produced or associated with'
the targeted lesion;

(B) a clearing composition comprised of avidin; and

(C) a detection or therapeutic composition comprised
of 'a conjugate of biotin, protein and a detection or’
therapeutic agent, whersin the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A); in a method
for datecting or treating targeted lesions in a patient,
wherein, in the method, the patient 1is parenterally
injected with: i
' (a) targeting composition (A), and the protein
‘conjugate of said composition (A) is allowe.d to
i:raterentially accreta at the targeted lesion;

. (b) then, clearing composition (B}, and said
composition (B)' 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

(¢) then, detection or therapeutic cemposition (C),

and said composition (C) is allowed to accrete at the
targeted lesion.

7. The use of a composition according to claim 1,
wherein the composition comprises:

(A) a targeting compeosition cemprising a biotin-
protein conjugate, wherein the protein preferentially
binds te a marker substance produced by or associated
with a targeted lesion; ’

(B) a clearing composition conpr:.sad of avidin;

REPLACEMENT SHEET

‘R AR 24 JANT9T




(d) then, parenterally injecting a detection or therapeutic.conposition
conpri sed of a conj ugate of bi oti. n, protein and a det ect i on or therapeutic

agent, wherein the ﬁhx@SbﬂtﬂﬁﬁBMB‘%ﬂ ally binds t

produced by or associ targeted | esi
the protein of said nposi ti4n~ andjLa
or therapeutic conposition toaccrete at said target ed Tesion 25 The
met hod of claiml1 for detecting or treating

(C) a detection or therapeutic composition comprised
of a conjugate of avidin, preteix; -and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced by or- associated
with the targeted lesion and may be the same as the
protein of said targeting compesition (A); and

{D} another detaction or therapeutic conposition
comprised  of biotin conjugated to a detection or
therapeutic agent;

in a nmethod for detecting or treating targeted
lesions in a patient, whersin, in the method, the patient
is injected parenterally with:

(a) targeting composition (A) . and  the protein
conjugate of said composition (A) is allowed to
preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) is allowed to substantially clear the
targeting composition from non-targeted sites and to bind
to the targeting conposit'ion accreted at the targeted
lesion; :

(c) then, detection or therapeutic composition (C),
and said composition (C) is allowed to accrete at the
targeted lesicn; and

(d) then, detecticn or therapeutic caomposition (D),
and the conjugate of said compositien (D) is alloved to
accrete at the targeted lesion.

=S

8. The use of a composition according to” claim 1,
wherein the composition comprises:

(A) a targeting composition comprising an avidin-
protein conjugate, wherein the protein preferentially
binds tc a marker substance produced by or associated
with a targeted lesion; '

: (B) a detection or therapeutic composition comprisead
of biotin conjugated to a detection or therapeutic agent;
and )

(C) adetection or therapeutic composition conprised
of a conjugate of avidin, protein and a detection or
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targeted Iesmns,l_n_a—pat—rem"t he met hod conprising the steps of :
parenteral l'y inj ectl ng:

‘an avi di n-protei nTh
mar ker substance pr
allowing the prot

targeted | esion;

conposition conprised of b|otin

substantially cle

(b) then parenterally injecting a clearlng

to bind to the taa'&é:tﬁge t rgetglgggf ofB OSiti 5 fr%s%?ﬁn?%%gfénﬁﬁ%&es

binds to a narker substance produced by or assocuted
with the targeted lesion and may be the same as the
protein of said targeting composition (A); '

in a nethed for datecting or treating targeted
lesions in a patient, wherein, in the method, the patient
is parenterally injected with: _ .

- (a) targeting composition (A), and the protein
conjugate of said composition (A) 1s alloved to
preferentially accrete at the targeted lesion;

(b) then, detection or therapsutic composition (B),
and the conjugate of said composition (B) is allowed to
accrete at the targeted lesion; and

(c) then, detection or therapeutic compesition (C),
and said composition (C) is allowed to accrete at the

~ targeted lesion.

9. The use of a composition according to claim 1,
vherein the composition comprises:

(A) a targeting composition comprising an avidin-
protein conjugate, vherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a clearing composition comprised of biotin;

(C) a detection or therapeutic composition comprised
of biotin cénjngatad to a detection or therapeutic agent;
and

(D) a detection or therapeutic composition comprised
of a conjugate of avidin, protein and a detection or

‘therapeutic agent, wherein the protein preferentially
bhinds te a marker substance produced by or associated

with the targeted lesion and may be the same as the
protein of said targeting composition (A);

in a method for datecting or treating targeted
lesions in a patient, wherein, in the method, the patient
is parenterally injected with: .

(a) targeting composition (A), and the Aprotein
conjugate of said composition is on - N

' AR e

SH acttl th a targeting conposition compri-se
ein the protein pr{j E’ng.yAg)BEgs

SSOCI ated with sai ﬁér gﬂEﬁQAégl on,

to prefzrenti al | Yacerete—at—saFe

and allowi ng said clearing conposition to

and



and (c) then, par ent eral ly i nj ecti ng a detection or therapeutic conposition
conprised of a conmsgaieeHsz m protein and a detection or therapeutic
e

agent, wherein the ntially binds t p~ae0g ker subst ance
produced by or asso get ed | esi

the protein of said argetl ng corrp05|t 3R, and al | ' B’Aﬁeﬂmj on or
therapeutic conposition to accrete at sai d tar get ed=t=e

of claim14 for detecting or treating lesions in a pati ent -Tﬁ\-nef- od
conpri si ng t hgratepéntifallyaacdrdttatr thé \targpted i N@misngubj ect with a
- targeting (b} then, clearing compogition (B), and saiq
composition (B) is allowed to substantially clear the
targeting composition from non-targeted sites -and to bing
to the targeting composition accreted at the targeted
lesion;
(c) then, detection or therapeutic composition (C),
and the conjugate of said composition (C) is allowed to
accrets at the targstaed lesion; and
(d) then, detection or therapeutic composition (D),
and said composition (D) is allowed tc accrete at the
targeted lesion.

10. 'I'he use of a compogition according to claim 1,
wherein the composition comprises:

(A) a targeting composition comprising an avidin-
protein conjugata, wherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a clearing composition comprised of blotin;

(C) a detection or therapeutic composition comprised
of a conjugate of avidin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance produced. by or asscciated
with the targeted lesion and may be the same as the
protein of said targeting composition (A); and '

- (D) another detection or thorapentié composition
comprised of blotin conjugated to a detection or
therapeutic agent;

in a method for detecting or t:eating targeted

- lesions in a patient, wherein, in the method, the patient
is parenterally injected with:

(a) targeting conposition (A), and the protein
cenjugate of said composition (A) is allowed to
preferentially accrete at the targetad lesjion;

(b) then, clearing composition (B), and said
composition (B) is allowed to substant:ial—ly clear the
targeting composition from non-targeted sites and to bind

— RLPLACE\I[ENT SHEET
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preferentially accr

preferentially bi nqiﬁsslﬁetaqagmgggg asé(qbstance produ
injecting a cleari m

said targeted IeS|o ll! [I“HMII

onpos+ t440R corrp Sed of biotin, and
allowing said clearing conposition to substantially clear the targeting
conposition fromnon-targeted. sites and to bind to the

to the targetihg composition accreted at the targated
lesion; -

{c) then, detection or therapeutic compesition (C),
and said composition (C) is allowed to accrete at the
targeted lesion; and

(Q) then, detection or therapeutic composition (D),
and the conjugate of said composition (D) is allowed to.
accrete at the targeted lesien.

' 11. The use of a composition accerding to claim 1,
wherein the cunposition comprises:

(A) a targeting composition comprising an avidin-
protein conjugate, wherein the protein preferentially
binds to a marker subatance produced by or associated
wvith a targeted lesion;

(B) a clearing composition comprised of biotin;

(C) adetection or therapeutic composition comprised
of avidin conjugatud to a detection or therapeutic agent;
and _

(D) a detection or therapeutic composition comprised
of a conjugate of biotin, protain and detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance preduced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A);

in a methed for detecting or treating targeted
lesions in a patient, wvherein, in the method, the patient
is parenterally injected with: _

(a) targeting composition (A), and the protein
conjugate of said composition (A) 1is allowed ¢to
preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) is allowed to substantially clear the

" targeting composition from non-targeted sites and to bind

to the targeting composition accreted at the targeted
lesion;

(c) then, detection or therapeutic composition (C),

Illllllj I



targeting conposi tion accreted at said targeted lesion; (c) the

parenteral 'y inj ectrhisishedt Hi€BRH RépRIBedOr t herapeutic pasEFET . COREN Sed of
a conjugate of bioti JQIHHH a detection or i |

wherein the protein : 'HI F binds to a markér pe=ogeced by
or associated with . ‘esi or a8d=may be B as the protein

of said targeting canposition, and allow ng said detection or therapeutic
conposition to accrete at said targeted lesion; and (d) then, parenterally

i nj ecting anot he r e nGOgpgsi tion conprlsed of avidin
conjugated to a éegg |orFO§Pgt i‘tggtlﬁcﬁ% énngaand al | ow g t he
(d) then, detection or therapeutic composition (D),

and said composition (D} is allowed to accrete at the
targeted lesion.

12. The use of a composition according to claim 1,
wherein the composition comprises: _

. (A) a targeting composition comprising an avidin-
protein conjugate, wherein the protein preferentially
binds to a marker substance produced by or associated
with a targeted lesion;

(B) a clearing composition comprised of biotin; and

(C) . adetection or therapeutic composition comprised
of a conjugate of avidin, protein and a detection or
therapeautic agent, wvherain the protein preferentially
binds to a marker substance produced by or associated
with the targeted lesion and may be the same as the
protein of saild targeting composition (A);

in a methed for detecting or treating targeted
lesions in a patient, wvherein, in the method, the patient
is parenterally injected with:

(a) targeting composition (A), and the protein
conjugate of said composition (A) is allcowed to
preferentially accrete at the targeted lesion;

(b) then, clearing composition (B), and said
composition (B) 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

(¢) then, detection or therapeutic composition (C),
and sald composition (¢) is allowed to accrete at the
targeted lesion.

13. The use of a composition according to claim 1,
wherein the composition comprises:

(A) a targeting composition comprising an avidin-
protéin conjugate, wherein the protein preferentially
binds to a marker substance produced by or assoclated

A




conj ugate to accrete at said targeted |lesion. 27. The use or
of clains 1 or 14, wherein the |esi on S _.--a-v g"\
infectious or |nfla‘hinﬂh § lise or et ho{{” sl eriei n the
cardi ovascul ar | eS| ﬁi“ﬁ enbol us, i nfllarct aEPaAﬁEP otic

pl aque. 29. The use cI ai m 2§, -V\,her dl-p—t=he =€ATICer ous I esion is

a carci noma, nel anorra sarcoma ‘neur obl astoma | eukem a, |ynphoma, gliona
or nyeloma. 30. The use or nethod of claim27, wherein the lesion is

i nfectious or |nuwt%‘t§& ljpfm.p.se or nethod of any of clains 1 or 14,

wher ei n

met hod of any

e < =

(B) a clearing composition comprised of biotin;

(C) adetection or therapeutic composition comprised
of a conjugate of biotin, protein and a detection or
therapeutic agent, wherein the protein preferentially
binds to a marker substance. produced by or associated
with the targeted lesion and may be the same as the
protein of said targeting composition (A); and

(D) another detection or therapeutic composition
comprised of avidin conjugated to a detection or
therapcutic agent; :

in a methoed for detecting or treating targeted
lesiocns in a patient, whersin, in the method, the patient
is parenterally injected with: .

(a) targeting composition (A), and the protein
conjugate of said compesition (A) is allowed to
preferentially accrete at the targeted lesicn;

(b) then, clearing composition (B), and aamid
composition (B) is allowed to suhstantiallir clear the
targeting composition from non-targeted sites and to bind
to the targeting composition accreted at the targeted
leaion; '

(c) then, detection or therapsutic composition (C),
and said composition (C) is allowed to accrete at the
targeted lesion; and

(d) then, datection or therapeutic composition (D),
and the conjugate of said composition (D) is alloved to
accrets at the targeted lesion.

14. A method of detecting or treating targeted lesions
in a patient, the method cemprising 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 preferentially binds to a marker
substance produced by or': agsociated with said targeted
lesion, and allowing the protein conjugate to
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t he protein is a peptide, polypeptide, hornone, |ynphokine, growth factor,
al bum n, cytokine, enzynme, imune nodulator, recepkor.protein, antl body or
anti body fragnent. Tﬁis}ﬁ&HaS‘h@nn dcgd Mt hod of " 14,

wherein the protein ng conposit tion or
t herapeutic conpositio
clainms 1 or 14, mhereln

- 33.47The use—sr—=nethac . pf
~of the targeting corrp05|t|on and

t he
preferentially accrete at said targeted lesion;
(b} then, optionally, parenterally injecting a
clearing composition comprised of
(1) avidin, vhen the targeting composition is
a biotin-protein conjugate, or
(11) bieotin, when the targeting composition is
a avidin-protein conjugate, B
.and allowing said clearing composition to
substantially clear the targeting composition from nen-
targeted sites and to bind to the targeting composition
accreted at said targeted lesion;
() parenterally injecting a detection or
therapeutic compesition comprised of a conjugate of
(i) avidin, protein and a detection or
therapeutic agent, or o '
(1i) bilotin, protein ‘and a detection or
therapeutic agent,
vherein the protein preferentially binds to a marker
substance produced by or asécciated with said targeted
lesion and may be the same as the protein, of said
targeting coﬁpeuition, and allowing saic detection or
therapeutic composition to accrete at said: targeted
lesion; _

" (d) parenterally injecting, either priocr or
subsequent to the composition of (c), another detection
or therapeutic composition comprised of

(1) avidin conjugated to a detection or
therapeutic agent, or
(ii)biotin conjugated to a detection or
therapeutic agent,
and allewing the conjugata to accrete at said
targeted lesion;
vhereain
(1) step (d) is optional if a clearing
composition has been administered,
(ii) the detection or therapeutic compositions
of steps (c) and (d) containing avidin are
REPLACEMENT SHEET administered as the next step after the
24 JAN 1997
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det ection or t herapeutic.conpesition-are different. 34. The use or

met hod
of claim 33, wherein the di ]‘ferﬁ ot ei ns preferentlal |y bind to
differing epitopes ®his e same narker - se
or method of claim 3 ﬁ prote| nis a non chbeh 'r*E%H"ﬁﬁ(ﬁ'ﬁﬁN a
speci fic binding fra -The «se or nethod AFP-ALEPM 35,

wherein the fragnent 1s a Fvi si ngle chal n anti body, Fab, Fab , [efrr] or
[err]. 37. The use or nethod of claim 36, vvherel n the fragment i s Fab,

Fab', [err] or
anti body

[err]. 38.

adnngératoion op Oda oﬁ;':é‘&ﬂi%% %ﬁ'ﬁﬂr@.r}
biotin or of a clearing compesition containing
“avidin,

(iii) the detection or therapeutic compositicns
of steps (c) and (d) containing biotin are
administered as the next step after the

administration of - a composition containing

avidin or of a clearing composition containing
biotin.

15. The method of claim 14 for detecting or treating
targeted lesions in a patient, the method comprising the
steps of: : '

(a) parenterally injecting a subject with a targeting
composition comprised of a biotin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associated with sald targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b} then, parenterally hjecting a datection or
therapeutic composition comprised of avidin conjugated to
a detection or therapeutic agent, and allowing the
conjugate to accrete at said targated lesion; and

" () then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
biotin, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a maxker
gubstarice produced by or associated with said targeted
lesion and may be the same as the protein of said
targeting composition, and allowing the composition to
accrete at said targated lesion.

16. The methed of claim 14 for detecting or treating
targeted lesicns in a patieni:, the methed comprising the
steps of:

(a) parenterally injecting a subject with a targeting
composition comprised of a biotin-protein conjugate,
wherein the protein prefersntially binds to a marker

AY
* c L M S *
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i s nul tispecific: 39. The use or method of claim 36, —uhe
is sultispecific tgpgifebtass BanBemlacsbes or nol ecul esjlofyg ¢ 'qn. Hstance.

40. The use or meth wherein the protgin h
| mrunoreactivity to a9
' an

ance of at |east 68 .
cross-reactivity to l.gens or nondq ar get substances of less than

35% 41. The use or net hod ‘of any of clains 1 or 14, wherein the method is
for detection of a |esion.

substance p'riéauced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
composition comprised of avidin, and allowing said
clearing composition to substantially clear the targeting
composition from non-targeted sites and to bind to the
targeting composition accreted at said targeted lesion;

(e¢) then, parenterally injecting a detection or
therapeutic composition comprised of avidin conjugated to
a detection or therapeutic agent, and allowing <the
conjugate to accrete at said targeted lesion; and

(d8) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
biotin, protein and a detection or therapautic 'agent,
vherein the protein preferentially binds to a marker
substance produced by or asscciated with said targetead
lesion and may be the same as the protein of said
targeting cemposition, and allowing said detection or
therapeutic composition to accrete at said targeted
lesion.

17. The method of claim 14 for detecting or treating
targeted lesicns in a patient, the method comprising the
staps of:

(a) parenterally injecting a subject with a targeting
composition comprised of a bilotin-protein conjugats,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesien, and allowing the protein conjugate to
preferantially accrete at said targeted lesion;

(b} then, parenterally Iinjecting a clearing
cénposition comprised of avidin, and allowing saiqd
clearing conmpogsition to substantially clear the targeting
composition frcom non-targeted sites and to bind to the
targeting composition accreted at said targeted lesion;

(c) then, parenterally injecting a detection or
therapeutic composition compf:l.s'ad of a conjugate of’

* [+ L N S *




42. The use or net hod of claim4l, wherein the nethod

Lt her conprises
ext ernal i nmagi — ectlon 43. The use.{hzﬁgf', ofgdglm 42,
wherein internal_de ec | d%ﬁlng an operative,

endoscopi ¢ proce se or nethod of clai

det ecti on agent c-I i de, = BPi= enhancing agent, =
phot oact i vat ed d |'at I on agent. 45. The wuse or nethod of
claim 44, vvherel n the radl onuclide is a gamm-, - positron-, x-ray

or fluorescencepgdidd elprdtiain AR usaateéuaﬁeuiodcn&& oEt8l gdi, Wherein
the differenti at : Opeiaxpe&e prgt i taprgegérecgéi%lill bin'éso%rl g 'marker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said
targeting composition, and allowing the composition to
accrete at saild targeted lesion; and
(d) then, parenterally injecting another detection
or therapeutic composition comprised of avidin conjugated '
to a detection or therapeutic agent, and allowing the
conjugate to accreta at said targeted lesion.

18.. The method of claim 14 for detecting or treating
targeted lesions in a patient, the method comprising the
steps of:

‘(a) parenterally injécting a subject with a targeting
composgition comprised of a biotin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or assocliated with said targeted
lesion, and allowing the protein conjugate ¢to
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
composition comprised of avidin, and allowing said
clearing compesition to substantially clear the targeting
composition from non-targeted sites and to bind to the
targeting composition accreted at said targeted lesion;

(c) then, parenterally injecting a detection or
tharahoutic composition comprised of biotin conjugated to
a detection or therapeutic agent, and allowing the
conjugate to accrata at said targeted lesion; and

(d) then, parenterally injecting a detecting or
therapeutic composition comprised of a conjugate of
avidin, protein and a detection or therapeut.:ic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said
targeting composition, and allowing said detecting or
therapautic ‘composition to accrete at said targeted
lesion.

* c L M S *




hormone or drug. 47. The use-or—+ethod of claim44, wherein the

radi onucl i de has an energy. bet cen 10 and 5000 keV.[r3 ' O,
method of claim 4This “Fadi onucl i de has JN'%SHEQVHh\ethn 50
and 500 keV. 49. The | of claim 44, whel

used for imaging is | : i ne-18%, =| ndi um ,

Rut heni um 97, Technetium 99m Cobal t-57, Cobalt-58, Chromi um 51, I ron-59,
Sel eni um 75, Thal i um 201, or Ytterbium 169. 50. The use or nethod of claim

43, wherein the &ad'eﬂvcga&?o&s Efa i Yok atelling - 42 3erkotirnp- 151

| ndi um 111, Technefi um 99m. or | Tum ?
targetd lesxens n a patient, the method comprising the
steps of:

(a) parenterally injecting a subject with.a targeting
composition comprised of a biotin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate  to
preferentially accrete at said targeted lesion;

(b)  then, parenterally injecting a clearing
composition comprised of avidin, and allowing said
Clearing composition to substantially clear the targeting
compogition frem non-targated sites and to bind to the
targeting composition accreted at said targeted lesion;
and . .

(¢) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
biotin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said
targeting composition, and allowing the cemposition to
accrate at said targeted lesion.

20. The method of claim 14 for detecting or treating
targated lesions in a patient, the method comprising the
gteps of:

(a) parenterally injecting a subject with a targeting
composition comprised of a biotin-protein conjugate,
vherein the protein preferentially binds teo .a marker
substance produced by or associated with said targeted
lesion, and  allowing the protsin conjugate ¢to.
preferentially accrete at said targeted lesion;

(b) then, parenterally injecting a clearing
compogition comprised of avidin, and allowing said
clearing composition to substantially clear the targeting
composition from non-targeted sites and to bind to the
targeting composition accreted at said targeted lesicn;

REPLA
24 JAN 1997

-

N0 g




él. The use or

Hol mum or 2 4 ]
wherein the net hod

claim 52, wherein

hor none,

ant agoni st, receptor antagoni st, autocrine or cytokine.

—_— REPLACEMENT SHEET

(c) then, parenterally injecting' a detection or
therapeutic composition comprised of a conjugate of
avidin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substancs produced by or associated with saia targated
lesion and may bhe the same as the protein of saia
targeting composition, and allowing said detection or

therapeutic composition to accrete at said targeted

lesion; and _

(d) then, parenterally injecting another detection
or therapsutic composition comprised of biotin conjugated
to a datection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion.

21. The nethod of claim 14 for detecting or treating
lesions in a patient, the method comprising the stepa of:
(a) parenterally injecting a subjact with a targeting
composition comprised of an avidin-protein conjugate,
wherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesicn;

(b) then, parenterally injecting a detection or
therapeutic composition comprised of biotin conjugated to
a detection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion; and

(c) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
avidin, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said
targeting compcsition, and allowing the composition to
accrete at said targeted lesion.

22. The method of claim 14 for detecting or treating
lesions in a patient, the method comprising the steps of:
(a) parenterally injecting a subject with a targeting

MWW || 2eomvew

wherein the nri ancing agent is a
speci es of Gadoli ni_um lron;. anese Rheni um R

oLl
as Beé, use or nethod PITHIDW QL Crws
II"\J" g a IeS|on 53. T C BRERD
|cagent|§an|so ===y

fluorescent. dye activated by nonionizing radiation,

Lant hani um
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54. The use or nethod of ctatrm52—wherein the therape
di um 109, Oopper-67

el ectron- neut n ca u .l N ent . 55 The use or
wherelnthelsoto it

Silver-111, Pl ati i -
Phosphor us- 33, Yttrli um 47, 5&amar i-'um 153, Lutetium 177,

Rhodi um 105, Praseodym um 142 Praseodym um 143, Terbi um 161, Hol m um 166,
or Gold- 199. 56. The use or nethod of claim 52, -wherein the therapeutic

agent is an ant colpéeitivn d%%zia&llog)reﬁegﬂan-@&btemreaaﬂuﬁwt otoxic or
antinicrobial "agggtein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

"(b) then parenterally injecting a clearing
composition comprised of biotin, and allowing saia
clearing composition to substantially clear the targeting =
composition from non-targeted sites and to bind to the
targating composition acereted at said targeted laesion:

(c) then, parenterally injecting a detection eor
therapeutic composition comprised of bioctin conjugated to
a detection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion; and

(d) then, parenterally injecting a detection or -
therapeutic composition comprised of a conjugate of
avidin, protein and a detection or therapeutic agent,
vharein the protein preferentially bindas to a marker
substance produced by or asscciated with said targated
lesion and wmay be the same as the protein of said
targating composition, and allowing said detection or
tharapeutic composition to accrete at said targeted
lesion.

23. The method of claim 14 for detecting or treating
targted lesions in a patient, the method comprising the
steps of:

(a) parentarally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, . parenterally injecting a clearing
composition comprised of biotin, and allowing saiad
clearing composition to substar_utiaily clear the targeting
composition from non-targeted sites and to bind to the
tarqeting composition accreted at sajd targeted lesion;

REPLACEMENT SHEET
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'57. The use or

mechl or et ham ne,

met hod of claim53, wherein the drug is taxol,

cycl ophospham de, nel phal an, uraci | —fhstart—r——=
chl oranmbucil, thi mhleslﬁetHabBé%Hk 4 carnusti ne, I $ BHEET HASIBEEN (e,
streptozocin, dacar exate, fluorouracill, cytRERUNOED
azari bi ne, ner.capt o B kni ne,~ ¥ bl asti ne, strre,
dacti nomyci n, daunoru bi cin, bleonycin, mthranycin, .
m tonycin, L-asparagi nase ci spl ati n hydroxyurea pr ocar bazi ne,
m totane, prednisoneca ox¥g£. nq acggpéoat CletidREi8HC Y ONE
acetate, diethyl g}il I est ro and test osﬁt erone prop| onat e
or - erapeutic ' compos on ccnprised of a conjugate of

avidin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or assoclated with said targeted
lesion and may be the same as the protein of said
targeting composition, and allowing said detection or
therapeutic conp‘osition toc accrete at the targeted
lesion; and

(d) then, parenterally injecting another detection
or therapeutic composition comprised of biotin conjugated
to a dataction or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesion.

24. The method ¢f claim 14 for detecting or treating
targeted lesions in a patient, the methed comprising the
steps of: '

(a) paréntarally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
wherein the protein pchazanﬁiauy binds to a marker
substance produced by or asscciated with said targeted

lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;
. (b) then parentsrally injecting a <clearing

copposition comprised of biotin, and allowing said’
clearing composition to substantially clear the targeting
compogsition from non~targeted sites and to bind to the
targeting composition accreted at said targetad lesion;

(¢} then, parenterally injecting a detection or
therapeutic composition comprised of avidin conjugated to
a detection or therapeutic agent, and allowing the
conjugate to accrete at said targeted lesien; and

(d) then, parenterally injecting a detection or
therapsutic composition comprised of a conjugate of
biotin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
subatance produced by or associated vith said targeted
lesion and may be the same as ‘the protein of said-

REFLACEMENT SHEET
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60 fl uoxymest erone. 58. The use or _method of claim53, wherein the toxin is

abrin, alpha toxin, diphtheria toxin, exotoxin, gel gmig= d_anti VI ral
protein, ricin, or Sém@SheBLHaEBeen gacsse or met hod of 'Cmtslsngfg?rH % N t he
[ g

drug i s puronycin,

cyc ri bonucl ease. _
in a nethod for redu0| ity ofss:w din, Wrere ,
conpri ses avi di n coupl ed a car ohydrate polyner or ponoI groupst

(o2}
o= Peme

whi ch nakes the parenteral | y | nj ect ed

targeting composition, and allowing said detection or
therapautic composition to accrete at said targeted
lesion.

25. The method of claim 1 for detecting or treating
targeted lesions in a patient, the method comprising the
steps of: -

(a) parenterally injecting a subject with a targeting
composition comprised of an avidin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted
lesion, and allowing the protein conjugate to
preferentially accrete at said targeted lesion;

(b} then, parenterally injecting a clearing
composition comprised of biotin, and allowing said
clearing composition to substantially clear the targeting
composition from non-targeted sites and to bind to the
targeting compesition accreted at said targeted lesion;
and

' (c) then, parenterally injecting a detection or
therapeutic compesition comprised of a conjugate of
avidin, protein and a detection or therapeutic agent,
wherein the protein preferentially binds to a marker
substance produced by or asscciated with said targeted
lesion and may be the same as the protein of said
targetihg ccnposit:lon,' and allowing said detection or
therapeutic composition to accfet__e at said targeted
lesion.

26. The nmethed of claim 14 for detecting or treating
lesions in a patient, the method comprising the steps of:

(a) parenterally injecting a subject with a targeting
composition comprisead of an avidin-protein conjugate,
vherein the protein preferentially binds to a marker
substance produced by or associated with said targeted

lesion, and allowing the protein conjugate to
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eferentially accrete at said targeted lesion;
(b) then, parenterally injecting a clearing

A

use



conposi tion | ess i nmunogeni c. "—'é'iwm_'lfﬁé conmposi tion of claim60, wherein the
car bohydr at e pol yneih,pshea@iaymﬂen s are dextran, polysaccharides, or

pol yet hyl ene gl ycol use or nethod o Tr=ef_clains 1 or 14,
wherein the |mTunoge n or of the thg ' I\ i gate
is reduced by coupli aVI |n or ther &feuntic , @ﬁﬁwate

w th carbohydrate pol yrrer or poI yol groups. 63. The use-© =matNod of ffany of
claims 1 or 14, wherein the i munogenicity of the targeting conpoST [

reduced by coupli R@mpbbPtforf AcBAPY & CoPOlbidREn " MM YR 1AHMY Ssasa
clearing composition to substantially clear the targeting
composition from non-targeted sites and to bind to the
targeting composition accreted at said targeted lesion ;
(¢) then, parenterally injecting a detection or
therapeutic composition comprised of a conjugate of
biot:in, protein and a detection or therapeutic agent,
vherein the protein preferentially binds to a wmarker
substance produced by or associated with said targeted
lesion and may be the same as the protein of said
targeting composition, and allowing said detection or
therapeutic composition to accrete at said targeted
lesion; and
(&) then, parentcrally injectinq another detection
or therapeutic composition comprised of avidin conjugated
to a detection or therapsutic agent, and allowing thae
conjugate to accrete at said targeted lesion.

27. The use or method of any of claims 1 or 14, vherein
the lesion is cancerous, cardiovascular, infectiocus or
inflammatory.

28. The uss or mnethod of claim 27, vwvherein the
cardiovascular lesion is a thrombus, embslus, infarct or
atherosclerotic plaque. .

29, The use or method of claim 27, vherein the cancerous
lesion is a carcinoma, melancma, sarcoma, neuroblastoma,
leukemia, lymphoma, glioma or myeloma.

30. The use or method of claim 27, wherein the lesion is
infectious or inflammatory.

J1. The use or methed of any of claims 1 or 14, wherein
the protein is a peptide, polypeptide, hormone,
lymphokine, growth factor, albumin, cytockine, enzyna,
immune modulator, recepter protiéin, antibedy or antibody
fragment.
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‘64. A sterile i nj ect abl-e-conpositiom f or human use conprising

or therapeutic

and a detection or
detection or therape
a mar ker subst anc

QS t| onR iag‘%d of a conj ugate 0 protein
or (ii) bi
rein_the prot ERLAERS WIS gRbE TEAS BBEN
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32. The use or method of any of claima 1 or 14, wherein
the protein of the targeting composition and the
detection or therapeutic composition are the same.

33. The use or method of any of claims 1 or 14, wherein
the protein of the targating composition and the
detection or therapeutic composition are different.

34. The use or method of claim 33, wherein the different
protains pretergntially bind to differing epitepes or

" molecules of the same parkor substance.

35. The use or method of claim 31, wherein the protein

is a monoclonal antibody, or a specific binding fragment
thereof. '

36. The use or method of claim 35, wherein the fragment
is a Fv, single chain antibody, Fab, Fab', F(ab), or
F(ab'),.

37. The use or method of claim 36, wherein the fragment
is Fab, Fab', F(ab); or F(ab‘');.

38. The use or method of claim 35, wherein the antibody

1s multispecific.

39. The use or method of claim 38, wherein the antibody
is multispecific ta diffaring epitopes or molecules of a
marker substance.

40. The use or method of clair 31, vherein 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%.

41. The use or method of any of claims 1 or 14, wherein
the method is for detection of a lesion. '
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IeS|onS|nahuman the kit con -
ng corrp05| t i qe=eonwp A ORI
n avi di n- pr ot{eimms ‘1 eflei n the

i nj ectabl e prepar at TS 2
bi oti n-protein conju \
protein preferentiall r ker 58ubst an

with the targeted IesiOn (b) optionally, a vial“=6ntalnl ng asterlle
i nj ectabl e preparation of a clearing conposition conprised of (i) avi di n,

when the targetigg.CefiROghé | &P héthod of claim 41, wherein the method
further comprises external imaging or internal detection.

43, The use or nmethod of claim 42, wherein internal
detection is during an operative, intravascular or
endoscopic procedure.

44. . The uss or method of claim 41, wherein the detactiori.
agent is a radionuclide, mnri enhancing agent,
photoactivated dye or differentiation agent. '

45. The use or method of claim 44, wherein the
radionuclide is a gamma-, . positron-, x-ray or .
fluorescencs-emitter.

46. Tha use or mnethod of claim 44, wherein the
ditferentiation agent is a vitamin, cytokine, autocrine,
hormene or drug. .
~ 47. The use or method of claim 44, wherein the
radionuclide has an snergy between 10 and 5000 keV.

48..The use or method of claim 47, wherein 'the
radjionuclide has an energy bstween S0 and 500 keV.

48. The use or method of claim 44, vwherein the
radionuclide used for imaging is Iodine-123, Icdine-i31,
Indium=111, Gallium-67, Ruthenium-97, Technetium-99m,
Cobalt-57, Cobalt-58, Chromiun-51, Iron-59, Selenium-7S,
Thallium=-201, or Ytterbium-169.

50. The use or method of claim 43, vwherein the
radicnuclide used is lodine~128, Iodine-123, Iodine~131,
Indium-111, Technetium~99m or Gallium=-67.

S51. The use or method of claim 44, wherein the nri
phancing agent is a -species of Gadolinium, Iron,
Rbl_a ,], WY hw ganese, Rheniun, Buropium, Lanthanium, Holmium, or

2 4 JAN 1997
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‘a biotin-protei-n-conjugate _or (ii) biotin, when the targeting conposition
is a avidin-protein conjugate (O a vial containing a sterlle

.injectable pr lacedg det ecti on or t fErepottcconpas
MI' he human is conprised 'fTwSab*ﬁEmgm&BHN

whi ch when ad

avidin, prote ect lon . oL éderapeuti agerﬁ(EPchCi(m ) Qi otin,
protein and detection or therapeutic agent, whererr AISEBREET HAS BEEN
preferentially binds to a marker substance produced by or assoasm %Eh

o, . LT

S2. The use or method of any of claims 1 or 14, wherein
the method is for treating a lesion.

53. The usa or method of claim 52, wherein the
therapeutic agent is an isctope, drug, toxin, fluorescent
dye activated by nonionizing radiation, hormone, hormene
antagonist, receptor antagonist, autccrine or cytokine.

54. The use or method of claim 52, wherein the
therapeutic agant is an electron- or neutron-capturing
agent. ‘

55. The use or method of claim 53, wherein the isctope
is Iodine-125, Iecdine-131, Rhenium-186, Rhenium-188,
Silver-111, Platinum-197, Palladium-109, Copper-67,
Phosphorus-32, Phosphorus-33, Yttrium-90, Scandium-47,
samarium-153, Lutetium-177, Rhodiun-10%5, Praseodymium-
142, Praseodymium=143, Terbium=161, Holmium-166,) or Gold~
1995.

56. The use or mnethod of claim 52, wherein the
therapeutic agent is an anti~-DNA, anti-RNA, anti-protein
or anti-chromatin cytotoxic or antimicrobial agent.

57. Tha use or method of clainm 53, wvhaerein the drug is
taxcl, mechlorsthamine, cyclophosphamide, melphalan,
uracil nustard, chlorambucil, thiotepa, busulfan,
carmustine, lonmustine, semustine, atreptozocin,
dacarbazine, nethotrexate, fluorouracil, cytarxabine,
azaribine, mercaptopurine, thioguanine, vinblastine,
vincristine, dactinomycin, daunorubicin, doxorubicin,
bleomycin, mithramycin, mnitomycin, Le-asparaginase,
cisplatin, hydroxyurea, procarbazine, mitotane,
pradnisone, hydfoxyprogesterpne caproate,
mqg;g?rogesterone acetate, diethylstilbestrol, ethinyl

RBPLACEMENT SBEETTiol. tamoxifen, and testogstercne propionate or-
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‘the targeted_l_emgn_and_nﬁ;L_bﬁ_the sanme as the protein of the targetlng

conposi tion; and (d) optionally, a vial contaipi

.injectable pr WH&BG@@R cedi ng anot her detecti:
conposi tion whi stered to the human
conjugated to t her apeutd goagent,

conjugated to a det ectlon or

@)
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%8. The use or method of claim 53, wherein the toxin is
abrin, alpha toxin, diphtheria toxin, exotoxin, gelonin,
pokeweed antiviral protein, ricin, or saporin.

S9. The use or method of claim 53, wherein the drug is.

puromycin, cyclcheximide or ribonuclease.

60. A composition for use in a method for reducing
imvunogenicity of avidin, wvherein the composition
comprises avidin coupled vith a carbohydrate polymer or
polyol groups, which makes the parenterally injectud
cunpositien less imunoganic.

61. The compcsition of claim 60, whgeih the carbohydrate
polymer or polyol groups are dextran, polysaccharides, or
polyethylene glycol (PEG).

62. The use or method of any of claims 1 or 14, wherein
the immuncgenicity of avidin or of the therapeutic agent
conjugate is reduced by coupling the avidin or
tharapeutic molety of the conjugate with carbohydrate
polymer or pelyol groups.

63. Tha use or method of any of claims 1 or 14, wherein
the immunogenicity of the targeting compesition is
reduced by coupling with a carbchydrate polymer or polyol
groups.

64. A sterile injectadble compogition for human use
couprising a detection or therapeutic composition
comprised of a conjugats of
(1) avidin, protein and a detection or tharapeut_ic
agent, or -
(1i) biotin, protein and a detectiun or therapautic
agent,

2 4 JAN 1997
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65. A kit suitable for use in a method of detecting or

treating targeted lasions in a human, the kit comprising:
(a) a wvial containing a . sterile injectable
pPreparation of a targeting composition comprised of _

(1) a biotin-protein conjugate, er
{(ii) an avidin-protein conjugata,
vherein the protein preferentially binds to a marker
substance produced or associated with the targeted
lesion; _
(b) optiocnally, a vial containing a sterile
injectable preparation of a clearing composition
comprised of
(1) avidin, when the targeting composition is
a bictin-protein conjugate, or
{1i) biotin, when the targeting composition is
a avidin-protein conjugate;
(¢) a vial containing a sterile injectable
. preparition of a detection or therapeutic
composition which vwhen administered to the human is
"comprised of a conjugate of '
: (1) avidin, ©protein and detection or
therapeutic agent, or -
(i1) ©bilotin, protein and detection or
tharapeutic agent,
vherein the protein preferentially binds to a
nmarker substance produced by or associated with
the targetad lesion and may be the same as the
protein of the targeting composition; and
(d) optionally, a vial containing a sterile -
injectable preparation containing ancther detectien
or therapeutic composition which when administered
to the human is comprised of
(i) avidin c¢onjugated to a detection or
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THIS SHEET HAS BEEN
REPLACED

eI

This Sheet Has Bee

[ I ||| i

c
L
L} ) .

[REPLACEMENT SHEET|
2 4 JAN 1997




ooy

THIS SHEET HAS BEEN
REPLACED

PRI
R pemesrmnm

263 -

IMPROVED DETECTION AND THERAPY OF LESIONS

THIS SHEET HAS BEEM
CONJUGATES EEM
WITH BIOTIN/AVIDIN J REPLACED

ABSTRACT | ”I'" I“" mﬁ ]%%i ;ﬂﬁi

Uses of compositions in methods for detecting and/or
treating targeted lesions in a patient are provided. The
compositions used are comprised of .

a targeting compositin. comprising a biotin and
targeting protein conjugate or an avidin and targeting
protain conjugate;

opticnally, a clearing composition comprised ot
avidin, when tha targeting cemposition is a biotin
conjugate, or biectin, when the targeting compesiticn is
a avidin cenjugate; '

' a detection or therapeutic conposition conprised of
a conjugate o: avidin or biotin with a targeting protein
and deteaction: or therapautic agent; and, _

, optionally, another detection or therapeutic
composition comprised of avidin or biotin. conjugated to
a detaction or therapautic agent. '
| The compositions, methods of use, and kits for use
are alsc provided.

il




—_—

om0 SR S

35 19 JAN 1998

The claims defining the invention are as follows:
1. A method of detecting. or treating targeted 14si‘ons in a patient, the m¢thod
comprising the steps of: . '

(a) parenterally injecting a subject with a targeting composition comprised of
(i) a biotin-targeting protein conjugate or
(ii) an avidin-targeting protein conjugate,

wherein said targeting protein preferentially binds to a marker substance produced
by or associated with said targeted lesion, and allowing said targeting protein conjugate to
preferentially accrete at said targeted lesion;

(b) then, optionally, parenterally injecting a clearing composition comprised of

(i) avidin, when said targeting composition is a biotin-protein conjugate, or
(ii) biotin, when said targeting composition is an avidin-protein conjugate, .
and allowing said clearing composition to substantially clear the targeting
composition from non-targeted sites and to bind to the targeting composition accreted at
said targeted lesion; ' _

(©) parentérally injecting a detection or therapeutic composition comprised of a
conjugate of .

(i) avidin, targeting protein and a detection or therapeutic agent, or
(ii) biotin, targeting protein and'a detection or therapeutic agent,

wherein said targeting protein preferentially binds to a marker substance produced
by or associated with said targeted lesion, and wherein said targeting protein may be the
same as the targeting protéin of said targeting composition, and allowing said detection or
therapeutic composition to accrete at said targeted lesion;

(d) parenterally injecting, either prior or subsequent to the composition of step (c),
another detection or therapeutic composition comprised ‘of

(i) avidin conjugated to a detection or therapeutié agent, or

(i) biotin conjugated to a detection or therapeutic agent,

and allowing said conjugate to accrete at said targeted lesion;
wherein:

(i) step (d) is optional if a clearing composition has been administered,

(ii) the detection or therapeutic compositions of steps (c) and (d) containing avidin
are administered as the next step after the administration of a composition containing
biotin or after the administration of a clearing composition containing avidin,

(iii) the detection or therapeutic compositions of steps (c) and (d) containing biotin
are administered as the next step after the administration of a composition containing
avidin or after the administration of a clearing composition containing biotin.

2. The method of claim 1, wherein:

said targeting composition (A) comprises a biotin-targeting protein conjugate;

said optional clearing composition of step (b) is not administered;
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said detection or therapeutic composition of step (d) comprises avidin conjugated
to a detection or therapeﬁtic agent, and is injected prior to the corfiposition of step (c); and

said detection or therapeutic composition of step (c) cOMpriSes a conjugate o
biotin, targeting protein and a detection or therapeutic agent.

3. The method of claim 1, wherein:

said targeting composition of step (a) comprises a biotin-targeting protein
conjugate;

said clearing composition of step (b) comprises avidin;

said detection or therapeutic composition of step (c) comprises a conjugate of
biotin, targeting protein and a detection or therapeutic agent; and

said detection or therapeutic composition of step (d) comprises avidin conjugated
to a detection or therapeutic agent, and is injected subsequent to said composition of step

().

W

4, The method of claim 1, wherein:

said targeting composition of step (a) comprises a biotin-targeting protein
conjugate;

said clearing composition of step (b) comprises avidin;

said detection or therapeutic composition of step (d) comprises biotin conjugated to
a detection or therapeutic agent, and is injected prior to the composition of step (c); an'd

said detection or therapeutic composition of step (c) comprises a conjugate of
avidin, targeting protein and a detection or therapeutic agent.

3. The method of claim 1, wherein:

said targeting composition of step (a) comprises a biotin-targeting protein
conjugate;

said clearing composition of step (b) comprises avidin;

said detection or therapeutic composition of step (c) comprises a conjugate of
biotin, targeting protein and a detection or therapeutic agent; and |

said detection or therapeutic composition of step (d) is not administered.

6. The method of claim 1, wherein: said targeting composition of step (a)
comprises a biotin-targeting protein conjugate;

said clearing composition of step (b) comprises avidin;

said detection or therapeutic composition of step (c) comprises a conjugate of
avidin, targeting protein and a detection or therapeutic agent; and

said detection or therapeutic composition of step (d) comprises biotin conjugated to
a detection or therapeutic agent, and is injected subsequent to said composition of step (c).

7. The method of claim 1, wherein: _

said targeting composition of step (a) comprises an avidin-targeting protein
conjugate; |

said optional clearing agent of step (b) is not administered;
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said detection or therapeutic composition of step (d) comyri to
a detection or therapeutic agent, and is injected prior to said composition of step (c); and

said detection or therapeutic composition of step (c) comprises a conjugate of
avidin, targeting protein and a detection or therapeutic agent. -

8.  The method of claim 1, wherein: _
said targeting composition of step (a) comprises an avidin-targeting protein
conjugate; : '

said clearing composition of step (b) comprises biotin;

said detection or therapeutic composition of step (d) comprises biotin conjugated to
a detection or therapeutic agent, and is injected prior to said composition of step (c); and

said detection or therapeutic composition of step (¢) comprises a conjugate of
avidin, targeting protein and a detection or therapeutic agent.

9. The method of claim 1, wherein: '

said targeting composition of step (a) compnses an av1dm-target1ng protein
conjugate;

said clearing composition of step (b) comprlses biotin;

said detection or-therapeutic composition of step (c) comprises a conjugate of
avidin-targeting protein and a detection or therapeutic agent; and

said detection or therapeutic composition of step (d) comprises biotin conjugated to
a detection or therapeutic agent, and is injected subsequent to the composition of step (c).

10. The method of claim 1, wherein said targeting composition of step (a)
comprises an avidin-targeting protein conjugate;

said clearing composition of step (b) comprises blotm

said detection or therapeutic composition of step (d) comprises avidin conjugated
to a detection or therapeutic agent, and is injected prior to the composition of step (c); and

said detection or therapeutic composition of step (c) comprises a conjugate of
biotin, targeting protein and a detection or therapeutic agent.

11.  The method of claim 1, wherein: said targeting composition of step (a)
comprises an avidin-targeting protein conjugate;

said clearing composition of step (b) comprises biotin;

said detection or therapeutic composition of step (c) comprises a conjugate of
avidin, targeting protein and a detection or therapeutic agent, and

said detection or therapeutic agent of step (d) is not administered.

12. The method of claim 1, wherein:

said targeting composition of step (a) comprises an avidin-targeting protein
conjugate;

said clearing composition of step (b) comprises biotin;

said detection or therapeutic composition of step (c) comprises a conjugate of
biotin, targeting protein and a detection or therapeutic agent; and

|REPLACEMENT SHEET
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said detection or therapeutic composition of step (d) cém ,
to a detection or therapeutic agent, and is injected subsequent fo the compositi

(c).

13. A kit for detecting or treating lesions in a patient, comprising: -
(A) a targeting composition comprising

(i) a biotin-targeting protein conjugate or.

(ii) an avidin-targeting protein conjugate

wherein said targeting protein preferentially binds to a marker substance produced
by or associated with a targeted lesion,

(B) a clearing composition comprising

(i) avidin, when the targeting composition is a biotin-targeting protein
conjugate, or

(ii) biotin, when the targeting composition is an avidin-targeting protein
conjugate, '

(C) a detection or therapeutic composition comprising a conjugate of

(i) avidin, targeting protein and a detection or therapeutic agent, or
(ii) biotin, targeting protein and a detection or therapeutic agent,

wherein said targeting protein preferentially binds to a marker substance produced
by or associated with the targeted lesion and may be the same as sa'_\id targeting protein of
said targeting composition (A); and |

(D) another detection or therapeutic composition comprising:

(i) avidin conjugated to a detection or therapeutic agent, or
(ii) biotin conjugated to a detection or therapeutic agent,

when used in a method of detecting or treating targeted lesions in accordance with
any one of claims 1 to 12. -

14. The method or kit of any one of claims 1 to 13, wherein said targeting
protein preferentially binds to a marker substance produced by or associated with a
cancerous lesion, a cardiovascular lesion, an infectious lesion or an inflammatory lesion.

15.  The method or kit of claim 14, wherein said targeting protein preferentially
binds to a marker substance produced by or associated with a thrombus, embolus, infarct
or atherosclerotic plaque.

16. The method or kit of claim 14, wherein said targeting protein preferentially
binds to a marker substance produced by or associated with a carcinoma, melanoma,
sarcoma, neuroblastoma, leukemia, lymphoma, glioma or myeloma.

17.. The kit or method of any one of claims 1 to 16, wherein the targeting
protein is a peptide, polypeptide, hormone, lymphokine, growth factor, albumin,
cytokine, enzyme, immune modulator, receptor protein, antibody or antibody fragment.

18.  The kit or method of any one of claims 1 to 16, wherein the targeting
protein of the targeting composition and the targeting protein of the detection or
therapeutic composition are the same.
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19.  The kit or method of any one of claims 1 to Ji6,
protein of the targeting _composition and the targetmg pr
therapeutic composition are different. o

20.  The kit or method of claim 19, wherein the different proteins preferentially
bind to different epitopes or molecules of the same marker substance.

21. The kit or method of claim 17, wherein said targeting protein is a
monoclonal antibody, or a specific binding fragment thereof.

22;  The kit or method of claim 21, wherein said fragment is a Fv, single chain
antibody, Fab, Fab', F(ab), or F(ab"),. :

23.  The kit or method of claim 21, wherein said antibody is multispecific.

24.  The kit or method of claim 23, wherein said antibody is multispecific to
different epitopes or molecules of a marker substance.

25. The kit of any one of claims 13 to 24, wherein the compositions of
components (C) and (D) each comprise a detection agent.

26. The method of any one of claims 1 to 12 or 14 to 24, wherein the
compositions that are parenterally injected in steps (c) and (d) each comprise a detection
agent.

27. The kit or method of claims 25 or 26, wherein said detection agent is a
radlonucllde mri enhancing agent, or photoactivated dye.

28. The kit or method of claim 27, wherein said detection agent is a
radionuclide selected from the group consisting of a gamma-, positron-, x-ray or
fluorescence emitter.

29. The kit of any one of claims 13 to 24 wherein the compositions of
components (C) and (D) each comprise a therapeutic agent.

30. The method of any one of claims 1 to 12 or 14 to 24, wherein the
compositions that are parenterally injected in steps (c) and (d) each comprise a therapeutic
agent.

31.  The kit or method of claims 29 or 30, wherein said therapeutic agent is an
isotope, drug, toxin, fluorescent dye activated by non-ionizing radiation, hormone,
hormone antagonist, receptor antagonist, autocrine agent or cytoKine.

32.  The kit or method of claims 29 or 30, wherein said therapeutic agent is an
electron- or neutron-capturing agent.

33.  The kit or method of claims 29 or 30, wherein said therapeutic agent is an
anti-DNA, anti-RNA, anti-protein or anti-chromatin cytotoxic or antimicrobial agent.

34, The kit or method of any one of the preceding claims, wherein the
immunogenicity of one or more of avidin, the targeting composition or the therapeutic
composition is reduced by coupling one or more of the avidin, targeting composition or
therapeutic composition with carbohydrate polymer or polyol groups.

35.  The kit or method of claim 34, wherein said carbohydrate polymer or
polyol groups are dextran, polysaccharides, or polyethylene glycol (PEG).
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IMPROVED DETECTION AND THBRAPY OF LESION

WITH BIOTIN/AVIDIN CONJUGATES
ABSTRACT

Uses of compogitions in methods for detecting and/or
treating targeted lesions in a patient are provided. The
compositions used are comprised of .

‘a targeting compositin. comprising a biotin ana
targeting protein conjugate or an avidin and targeting
protein conjugate;

optionally, a clearing ccmposition conprised of
avidin, when the targeting composition is a biotin
conjugate, or biotin, when the targating compositicn is
a avidin conjugate; NN L L

a detection or the:apeutic conposition comprised of
a conjugate of avidin or hiot:ln with a targeting protein
and detection or therapautic aqent. and, '

cptionally, another detaction or therapeutic
composition comprised of avidin or biotin conjugated te
a dsetection or therapeutic agent.

The compositions, methods of use, and kits for use
ars alsoc providtd.




