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DESCRIPTION

- BACKGROUND OF THE INVENTION
The present invention relates 1o improved methods for detect-
5 ing tumors in the course of imtraoperative and endoscopic examination .
using a small radiation detecting probe, whereby background radiation.
is reduced, or_con_:pénsared for, and discrimination between tumor and
non-tumor tissue is théreby enhanced.

Surgical resection remains the primary curative approach ia

10 the management of cancer. Radioimmunodetection (RAID) is used to
locate ‘and stage tumors, and to monitor post-operative patieats,
typically using serum levels of markers (antigens) produced by aad/or
associatéd with tumors (“"tumor markers®), e.g., carcinembryonic
antigen (CEA), as both a pre-operative diagnostic predicate and a

15 post-operative diagnostic indicator of recurrence.  Antibodies and/or
antibody fragments which specifically bind tumor markers ("aati-
cancer intibodie's') are used as carriers for radiolabels in imaging
gnd for in vitro assays. It 'will be appreciated that a tumor aatigen
can serve as a target for an antibody carrier even if it is not

20 present in serum in a detectable amount.

Resolution is affected by several factors that can limit the
size of a tumor. especially a metastasis. which can be imaged by
RAID. Noa-invasive RAID is inhereatly limited by the distaace
between the radiation detecior and the tumor. In the case of small,

25 deep-seated metastatic zﬁmors. this becomes the limitiag factor in
their detection.

Second look surgery has been practiced where recurrence of a
previously e_:kcised primary tumor was indicated by elevated levels of
.tumor marker, e.g., CEA. Recently. a small gamma detection probe has

v beea developed whigh is capable of detecting gamma emission at short

distances, Its imtraoperative use in second look surgery has been
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time after injection thereof and clearance of non-specific
10 backgrouad radicactivity can require several days for optimal detee-
tion of tumors. A need therefore continues to exist for methods for
reduéing background levels and compensating for non-specific immuno-
globulin uptake so that enhanced resolution cam be achieved for
short-range intraoperative aad endoscopic tumor detection and
15 therapy. '

QBJECTS OF THE INVENTION
The principal object of the present iavention is to provide
methods for short-range intraoperative and eadoscopic detection of
tumors whereby discrimination between tumor aand non-tumor tissue is
20 enhanced so that smaller tumors can be detected and appropriate
margins cap be determined more accurately for surgical resection,
intraoperative irradiation and/or endoscopic tumor removal. '
Upon further study of the specification and appeaded claims,
further objects and-advantages of this inveation will become apparent
25 to those skilled in the art, '

SUMMARY OF THE INVENTION

These objects can be attained, in a method for - short-range
intraoperative or endoscopic rumor detection, wherein a surgical or
endoscopy patiest is injected parenteraily with a radiolabeled

30 primary antibody which specifically binds a marker produced by or
associated with a tumor, the surgically exposed or endoscopically
‘accessed interior of a body cavity of the patient is scamamed at close
range with a radiation detection probe. asd the sites of accretion of
the labeled antibody are” located by detecting elevated levels of
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radiation at such..sitcs with the probe; by providing the improvement
cémprising injecting said " patient pareaterally, ecither coscurrently
or sequestially, with: ' _
_ (a3) a coatrast or subtraction agent radiolabeled with a radio-
5 isotope emiuiag'at an energy which is sep.arately detectable from
the primary antibo&y' label using a radiation detection probe;
~radiation detected from éﬁ:issioq of the contrast or subtraction
agent being used to better define the tumor, wherein: )
) said contrast or subtraction agealt comprises an organ,
10 blood pool or iaterstitial fluid non-tumor- specific
contrast agent, and the resultant diffuse distribution of
the contrast agent is used to define the organ, blood pool
or interstitial region, whereby foeci of labeled primary
antibody activity are eshanced anmd better discriminated
15 - against a backgrouad of reduced diffuse comtrast agent label
activity; or
(ii) said comtrast or subtraction ageant is a dual isotope
correction agent comprising irrelevant immuaoglobulin from
the same or different species as that used to prepare the
20 primary  antibody, the irrelevant immunoglobulin being so
labeled that the kinetics and distribution of the radio-
labeled primary asntibody aad irrelevant immunoglobulia in
the patient are substantially the same during the time
period required for scanning: aod wherein the ratio of
25 primary antibody label activity to irrelevaat immunogiobulia
label activity at a selected site is compared to said ratio
at a kaocwn agon-tumor site. whereby an elevated level of
primary antibody label accretion due to antigen-antibody
complex formation at said selected site can be
30 discriminated:
or (b) unlabeled second antibody which specifically binds the
primary antjbody or the labeling moiety thereof, the secoad
antibody being injected at a time after the injection of the
primary aatibody sufficient to permit specific uptake. of the
35 primary antibody by a tumor in the body cavity. aad in aa amount
sufficent to reduce the circulating level of the primary antibody
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. In a related aspec:, the invention provides a method for

10 short-range eadoscopic tumor detection, comprising iajecting an

endoscopy patient parenterally with a radiolabeled primary antibody

which specifically binds a marker produced by or associated with a

‘tumor, scanning the endoscopically accessed interior of a bedy cavity

_ of said patiest at close range with a radiation detection probe, and

15 locating the sites of accretion of said labeled antibody by detecting
elevated levels of radiation at said sites with said probe.

Thus, the wuse of endoscopic detection, in combination with
radiolabeled aatibodies, to detect and defise tumors and tumer
margins represents a novel techaique in its owan right, even without

20 the improved backgronnd-correction andfor reduction methods described
herein with respect to surgical techmiques where the patieat s
operated upos to open and expose an area of possible tumor growth.
The further combination of such endoscopic detection with background
correction or reduction techniques and/or with means for coagulating

25 and/or removing tumor tissue and immediately adjaceat tumor margins
through the e_nda.écopc represent embodiments which improve upoa this
basic aspect of the preseat inveation.

The technique of injecting labeled specific anmtibody and
separately detectably labeled irrelevant antibody for noa-specific

30 background correction is referred to herein, interchangeably, as
‘subtraction” or “dual isotope correction”.

Combinatioqs of the foregoing methods can also be wused to
further enhaace _l.he resolution of the tumor detection process. For

_ example, subtraction can be combined with secﬁnd antibody clearance

35 to produce even greater differentiation between specific uptake of

" labeled antibady .and background due to circulating labeled astibody,
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endoscopical ly- accessed | of a dy cavity of the patirent IS
scanned at close range with a radl ation detection probe. and the. sites of
accretion of the |labeled antibody are[err] located by detecting

el evated |evels of . ) .
free label asd/or poa-specific uptake of immunoglobulin aad/or

label. Hybrid antibodies which specificailly bind both primary aati-
body and label canm -be used to clear background label regardless of
whether the integrity of the antibody conjugate is maintained or

5 whether the label has become detached from the antibody or asntibody
has metabolized, fragmented or has otherwise been degraded. Ia this
context, the term “label® refers to whatever carrier for the label is
used to bind the radioauclide to the antibody, e.g., a chelator for a
radiometal iom, a metabolite and/or [ragmeat of the antibady bearing

10 the radionuclide, e.g., a tyrosine residue substituted with one or
more atoms of a radioactive iodine isotope, whether as such or incor-
porated in a lomger oligopeptide or further metabolized, or a radio-
iodide ton or other iodinated species. or the like.

15 It must be recognized that the present method relates to
iatraoperative or endoscopic examination of tissues and/or orgaas
with a radiation detector capable of close approach to suspected
sites of tumor .recurremce, metastasis or incomplete removal, rather
thaa a non-invas.ive mmor'imaging procedure. Subtraction methods, as

20 hitherto practiced. rely on normalizing counts emitted frem two
differeat radionuciides having two different energy ranges. The
counts afe accumulated, generally over a time of “less than one hour
‘to several hours, by scanming a selected body region. using a gamma
camera equipped with a suitable collimator. The counts are then

25 normalized, pixel-by-pixel, after which the processor coastructs an
image by first subtracting the counts calculated 1o correspond (o
background from the specific label counts for each pixel, aad then
displays the result. e.g., as 2a graded color or black and white
image.

30 In coatrast to the (f{oregoing techniques. the method of the
present invention does aot involve processiag of images, both target
specific and non-target specific. Rather. it  esables a surgeons or
clinician, through the use of an intraoperative probe or an endo-
scope, to scan areas of suspected tumor growth relatively quickly and

35 use the level of counts, :)r the differences in counts in selected
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i rrel evant |hrmt|gn:gindbmqwnt5fm)man m:raope:taheresambor mthﬁ‘trmth@pe@ﬂes as
that used t QuRifP%H&w s can be achieved. The present method provides solu-

tions to this problem. By reducing gou-target radioactivity, either
direétly or by compeasating for it so that it can be effectively

10 factored out, and thereby increasing the ratio of counts due to
specific uptake to those due to background, a better discrimination
ecan be achieved, to permit improved demarcation of tumor sites and
borders.

The invention also embraces embodiments wherein optimal times

15 for surgery and intraoperative radiodetection and radiotherapy are
indicated. Both subtraction methods and secosd antibody clearance
for enbanced imaging can optimize images using repeated scans at
different intervﬁls following injection of primary aatibody and/or
second antibody. On the other band, for a surgical procedure, it

20 will be necessary to optimize the injections of primary and/or second
antibody to coincide with the surgical schedule. By taking a blood
~sample at iatervals after imjection of second antibody, the coacea-
tration of radioactivity in the circulation cam serve as an indicator
of the best time for surgery and intraoperative radiation detection,

25 and/or whether a repeated dose of second antibody is indicated.

Use of a radionuclide label with both therapeutic and diag-
postic emissions permits further refinement in the foregoing tech-
piques. For exampie, an antibody labeled ~with Cu-67, 5aving both
beta and gamma emission of appropriate energies, permits the surgeon

30 to detect and excise foci of high activity, using primarily the gamma
emission, and at the same time to permit areas of slightly elevated
activity to benefit from the Lhetapculic..i.e.. cytotoxic to tumor
cells, rad-ialion, primariiy the beta emission. or to target these
areas for external radiation treatment. '

33 The short-raage tumor detection method according to the invea-
tion uses a detector capable of detecting radiation emitted from a
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cavity, an In an cent | evel , of
the primar{198#i bodpese’ authors describe a hasd-held gamma probe usmg a

cadmium telluride scintillation crystal, a preamplifier and an ampli-
fier with-a digital readout displaying the radioactive couats (Radia-
tion Monitoring Devices, Watertown, MA.). The scintillation ecrystal

10 is housed in a 16-mm diameter lead collimator with a 4-mm aperture..
This device has been shown to detect tumor with radiolabeled aatibody
injected intraperitomeally, aand to distinguish tumor tissue from
nearby noa-tumor tissue. No subtraction or enbanced clearance was
used or ' suggested by these authors, mor was aay use outside other

15 than in a surgical procedure suggested. Further, the method reqguires
loag delays between injection  and probing, with uapredictable resalts
obtained from patieat to patient.

It will be appareat to the ordimary skilled artisan that other
such detectors t:an= be used and that the detector is not limited to

20 gamma radiation. It will also be apparent that the detector can be
made to discriminate between different energies of incideat radia-
tion, e.g., between gamma radiation in different ranges withio the
broad S0 - 500 KeV range which is normally used for gamma sciatiila-
tios counters and/or between alpha, gamma and beta radiation emitted

25 by labels on the  specific and the indifferent aatibodies. Thus,
the invention is not limited by the typé of detector used, but |is
generally applicable to reducing background radiation levels regard-
less of the type of radiation used for detection or radionuclide(s)
used to label the primary aantibody and/or the irrelevant antibody,

30  organ, blood pool or interstitial subtraction agent.

The deteé:or(s) must be able to distinguish between the radia-
tioe emitted by the primary antibody label and that emitted by the
subtraction agent: in those cases where dual antibody correction is
used to enbance sensitivity. ‘This can be effected by usiné two

35 different probes’ or by using a single probe which is programmed to

record couats of different energies in different chaasels. or to
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range with gpiafi @ridditedlalier 4iPferPAQRCin Gifdion emergy of impinging gamma

3 radiation, using a photomultiplier and a comparator circuit. The

cireuit is present to respond only to levels above a selected level

corresponding to the desired gamma energy band for one of the two

radioisotopes.

A scintillation crystal can be mounted on the ead of a fiber

10 optic cable and its optical respomse to incident gamma radiation caan

be traasmitted to a photomultiplier and associated cirenitry through

the optical fiber. This can reduce the size of the detector to be

compatible with use in comjunction with an endoscope (broadly de-

fined). The endoscope can be shielded to serve as a coilimator,

15 where necessary, aad/or fitted with a window at a kmowa distance from

its terminus, with the scintillation ecrystal housed therein. Various

other modifications and adaptations of the foregoing will be readily

appareat to the ordisary skilled artisas, in light of the particular

needs of the situation. However, the method of the present invention

20 is nmot limited by any specific type of radiation detector. Rather,

any detector which is capable of detecting radiation emitted bjr an
antibody label localized in tumor tissue can be used.

The probe can be used in the form of aa endascope, aad im-

serted into a body cavity through an orifice. such as the mouth,

25 nose, ear, anus or vagina. The term endoscope is herein used gene-

rically to refer to an anally introduced endoscope, aa orally intro-

duced bronchbscbpe, a urethrally introduced cystoscope, or the like.

Certain of these may beaefit greatly from ([urther progress in minia-

turization of components and their utility to practice the method of

30 the present inveantion will be enbanced as a functioa of the develop-

ment of suitably microminiaturized components for this type of

instrumentation. Highly miniaturized probes which couid be intro-

duced invasculariy, e.g., via catheters or the like, are also
suitable for use in the method of the invention. .

33 The radionuclide label used for detection agents according to

the method of the present invention is preferably ap isotope with a
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123, Techaetivm-99m, Indium-111 and Gallivm-67. Preferred gamma
eniuers_ include Iodine-131, lodine-123, Indium-111, Gallium-67 and
Techaetium-99m.

Where more than one isotope is used for a method involving
dual isotope correction, the two labels should be of sufficieatly
different energies to be separately detectable with the probe.
Suitable such pairs of radioisdiopes isclude, e.g., lodine-131/lodine
123, Gallivm-67/Indium-111, lodine-131/Technetium-99m and the like.
It will genmerally be preferable that paired radionuclides used for
subtraction should not both have significant scatter into chanaels
wherein the emission of the. other nuclide is beiag detected. A
one-way scatter can readily be corrected for with currently available
probe software. '

lIa one embodiment of the present invention., techriques useful
for subtraction in imaging applications are adapted to intraoperative
detection.  Methods of localization and therapy of tumors and iafec-
tious lesions, and methods of organ imaging, using labeled aati-
bodies aand antibody fragments which specifically bind markers pro-
duced by or associated with tumors, infectious lesions and normal
organs or tissuyes. have been disclosed. inter alia, ias U.S. Pateats
4,331,647, 4,348.376, 4.361.544, 4,434,744, 4,460,561 and 4,624,846,

-and in related pendiag applications U.S. Serial Nos. 609,607 and

751,877, the disclosures of all of which are incorporated herein in
their entireties by reference (hereinafter, “the Goldeaberg
pateats®). These references also disclose aatibodies aand aatibody
fragments for use in the foregoing methods. together with methods for
obtaining them and for labeling them with appropriate radionuclides.

o _-

R



—
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or has otherw se been degraded. "In this context, the term"|label" refers

t o what ever

carrier for the label is used to bind the radionuclide to the

anti body, e.g., a Threlagtibpody oused as the primary imaging agent in the method
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of the present iavention may be whole IgG, IgA, IgD, IgE,” IgM and the

like, or a fragment such as, e.g, F(ab)2, F(ab)2, Fab’, Fab or the
like, imcluding isotypes and sdbtypcs thereof. It can be ‘a poly-
clonal antibody, preferably an affinity-purified antibody from a
human or an appropriate animal, e.g, a primate, goat, rabbit, mouse
or the like, or a monoclonal antibody prepared by conventional tech-
aniques, e.g., a murine antibody derived from. a hybridoma produced by
fusion of lymph or splees cells from a mouse immunized against a
cagcer antigen with myeloma cells from an appropriate immortal cell
line. It will be appreciated that newer techniques for production of
monoclonals cas also be used, e.g, human monocionals, interspecies
monocionals, chimeric (e.g., human/mouse) monocionals, genetically
engineered antibodies and the like.

It should be noted that mixtures of antibodies, isotypes, aad
immunoglobulis classes, including fragments, can be wused, as can
bybrid aatibodies and/or antibody fragments. The hybrids can have
two different antigen specificities, e.g, one arm biading to a tumor
antiges such as CEA and another arm binding to aoother antigen, e.g.,
CSAp. Or one arm could bind to one epitope on, e.g, CEA and the
other arm could bind to another CEA epitope. The foregoing are
merely illustrative, and other combiqations of specificities can be
eavisioned that also fall within the scope of the invention. Hybrid
antibody fragmeats with dual specificities can be prepared analo-
gously to the anti-tumor marker hybrids'disclosed in US. Patent
4,361,544. Other techmiques for preparing bybrid aatibodies are
disclosed in, e.g, U.S. Patents 4,474,893 and 4,479,895, and ia
Milstein et al., lmmunol. Today, 3, 299(1984).

Organ-specific and/or blood pool subtraction agests are used
in the preseat method to aid in evalwnating and compeansating for
noa-specific antibody uptake in and around tumor tissue. Suitable
such agents are disciosed, jianter alia, in the Goldeaberg patents
incorporated by reference herein. more particularly ia US. Patent
Application Serial No. 751.877. These include, but are aot limited
to, radiolabeled antibodies to markers characterisiic of lymphatic

tissue, organs such as liver, spieen, pancreas, and the like. Many

d
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which sometimes show an organ- restricted nature. Histogenetic and

fusctional differences betweea various tissues and organs of the body
10 of course suggest that distinct antigens are preseat and ideatifi-

able. A body of scientific literature already exists which claims

the identi- fication of organ-.specific antigens, either using

classical immunization approaches or by immunizing with specific

tumors, and this is reviewed by Goldenberg et al, Cancer Res, 36
15 3455(1976), shawing that such antigens are known and available.

Similar organ- and tissue-associated and specific antigens are
identifiable by bybridoma methods which produce monoclosal aati-
bodies. One receat development is the production of human hybridoma
mosoclonal aatibodies by securing lymphocytes or plasma cells from

20 patients showing certain organ-restricted autoimmune diseases, e.g.,
thyroiditis, gastritis, ulcerative colitis, mvositis, and the like.
These antibody-producing cells are then fused in vitro with bhuman or
murine myeloma cells and hybridomas capable of generating appropriate
anti-orgaa aad anti-tissue antibodies are produced and propagated,

25 using well- kaowan methods.  Also, - patients with specific tumor types
can be used as a source of such lymphocytes or plasma cells, or such
patients can be further tmmunized with such rtumor cells for stimu-
lating the production of anti-organ and anti-tissue antibodies. The
lynphatic tissue removed is then used for fusion with suitable

30 myeloma cells, by procednres which are by now widely knowa and con-
ventioaal in the art. .

Organ associated and organ-speéiﬁc antigens can be isolated
for immunization of another species. e.g., sub-human primates,
rodeats, rabbits, goats, etc. by a .sumber of methods koown in the

35 art, such as isolation of cell membranes or disruption of the cells,
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I mage. —th contrast to the foregoing techniques. the nethod of
t he present mvg,;;tsha_nﬁammﬁacﬂnvol ve processing of i nmages—heth-target

specific «and n ific Rat her. it enabl elsTH®E SHETEAAS BEEN
cl i nici an, throuﬁ!ﬂﬂ of an intraoperative prjobe . @&EPancepndo-
scope, to scan a suspected tunor’ Efbmﬁh'relativé

the level of counts, or the differences in counts in selected

6 scan sites and the ratio of tunor to non-tunor counts, to nore pre-

cisely discrimnate tunor tissue fromnon-tunor tissue and thereb
e.g., by centrifugation, sosication, etc., to obtain intracellular

antigens. It is preferable, for these purposes, to use iatracellular
as opposed to surface and extracellular antigens. In this manaer,
organ-associated and organ-specific antigens can be obtained from a
S large number of tissues and organs of the body, including brain,
thyroid, para:hyfoid, larynx, salivary glands, esophagus, broanchus
and lungs, heart, liver, pancreas, stomach aand iatestines, kidaey,
adrenal gland, ovary, testis, uterus, prostate, etc. Of {further
interest is the differentiation of different tissue and cellular
10 components within an organ, such as tubular aand glomerular kidaey,
different regions and cell types of the brain, endocrine and exocrine
pancreas, etc., especially by the idemtification of antigems aad
antigen epitopes restricted to the individual cell aad tissue types
in questioa, as accomplished with polyclonal and/or
15 hybridoma-monocional antibody-production metheds known in the art.

' Examples of antibodies which specifically bind to Iymphatic
cells and/or tissues include, but are not limited to, the T101 musine
monocional anti-T-cell aatibody reported by Royston et al, Rlead
S4(Suppl. 1), 106a(1979); and the T200 anti-lymphoreticular csll

20 monocional antibody whose specificity was reported by Hsu et al, Am,
J. Pathol., 114, 387 (1984). Other antibodies to T-cells and
B-cells, which can also be wused for ‘such agents, include, e.g., the
B1l, B2 and BA1l anti-B-cell monoclonal antibodies reported in Hsu et
al., Am. L Clig. Pathol., 80, 415 (1983), and in Hsu et al, Am, 1

25 Pathol, 114, 387 (1984); the OKT10, Al1G3, HLA-DR and Leu 10 mono-
clonajs reported in Hsu et al., Ibid; aad anti-lymphocyte mono-
clonals reported by Foon et al, Blgod, 63, 1 (1982), LeBien et al,
L. lommunol, 125, 2208(1980), and Beverley et al, Exr. I Immunol,
11, 329(1981). |

30 ' Again, the antibody may be whole 1gG, IgA, IgD, IgE, igM and
the like, or a fragment such as, e.g, F(ab')2, F(ab)2, Fab’, Fab or
the like, imcluding isotypes aad subtypes therecf. It cam 'be a poly-
clonal or a moanocional antibody, preferably aa affiaity-purified
polyclonal antibody or a2 monocional antibody prepared as described

35 bereinabove for primary antibodies, including chimeric, geneticaily

engineered, human, interspecies and the like. Again, mixtures of
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scans at didiggr eget hpbemallsmf;a Ica/uzn@r tmeqtn:donam‘: mrcmarypeamucm&( and/ or
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to coinci delyu;:hhad:fneamgpsmb hitxigadmlght By taking a bl ood sanpl e at

i I f f h

intervals after iiAGLIMLO" 2ECUMY AT DO of NGcNGENT TAbIARGE

r adi oact|V|ty in circulatron can serve as an
for surgeryageags | piacgopbent poereradimt km Heppkiationsystem and also are

scavenged by the reticuloendothelial system (RES) and are cleared to
10 the liver aad spleen. Examples of suchk radiocolloids include, but.
are not limited to , e.g, Tc-99;antimony sulfur colloid (Te-ASC),
Tc-99 suifur colloid, Tc-99 stananocus phytate, Au-198 colloid, Hg-197
sulfide colloid, In-111 phosphate colloid and the like, as well as
other types of agents, e.g., radiolabeled liposomes, reported in the
15 literature. Other colloidal preparations using radionuclides other
than Tec or Au caa be used, e.g., colloidal In-111, Ru-97, Ga-67, and
the like, or colloids incorporating I[-131 or [-123. Such prepara-
tions are comventional and well known o the ordinary skilled artisan
in this field. Sée, .3, Rayudu, "Radiotracers for Medical Applica-
20  tionms, Vol. I" (CRC Press, Boca Raton, Fla., 1983). -

Suitable blood po_ol and interstitial subtractiomn ageats
include, but are nort limited to, radiolabeied salts, e.g.,
99m-TcO,", radiolabeled soluble proteins, e.g., 99m-Tc-human
serum albumin (HSA), radiolabeled blood cells, e.g., 99m-Tc red blood

25  cells (RBC's), 111-1n white blood cells (WBC's) and the like. -

The subtraction agent, bere used as aa organ, blood pool or
interstitial fluid contrast agent, defines the organ, blood pool
region or interstitial region with a diffusely distributed area of
radioactivity.  Foci of accretion of the specific label are detected

30 as enbanced areas against a background of reduced diffuse label of
the subtraction agent. '

Another method for compensating for backgrouad radiation due
to aoa-specific ubtake of antibody by tumor and other tissues is to
use “normal*/"irrelevant” immunoglobulin, labeled with a separately

35 detectable label, as a subtraction agent. By “irrelevant® immuno-
globulin is meant immunoglobulin which does pot bind to cancer
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andf & Silether a Wond antibody is indicatéd.

of a radionuclide | abel et erapeutic and di ag-

permts further reflistheeenis d, A f or egoi ng tech- niquesj Q@ﬁam%cm
anti body | abel ed ¥fng both beta and ga em SSEEIN D
appropriate energie ﬂ surgeqa 0 detect and foct—of—hi
activity, using prinmaril -em ssion, and at the sane tine to
permt areas of slightly elevated activity to benefit from the :

t herapeutic, i.e., cytotoxic to tunor cells, radiation, primrily the

beta em ssigh;zdl d&éﬁégeEnIxE&?se ﬂéﬁé‘ﬁti@r vAd eiﬁ‘é" g&l Rl kAN 1biGA! m"‘”t

The short-range tunDr tection accord |ng - tion uses
det ector capl evbichdedaset pay suhstantially chipdt ag foﬂm dissues, serum com-

poaents or other substances in the body, as a result of specxfu:

antigen-antibody bindiag to the hypervariable/idiotypic region of the

5 immunoglobulin.  Thus, ideally, a specific antibody and an irrelevant
immunoglobulin, preferably but not necessarily of the same isotype
and similar secondary and tertiary structures, should have substan-
tially comparable biodistribution excep't. where the specific antibody
forms a complex witk its complementary aatigen.

10 Suitable such irrelevant immunoglobulin subtraction agents for
use with specific aati-cancer antibodies are disclosed in the Golden-
berg pateats, especially US. 4,348,376 and U.S. 4,444,744, as are
suitable radionuclides that can be paired for use in 'this method,
ways to bind such radionuclides to antibodies, and ways to introduce

15 such ageats for effective imaging. It should be understood that the
presest invention is not limited to particular irrelevant immauno-
globulinas or pairs of radionuclides. Rather, any pair of labeled
'specific antibody and irrelevant immunoglobulin having separately
detectable labels can be used, provided that the radiolabeling is so

20 effected that the kimetics and distribution of the radiolabeled
primary 'antibody and indifferent immunoglobulin in the patieat are
substantially the same during the time period required for scananing.

Various techmiques can be cmplo.yed to use the differences in
counts between the radionuclide label of the specific primary aati-

25 body at different sites and the relative differences in counts
between the radiomuclide label of the irrelevant immunoglobulin at
those sites to compensate for non-specific antibody uptake. These
techniques will involve elements of statistical analysis, starting
with an ideal case and proceeding to the types of corrections

30 ne'cessary to compensate for deviations from ideality found in real
intraoperative and/or endoscopy situatioas. It will be useful to set
out an illustrative ideal case and examples of the types of correc-
tion factors which can be applied, but it should be recognized that
other comveational statistical approaches can be used which are

35 substaatially equivalent.

The model case will use a specific .antibody binding to a
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ra “qbg ppound__to the primary antibody. The radiptT/UB87f08384be
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.exanple a gamm e for such a function ha HH@bHEHDH]ASQBéEW
Aitken et al., Immm{ﬁtum 27 279-282 (1984). ese REPLACED ‘U
describe a hand he obe usit®g- a cadm um tel

scintillation crystal, a preanplifier and an anpli- fier with a digital
readout displaying the radi oactive counts (Radia- tion Mnitoring :
Devi ces, Watertown, MA.). The scintillation crystal is housed in a

16- m di anet Qiné&aduﬁ@éénl NB4A@T 1¥Bdibd a whthmiazer tus B-I-Alb), S addvi iveeléagabeen

shown to detect tu i ol abel.e I njacte
i nt raperit on&BPUFos 3{‘\'6" P’th‘g% lfP iy &ingﬁ‘k??gue f.lrehom%gé’rwﬁng S§H2Unor
tissue. No stMsacxmdonrelmnoemancemﬁH chearwsade tonarslatsethsr se!ggt,tgte!@ by

these aut hOEsrmﬁﬂhoMﬁmepy: s$8€ Qplisige %B‘%h t hgn du&hoa SiNs8é C3be PEcedure
suggest ed. urthner e et od requires ong ge | ays between injection and

probi ng,d wi t Hbﬁp’ﬁédl ctable results obtained frompatient to patient.
It will be appareni «f 3itligb Activitgriy £da-idnbat tikeé;i san  that other such

detectors can be usedlﬁr}dNtactxvxttyhi% ggx}-?ucx}xgrrnlss% ,not limted to
A = 131-I-Ab activity at putative tumor site;
B = 123-I-N activity at putative tumor site.

10 Assuming that the amount of 131-I-Ab activity is equal to the amouat
of 123-1-N activity initially (or that the relative activities are
normalized), and that their non-specific uptakes are the same but
specific uptake of 131-I-Ab in tumor occurs, it follows that, in the
ideal case: |

15 | - xly=1;

A/B>1 and A/B > x/y at a tumor site;
and that, when A and B are determined at a tumor site:
Alx>1; Bly=z1;, and A/xzB/y.
In an ideal intraoperative or endoscopic scanning procedure, a

20 probe able to separately detect radiation in two channels correspond-
ing to emission from the primary antibody label aad the irrelevant
antibody label, respectively (assuming no scatter for the moment), is
first placed over am area, preferably several areas, of normal
- tissue, then moved to a site of suspected tumor. The following

25 operations are effected:

1. Confirm x/y = 1 (deviations from ideality corrected infra);

2. Determine A/B from counts in the separate detector channels;

3. When A/B > 1 for the suspected site, it is likely that tumor
tissue is present at that site.

30 This ideal model can easily. be corrected/modified to take
accouat of, e.g:

- Biodistribution differences of Ab and N;
- Isotope sc#::er;
- Physical decay and isotope ratio variance.
35 To correct for biodistribution differences, i.e.,, the situ-

ation where x/y departs from unity, the value of x/y in a representa.
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It will be difficult to correct for scatter if emissions from both

 Bmtyoomntpmmsel

labels cross over into the channel for the other label, and it is
strongly preferred that substantially only ome of the two radio-
10 nuclides used to label the immunogiobulins, at most, crosses over
into the channel for the other label. Assuming that such is the
case, an empirical determination is made of the cousts in each
channel for a known amouant of the radionuclide label that crosses
over, aad a correction factor, bherein denoted "s", is calculated.
15.' This factor must be applied to correct individual values for x and y
at a particular site before x/y is determined, and must similarly be
used to correct A and B before A/B is determined.

For example, if the label on Ab shows crossover to the chanael
for the label on N, an empirical determination is effected using the
20 - Ab label alome, and the proportion of counts in the N channel rela-
' tive to the Ab chanpel, s, is measured. Later readings of couats in
the N channel, in the'presencc of both the N and the Ab label, again
assuming substantially no crossover of the N label to the Ab chanael,
must be reduced by (s)(x) or (s)(A) counts for determinations of y or
25 B. -
To correct for physical decay and isotope ratio variance, the
initial isotope activity ratio, "p", is determined, and thea the
rates of decay of the two labels are used 1o calculate the expected
activity ratio at a later time, t, at which the readings are effected
30 in normal and suspected tumor tissues. For example, if the activity
of 123-1-N is 10 times the activity of 131-1-Ab at the time of injec-
tion, and a reading during surgery or endoscopic examination is made

.24 hours after injection, the corrections are made as follows:

At injection, x/y = 1/10. '

33 The 123-1 bhalf-life is 13 hours and the 131-I half-life is 8
days; so that after 24 bhours, only about 1/16 of the activity of
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Suppose the crossover of counts from the Ab channel to the N

5 channel is 35%, and that the actual readings for x aad y in a region
of normal tissue are .

Ab chanzei = 1000 counts (131-I);

N channel = 4000 counts (123-I). .

The reading in the N chamnel is corrected by subtracting for

10 crossover, so that: :

x = 1000 couats; and

y = 4000 - [(1000)(0.35)] = 3650 couats.

It is gow seen thet, at t = 24 bhours,

x/y = 1000/3650 = 0.277.

1§ ..Absenz unequal biodistribution, we expected x/y to be 0.367:
therefore,

r = 0.367/0.277 = 1.323.

The probe is then positioned over a site of suspected tumor
tissue, and the process is repeated.

20 The readings in the Ab chanmel and the N channel are takean,
and the 24 hour time is assumed invariant.

The reading in the N channel is corrected for crossover.

The ratio of the corrected readings in the Ab and N channels
is calculated, aand the biodistribution factor, r, is applied. The

25 result, denoted A/B, is compared to x/y. If A/B is greater than x/y,
then the site is considered to be a tumor tissue site.

Still more sophisticated corrections can be iatroduced into
the model to account for other departures from ideality in actual
detection situations. There: will be some atteauation of signal for

30 different thicknesses or compositions of normal and tumor tissue.
Thus, several measuremeats of x/y for normal tissues may yield
different corrected values because of unequal effects of these
parameters on the two aniib‘_odies or radionuclide labels. It may be
necessary to select a set of parameters from a library of such

35 parameters determined in normal tissue, so that the various correc-

tion factors most closely approximate those for the type of tissue
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whepedeiessary~.and/or fitted with a window at a known diStaAce iromits

term nus, wTh%—ﬁH—l—l—am:&n crystal housed therein. Vari ous ot her

nodi fi cat kon afant at ions ofi.the foregoing will be cHt=y—api
the ordinary s N 8splcedi 1y | j ght of the parti cul ar| TetBISHBET HAG BEEN
situation. Ho ﬂ od of the&oresent. i nventiorn| is n®EALAGEDed b

any specific ion detettor. - Rather, a :
is capable of detecting radiation emtted by an antibody | abel
| ocalized in tunor tissue can be used. The probe can be used in the

form of an endoscope, and in- serted into a body cavity through an orifice.
such as th&cansed-h, Hodbe sariatiamuin ofbeyaxlwg. of ThY tier mormaliotissmse is s

herein useqi@ARe-a I hAoy rdnge, 'R Qhay Osuf@ite aR2lthKe Bt rAdpgRA vatpgloscope,
an orally  intro- duced bronchoscope. a urethrally in{roduced cystoscope,
or the |ikeheregh ¢ o Fprgher; HREOT £OTISEHERS t (Qfr ARPATLUTES, nfToEY ¢ MeabibY 0Bf ess in
m ni a- turbeklri Gorkfl moNpPbecieteady t Bei fcetthid | Eased, 0 but achésee witk vet hod of

the presant _invention wll_ be enh d gs .a. functipn of the devel op- nent
of sui taebsl §/°“r#ic/’r oﬁ??ﬁ'ﬁ%r |t°ze§h°coﬁ%'8fr:? ntcg"?’(%'r“t hla"s&{)"yf T P hsPrORR at i on.
Highly i physicianzesbd prelbewithim chhe codimnrybekill b suclusedrofessionall arl y.
e.g., Via gai hel&F Sikiusidi #s! KAthidr el BPoadUi ki Cof OfheUSFede: t {HelEt hOd Of

t he inventi.on. The radi onuclide | abel used for detection agents
according 8% the method of the present invention is preferably an isotope
wth a The final processed readout from the dual channel probe caa be

10 provided to the surgeon or clinician in a variety of forms. For
example, when the value for A/B at a suspecied tumor site exceeds
that for =x/y, applying the necessary corrections as set forth above,
the physician can select a level of difference which he considers
‘significant, generally at least 15% of the unormal value, preferably

15 at least 30%, and set the probe to give am auditory or visual signal
when that level is attained at amy particular locus in the course of
. a scan.

The probe can be combined with surgical removal of detected
" tumor tissue, and this is the conventional mode of operation in

2, second look surgery. Another possibility for such surgery, and
especially for endoscopic procedures, is to combine the probe with a
laser device that could use the signal generated by the probe to
indicate where laser irradiation should be directed to selectively
destroy tumor tissue.

25 Suitable laser devices, combined with fiber “optic transmis-
sion, are well known in the art. Representative examples thereof are
described, inter alia, in, e.g., Dixon, Lasers jin Sugrgery, in
"Current Problems in Surgery”, Pgs. 1-65 (Year Book Medical Pubs.,
Inc. 1984); Fleisher, Arch. Imtern. Med., 144, 1225-1230 (1984); Wood

3 et al, Am, J. Gastroepr, 80, 715-718 (1985); and Hunter et al, Am.
L. Surg, 148 736-741 (1984). Three types of - lasers are curreatly
in - fairly widespread use for medical therapy, namely the argon,
carbon dioxide and neodymium-YAG (yttrium aluminum garner) lasess.
As noted by Fleischer, Nd-YAG and argon lasers have been used with

32 fiber optic waveguides, although it is likely that further advances

in CO, laser technology will- permit its use with fiber optics in
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9 wagpuesdiadi ati on em ssion peak in the range of 50-500. Kews: pobssgarily

because he state—of the_art-for—radiation detectors currently favors such
| abel; s Suitable such radionuclides include, e.g., |odine-131,

| odi ne-123, | odhiash B ; 33, Bromne-77, Indiuml o, TI3n
Copper-67, Galli -68, Rut heni um-95, Rut h_enlr ‘dlﬁh fgt‘ HABB EEN
Rut heni um 103, Mer cury-‘]?@?‘, Mer cury-203, | %P

Rhodi um 101, Rhodi um 105, Tellurium 121m Tellurium 122m TeI I ur| um

the near future.

The foregoing refereaces show that lasers have been used for
therapy, ia conjunc.tion with endoscopy, both in coagulative and in
ablative modes, including ‘their use for tumor therapy. The use of

5 lasers and endoscopy has advantages where surgery is contraindi-
cated. Used in conmjunction with RAID in a combined endoscopic
procedure according to the present invention, greater precision aand
mitigation of damage to normal tissue is achieved.

The use of second antibody clearance to eahance imaging of

10 tumors and infectious lesions usiag an extermal radiation detector, -
¢.g., a gamma camera, is disclosed in Goldenberg Patea: U.S.
4,624,846. This refereace provides ample disclosure of types of
antibodies and sources thereof for use in clearance of primary
antibodies and/or their labeling moieties from the circulation to

15 reduce background cadiation and to enhance imaging.

 Second antibody clearance imcreases the localization ratio of
the labeled primary antibody in tumor tissue. It is used in the
present ianvention to reduce non-specific background radiation. As
used herein, the term “localization ratio" means the ratio of target

20 to. non-target activity of .the radionuclide used to label the primary
antibody. In genmeral, the’ method of the invention will increase the
localization ratio by at least about 20%, preferably at least about
50%, and often by a comsiderably higher factor, within about 2-72
hours following injection of the second antibody. Geanerally this is

25 accompanied by a reduction in the level of circulating labeled
primary antibody by about 10-85%, preferably by at least about 50%,
and often higher, within about 2-72 hours followzng injection of the
second antibody. _

It will be understood that the second antibody used for

30 clearance of primary antibody and/or its labeling moiety can be whole
iinrnunoglobulin ‘or an immunoglobulin fragment, as disclosed for the
related clearance method - in U.S. 4,624,846. The admiaistration
protocols and other strategies for further enmhancing localization and
reduciag backgrouad will be similar to".those disclosed in the

35 aforemeationed reference for second anmtibody clearance in imaging
procedures. and the skilled @elinician will recognize those factors
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is determined, so that the effu:acy of clearance and the level of
circulating label can be observed. This will indicate the best time
for surgery or endoscopy, and/or the need for repeated injection of
second antibody to further reduce the level of circulating label.
For exampie, when the level of. circulating primary antibody label is
reduced by at least about 75%, preferably by at least about 85%, or
even more,’ the interference of background radiation with the short-
tange tumor detection process will be mianimized, and surgery will be
optimal.

It is again emphasized that combinations of subtraction and
second antibody clearance can be used to further enhance the efficacy
of backgrouad reduction and correction for non-specific uptake of
label provided by the herein disclosed aspects and embodiments of the
inveation, and that such combinations fall within the broad scope of
the present invention. '

Without further elaboration, it is believed that oaze skillc_d
in the art can, using the preceding description, utilize the presenf
inveation to its fullest extent. The following preferred specific
embodiments are, therefore, to be consirued 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.

EXAMPLE 1
Intraoperative Tumor Detection
A male patient with a sigmoid colon caacer, as diagnosed by
sigmoidoscopy and biopsy. is _injected intravesmously with J-131-

um -111,

I ke. Lt wll enera Y. referable
i ingiefien

*8f the

net hods
ragments
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. 4, 3MOAB04537 348. 376. 4.361.544, 4,444.744, 4,460,561 aRGT/USEHA3®A6  and
in related peWU S. Serial Nos. 609,607 and 751,877, _the
. discl osures ofpakl of whi ch are_incorporated herein in I i AEhEES
by reference é;m“;he Gbldenberg patents. _Hﬁ$SHé%12ED
references als ti bodi es “anti body f
the foregoing her with met ods for obt ai ni ng them and for

| abel i ng them wit h approprl t e .radi onucl i des.
The anti body used as the prlnary |nag|ng agent in the method of

10
t he present

10
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35

| nventi on_may be whol e Igb gb, IgE, .IgMand the
labeled murine ‘monoclonal ant ody o carcmoem ryomc antigea (CEA)

(3 mCi 1-131; 1 mg aatibody immunoglobulin-G F(ab’)z) and irrele-
vant murine IgG F(ab’), labeled with I-123 (8 mCi; 1 mg IgG frag-
ment). The patient is scannmed with a gamma camera and the site or
sites of tumor are imaged according to the methods of Goldeaberg
Patent No. 4,331,647. At a time when the optimal differentiation of
1-123 irrelevant activity from [-131 specific (tumor) activity is
achieved, usually within about 24 hrs, the patient undergoes surgery
for removal of the sigmoid colon cancer and any other sites in re-
gional lymph nodes, in- the liver, or elswhere. This is achieved by
passing a sterile probe over the viscera. The probe bas a cadmium
teliuride sciatillation crystal, collimator, preamplifier aad ampli-
fier, similar to that reported by Aitken et al., gg. git, but is
mo.dified to include a comparator circuit capable of selecting oaly
the high energy 1-131 band in one chanmel or a total gamma counts
band on an alternating basis, and a dériv}ed difference readout,
corrected for scatter as described hereinabove, correspdonding to
the I-123 counts in a second channel.

The probe signals are processed to produce a2 reading corres-
ponding to the ratio of counts in the 1-131 chaanel to those in the
I-123 changel, corrected for the decay  rates of the radioanuclides,
and normalized to uaity at represen:a’:i:ve oon-tumor sites. The
proéessed readings are translated into 2a digital recording and an
auditory signal, such that a significant’ increase in the ratio of
gamma ray counts of specific aantibody 131 over backgrouad I-123
results in ap increase im auditory pitch. An increase in counts
ratto and signal of at least 15% relative to non-tumor areas is noted
in this patient at the site of the sigmbid colon mass and extending
to a distance of about 1.5 c¢m from the gross margins of the tumor.
The tumor mass is surgically resected, together with a section of the
sigmoid colon extending a distance of 1.5 cm f{rom the gross margins
of the tumor on all sides, at which distaﬁce the ratio of counts was
not more than 5% higher than the normalized baseline ratio. Also,
two mesenteric lymph nodes give at least 15% increased signals and
are resected. For control purposes. six other regional lymph anodes
without increased signals are also resected.
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The, e |ng are nerely, illystrative,
digtantpdise 1 DL FOI0% EARFEDREMIIsN Rt 0 uPRE s TSR the ¢ he
scopel®f theparemniupono osd byead afrer boogerdy; agoreenidendet lof direhal sereciistast ti es

;eegxrmleo'of the cancer is found, despite repeated CT scaas amd
laboratory tests for circulating CEA and liver function.

EXAMRLE 2

Endoscopic Tumor Detection and Therapy

(A) A man with a history of multiple polyps is admitted for coloa-
oscopy because of a recent positive hemoccult test for the preseaee
of blood in his stool. A dose of murine monociopal antibody against
colon canmcer-associated antigen labeled with 1-131, is injected i.v.
(3 mCi I-131 with 0.5 mg IgG protein), and 6 hrs later, 12 mg of goat
antibody against the murine monoclonal antibody (anti-antibedy or
second antibody) is injected to rapidly clear the nontarget (cireun-
lating and background nonspecific) radioactivity. On the gext day,
approximately 16 hrs after administration of second antibody, the
patient undergoes colonoscopy, using a colonoscope equipped with a

radiation detector capable of measuring gamma radiation emitted by

the radiolabeled 'a"ntibody deposition. The detector comprises a-

cadmium telluride scintillation crystal mounted on the tip of an
optical fiber waveguide. The optical fiber is housed within a
shielded tube which itself is inmserted imside the colonoscope and
extends to within about 4 mm of the open end thereof, the remaining
length of tubing serving as a collimator. The other end of the opti-
cal fiber leads to a photomultiplier, a preamplifier and amplifier,
and means to convert the resultant signal to a ‘corresponding auditory
signal.

The gastroenterologist- examining the colon with the colon-
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| gousz;s) ?tgﬂﬁ,?g anti-tunor marker hybrids disclosed in U S.PCBJPERPIUA§§%1, 544.

. her techniques for—preparing hybrid antibodies are disclosed in,
e.g.,; U Sa s%ﬂ ?H 474 893 and 4,479, 895, and i nvtstein—mt—al

| nmunol . To Or gan- speci fi ¢ anfl/ oS [@HEed HEOBEEN
subtractlona |nthe preseps -.met hod to ajjd i n R&RILAGED ng and
conpensat i ng | c antibody wuptake in a

tissue. Sui tabl e such agents are disclosed, inter alia, in the Gol denberg
patents incorporated by reference herein nore particularly in U S. Patent
. Application eals £5dmBi{7 U u t ted to,
radi ol abel ed o§§c{]p][ | b'o'%i?essx }m e g}?ﬁ?@dﬁf&ﬁ e?}ﬁg;PCB {_&TJLQ ﬁgtzlmc ssue,
organs such fsem| ?%r‘“’sﬂﬂ"é&ﬁn 3&5’ar§EPebF§$"arl€F‘°Rsh@“Wfku momnyan 1 cm

in diameter. The radiation = detector shows an enhanced sigmal oaly

over ome of the iwo larger polyps, this signal appearing at least
5 five times bhigher than bickground signals or those over the other

polyps. A total of 5 polyps are removed by means of loop inserted in

the colonoscope, extracted through the colonoscope and processed for

histopathology. It is found that all but the ome having a high

radioactivity sigmal are free’ of cancer cells. The affected polyp
10 had a nodule of adenocarcinoma of about 0.3 cm diameter.

(B) In another case of colonoscopy similar to the above, a patient
receives murine monoclonal antibody agaiast colon cascer-associated
antigen (labeled with 1-131), followed by a single dose of rabbit
antibody against the first murine anticancer asatibody. A siagle

15 small polyp of about 0.7 cm in diameter is found to have an increased
1-131 signal. The colonoscope is equipped with a fiber optic laser
used to deliver a laser dose that coagulates the entire poiyp.

. EXAMPLE 3
intraoperative Cancer Detection

20 A woman with ultrasound suspected ovarian cancer receives an
i.v. imjection of I-131-labeled anti-ovarian cancer murine monoclonal
antibody (3 mCi I-131; 1 mg IgG F(ab’);) followed 24 hrs later with
20 mCi Tc-99m-labeled T101 aati-T-cell monoclonal antibody (1 mg -
F(ab)y) i.v. Within the next 24 hrs the patient undergoes lapar-

25 otomy and an ovarian mass on her left side is removed.

Prior to excision, the radiation detecting probe described in

Example 1 is passed over the viscera and between the organs of the
abdominal and peivic cavities. The ovarian mass indicates the high-
est relative activity of I[-131 relative to Tc-99m, and this increased

30 signal is evideat to the surgeon by its sound. The surgeon also
passes the probe throughout the cavity, and several Ilymph nodes
clearly show activity, occasionally even higher than the tumor mass
at the left ovary. This is because the T101 antibody selectively
localizes in lymphatic strictures, thus coastituting an organ-
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extracts and/ is well kmguwn that use of “romers—ss—trmmunagells
can result in_anti bo | h not only react with neopl asia but al so W th

normal tissue conponents which sonetines show an organ- restricted
nature. Histogenetic and functional differences between various tissues

and organs ¢ ilthe Q?gﬂt of %‘é'ﬁ@e S&'gg?eite tﬁ%&.\sd'ﬁt'ﬂﬁvxfwt 59? k1N

present and | dent i of scient ure al ready
exi sts whi cHmPRats r’rEa"'E‘Wémf%n{‘?“‘"flf ciit |‘tﬂ‘|°°bf agr g‘aﬁx SﬁE‘CI‘PR?'Eﬁﬁ!ch@HQ

ei ther usingxl as:sd.eabumwmmai l Qﬁca Efe Odighyl | THANEULZAd O 19th ph
specific tunors this i b nber et al ncer, Res,,
36 3455( 197 ”? 8%2%9% t‘ﬁat°b§11 -t 8 i q?’ R TN g@‘f‘e six
Si m | ar3or ghewingdas i 3scmasstosigapbdadnchsgecicinoant icgaadexucarcinoma
consistent with the primary ovarian tumor, and correctly identified
at surgery with the radiation probe. Since the five positive lymph
nodes are in a more retroperitoneal cluster of an area showing
generally increased signal with the radiation probe, this area is
10 marked for external beam radiation therapy after removal of the
implicated nodes.  Therefore, while the abdominal cavity is exposed,
an intraoperative radiation therapy course iavolving the delivery of
a circumscribed high dose of radiation (approximagely 6,000 rads) is
instituted.

15 The preceding examples can be repeated with similar success by
substituting the generically or specifically described reactants
and/or operating coaditions of this invention for those used in the
preceding examples. .

_ From the foregoing description, ome skilled in the art canm

20  easily ascertain the essential characteristics of this inveation and,
without departing from the spirit and scope thereof, can make various
changes and modifications of the inveation to adapt it to various
usages and conditions. '

g
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i denfyid by hybridoma nmet hods which produce nonocl ong C’?ﬂ} | o | es
" One recgﬁbk%gvel oprment—-s-the production of human hybridoma ﬁ#géﬁggéil
ant i bodi es by secu hocytes or plasna cells from pat ients showi ng.
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ul cerative colitis, m ”mﬂmhe | i ke. .. These antilp g‘ﬁls X E%Sé%é‘{ S
are then fused in vitro vmth héimah or.zsu.rl ne nyel oma ¢

capabl e of generating appropriate anti-organ and anti-tissue antibodies are
produced and propagated, using well- known nethods. Also, patients with

specific tunor types can be used as a.source of such |ynphocytes or plasm
cells, or 4acdrp @Lq.m,?ﬁqg be further inmunized with such tunor cells for

stimu- lating epro uction of anti-organ and anti-tissue antibodies.
The | ynphatic tlssue renoved is then 'used for fusion wth suitable
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interior of a body cavity of said patieat is scanmed at close range

with a radiation detection probe, and the sites of accretion of said
labeled antibody are

61 2 2615486:#2/(/90O

located by detecting elevated levels of

radia-
tion at said sites with said probe,

10 the improvemen: comprising injecting said patient parenterally,

either concurrently or sequentiaily, with:

(a) a contrast or

subtraction agent radiolabeled with a radio- - -
isotope emitting at an energy which is separately detectable from

=

. . : o s ) . /‘&5‘
the primary aatibody label using a radiation detection probe; ga
15 radiation detected from emission of the coatrast or subtraction -5‘_%
agent being used to better define the tumor, wherein: 6%’

) S

(i) said contrast or subtraction ageat comprises an organ, _-//’—?3

blood pool or interstitial fluid non-tumor- specific con- :/:;%

trast agent, and the resultant diffuse distribution of the _ s

20 comtrast ageat is used to define the orgaa, blood pool or

interstitial region, whereby foci ‘of labeled primary anti-

body activity are enhanced and better discriminated agaiast
a background of reduced diffuse conmtrast agent label acti-
vity; or

25 (ii) said contrast or subtraction agent is a dual

isotope
correction ageat comprising

irrelevant immunoglobulin from
the same or different species as that

primary antibody, the irrelevant
labeled that the - kinetics

used to prepare the
immunoglobuiin being so

and distribution of the radio-
30 labeled primary aatibody. aad irrelevant immunoglobulin in
the patient are substantially the same during the time
period required for scanning; and wherein the ratio of
primary antibody label activity to irrelevant immunoglobulin
label activity at a selected site is compared to said ratio
35 at

a ksown non-tumor site, whereby an elevated level of
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antldéHS“’"H“rs preferable, for these purposes, to use int r'acel"t‘ur‘a-?"*as
. opposed tp surface and extracellular antigens. In this manner; - T

or gan-associ ated and organ-specific antigens can be obtained fr RediRED
" nunber . of tlssue‘mﬂl‘(ﬂuﬂlmm’mm he body, i+cluding brZhigShe ﬁim ]
par at hyr oi d, nds gophagus bronch
liver, pancreas, "stdmath &nd® irtesti neg “ki dney, adrenal

testis, uterus, prostate, etc. O further interest is the
differentiation of different tissue and cell uI ar corrponents w thin an

organ, such as tubylar and &omrul aL ki dney, djfferent ons and cel |
types of the brai nPT&dEcratt ofyd kape rFﬁ"é""B&ﬁc Y enug bedyy py
the identificati oncamplart ifgemationd at said selected site can be dxscrum-

nated; . ‘

or (b) uniabeled second antibody which specifically binds the

5 primary antibody or the labeling moiety thereof, the second
antibody being injected at a time after the injection of the

primary antibody sufficient to permit specific uptake of the

primary antibody by a tumor in the body cavity, and in an amouat

sufficent to reduce the circulating level of the primary aatibody

10 label by at least about 10 - 85%, or to increase the localizatioa
ratio of the labeled primary antibody by at least about 20%,

within about 2 - 72 hours [following injection of the second
antibody, whereby background levels of nosspecifically distri-

buted primary aatibody and/or label are reduced in the body

15 cavity, and the sites of accretion of labeled primary antibody as
well as the level of specific uptake thercof are more effectwely

discriminated.

2. The method of claim 1, wherein said improvement comprises
injecting said patient parenterally, either concurreatly or sequen-
20 tially, with a contrast agent radiolabeled with a radioisotope
emitting at an energy which is separately de:ec:abl‘e from the primary
astibody label using a radiation detection probe; radiation detected
from emission of the contrast agent being used to better define the
tumor, and :aaherain said contrast agent comprises an organ, blood pool
25 or interstitial fluid non-tumor-specific contrast ageat, aad the
resultant diffuse distribution of the coatrast agent is used to
define the organ, biood pool or interstitial region, whereby foci of
labeled primary antibody activity are enbanced aod better discrimi-
nated against a background of reduced diffuse contrast ageant label

30 activity.

3. The method of claim 2, wherein said contrast agemt comprises
at least ome of a radiocolloid. a radiolabeled liposome, a radio-
labeled soluble salt, a radiolabeled soluble pratein or a radio-
labeled blood cell. o - |
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anti geg pes restricted to the individual cell and tiggye {Ypes.
. questi onﬁwjgg acconplished wth polyclonal and/or g ’""“4

hybr isdonmas mereel-onal—ant i body- pr oduct i on met hods known in the art.
Exanpl es of antibodi es which specifically bind to |y rrphﬁstﬂheetHsIBemTl#adr

y
tlssuesmcl ﬂ Ilmtedto the T101 nusin
anti-T-cell Hm"yﬂlum , Emmad by Rowst.on “et al,
106a(1979); and thé 200 anti-I|ynphoreticul ar cell nonoc onal ant i body

whose specificity was reported by Hsu et al., An L Pathol., 114 387
(1984). O her antibodies to T-cells and B-cells, which can also be

used for such ggentge mP@HMISL f1afm: 1t h@h?{e’m Bgaxﬁn%gﬁ]veml E°'1?§"l°§0 415

monocl onal anti bodies, reported in Hsu' et
(1983), anddi¢Fting , said aPatienty parentcrgllypagxhbgr ganpurragly (909844quenhe

GgTéO Al(Cjﬁu‘l'!'-,A Whaﬂd lsR® A1 idRN O, eﬁkol'?ﬂﬁlaﬁég@”‘ﬁih 'a(r)‘ ra'd?disot%? al .

| bi and _anti - | ymphoc n & onal s  epor t ed

Bl ood, 60 ‘f“(‘i’b%z%l B\F/‘éﬁﬁy g‘?‘ % is sePafAthlyo detegsaple }z('?ee(‘kssesmaand
Bever | ey etanaibodyEwabdl dsinging| ramuBRQ(dh%li)on probe; rAghitibn tdQectBdi body

f s)! h
e 0 thol b0 b0 Sepdibaniphle S4AE) ff 8, TG ©

subtypes t HBFedPmOr| { aRd, Whsseis pwid- sebsgtionr %SﬂPrbnticI%)ndPalamsodopdy,
preferably cafreafibh niagyatd Wonfpridingd Olrysibedial i ddRbbul@d’ BoRONAE! SNAk
anti body porr(apc:l;‘1 E‘Fegentasspggi%sc rlasb eéf;t used to prepare the primary an.ubody,
10 the irrelevant immunoglobulin being so labéled-.thaf,.'th"e_ 'kine;ics__hnd
distribution of the radiolabeled primary antibody and irrelevant
immunoglobulin in the patient are substantially the same dﬁring the
time period required for scanning; and wherein the ratio of primary
aatibody label activity to irrelevant immunogiobulin label activity
15 at a selected site is compared to said ratio at a known gan-tumor
site, whereby an elevated level of primary antibody label accretion
due to antigén-anzibody complex formation at said s'_elec_ted__site can

. be discriminated.

5. The method of claim 1, wherein said improvement comprises

20 injecting said patient parenterally, either concurreatly or sequen;

tially, with unlabeled second antibody which specifically binds the

primary antibody or the labeling moiety thereof, the secomd aatibody

being injected at a time after the injection of the primary antibody

sufficient to permit specific uptake of the primary antibody by a

25 tumor in the body cavity, and in an amount sufficeat to reduce the

circulating level of the primary antibody label by at least about 10

- 85%, or to increase the localization ratio of the labeled . primary

antibody by at least about 20%, within about 2 - 72 hours following

injection of the second antibody, whereby background levels of non-

30 specifically distributed primary antibody and/or label are reduced in

the body cavity, and the sites of accretion of labeled primary

aatibody as well as the level of specific uptake thereof are more
effectively discriminated.
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hesRIT rEYBUEY %Wnﬁ“ aftihodi es, * helUdi ng — chi meric, ‘genétically
engi neered, human, interspecies and the Iike. Agai n, m xtures of

13 anthbodies, rsotypes, and—nmunogl obul i n cl asses, |nclud|ng T
152%5“
or,

ments, can be_ u rj.d anti bodi es. and/ or élﬂnrslsb@eblasfgga,g(e
In particular, ]mm%jmﬂglﬂ& h Tlg% and T200 sp
hybri ds havi ng <l- ti-B- r SpeCIfICItI ecially
useful as lynphatic organ subtraction agents when | yrrp t ases
are being sought.

6. The method of claim 5, wherein a blood sample is taken
at periodic intervals after injection of said second antibody,
the level of circulating primary antibody label activity in the
blood is determined for each sample, and the time for surgery is

S . optimized bj selecting a time when the level of circulating
primary antibody label activity is reduced by at least about
85%.

7. A method for short-range eadoscopic tumor detection,
‘comprising injecting an endoscopy patient parenterally witk a
10 radiolabeled primary antibody which specifically binds a marker
produced by or associated with a tumor, scasning the endoscopi-
cally accessed interior of a body cavity of said patient at
close range with a radiation detection probe, and locating the
sites of accretion of said labeled antibody by detecting

15  elevated levels of radiation at said sites with said probe.

8. The method of claim 7, which further comprises injecting

said patient parenterally, either comcurrently or sequentially,

with:
_ - (a) a contrast or subtraction ageat radiolabeled with a
20 radioisotope emitting at an energy which is separately

detectable from the primary antibody label using a radiation
detection probe; the radiation detected from emission of the
contrast or subtraction agent being used to better define
the tumor, wherein: .

25 (i) said contrast or subtraction agent comprises aa
organ, blood pool or interstitial fluid aon-tumor-
specific contrast agent, and the resultant diffuse
distribution of the contrast agemt is used to define
the orgaz, blood pool or interstitial region, whereby

30 foci of labeled primary antibody activity are enhanced
and better discriminated against a background of
reduced diffuse contrast agent label activity; or
(i) said coatrast or subtraction agent is a dual
isotope correction _agent comprising irrelevant
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Racﬁl\qqqlsg §ls; can al so be used as organ-specific subtraction a ents si nce

t hey accrete in the lynphatic systemand al so are spaven‘gé’d‘ao
‘reti-oul oemdotheli-al—system (RES) and are cleared to the [iver and spl een.

Exanpl es of s radi ocol l oi ds include, but are not Imﬁ&dﬂmem@
Tc-99- ant i rng[j m m,lﬂﬂ”' (Tc-ASC), Tc-99 sul fur col
I d, Hg-297 sulfide colloi d &" Hhat e

st annous phyt
colloid and the I|ke ds felt as other types of agents,

| i posones, reported in the literature, Cther col I oi dal preparations
using radionuclides other than Tc or Au can be used, e.g., colloidal
In-111, Ru-97, GAiRhuadgldbdiif [ldok€eh®' sackd! b 'Qﬁéeieﬁf%q‘} Ie@t'fQQ 1- 131 or
1-128. Such prepara-_tions are conventjona nown to the _
ordinary skilled i 557 | 1P RUSPYTe fthg| @rimargoaantibody, thay dtfgle-

Radi ot racers for M delmuiiglobadin (BedilE, so/Olabeled ©&&RC thE € RfetfdoTA Rat on,
Fla., 1983). Su. o] o qol rstitial traction agents
include, but ar2™ n?tl}taﬁu?"’f‘e(f ‘3" 'Pgtﬂqﬁ? gﬁil BEmary) t‘§"g°’éyg ,

99m Tc err] , rasndl iselevants Gmpuogholotiizi niy, theg. patR@m T huwban ser um

| bumi n ( HSA | d | |
?RBquS)n’ (111) | nraﬁhﬂgﬂg Og% ?éﬂ@ dﬁﬁ'n%sthﬁ Sme %QH‘E:JC:JQ%‘?:J& QQS’ Ce S

subtraction agenic2PAif& ARdq ‘&E“&h“ Eﬂ"‘gaﬁm‘bl Bde“m?GY GP“PﬂGbr st itial
fluid contrast it actedityesto t hrelevgrn, idheubglo®Plin adben Or

interstitial regi 9&1.Wt§~h a@ gi fsfeﬂialdy sgtieStirsi tc):g}n%caire ef% O.rfaid ratio

10 at 2 known non-tumor site, whereby an elevated level of

primary antibody label aceretion due to aatigen-amti-

body complex formation at said selected site can be
discriminated;

or (b) unlabeled seécond antibody which specifically binds the

15 primary antibody or the labeling moiety thereof, the second

antibody being injected at a time after the injection of the

primary aatibody sufficient to permit specific uptake of the

primary antibody by a tumor in the body cavity, and in an

amount sufficent to reduce the circulating level of the

20 primary aatibody label by at least about 10 - 85%, or to

increase the localization ratio of the labeled primary

antibody by at least about 20%, withia - about 2 . 72 hours

following injection of the second anmtibody, whereby back-

ground levels of noaspecifically distributed primary aati-

25 body and/or label are reduced in the body cavity, and the

sites of accretion of labeled primary antibody as well as

the level of specific uptake thereof are more effectively

discriminated.

9. The method of claim 7, wherein a laser is used to remove

30 tumor tissue at sites of elevated primary antibody label
accretion.

10. The method of claim 8, wherein a laser is used to
remove tumor tissue at sites of elevated primary antibody label

accretion.
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Yi-aRONERQ Ciashlf : @cgu-ebi:0m:480% FHEEY 84BPYEREDC Pabel ar 8 203V EEPEE :

ggw %ﬁ%té‘r‘ - areas against a background of reduced di {fusg.;Jswhgalssef the
subt{actl.on agent.” AnoTher met hod for conpensatl ng for background

radi ati on du upt ake of antibody by t UrmfsSB&th R tll ssues
is to use ﬁmﬂH ﬂﬂl m mnt " i mmunogl ebulin, |ab I ed y ac"d
separ at ely detect as a subtraction agent ’ "

i nmmuno- gl obulin .is neant innunogiabulin whi ch does

cancer

REPLACEMENT SHEET antigens or
ot her antigens associated with the pat hol ogi cal IeS|on and which
does not suhl’t anthél k¥eholdi B clafim OT16%hikch S SuRBer SWMPFiset Oliject-

ing said patieat pareaterally, either concurrently or sequen-
tially, with a coatrast agent radiolabeled with 2 radioisotope
emitting at an esergy which is separately detectable from the
S primary antibody label using a radiation detection probe;
radiation detected from emission of the contrast agent being
used to better define the tumor, and wherein said coatrast agent
comprises an organ, blood pool or iaterstitial fluid noa-tumor-
specific contrast ageat, asd the resultant diffuse distribution‘
10  of the contrast agent is used to defime the organ, blood pool or
interstitial regior, whereby foci of labeled primary antibody
activity are enhanced and better discrimisated against a back-

ground of reduced diffuse contrast agent label activity.

12, The method of c¢laim 11, wherein said coatrast agent

15 comprises at least ome of a radiocolioid, a radiolabeled

liposome, a radiolabeled soluble salt, a radiolabeled soluble
protein or a radiolabeled blood cell.

13. The method of c¢laim 7, which further comprises inject-

ing said patient parenterally, either concurrently or sequen-

20 tially, with a subtraction agent radiolabeled with a radio-
isotope emitting at am energy which is separately detectable
from the primary aatibody label using a radiation detection
probe; radiation detected from emission of the subtraction agent
being used to better defire the tumor. and wherein said subtrac-

25  tion agent is a dual isotope correction agent comprising irrele-
vant immunogiobulin from the same or differemt species as that
used to prepare the primary antibody, the irrelevant immuno-
globulin being so labeled that the kinetics and distribution of

the radiolabeled primary antibody and irrelevant immunoglobulin

30 in the patieat are substantially the same during the time period
required for scanning; and wherein the ratio of primary aatibody
label activity to irrelevant immunoglobulin label activity at a
selected site is compared to said ratio at a known non-tumor
site, whereby an elevated levél of primary antibody label

/
/
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pongth 88Q4sHt her substances in the body, as a result of EPfiddfosa
antigen-anti de’y binding—t-e—the hypervari abl e/ i di ot ypi c—region

i mmunogl obul | eal ly, a specific antibody an an irrelevant
i mmunogl obul i ,M;Iwﬂ not necessarily of the ari@msget Beﬁmplat:ed _
simlar secon aryc structures, _shoul d have sub =
conpar abl e bi odi stribution except whdte the specific antl m
conmplex with its- conplementary anti gen. Sui t abl e - such | rre eva

I mmunogl obul i n subtraction agents for use with specific¢ anti-cancer
anti bodi es are disclosed in the Gol den- berg patents, especially U S

4,348, 376 capétidh Sdud, 464,&4&”%@&,,8%&@&&9 rR¢nanus! idesaidat can be
paired for met.hod, ways to bind such radi onuclides to

ant i bodi e‘§l‘°§§'ﬁo°'%a§ﬂs‘ fP‘bdfsﬁf‘F’éﬁ‘UGE such agents for effective imaging. It

shoul d be understood that the present i nvention is not limted to

particul ar iJyyel n bul i p or LS adi onucl i des.
Rat her, any Mpal ?ﬁ@ H‘kwmg scg“e'% Plrc ?mth g@ %Dmgrrl eT evant
i m‘runogl deal |mlﬁa\mﬁgnseparral!l@k'yllnettethabl @nlcabt,elnslmaw bsequssd, provi ded

that tshe iAol Gikg! 'uQ%Heﬁ:dsose@étIc?CEEHbﬁﬂat wthﬁlé: k&ﬂl@iﬁ&?xyarﬁinﬁkﬂ ribution of
and i'ndifferent | mmunoglobulin in the

t he radi ol abel ed grl naL¥ antib né‘
pati ent P8 BEIRATE nAPUPPdY (9 tBEniabslimgnpoiety thersohetiser@RAIi red for
scanni ng.aatibody Bésg Oimjetted hnitquestiman ab&rermkoyeﬁcﬁen use ithe differences

' count § PRl NPeRatiBBay 2%k PAESRE 9% ' §08hiO speliTiS PRStakE C oP" I IR Y anti-
primary antibody by a tumor in the body cavity, and in an amount
10 sufficent to reduce the circulating level of the primary asati-
body 1label by at least about 10 - 85%, or to increase thke
localization ratio of the labeled primary aatibody by at least
about .20%, within about 2 - 72 hours following injection of the
second antibody, whereby background levels of noaspecifically
15 distributed primary antibody and/or label are reduced in the
body cavity, and the sites of aceretion of labeled primary
“antibody as well as the level of specific uptake thereof are

more effectively discriminated.

1S, The method of claim 14, wherein a blood sampie is taken
20 at periodic intervals after inmjection of said second antibody,
the level of circulating primary antibody label activity in the
bicod is determined for each sample, and the time for surgery is
optimized by selecting a time when the level of circulating
primary antibody label activity is reduced by at least.about

25 85%.

16. Tke metbod of ciaim 2, wherein said contrast agent is a
radiolabeled organ- or tissue specific antibody.

17. The method of claim 11, wherein said contrast agent is
a radiolabeled organ- or tissue specific antibody.



body _ ét deferent sites and the relative differences in ¢0-~—=
r adi Gnuc€l fde | abel of the irrel evant I mmunogl obulin at tj] E]wgnﬂ
conpensate for non-specific antibody - uptake. These Jt echni ques
i nvolve elenents of statistical analysis, starting vm[_jfiﬂg.a gggl
and proceeding to the .types of corrections necessary U COFPERSH
deviations fromideality found in real intraoperative and/or endoscopy
situations. It will be useful to set olt an illustrative ideal case and
exanpl es of the types of correc- tion factors which can be applied, but it
shoul d be recogni zed that other conventional statistical approaches can be

used which are substantially equival ent. The nodel case wll use
a specific antibody binding to BESCRIPTION

Intraoperative and Endoscopic Tumor Detection and Therapy

BACKGROUND OF THE INVENTION

The present invention relates to improved methods for detect-
ing tumors in the comurse of intraoperative and endoscopic examination .
usfn_g a small radiation detecting probe, whereby background radiation
i_s réduced, or compensated for, and discrimination between tumor and
pon-tumor tissue is thereby enhanced.

‘Snrgical resection remaias the primary _c-_urativ'le approﬁch in
the management of cancer. Radioimmuno@gteétion (RAID) is used to
locate and stage tumors, and to - x'ixbni::t'or post-operative patieats,
ifpically using serum levels of markers (antigensi) produced by and/or
associatéd with tumors (“tumor markers), e.g., carcizembryonic
antigen (CEA), as both a 'pre-operative diagnostic predicate and a
post-operative diagnostic indicator of recurrence. Antibodies and/or
intibody fragmenis which specifically bind " tumor markers (“aati-
cancer antibodies”) are used as carriers for radiolabels in imaging
and for 'im vitro assays. It "will be appreciated that a tumor antiged
.can serve as a target for an antibody carrier even if it is aot
present in serum in a detectable amount. - : v

Resolution is affected by several factofs that can limit t.he
size of a tumor. especially a metastasis. which can be imaged by
~ RAID. Non-invasive’ RAID is inhereatly limited by the distaace
beiween the radiation detector and the tumor. In the case of small,
. deep-seated metastatic tumors. this becomes the limiting factor in
their detection.

Second look surgery has been practiced. where recurreace of a
previously excised primary tumor was indicated by elevated levels of
tumor marker, e.g, CEA. Recently., a small gamma detection probe has
been developed which is capable of detecting gamma emission at short

distances. Its intraoperative use in second look surgery has been
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15 cancer= antigen and | abeled with 1-131 (131-1-Ab), and irrtelevan
I mmuunogl obulin labeled with [-123 (123-1-N). The follo
tions and relationships will be used to relate the activity i
normal / non-tunor tissue and the.activity in tunor tissue for
case: X - 131-1-Ab activity in non- t unor tissue;
activity in non-tunor tissue; A =131¢1-Ab activity at putatlve t unor
site; B = 123-1-N activity at putative tunor site. Assum ng that the
anount of 131-1-Ab activity is equal to the anount of 123-1-N activity
initially (or that the relative activities are normalized), and that their
non-speci fi ¢ upepdmed ate piyidansaprrtang pdsfdrmatiost dice e 331ge0n AfoF n detespr
occurs, it fol lx?ﬂﬁn% N@le 'nﬂrgmas 'ngaJesfﬁﬁ% and, for WcVecnn% small merRirRses, 1

and A/B > xly a unor sit and t , when A are determned at a

tunor site: by Aitken o al, Mﬁsﬂm&}m %9?@?' ?8 iy .

. Nevertheless, elevated background radiation levels cana inter-

fere with and vitiate the advantage of short measuring distances in
this techaique. "In addition, non-specific immunoglobulin uptake by
tumor tissue can complicate diagnosis.  Moreover, backgrouad radia-
tion due to noun-specific up:ike of labeled antibody often increases
with time after insjection thereof and clearance of aom-specific
background radicactivity can require several days for optimal detec-
-tioa of tumors. A need therefore coatiauges to exist for methods for
reducing background levels and compensating for non-specific immuno-
globulin uptake so that eabanced resolution cam be achieved for
~$‘hort-range iatraoperative and eadoscopic tumor detection and.
therapy. .

OBJECTS OF THE INVENTION

. The principal object of the preseat iasvention is to provide
methods for short-range .intraoperative and eadoscopic detection of
tumors whereby discrimination betwees tumor and non-tumor tissue is
enhanced so that smaller tumors can be detected and appropriate
margins can be determined wmore accurately for surgical resectios,
intraoperative irradiation and/or endoscopic tumos® removal. -
) Upon [further study of the specification and appeaded claims,
further objects and _advan.tages of this inveation will become apparemt
to those skilled in the art.

SUMMARY OF THE INVENTION

These objects cam be attained., in a method for short-range
intraoperative or endoscopic tumor detection, wherein a surgical or
endoscopy ™ patient is injected parenmterally with a radiolabeled
primary antibody which specifically binds a marker produced by or
associ;ted with a tumor, the surgically exposed or endoscopically
accessed interior of‘a'body cavity of the patient is scansed at close
range with a radiation detection probe. and the sites of accretion of
the labeled antibody are™ located by detecting elevated levels of
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I n an -4 deal.,l ntraoperative or endoscopic scanning procedure
to separately detect radiation in tw channels correspo )y
em ssion fromthe primary anti body |abel and the irrel evang anbﬂgCE@Ef"gt%ﬁEET
respectively (assumng no scatter for the nonent), is first ggi@q_’_e Dﬁgejggﬁ
an area, preferably several areas, of normal tissue, thesg—nOVed  t0 -
a site of suspected tunor. The fol3 oW ng operations are effected:
Confirmx/y = 1 (deviations fromideallty corrected infra); 2. Determ ne
A/B fromcounts in the separate detector channels; 3. Wen AAB > 1 for
the suspected site, it is likely that tunor tissue is present at that

site. radidfibd - Ia@lealchmaele& Qam qBS| bmlae E@rﬂimtdidé e ﬁmedoaeexdnake
account o i.stribution

ootope schemafising injecting, 1, patieal aRtraEt e SHAET o SORFERRYY
To correct of @équencidilyt mithiti on differences, i.e., the situ- ation where x/y

departs from U{‘i tya’ th%ra\é?l g gibl)ééé{icjnn &eg?pﬂ-fﬁi}%@&d with a radio-

isotape emuung at an energy which is separately detectable from

a-probe abl e

3 L]

the primary annbody label using a radiation detection probe;
radiation detected from emssmn of the contrast. or subtraction
agent being used to better define the tumar, wherein: )
(i) .said contrast or subtraction ageat comprises aa organ,
blood pool or iaterstitial fluid non-tumor- specific
. comtrast ageni, and the resultant diffuse distribution of
the contrast agent is usad o define the organ, blood pool
or inmterstitial region. whereby foei of labeled primary
antibody activity are enhanced and better discriminated
against a background of reduced diffuse contrast agent label
activity; or
- (i) said conmtrast or subtraction agenr is a dual isotope
. correction agest comprising irrelevant immunoglobulin from
the same or different species as that used to prepare the
primary astibody, the irrelevant immunoglobulin being so
labeled that the kinetics and distribution of the radio-
labeled primary antibody and irrelevant immunoglobulin in
the patient are substantially the same during the time
period required for .scanning: asd wherein the ratio of
primary antibody label activity to irrelevant immunoglobulia
label activity at a selected site is compared to said ratio
at a kaown non-tumor site. whereby an elevated level of
primary antibody 1label accretion due to antigen-antibody
complex formation at said selected site can be
discriminated:
or (b) uilabeled second antibody which specifically binds the
primary aﬁtibody or the labeling moiety thereof, the secoad
antibody being injected at a time after the imjectioa of the
primary antibody sufficient to permit specific uptake. of the
primary antibody by a tumor in the body cavity, and in an amount

sufficent to reduce the circu'lating level of the primary astibody
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16  stivegnunber of non-tunor areas is determ ned, and t
herein denoted "r", is set as the correction factor by whijcRERYAS S
multiplied to correct for differing biodistribution of the |abeled
specific anti body and | abel ed irrel evant inmunogl obulin. ONEL 14
for isotope scatter, an enpirical detergination will be regor-eth—tatA0A
separate sanples of the individual. labels. It will be di ffl cult to correct
for scatter if em ssions fromboth |abels cross over into the channel for
the other label, and it is strongly preferred that substantially only one
of thet\/\orac}g Q}clldsusedto abek helrmu Iobu
crosses over iAPY Al leathnaRowto 0 ned5%: hIr 1P case 'r?i‘f'a\%z“f‘ﬁ‘dt such

is the case, antpofi cisd bdekdni prdtsiaoy iastibadie bf/ the lemntaﬁbonn eeah
channel for a kngun A0RYNS . 42 Ui L 2ARHEL' Afedf!off RBL G/BRE CFaui-

body, whereby background levels of noaspecifically distributed

primary aatibody aad/or label are reduced in the body cavity, aad

the sites of accretion of labeled primary antibody as well as the

level of specific uptake thereof are more effectively discrimi-
nated.

. Im a related aspect, the invention provides a method for
short?range -'endoscopic tumor detection, comprising injecting an
endoscopy patient paremterally with a radiolabeled primary antibody
which specifically binds a marker produced by or associated with a
‘tumor, scasning the endoscopically accessed interior of a body cavity
of said patient at close range with a radiation detection probe, and
locatin:g the sites of accretion of said labeled antibody by detecting
elevated levels of radiation at said sites with said probe.

Tliu's, the use of endoscopic detection, in combination with
radiolabeled aatibodies, to detect and define tumors and tumer
n;argins. represents a novel technique in its own right, evean without
the improved background correction and/or reduction methods described
herein v}it.h respect to surgical techniques where the patieat is
operated upos to open and expose an area of possible tumor growth.
The further combination of such endoscopic detection with background
correction or reduction techmiques and/or with means for coagulating
and/or removing tumor tissue and immediately adjaceat tumor margins
through the endoscope-represent embodiments whick improve upoa this
basic aspect of the present invention.

The technique of iajecting labeled specific aatibody and
separately detectably labeled irrelevant antibody for non-specific
background correction is referred to herein, interchangeably, as
“subtraction” ar “dual isotope correction”. _ -

Combinations of the foregoing methods can also be used to
further enhance the resolution of the tumor detection process. For
example, subtraction cazn be combined with se:ﬁnd antibody clearance
to produce even greater differentiation between specific uptake of

labeled antibody and background due to circulating labeled antibody,



i i
over, .and @ correction factor, herein . denoted "s", is calculated. This
factor nust be applied to correct individual values for x TS
particular site before x/y is determ ned, and nmust simlafly
correct A and B before A/B is determ ned. For exa ]
on Ab shows crossover to the channel for the | abel on N, [T Cay-M.....
determnation is effected using the Ab Igabel alone, and the propor
counts in the N channel rela- tive to the Ab channel, s, is neasured.
Later readings of counts in the N channel, in the presence of both the N
and the Ab | abel, again assum ng substantially no crossover of the N | abel
to the Ab c e t r C (S or.{s s O
determ nati gﬁés]eno}abfrfgf“g%r L ?%o&glocgr)e)éigkfeoro‘_ P‘é/é%‘gg?%é‘gtgy g?l‘(ijlolrsot ope
rati o vari atake). t hBybridt iaskibodirst oplich aspecificglly r higdy both" primazy anti-
det erm ned, e h af, £, of C f I S eyt O
cal cul ate tﬁg@gxségt 23 c}ict&ld\(i ft’ﬁ lrx%tdi gga'?y e.aagl gtkglfgrtk?gn% ?a?%i agé\%ﬁ?lg% S’ r{e
readi ngs ar &hethesct e i iRipgRiAI OAndbeuRFEthody PaMEALE | IS maintained, or
exanpl e, if obiehedClbd/i fa¥eOThal 28edondd idetdéheli TREm t i QAGtibYHY YoOfagkibbdly- Ab at

the tinme of ,injec-.tj.on, 3dnd a reading, duri sur ger r endoscaqpic,.
exam nati onBp% BE °E ‘%ogf%g“b"f"t‘%‘? Phj 83% i% ﬂ%%‘ﬁeq’fﬁgrgﬁﬁagﬁg' a?xg‘ tBife as
fol | ows: contexfit thej oo olabell yrededs’ 10, whatever Faerid23for hbe f ldbeleisis 13
hours and tqge'dlst]o' lbih@' EEJ 'rfaﬂidrﬁlc?ide to the ént;body, e.g., a chelator for a

radiometal ion, a metabolite and/or fragmest of the antibody bearing

the radionuclide, e.8., a tyrosine residue substituted with one or
more atoms of a - radioactive iodine isotope, whether as such or incor-
potated in a longer oligopeptide or further metabolized, or a radio-
iodide ion or other iodinated species. or the like.

DETAILED DISCUSSION

It must be recognized that the present method relates to
intraoperative or endoscopic examination of tissues and/or organs
with a radiation detector capable of close approach to suspected
sites of tumor recurrence, metas;asis or incomplete removal, rather
tban a non-invasive tumor imaging procedure. Subtraction methods, as
hitherto practiced. rely oan normalizing counts emitted from two
different radionuclides having two different energy ranges, The
counts are accumulated, generally over a time of “less than oac hour
to several hours, by scaanming a selected body region. usiog a gamma
camera equipped with a suitable collimator. The counts are then
normalized, pixel-by-pixel, after which the processor coastructs aa
image by first subtracting the counts calculated 1o correspond to
background from the specific label counts for each pixel, and then
displays the result, e.g., as a graded color or black and white
image. '

In dontrast to the foregoing techaiques. the method of the
present invention does not involve processing of images, both target
specific and noon-target specific. Rather, it enables a surgeon or
clinician, through the use of asn intraoperative probe or an endo-
scope, to scam areas of suspected tumor growth relatively quickly and

use the level of couats, or the differences in  couats in selected
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days; =S0 t!aét after 24 hours, only about 1/16 of the activity of

17 131-1 is lost, whereas about 3/4 of the 123-1 actiyity  is lost
The expected normal ratio, x/y, should therefore be: REPLACEMENT SHEET
(1/10)(0.918/0.25) = 0.367. Suppose the crossover |pf counts fromthe
Ab channel to the N channel is 35% and éhat t he actual r '
y in a region of normal tissue are . Ab channel =1

scag sites and the ratio of tumor to non-tumor couats, to more pre-
cisely discriminate tumor tissue from non-tumor tissue and thereby
more precisely definme tumor borders for surgical resection or
diagnostic evaluation, or for external radiatios therapy. .

"Earlier workers bhave indicated the desirability of reduciag
backgrouad counts in an intraoperati;fe prc;be method without sug-
gesting bhow this can be achieved. The present method provides solu-
tions to this problem. By reducing 'notharget radioactivity, either
directly or by compeasatiag for it so that it caa be effectively
factored out, and thereby increasing the ratio of counmts due to
specific uptake. to. those due to background, a better discrimination
can be achieved, to permit improved demarcatioa of tumor sites and
borders. .
' The invention also embraces embodiments wherein optimal times
for surgery aad intraoperative radiodetection and radiotherapy are
indicated. Both subtraction. methods asd second antibody clearamce
for enhanéed imaging can optimize images using repeated scans at
different intervals following injection of primary aatibody and/or
second antibody. On the other hand, for a surgical prbcedure, it
will be necessary to optimize the injections of primary and/or secoad
antibody to coincide with the surgical schedule. By taking a blood
sample at iantervals after injection of second antibody, the concen-
tration of radioactivixy- in the circulation can serve as an indicator
of the best time for surgery and ismtraoperative radiation detection,
and/or whether a repeated dose of second antibody is indicated.

Use of a radionuclide label with both therapeutic and diag-
postic emissions permits further refinement in the foregoing tech-
piques. For example, an antibody labeled with Cu-67, having both
beta and gamma emission of appropriate energies, permits the surgeon
to detect and excise foci of kigh activity, using primarily the gamma
emission, and at the same time 'to pe”r.n.xil areas of slightly -elevated
activity to benefit {rom the therapeutic, i.e., cytotoxic to tumor
cms.hra'd-iation, primarily the beta emission. or to target these
areas for external radiation treatment. '

The short-range tumor detection method according to the inven-

tion uses a detector capable of detecting radiation emitted from a



N chaﬂl'hel ;321000 counts (123-1). The reading in the N channel is

corrected by subtracting for crossover, so that: X = Jﬂg@;;é%ﬁjus,
and y = 4000- [(1000)(0.35)] = 3650 counts. 'Ilff‘“w ‘@‘ﬁe}%ﬂ

that, at t = 24 hours, x/y = 1000/ 3650 = 0. 277. b

unequal biodistribution, we expected x/y to  be 0.367 qaﬁee'r'ef'ore;----r----s--- )
0. 367/ 0. 277 = 1.323. The probe is theh positioned over a site of
suspected tunor tissue, and the process is repeated. The readi ngs

in the Ab channel and the N channel are taken, and the 24 hour tinme is
assuned invari ant. The reading in the N channel is corrected for

crossover. radiolabélhebguald Otoof thieheprimafeChiibddyadi nPBe i Radiaciodh cagd B
channel s | 68l ghabed 8 phliten 20k LHRLE' Besl BN litiaas ' Faich et
than x/y, 'tlan _tblae_psbdta:eds bqorzsia_:bewenieho héela dapable toifs_smckintst to an
L o SR R BILARE ] R el e ROl [
There will hae beemmrepomednbmtAiken oft silgrRis. fCalon & Rectum, 27, 279-282

(1984).  These authors describe a hand-held gamma probe using a

cadmium telluride scintillation ecrystal, a preamplifier aad as ampli-

fier with- a digital readout displaying the radioactive couats (Radia-

tion Mounitoring Devices, Watertown, MA.). The scintillation crystai

is boused in a 16-mm diameter lead collimator with a2 4-mm aperture.

This device has been shown to detect tumor with radiolabeled astibody

injected inotraperitoneally, and to distinguish tumor tissue from

n_garby non-tumor tissue. No subtraction or enkanced clearance was

géed or "suggested by these authors, mor was amy use outside other

than in a surgical procedure suggested. Further, the method requires

long delays between injection - and probing, with uanpredictable results i

obtained f_rbm patient to patient.

It will be apparent to the ordinary skilled artisan that other
such detectors cam be used aad that the detector is not limited to
gamma radiation. It will also be apparent that the detector can be
made to discriminate between different energies of fncidenl radia-
tion, e.g., between gamma radiation in different ranges within the
broad 50 - 500 KeV range which is normally used for gamma sciatiila-
tion counters aad/or between alpha, gamma and beta radiaticn emitted
by labels or the specific and the indi{ferent antibodies. Thus,
the invention is aot limited by the type of detector used, but is
generally applicable to reducing background-radiation levels regard-
less of the type of radiation wused for detection or radionuclide(s)
used to label the primary astibady and/or the irrelevant aaotibody,
orgaa, blood pool or interstitial subtraction agent.

The detector(s) must be able to distinguish beiween the radia-
tion emitted by the primary antibody label and that emitted by the
subtraction agent. in those cases where dual antibody correction s
used 10 enhance seasitivity. This can be effected by usiné two
different probes or by using~a single probe which is programmed 1o

record counts of different energies in differest chanmels. or to
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di fferent thicknesses or conpositions of normal and tunor tissue. Thus,
several neasurenents of x/y for nornmal tissues nay }Q' er g O Ferert—
val ues because of unequal effects of thegp 55 GEMENT SHIEET

the two antibodies or radionuclide labels. It may be |neces
select a set of paraneters from g library of such Qf‘tﬁrrifgp&oﬁ%
in normal tissue, so that the various correc- -fron factors

corrected

det er m ned

most cl ose
REPLACENMENT SHEET

&
H
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|y approxinmate those for the type of tissue

the variation. in, the V%leyeel%]::: X/ i n norgreatlw tis

distinguish by ot ronic means een %yﬁalign of different
types or .energies. One way in which this can be accomplished is to
detect differences in brightness of a scintillation crystal response,
which correlates with differences in photon energy of impinging fganm'a
radiation, using 2 photomultiplier and a comparator circuit.  The
circuit is presei_n ‘to respond omly to levels- above a selected level

corresponding to the desired gamma energy band for one of the two

" radiocisotopes.

A scigtillation crystal can be mouated on the ead of a fiber
optic cable and its optical response to incident gamma radiation can
be tramsmitted to a photomultiplier and associated circuitry :!_:rough
the opiical fiber.  This can reduce the size of the detector to be
compatible with use in conjunction witk anr endoscope (broadly de-
fix;ed). The endoscope can be shielded to serve as a collimator,
where necessary, and/or fitted with a wingdow at a known distance from
its terminus, with the.; scintillation crystal housed therein. Various
other qddificazions and adaétations of the foregoing will be readily

~ apparent to the ordimary skilled artisas, in light of the particular

needs of the situation. However, the method of the present iavention

is mot limited by any specific type of radiation detector.  Rather,

any ‘detector which is capable of detecting radiation emitted By as
antibody label localized in tumor tissue can be used.

The probe can be used in the form of an endoscope, aad in-
serted into "a body cavity through an orifice. such as the mouth,
nose, ear, anus or vagina. The term endoscope is herein used gene-
rically to refer to an anally introduced endoscope, an orally intro-
duced broachoscope. a urethrally introduced cystoscope, or the like.

Certain of these mayv benefit greatly from [urther progress in minia-

turization of components and their utility to practice the method of
the present invention will be eanhanced as a function of the develop-
ment of suitably microminiaturized components for this type of
instrumentation. Highly miniaturized probes which couid be intro-

duced imvascularily. e.g., via catheters or the Ilike, are also
suitable for use in the method of the investion. '

The radionuclide label used for detection agents according to

the method of the present invention is preferably an isotope with a

18 scanned.
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withih a narrow range, it may suffice to take an average
FurtRer ni'nor corrections for departures from idealit

may be necessary in certain cases, but these will be re parent

the skilled clinician and/or nucl ear nedi ci ne physici an, @QQ V\E €

the ordinary skill of such a professional, and their i nélssien T8 WK N
the broad scope of the present inven- t#on. The final processed
readout fromthe dual channel probe can be provided to the surgeon or
clinician® in a variety of forns. For exanple, when the value for A/B

at a suspected tunor site exceeds that for x/y, applying the necessary

corrections %ﬂ§e§avf|9ﬁ£@ cBRO6E, peie mphlislfdngﬂ o£a50-500E| ReV, Pprisenipl of

dlfference consj ders si t 150
normal val tkecauss cher gtey oft ‘Séa?l“ g réﬁ “a"@?e e?{fzoﬁ?/&%é'ﬁ” ol °§1Of the

?udl tory ?rsu\ehsuabem gnaduindbee shed Ired/xehuckidat t aichwedk, ate. qu:danhlétll ar

ocus in cour h .

sur gi cal &ﬂﬁl\!af @s di\?@ e@g'tb?ﬂ)lr“tlls-sgbﬁgp&g ?fﬁn Iggx&'?@lggg{./g{n‘{#onal
mode of opersBai,0rCopper-62cohallivan6k, Qailiger-§8, Ruthenivar-9poRethepiug-97; or

such sur gepy,y 300 H3PCK Jc,j&'ewm.@ﬁa%ﬂ?é{yow m%ﬁg%gs ‘Rhidiut-sED! ne

t he probe evi ce enerated by
the probe Rhodxulnn-dlﬂhat&hmwdﬁas&mﬂﬂlacﬁz&ﬂ'oﬂ'e’éhﬁﬂpdli?é“-dﬁ% Rrinmt o

sel ectivel Yisgm Thulium-165, Thulium-167, Thulium-168, Rbenium-186, Technetium-
99m and Fluorine-18. Preferred radionuclides are lodine-131, Ilodine-
123, Techaetium-99m, Indium-111 and Gallium-67. Preferred gamma
emitters include lodine-131, lodine-123, Iadium-111, Gallinm-67 and
~ Technetium-99m.

‘ Where more than one isotope is used for a method involving
dual isotope correction, the two labels should be of sufficiently
different energies to be separately detectable with the probe.
Suitable .such pairs of radioisotopes include, e.g., lodine-131/lodise
123, Gallium-67/Indium-111, Jlodine-131/Techaetium-99m and the like.
It will generally be preferable that paired radionuclides used for
subtraction should not both have sigmificant scatter into chanaels
wherein the emission of the other nuclide is being detected. A
one-way scatter can readily be corrected for with currently available
probe software.

_ Is ome embodiment of the present invention, techmiques useful
for subtraction in imaging applications are adapted 1o intraoperative
detection. Methods of localization and therapy of tumors and infec-
tious lesions, and methods of organ imaging, using labeled anti-
bodies and antibody fragments which specifiﬁally bind markers pro- .
duced by or associated with tumors, infectious lesions and normal
organs or tissues. have been disciosed. jnter alia, in US. Pateats
4,331,647, 4,348.376. 4.361.544, 4,444,744, 4,460,561 and 4,624,846,
-and in relaiied pending applications U.S. Serial Nos. 609,607 and
751,877, the disclosures of all of which are incorporated hereia in
their entireties by reference (hereinafter, “the Goldenberg
patents®). These references also disclose antibodies aad aatibody
fragments for use in the foregoing methods. together with methods for

obtaining them and for labeling them with appropriate radionuclides.



destroy tunor tissue. Suitable |aser devices, conmbined with fiber optic
transm s- sion, are well known in the art. Representati vg=exa =:- t her eof
are described, inter alia, in, e.g., D xon, Lasers in
"Current Problens in Surgery", Pgs. 1-65 (Year Book Medi ¢p
1984); Fleisher, Arch. Intern Med. 144.:4225-1230 (1984), Bt :
J. Gastroent. 80 715-718 (1985); and Hunter et al., Am S=s S’ A
736-741 (1984). Three types of lasers are currently in - f ai rliy
w despread use for nedi caI therapy, nanel y the argon car bon di oxi de
and neodym um YA yitri ed b

Fl ei scher/, Nd- YA r‘zi'rbgi’o sera§ L&a'\/epq'b%%‘!ﬁ d?é‘é"w taﬁeﬁ b'@r ub‘ptq'g‘h“
wavegui des, oaltbhomghentt idventipkelypyt batwheiet Iph. hgAabgRs IgB," 14M) and Jthel aser

technol ogy liw:.l | 6e Paerflja&mkhs b a\é',i té‘.g.,f%&%‘)zf)p?h%?z.i "Fab’, Fab or the

like, including isotypes and subtypes thereof. It can be a poly-

clonal aatibody, preferably am affinity-purified antibody from a
buman or an appropriate animal, e.g, a primate, goat, rabbit, mouse
or the like, or a monocional antibody prepared by conveational tech-
niques, e.g, a murine antibody derived from a hybridoma produced by
fusion of lymph or spleen cells from a mouse immunized agaiast a
cancer antigeh with myeloma cells from an appropriate immortal cell
_line. It will be appreciated that newer techniques for production of
n;onocionals can Ialso be used, e.g., human monoclonals, interspecies
monacionals, chimeric (e.g.,, human/mouse) monocionals, genetically
‘eggineered antibodies and the like.
. It should be noted that mixtures of antibodies, isotypes, aad
immunoglobulin classes, including fragmeats, can be used, as can
hybrid Antibodies and/or antibody fragments. The hybrids can have
two dxfferenr. antigen specificities, e.g., onme arm binding to a tumor
anugen such as CEA acd amother arm binding to another aantigez, e.g.,
CSAp. Or one arm could bind to one epitope on, e.g, CEA and the
other arm could bind to another CEA epitépe. The [oregoing are
merely illustrative, and other combinations of specificities can be
envisioned that also fall within the scope of the invemtion. Hybrid
‘antibody fragmeats with dual specificities can be prepared analo-
gously to the aati-tumor marker hybrids‘disclosed in US. Patent
4,361,544.- Other techniques for preparing hybrid asntibodies are
disclosed in, e.g, U.S. Patents 4,474,893 .and 4,479,895, asd ino
Milstein et al., Immunol. Todayv, 3, 299(1984). .
Organ-specific and/or blood pool subtraction ageats are used
in the present method to aid in evaluating and compeasating for
son-specific . antibodv uptake in and around rumor tissue. Suitable
such agents are disclosed, inler alia, in the Goldeaberg patents
incorporated by reference herein, more particularly in US. Patent
Application Serial No. 751.877. These include, but are not limited
to, radiolabeled antibodies to markers characteristic of lymphatic

tissue, organs such as liver, spieea. pancreas, and the like. Many



19 'the near future. The foregoing references.shfw_l_hat |l asers have
been used for therapy, in conjunction wth endoscopy, %Sﬂ.AdE’MENT SHEET
coagulative and in ablative nodes, including their use tunor therapy.

The use of lasers and ‘endoscopy has advantages where @qé / NERS
contraindi- cated. Used in conjunction with: RAID int=a "gu@/pgg 19%...

endoscopi ¢ procedure according to the p}bsent I nvention, greater precision

and mtigation of damage to normal tissue is achieved. The use of
second anti body clearance to enhance inaging of tunDrs and i nfectious
| esions using an external radiation detector, gama canera, iS

di scl osed i anGbbdisnbeykickatspaciflisatly aby, 82161155“1‘?-'11 §‘Jr e!‘béFQaneegaﬁir Aredes

anpl e di SCF%\UE%M’: LY BES cPHre AavEQ T Rl SudIEMBedinEr €Of for use in
cl earance of primary anti bodi es and/or their, |abel '::,!Hﬂ noietie m t he

circulation to reBfigt-BHCRelndoFact 8PP SRECHIF 1 BHRASI e RRa °ng eve:

Second  ant jdypedy byC|:Qﬁiiﬁﬁﬁﬁxg i NChRabes idimall haal |vmh| onzaxhatummeixahhe

| abel ed prlmir}/s gpt Inorle opgantl%rsr&re texséycs andlor cgﬁ it :th\gell
koown that use of tumors as immunogens can result in annbodles which
not only react with neoplasia but also with normal tissue components
which sometimes show am orgaa- restricted nature. Histogenetic and
functional differences betweea various tissues and organs of the body
of course suggest that distinct antigens are present and ideatifi-
ablee. A body .of scientific literature already exists whick claims
the identi- ficatiom of organ-specific antigens, either using
classical immunization approaches or by immunizing with specific
tumors, and this is reviewed by Goldenbérg et al, Cancer Res, 36,
3455(1976), showing that such antigens are known and available.

Similar organ- and tissue-associated and specific antigens are
identifiable by hybridoma methods which produce monocloaal anti-
bodies. One receat developmesnt is the production of humaa bybridoma
moaoclonal antibodies by sect{ring lymphocytes or plasma cells f{rom
patients showing certain organ-restricted autoimmune diseases, ¢.g.
thyroiditis, gastritis, ulcerative colitis, myositis, and the like.
These antibody-producing cells are then fused in vitro with humaa or
murine myeloma cells and hybridomas capable of generating appropriate
anti-organ aand anti-tissue antibodies are produced and propagated,
using well- kaowsn m?thods. Also, -patients with specific tumor types
can be used as a source of such lymphocytes or plasma cells, or such
patients c¢an be further immunized with such tumor cells for stimu-
lating the production of anti-organ and anti-tissue antibodies. The
lymphatic tissue removed is then used for fusiom with suitable
myeloma cells, by ptocedures which are by now widely known and con-
ventioaal in the art.

Organ associated and organ-specific antigeas cam be isolated
for immunization of another species. e.g., sub-human primates,
rodents, rabbits, goats, etc. by a ogumber of methods komown in the

art, such as isolation of cell membranes or disruption of the cells,




present |nyent|on to reduce non-specific background ra
used herein, the term "localization ratio" means the rat REALACEMENT
non-target activity of the radionuclide used to |abel the pr| r
anti body. 1In general, the nethod of the invention will i
| ocalization ratio by at |east about1 0%, preferably
50% and often by a considerably higher *factor, w thin about 2-72 hours
following injection of the second antibody. Generally this is
acconpanied by a reduction in the level of circulating- |abeled
prinmary antibody by about 10-85% preferably by at |east about 50% , and
of ten hi ghee;B-wi Pl ncendsbingapiom hianisatign) okihg thj OBLzign btraspdlvlagond

antibody.  antigend.t Wil lisberendssis! om tzlna;e t p&&@onsb a@iel biddaceBERsf O
cl earance of primar ant| b03¥ and/ its | oI et .be whol e

i munogl obulfn %8P bupP f‘ﬁ‘é'g‘ﬁéﬁl‘“" 1ee A8 Wi m3BARG| 4t ed
cl earance mgénadssocmedu #ad dorgad.spddific aﬂnfgenﬁdnml ber abtzimecpr tdoacoks and

ot her strat \(?Mg‘iq%s f‘plj;:b‘t_rur‘1;’peExs hanci;ng +ose zali Qb4 anflng, &% o%ﬁ‘n’

backgr ound be srhi | ar ﬁose d| S& | n.the af or enen
ref erence. ftbvr@deom@ra@rrtmbbdylarn&arsaivearm glandyi regophagvedubtanchand t he

skilled cligiaCi ffhgs hiart ECRYLY, Z%an‘:m%e sto@@e8" Sand intestines, kidney,

adrenal glaad, ovary, testis, uterus, prostate, etc. Of further

-------
. llll.lllll'.tll. i:

interest is the differenctiation of different tissue and ceilular
cnmponeits within an organ, such as tubular and glomerular kidaey,
different regions and cell types of the brain, endocrine and exocrine
pancreas, etc., especially by the idemtification of antigens and
antigen epitopes restricted to the individual cell and tissue types
ig. question, as accomplished with polyclonal and/or
hy;bridoma.monocional antibody-production methods known in the art.

Examples of antibodies which specifically bind to Ilymphatic

cells mdlor tissues inciude, but are not limited to, the T101 musine
monoclonal anti-T-cell antibody reported by Royston et al, RBlead,
M 1), 106a(1979); and the T200 anti-lymphoreticuiar ceil
monocional antibody whose specificity was reported by Hsu et al, Am.
J. Pathol., 114, 387 (1984). Other antibodies to T-cells and
B-cells, which can also be used for such ageats, include, e.g, the
Bl, B2 and BALl asati-B-cell monoclonal anubodxes reported in Hsu et
al,, Am, L. Chin. Pathol, 80, 415 (1983), and in Hsu et al., Am, I
~ Pathol, 114, 387 (1984); the OKT10, A1G3, HLA.-DR and Leu 10 mono-
chnals reported in Hsu et al, ]bid; and anti-lymphocyte n;ono-
clonals reported by Foon et al, Blood, £Q, 1 (1982), LeBien et al,
L. lmmunol, 125, 2208(1980), and Beverley et al, Epr I Immusol,
11, 329(1981).

' Again, the antibody may be whole IgG, IgA, IgD, IgE, IgM and
the like, or.a fragment such as, e.g, F(ab’)2, F(ab)2, Fab’, Fab or
the like, inmcluding isotypes and subtypes thereof. It can 'be a poly-
clonal or a monoclonal antibody, preferably anm affinity-purified
polycional antibody or 2 monoclonal antibody prepared as described
hereinabove for "primary antibodies, including chimeric, genetically

engineered, human, interspecies and the like. Again, mixtures of
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overlap in particular factors invol ved. However, it l1or mal I y W TISHEET
not be possible to optimze scanning in the sane way for i ri rD@%pez& iDEE g%
endoscopic examination as it is for external imaging. Rat b CRETTT

event that it is desired to optimze the timng of surgery or endoscopy,
bl ood sanple can be taken at periodic ipaterval's after injection of the
second anti body and the level of activity of the primary antibody |abel in
the blood is deternmined, so that the efficacy of clearance and the |evel of
circulating |abel can be observed. This will indicate the best tinme for

surgery or endoscopy, . and/or the need for S‘Iat ed inj e(;tlon of second
ant i body t AtiPedies,  BALLRES hé‘ldev'é'lmt‘}f‘%ﬁ"rbe Byt FiR§s9sapsncluding frag-

ments, can be used, as can hybrid antibodies and/or antibody frag-
ments. In particular, bhybrids having both T101 and T200 specifici-
ties, or hybri'ds having anti-T-cell and anti-B-cell specificities,
may be especially - useful as Iymphatic organ - subtraction agemts when
. lymph node metastases are being sought.

 Radiocolloids can alsoc be used. as organ-specific subtraction
agents since they--accrete in the Ilymphatic system and also are
scavenged by the reticuloendothelial system (RES) and are cieared to
the liver aand spleen. Examples of such radiocolloids inciude, but.
are not limited to , eg., Tc-99-antimony sulfur colloid (Tc-@SC),'
Tc-99 sulfur colloid, Tec-99 stannous phytate, Au-198 colloid, Hg-197
-sulfide colleid, In-111 phosphate colloid and the like, as well as
other types of agents, e.g., radiolabeled liposomes, :reported in the
literature. Other colloidal preparations using radioauclides other
than Tec or Au can be used, e.g, colloidal In-111, liu~97. Ga-67, and
the like, or colloids imcorporating [-131 or 1-123. Such prepara-
tions are comventional and well known to the ordinary skilled artisan
in this [field. See, e.g, Rayudu, "Radiotracers for Medical Applica-
tions, Vol. I" (CRC Press, Boca Raton, Fla., 1983). ..

Suitable blood po'al and interstitial subtraction ageals
include, but are nor limited 1to,- radiolabeled salts, e¢.g.,
99m-TeO, ", radiolabeled soluble proteins, e.g., 99m-Tc-human
serum albumin (HSA), radiolabeled blood cells, e.g., 99m-Tc red blood
cells (RBC's), 111-In white blood célls (WBC's) and the like.

The subtraction agent, here used as an organ, blood pool or
interstitial fluid contrast agent, defines the organ, blood pool
region or interstitial regiomn with a diffusely distributed area of
radioacrivity. Foci of accretion of the specific label are detected
as enhanced!__areas against a background of reduced diffuse label of
the subtraction agent. '

Another method for compensating for background radiation due
to non-specific uptake of antibody by tumor and other tissues is to
use “normal®/"irreievant” immunoglobulin, labeled with a separately
detectable label, as a subtraction agent. By ‘“irrelevant” immuno-

globulin is meaant immunogiobulin which does not bind to cancer




For exanplg, when the level of circulating primry antibofff~taber—s
reduced by at |east about 75%, preferably by at |east aljoGEPFEREMENT SHEER
nore, the interference of background radiation wth thg shor’ﬁ PECORB36
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It is again enphasized that conbinations, of subtraction al
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and similar secondary and tertiary structures, should have substan-

tially comparable biodistribution except where the specific aatibody
forms a complex with its complementary antxgeﬁ.

Suitable such irrelevant immunoglobulin subtraction agents for
use with specific anti-cancer antibodies are disclosed in the Golden-
berg patests, esp.ecially US. 4,348,376 and U.S. 4,444,744, as are
sx_:itable radionuclides that can be paired for use in 'this method,
ways to bind such radionuclides to antibodies, and ways to istroduce
such agents for effective imaging. It should be understood that the
presest ianvestion is smot limited to particular irrelevant immuno-
globulins or pairs of radionuclides. Rather, any pair of labeled
‘specifié antibody amd irrelevant immunoglobulis baving separately
detectable labels can be used, provided that the radiolabeling is so
effected that the kinetics and distribution of the radiolabeled
primary ‘antibody and indiffereat immunoglobulin in the patieat are
substantially the same during the time period required for scanning.

Various techmiques c¢an be emplo.yed to use the differences in
counts between the radionuclide label of the specific primary aati-
‘body at different sites and the relative differemces in counts
between the radionuclide label of the irrelevant immunoglobulin at
those sites to compensate f{or noan-specific aatibody uptake. These
techniques will involve elements of statistical anmalysis, starting
with am ideal case and proceeding 1o the types of corrections
ne'cessary to compensate for deviations from ideality found in real
intraoperative and/or endoscopy situatioms. It will be useful to set
out an illustrative ideal case and examples of the types of correc-
tion factors which can be applied, but it should be recognized that
other conventional statistical approaches can be wused whi-ch are
substaatially equivalent.

The model case will use a specific antibody binding to a



| nt r apper af &
cancer, as di agnosed by si gnoi doscopy and biopsy, is inj eiwif;t%q;;_m;tr\fmmrﬁ.ﬁﬁﬁ'fy

with |-131-
nonocl onal

anti body i mmunogl obulin-G F(ab')2) and irrele- vant nurin

| abel ed wit

t he net hods- of Gol denberg Patent No. 4, 331, 647.

i ve Tunmor Detection A male patient with a.signpi-e:

_ -21 abel ed nu
anti body to carcinoenbryonic antigen (CEA) (3 '

I ne

h1-123 (8 nCi; 1 ng 1gG frqg- ment). The patient is scanned
‘wWith a ganma canera and the site or sitéS of tunor are imaged according

differentiation of

cancer aatigen and labeled with I-131 (;31-1-A5), and irrelevant
immunoglobulin labeled with 1-123 (123-1-N). . Tke following defini-

 tions and relationships will be used to relate the activity in

normal/non-tumor tissue and the activity in tumor tissue for the
ideal case: o, _
x = 131.I-Ab activity in non-tumor tissue;
y = 123-I-N activity in non-tumor tissue; ..
A = 131-I-Ab activity at putative tumor site;

B = 123-I-N activity at putative tumor site.

" Assuming that the amount of 131-I-Ab activity is equal to the amouat

of 123-1-N activity initially (or chat the relative activities are

‘normalized), and that their ~mon-specific uptakes are the same but

specific uptake of 131-I-Ab in tumor occurs, it follows that, in the

 ~ideal case:

xX/y = 1;

A/B>1 and A/B > x/y at a tumor site;’
and that, when A and B are determined at a tumor site:

A/x>1; Bl/yz21; and A/xzB/y. _

In an ideal intraoperative or endoscopic scanning procedure, a
probe able to separately detect radiation in two channels correspond-
ing to emission from the primary antibody label and the irrelevant
antibody label, respectively (assuming =no scatter for the moment), is

first placed over am area, preferably several areas, of unormal

) tissue, then moved to a site of suspected tumor. The f{ollowing

operations are effected:
1. Confirm x/y = 1 (deviatioas from ideality corrected infra);
2. Determine A/B from counts in the separate detector channels; _
3. Whes A/B > 1 for the suspectad site, it is likely that tumor
tissue is present at that site.

This ideal model can easily. be corrected/modified to take
accouat of, eig.:

- Biodistribution differences of Ab and N;

- Isotope scatter;

- Physical decay and isotope ratio variance.

To correct for biodistribution differences, i.e, the situ-

ation where x/y departs from umity, the value of x/y in a representa-

to
At a time when the optinal



1-123 irrelevant activity from 1-131 specific (tunor I
achi“éved,” usual | y wthin about 24 hrs, the patient unde go‘-%g'%?hé?%%-ré%og

renoval of the si gnhoi d col on cancer and any other sites i ‘QE(I
nodes, in the liver, or elswhere. This is achieved by p da?e'l'%c erile " -

probe over the viscera. The probe has £ cadmiumtelluride scintillation

crystal, collirmator, preanplifier and anpli- fier, simlar to that
reported by Aitken et al., op. cit. but is modi fi ed .to include: a
conparator circuit capable of selecting only the hi gh energy |-131 band
I n one channel or. g t ot al garma counts, band on a éernatl ng basis, and a
derived di fBE$ chBmbeL Af, BOB-1BBOF crEey is Jerespingds, ad thes @ve value,

hﬁrel nagovehereﬁ?rdmmmd'l, Ng sdto ak hehel tamcﬁwnta&mmba} sdriehdAgBaanRt . ]
The probe sj gnal s,.a e, processed t.0 uce a,te corres-.pondi to the
ratio of co tgmﬁﬂgﬁﬁd«a gﬂl%“f“c‘ﬂar{ﬂﬁl df °T'ﬂ558“7‘ﬁqfﬁg"fnl c‘ﬁgnﬁéfe?gd
corrected fspecifieadtbaedy nad dabeddd irfrelevanti mmuhoglelsylimnd normalized to
unity at represegjat n it The p e

ef‘é co¥feet QY ¢ g?&ropi Citter, Ehe'} EBSS?E&?P{ Sug&%ﬁ ﬁat a

translated into a gital recor an au ory

signi fi cantwmcrlsastﬁqall%d t Meingr aﬁeperatef sgoupies ral é%nt@*ﬂﬁnsbelﬁhfekc

anti body 1- ﬂ;31waverbebaﬁmmundol e&%%e:r eﬁﬁ' tssmw .ranemisﬂsa@a%?om' Both
auditory p cou of, at [ east

15%rel at i v(é‘s’fg‘ noiPst uPrIBﬁr}Cgfggzg 11'5 ‘Fﬂﬂ‘é‘d "t ht]’§ {‘géﬁl 28 dttdsof the

si gnoi d col stponglys mdeﬂ!ﬂertﬂangsubstanually only one of the two radio-
 nuclides used to label the immunoglobulins, at most, crosses over
into the chanmel for the other label. ~‘Assuming that suchk is the
case, an- emp.iricail determination is made of the counts in each
cizanne! for a known amount of the radionuclide label that crosses
éi_(_er, and a correction factor, herein  denoted "s", is calculated.
This factor must be applied to correct individual values for x and y
at a particular site before x/y is determined, and must similarly be
used to correct A and B before A/B is determined.
For example, if the label on Ab shows crossover to the chanael
for the label on N, an empirical determination is effected using the
- Ab label alone, and the proportion of counts in the N channel rela-
tive to the Ab chanpel, 5, is measured. Later readings of couats in
the N channpel, in the'presence of both the N and the Ab label, again
assuming substantially no crossover of the N label to the Ab channel,
must be reduced by (s)(x) or (s)(A) counts for determinations of y or
B.

_ To correct for physical decay and isotope ratio variance, the
initial isotope activity ratio, "p", is determined, and then the
rates of decay of the two labels are used to calculate the expected
activity ratio at a later time, t, at which the readings are effected
in normal and suspected tumor tissues. For example, if the activity
of 123.I-N is 10 times the activity of 131-1-Ab at the time of injec-
tion, and a i'eading during surgery or endoscopic examination is made
.24 hours after injection, the corrections are made as follows

At injection, x/y = 1/10,
The 123-1 bhaif-life is 13 hours and the 131-I half-life is 8
days; so that after 24 bours, only about 1/16 of the activity of



to a d| stance of about 1.5 cm from the gross margins of _the tunor _The....
tunor mass is surgically resected, together with a secti gngppi AbEviBive BREET
col on extending a distance of 1.5 cmfromthe gross margifns of the tunor on
al | sides, at which distance the ratio of counts was not |npsg .1.62BEEY396

hi gher than the normalized baseline ratio. Al so, two YA
nodes give at- | east 15% increased. sigpals and are resected. For
control purposes. six other regional |ynph nodes wthout increased signals
are al so resect ed. 22 The

resected tissues are fixed in formalin and are found by
131-I is lost, whereas about 3/4 of the 123-1 activity is lost. The
expected normal ratio, x/y, should therefore be:

(1/10)(0.918/0.25) = 0.367.

Suppose the crossover of couants from the Ab channel to the N
channel is 35%, and that the actual readings for x and y in a region
of normal tissue are

Ab chanael = 1000 counts (131-]);

N channe! = 4000 counts (123-]).

. The readmg in the N chanael is corrected by subtracting for
érossover, so that:

x = 1000 couats; and

y = 4000 - [(1000)(0.35)] = 3650 couats.

It is now seen that, at t = 24 bours,

x/y = 1000/3650 = 0.277.

.Absent unequal biodistribution, we expected x/y to be 0.367:
therefore, ' i '

r = 0.367/0.277 = 1.323.

The probe is then positioned over a site of suspected tumor
tissue, and the process is repeated. ]

The readings in the Ab chanpel and the N .channel are taken,
and the 24 hour time is assumed invariant.

The reading in the N channel is corraeted for crossover.

. The ratio of the corrected readings in the Ab and N chaanels
is calculated, and the biodistribution factor, r, is applied. The
result, demoted A/B, is compared to x/y. If A/B is greater than x/y,
then the site is considered to be a tumor tissue site.

Still more sophisticated corrections can be istroduced iato
the model to account for other departures from ideality in actual
detection situationms. There' will be some attenuation of signal for
different thxcknesses or compositions of normal and tumor tissue.
Thus, several measurements of x/y for normal tissues may vyield
different corrected values because of unequal effects of these
parameters on the two aatibodies or radionuclide labels. It may be .
aecessary to select a set of parameters from a library of such -
parameters determined in normal tissue, so that the various correc-

tion factors most closely approximate those for the type of tissue



hlstopathology, except for the six |ynph nodes mﬁthout i ncreased_signal s,

to contain adenocarcinoma, classified as a Dukes' | esi
tunor borders are found to be free of cancer |nva5|on sin r‘%Enese are
determ ned by the drop of signal beyond the major tunor na Date Hb@
of increased signal (specific antibody radio- activity couparead "o

RN SHEET

control radioactivity) are found el sewigre in the abdom nal cavity,
i ncluding over the liver, which.is the major distant site of colon cancer
net astasis. Based upon followup of the patient up to one year after

surgery, no evidence of |ocal or distant recurrence of the cancer I's found,
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asd their inclusion is thhm the broad scope of the preseat inven-
tion.

. The final processed readout from the dual channel probe can be
provided to the surgeon or clinician in a variety of forms. For
exampie, when the value for A/B at a suspected tumor site exceeds
that for x/y, applying the npecessary corrections as set forth above,

. the physician can select a level of difference which he considers
s:gnxhcant, generally at least 15% of the normal value, preferably
at least 30%, and set ‘the probe to give am auditory or visual signal

' when that level is attained at any particular locus in the course of

- . a scan. | '

The probe can be combimed with surgical removal of detected
tumor tissue, and this is the conventional mode of operation in
second look surgery. Another possibility for such surgery, and
especially for endoscopic procedures, is to combine the probe with a
laser device that could use the signal generated by the probe to
indicate where laser irradiation should be directed to selectively
déstroy tumor tissue.

‘ Suitable laser devices, combined with fiber optic transmis-
ston, are well known in the art. Representative examples thereof are
described, inter alia, in, e.g., Dixon, Lasers jn Surgegy, in
*Current Problems in Surgery”’, Pgs. 1-65 (Year Book Medical Pubs.,
Inec. 1984); Fleisher, Arch. Ingern, Med,, 144, 1225-1230 (1984); Wood
et al, Am. J Gastroent., 80, 715-718 (1985); and Hunter et al, Am.
L. Surg., _1,55: 736-741 (1984). Three types of lasers are currently
in - fairly widespread use for medical therapy, namely the argon,
carbon dioxide and neodymium-YAG (yttrium aluminum garnet) lasers.
As noted by Fleischer, Nd-YAG and argon lasers have been used with

. fiber optic waveguides, although it is likely that further advances

..in. CO, laser technology will- permit its use with- [fiber optics in




| ati ng ar1d background nonspecific) radioactivity. . On the next day,

appr oxi mately 16 hrs after admnistration of second j&frtt+bod
pati ent undergoes col onoscopy, using a col onoscope equi |pFEdLAlF g”#hTaSHEET

radi ati on detector capable of neasuring gamm radiatipn t t hg
radi ol abel ed antibody. deposition. The detector conp |D§&Té@§%nﬁ‘n

telluride scintillation crystal nountedson the tip of an—optical Tiber
wavegui de. The optical fiber is housed within a shielded tube which
itself is inserted inside the colonoscope and extends to within about 4 mm
of the open end thereof, the remaining |length of tubing serving as a

col I'i mat or 1 g‘ln'pg Q&J&gg end of the opti- cal fiber leads to a
phot onul ti plTer, preanplifier and anplifier, and npans to converd the
resul tant signal Tthe dotespings JoFRIFmEsad V¥ oratsilgsess  have been Theed

gast roent enpi@gystin C¥ajuiétig t WixhC adndasetipy) bévh cial owagulative and in
ablative modes, including their use for tumor therapy. The use of
lasers and endoscopy has ddvantages where surgery is coatraindi-
cated. Used in conjunction with RAID in a combined endoscopic
procedure according to the present ianveation, greater precision and
mitigation of damage to normal tissue is achieved.

The use of second antibody clearance to eanhance imagiang of
timors and infectious lesions using an external radiation ~detector,
e.g., a gamma camera, is -disclosed in Goldenberg Patent U.S.
4,624,846. This reference provides ample disclosure of types of

' anribodies and sources thereof for use in clearance of primary
antibodies and/or their labeling moieties from the circulation to
reduce background radiation and to enhance imaging.

Second antibody clearance increases the localization ratic of.
the labeled primary antibody in tumor tissue. "It is used in the
present invention to reduce non-specific background radiation. As
used herein, the term “localization ratio” means ‘the ratio of target
to non-target activity of the radionuclide used to label the primary
antibody. In gemeral, the’ method of the iaveation will increase the
localization ratio by at least about 20%, preferably at least about
50%, and often by a conmsiderably higher factor, within about 2-72
hours following imjection of the second antibody. Generally this is
- accompanied by a reduction in the level of circulating* labeled
primary antibody by about 10-85%, preferably by at least about 50%,
and often higher, within about 2-72 hours following injection of the
second antibody.

It will be understood that the secomd antibody used for

clearance of primary antibody and/or its labeling moiety can be whole
immuuoglobuli"ﬁ or an immunoglobulin {ragment, as disclosed for the
related clearanmce method - in U.S. 4,624,846. The administration
protocols. and other strategies for further enhancing focalization and
reducing background will be similar to those disclosed in the
aforementioned refereace for second antibady clearance in imaging

procedures, aad the skilled elinician will .recognize those [actors



23 oscope finds six small peduncul ated pol yps w thin drsta
anal verge, and two |arger |esions neasuring|ﬂJEFE4ﬁ§FMFN%@HﬁET
The radi ati on detector shows an enhanced signa onIy

larger polyps, this signal appearing at |east jmlﬁ&
than background signals or those over,the other polyps A totar of 5 ——
pol yps are renoved by means of |oop insérted in the col onoscope, extracted -
t hrough t he col onoscope and processed for histopathology. It is found

but the one having a high radioactivity signal are free of

from the
di anet er.
the two

that all

cancer cells. The affected polyp had a nodul e of adenqcarci noma of

about 0.3 c?ﬂ%&het‘%r‘h‘se(gjm dififgrentoAfaseduzese Yﬁ?"’éol“ﬂﬁﬂgcdﬁ?‘cﬁ“m Wwr to
a_epatpl mnpameawrvﬂatdwmmndmnocl onal anti body agal nst col on

: | . |- 131 |
Gose. of rabbit APV, b« cparaly vl 16k & RREIYIE SnidbiEe, Yot Ry

t he above,

A single

in the same way for intraoperative or endoscopic examination as it is
for extermal imaging. Rather, in the event that it is desired to
optimize the iimiig of surgery or endoscopy, a blood sample can be
taken at periodic intervals after mjecuon of the second antibody
and the level of activity of the primary anubody label in the biood
is determined, so that the efficacy of clearance and the level of

- ¢irculating label can be observed. This will indicate the best time

for surgery or en.ddscopy. and/or the need for repeated injection of
second antibody to further reduce the level of circulating label
Fjor exampie, when the level of circulating primary antibody label is
r§duced by at least about 75%, preferably by at least abour 85%, or
ev'en more,’ the isterfereace of background radiation with the short-
range tumor detection process will be minimized, aad surgery will be
optimal. - _
It is again emphasized that combinaticas of subtraction aad
second antibody clearance can be used to further enhance the efficacy
of background reduction and correction for non-specific uptake of
label provided by the herein disclosed aspects and embodimests of the
invention, and thét_such combinations fall within the broad scope of
the present invention. ' .

' Without further elaboratiom, it is believed that oae skilled

. in the art can, using the preceding description, utilize the present

invention to its fullest extent. The following preferred specific
embodiments are, therefore, to be construed as merely illustrative,
and not limitative of the remainder of the disclosure in aay 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.

EXAMPLE 1 -
Iniracperative Tumor Detection
A male patient with a sigmoid colon cancer, as diagnosed by

sigmoidoscopy and biopsy. is _injected intravenously with 1-131-



a%ﬁﬂmmeemaosmemﬁ

smal |” pol yp of about 0.7 cmin dianeter is found to have
signal. 'The col onoscope is equipped wth a fiber opticlaser uﬁs ck
deliver a | aser dose that coagul ates the entire polyp. ,Da*e ] D Cm
EXAVPLE 3 | nt raoperative Cancer Detection A =

ul trasound suspected ovarian cancer recei,es an i.v. injection of

1-131-1 abeled anti-ovarian cancer nurin nonocl onal anti body (3 nC
1-131; 1 ng 1gG F(ab')[err]) followed 24 hrs later with 2.0 nC

Tc-99m | abel ed T101 anti-T-cell nonocl onal antibody (1 ng F(ab')[err]) i.v.
Wthin the next 24 hrs the atient undergoes | apar- otony and an _ovari an
mass on her |@Peled; mariae (mogpsiapal antibadypto jpareipoegbryaqisaatigen (&diadk i on
detecting pr@bemcilesasiper mign alixwyez&mﬁwgmaﬁd GV @E(ab'}y) \dndCerreignd

bet ween the organs_ of_t pe Vi Viel I & rian mass
i ndi cates the" %6} fRutiag hfgéfbgp?& Lf@afg 1?33 {? ¢é| at F\Feq?g 1@' 2&om
and this i ncmoaéed TBhorpaltient igviciened tmtht hesasmage'@mcribyand tthessiomchr The

surgeon  al SO;RASSAS th%r pL, ppe.nuyeau QJ&P&HPE{' CoC Bphlet Xnetﬁ Sﬁ(‘a’l eéﬁidelexwgtéh or

nodes clearly_ show_ actiwity, occasional )é even th
mass at the Paeet oNar 331687 s At pHeimps@whepnhe T%@ﬁntdl‘ Hemsntiatiqne afi vel v

localizes in L.yophakide PidUCidtiaity (bl EOBSLishéifig Gumfdryanctivity is
- achieved, usually within about 24 hrs, the patient undergoes surgery

for removal of the sigmoid coloa cancer and any other sites in re-
- gional lymph uodes, in - the liver, or eiswhere. This is achieved by
passipg a sterile, "probe_ over the viscera. The probe has a cadmium
-, telluride scintillation crystal, collimator, preamplifier and ampli-
_:'fier, similar to that reported by Aitken et al, op. gif. but is
"._i;no.dified to include a comparator circ_uﬁ capable of selecting oaly
the high energy I-i!gl band in ome chamnel or a total gamma counts
band om an alterpmating basis, and a deri\-red ‘difference readout,
corrected * for. scatlter as described bhereinabove, correspdonding to
the I-123 counts in a second channel.

The probe signals are processed to produce a reading corres-
ponding to the ratio of counts in the 1-131 channel to those in the
1-123 'c‘hannel, _correc:cd for' the decay rates of the radionuclides,
and normalized to unity at representative non-tumor sites. The
processed readings are tramslated inmto a digital recording and an
f-_?auditory signal, suck that a significant imcrease in the ratio of
'_gauuna ray counts ot‘ specific antibody I-131 over background 1-123
_tpsult.s in an increase in auditory pitch. An increase im couats
fatio and signal of at least 15% relative to non-tumor areas is noted
in .this patient at the site of the sigmoid colon mass and extending
to a distance of about 1.5 c¢m from the gross margins of the tumor.
The tumor mass is surgically resected, together with a section of the
sigmoid colén extending a distance of 1.5 cm from the gross margins
of the tumor on all sides, at which distance the ratio of counts was
aot more than 5% bhigher than the normalized ‘baseline ratio. Also,
two mesenteric lymph nodes give at least 15% increased signals and
are resected. For coatrol purposes. six other regional lymph gnodes
without increased éiguals are also resected.
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I ygphatl c background activity is noted, as with the tunor-g
radi oactivity, then the appropriate signal indicating | ih _node

is obtained. O ten |lynph nodes rermged, ‘the six s%owiy Osge - Jngrggga%ij
signal alll have nucinous cyscadenocarchfoma consistent wtT Simmiics
ovarian tunor, and correctly identified at surgery wth the radlatlon
probe. Since the five positive |lynph anodes are in a nore

retroperitoneal cluster of an area showi ng generally increased signal

wth the radi a“l'ger:] rtpsregtlgs’ titsme§ a%t e?ixe‘iisin formalin and are fouand by
histopathology, except for the six lymph godes without increased

signals, to contain adenocarcinoma, classified as a Dukes’ C lesion.
The colon tumor borders are found to be free of cancer imvasion,
since these are determined by the drop of signal beyond the major
tumor mass. ~No- areas. of increased signal - (specific antibody radio-
activity compared to control radioactivity) are found -elsewhere in
the abdominal cavity, including over the liver, which is the .ma;iér
distant site of colon cancer metastasis. Based upon follow-up of the
patient up t6 one year after surgery, no evidence of local or distant
recurrence of the cancer is found, despite repeated CT scans and
laboratory tests for circulating CEA and liver function.

§ EXAMPLE 2
MMMMM

(A) A man with a hxstory of multiple polyps is admitted for colon-
oscopy because of a recent positive hemoccult test for the presence
x'.:!" blood in his stool. A dose of murine monoclonal antibody against
é‘élon cancer-associated antigen labeled with 1-131, is injected i.v.
(3 mCi I-131 with 0.5 mg IgG protein), and 6 hrs later, 12 mg of goat
antibody- agaimst the murine monoclonal antibody (anti-antibody or
second antibody) is injected to rapidly clear the nontarget (circu-
lating and background nonspecific) radioactivity. On the next day,
afpyro'xima:ely 16 hrs after administration of second antibody, the
patient uadergoes colomoscopy, using a colonoscope equipped with a
radiation detector capable of measuring gamma radiation emitted by
the radiolabeled antibody deposition.  The detector comprises a
cadmind telluride scintillation crystal mounted om the tip of an
optical fiber waveguide. The optical fiber is housed within a
shielded tube which itsell is inserted inside the colonoscope and
extends to within about 4 mm of the open end thereof, the remaining
length of tu.i?:ing serving as a collimator. The other ead of the opti-
cal fiber leads to a photomultiplier, a preamplifier and amplifier,
and means to comvert the resultant signal to a'corresponding auditory
signal.

The gastroenterologist- examining the colon with the colon-



mar ked . for, ‘external beam radiation therapy after renmoval of the

i nplicated nodes. Therefore, while the abdom nal cavi g ose d
i ntraoperative radi ation therapy course involving the d %%?ék SHEET
ci rcunscribed high dose of radiation (approxinmgely 6, ade)

I nstituted. The precedi ng exanpl es can be repe %@6‘9 \fﬁhngﬁn’mw
success by substituting the generically 23r specifically described reactants
and /or operating conditions of this invention for those used in the

pr ecedi ng  exanpl es. From the foregoing description one skilled in
the art can easily ascertain the essential characteristics of this

i nvention angeond thpad sﬁ@&%{aﬁ! ']ﬂdfxﬁ%;teﬁe]péit}# | i SR8t re3b: cgan

make various_ c an es and cations o e invention to adap I't
various usagiematle cihddi ¥ ?’GFrs _and two larger lesions measuring more than 1 cm

in diameter. The radiation detector shows an enhanced sigmal only

over ome of the two larger polyps, this 'signal appearing at least
five times highe'r_ than bﬁckground signals or those over the other
polyps. A total of 5 polyps are removed by weans of loop inserted in
the colonoscope, extracted through the colonoscope and processed -for
‘histopathology. It is found that all but the oze haviag a high
radioactivity signal are free’ of camcer cells. ~The affected polyp
‘had a nodule of adenocarcinoma of about 0.3 cm diameter.

{B) In another case of colonoscopy similar to the above, a patient
g:eceives murine monoclonal antibody against colon cancer-associated

' si‘n:igen (labeled with 1-131), followed by a single dose of rabbit
antibody against the first murine anticancer aatibody. A single
s_inall polyp of about 0.7 ecm in diameter is found to have an increased
I-131 signal. The colonoscope is equipped with a fiber optic laser -
Aased to deliver a laser dose that coagulates the eatire polyp.

. EXAMPLE S )

A woman with ultrasound suspected ovarian cancer receives an
~i.v. injection of I-131-labeled anti-ovarian cancer murine moanoclonal
“antibody (3 mCi I-135; 1 mg I1gG F(ab),) followed 24 hrs later with
20 mCi Tec-99m-labeled T101 anti-T-cell monoclonal antibody (1 mg
F(ab’)z) iv. Within the next 24 hrs the patient uandergoes lapar-
otomy and an ovérian mass on her left side is removed.

Prior to excision, the radiation detecting probe described in
Example 1 is passed over the viscera and between the organs of the
abdominal and pelvic cavitiess. The ovarian mass indicates the high-
est relative® activity of I-lﬁl relative to Tc-99m, and this increased
signal is evideat to the surgeom by its soumd. The surgeon also
passes the probe throughout the cavity, and several lymph nodes
clearly show activity, occasionally even higher than the tumor mass
at the left ovary. This is because the T101 anii'body selectively

localizes is lymphatic strdctures, thus,K coastituting an organ-
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defining the invention are as follows: 1. A ng hod f
short-range intraoperative detection of a tunor, wherei

is injected parenterally with a radiol abel ed primary anti body wieh

specifically binds a marker produced by or associated with a tunor, a
surgically exposed interior of a body Zdvity of said patient is scanned at
close range with a radiation detection probe, and the sites of accretion of
said | abel ed antibody are | ocated by detecting el evated | evels of radiation
at said sites with said probe, conprising conpensating for or reducing

non-t ar getspleaifigr cigedts adiwhésen by dlxﬂjr@ﬁ&l Ngersai 6if patu.eny Ribovet ahdd | Y,

th tl nt t,
subt ract | i paaE batkeRSREP Bebiion) is "ot wor e e L HIRE-OE e oy
which is dep3¥ atredyomt‘ec!,ablbsnfrthn t hpproprizts y sipaiai béwdichtibgl lysiply a
radi ation {@keGhabtaisORE; obafl th@nde&&Cw?ﬁrq &mé&'owdof;hkh%;fomfast

or subtraction agent being used to better tunor, wherein:
(i) said cOAMiBGt a8 inmsesssdt istgpadgeil Bampr musinays ocrygmensmsmqyabl or

i nterstiticdnsistdticd wieh- &HéTDrprﬁlﬁi‘Ql fdvariaantiuadl, a0RNt cordéiély hRden@iTidd ant
di f fuse di strlbutlon C}t éﬂe 3 ntrast agent #S used to defipe the org

bl ood pool®*orBf&fFEr N t351Pe itfe@FEby Y'88% I8¢5 | RASIEYS n’ﬂﬂphantl body
activity avedeenhaacdd andmiveet ee:rdpss:omhat:hﬂzagaahsinaabea:kghoumg of

reduced digehipgg OthtftakedI8ihal 2WAkn 2fhd VhidlariBh peobe. this ared [}d Sl d

actron age i sotope correct on ag&ht® c&hpri sing
i 1 r el evant®askednofproberternalasbasa ei"#béﬂevetwphedﬁeﬂ‘r srmpral sefrethy

unphcated nodes. , Therefore, while the abdominal cavity is exposed,
.' an intraoperative radiation therapy course involving the 'deliver'y of
.,'a circumscribed high dose of radiation (approxxmagely 6,000 rads) is
mmuted.

_ . The preceding examples can be repeated with similar success by
;ubstitutiﬂ:g the generically or specifically described reactants
and/or operating conditions of this invention for those used in the
preceding exaniples. ' |

From the foregoing description, one skilled in the art can
easily a.scert_ain _the esseatial characteristics of this investion and,
without departing from the spirit and scope thereof, can make varions
changes and modifications of the inveation to adapt it to various

usages and conditioas.
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different species as that used to pf &kqupger HxS BEFY |ant EE@“ » i
irrel evant’ i mmunoglobulin being. so I:ﬁ_ﬂFeﬂhPhﬂCEDhe kilhet || CE-ANPEMENT sz

di stribution of the r adi ol abel ed pri

i nmunogl obul i fh cegre substantially the same g et v
peri od reqwred ﬂu and wherein the ratio of primary a

| abel activity i mmunogl obujg n | abel_activity ‘at a selected
site is conpared to said ratio at a known non-tunor site, whereby an

el evated | evel of primary, antibody |abel accr eummmm en- anti body
conplex formation at said selected site can be mmm (b)
unl abel ed seﬁm g_% [‘{‘AigCh specifically binds thée pMi mary*anti body or
the | abel i ng ioie ereof, the second anti body -being injected at a tine

after the inj ectlon of the primary antibody sufficient to permt specific
uptake of - the pginagy antphedy b2 shumrang@ umamqiyuc@vumma&dorn an

anount sufficent to _reduce the ci rcu ating | evel primary anti body
| abel by at JUBRfH IJtheftinioe - swegigal rH‘b"%‘nc‘F’edEt“Hﬁe be?&ﬁ@ﬁﬁ dritRatdi o of

th he Ia?e: Ied AdisRibilant, pﬁ@fhf/fybﬁaﬁibbtﬁztwtﬁb‘ﬁ)u'fspeﬂ%camyt thﬂdﬁlbgu'[mirkderr2 |

ours foll ow I n,ectjon of the secaond, anti ere ground .l evels
of nonspeci 1% c‘%l“l yhdlco iy PHub e 'pﬂ‘f antl b g?%r sf%@dé@ Yr 8*P¥lced in
t he body cavinteriorarmf tahecbadiyt esvisy axicrsetd opRtisit |- abehuhqﬂrlmrciosanumdy as
wel | as tihe- Jvﬁlie' qfad&l?ﬂ:ﬁ' feegﬁ?wa@owermf thé est@r%fe aberelibYeloY said

di scri m nat ed laim 1, conprising injecting

sai d pati enthbaként@t‘&"ldy age t hesatehnbr rdéFRCF*}Sore!@@(ﬁ%ﬂenfq"aisl yef vﬂaﬁhk
contrast agefién afgaiadlsieewath ¥dilifprabé,adi oi sot ope

the improvement comprising injecting said patieat parenteraily,

‘either concurrently or sequentially, with: _
(a) a contrast or subtréction agent radiolabeled with a radio-
" isotope emitting at an energy which is separately detectable [rom
the primary antibody label using a radiation detection probe;
: radiation detected from-' cmission of the coatrast or subtraction

agent l;__eing used to better define the tumor, wherein: -
(i) - said contrast or subtraction agent comprises an orgas, '
blood pool or interstitial fluid non-tumor- specific con-
_trast agen:, and the resultant diffuse distribution of the
contrast . agent is used to define the orgaa, blood pool or
interstitial region. whereby foci ‘of labeled primary aati-
body activity are enhanced and better discriminated agaiast
a background of reduced diffuse conmtrast agent label acti-

vity; or _ ) _
(ii) said comtrast or subtraction ageat is a2 dual isotope
correction ageant comprising irrelevant immunoglobulia from
the same or different species as that used to prepare the
primary antibody, the irrelevant immunoglobulin being so
labeled that the kinetics and distribution of ‘the radio-
labéled primary antibody. and irrelevant immunoglobulia in
the patient are substantially the same during the time
period required for scanning; aasd wherein the ratio of
primary antibody label activity to irrelevant immunoglobulia
label activity at a selected site is compared to said ratio

at a known non-tumor site, whereby an .elevated level of



26 efit'fi hg at an energy which is e from-the prinar
antlbody ‘| abel__using a radiation (get'e

em ssion of the contrast agent beling.us define the é 1
wherein sai d ctnsShest Re; rises an organ bl ood m@;l jo D c%lt
ast agent, and the—+resul

fluid non-tunor 3
gent. i s used tm&ifl ne the organ bI ood pool

di stribution of
mﬂ ody activity
WM& reduced
o]

or interstitial reglon, wher Ey foci of26l ab

are enhanced and better di scri m nated agai ns

di ffuse contrast agent |abel activity. The sneshod of claim 2,

wherein.said contrast agent conprises at | east one of a radiocolloid, a

radi ol abel ed |i gos;laﬂg;argdrafiwddabelﬁmsakubhensadﬁe fo radi:ghgheﬂfzmilds,ol ubl e
rotein or a radiola 00 t claim 1,

: dlsy REBRUE° Ak id, aPitede: YDy oRhn 8 Brefetor

conprising injecti n"gm concurre
sequentially, wt hnaeé;ubt raction agent radi ol abel ed with a radi oi sotope

e tting apranpgner QUNIER [sBeaRpaualihl d%agtat;t.@%.lffram Ngidtsl MY

anti body | abel” (sing a radiation detectio ati detecteq from
eni ssi on of ttﬁ"%ﬂraﬂ‘%‘?ﬁhg@ﬁt thei n‘gbﬁ!r@@d mpiegikt t‘BF"Géfl Hee t freopdnor

and wherei n saidtisddy I 86l ortn Bd 12 a Chimle lai@érOp@eCQE¥&€ibh0rbfdgﬁ£}t

conprising irrelevant p J ,n fromthe sane Q E‘ent sprim es as

that used (o PIEPATS SREIBOAY Ry IRt GRy PRI | FRRSLiGaritPtake of the
primary antibody by a tumor in the body cavity, and in an amouat
sufficent to reduce the circulating level of the primary antibody
label by at least about 10 - 85%, or to increase the localization
ratio of the ' labeled primary antibody by at least about 20%,
within about 2 - 72 hours (following injection of the second
antibody, whereby background levels of noaspecifically distri-
‘buted primary antibody and/or label are reduced in the body
cavity, and the sites of accretion of labeled primary antibody as
well as the level of specific uptake therecof are more effectively

discriminated.

2. The method of claim 1, wherein said imgrovement comprises
injecting. said patient parenterally, either concurreatly or sequen-
tially, with a conmtrast agent radiolabeled with a radioisotope
emitting at an enecrgy which is separately detectable from the primary
annbody label using a radiation detection probe; radiation detected
from emission of the comtrast agent being used to better define the
tumor, and wherein said contrast agent comprises an organ, biood pool
or interstitial' fluid npon-tumor-specific contrast agent. and the
resultant diffuse distribution of the conmtrast agent is used to
define the organ, blood pool or interstitial region, whereby foci of
labeled primary antibody activity are enhanced and better discrimi-
pated against a background of reduced diffuse contrast agent label

L

activity.

3. The method of claim 2. wherein said contrast agent comprises
at least ome of a radiocolloid, a radiolabeled liposome, a radio-
labeled soluble salt, a radiolabeled soluble protein or a radio-
labeled blood cell. = ' )



[ rmunogl obuI in being so | abel ed that the kinetics and di
r adi ol abel ed primary antibody _and |§rre1t evant===
are substanfially the sane during ti dHi$ pEEpE HASHBEEN i r ¢d _f or
and wher ei n t{ygs snaét ibas Been Replacelr y an | bodyRERUPGEDCE i vi ty Baflerr

i munogl obul i n ' at a
at a known non;u '

| abel accretio 0 anti gen-anti body conp n at sai d sel ect ed
site can be discrjmnated 5. 'ﬂ'le my Hm3 conpri sing
injecting said pati-ent parenterally, either concur quential Iy,

wi th unl abel ed second antibody which specifically binds the primary

anti body or the | abeling noiety thereof, the second anti body being injected
at atime afterd.t hé‘h’enjmaﬂ:iodnobf clhaime pr imr;uarﬁahd)oijypmuéi:bni ecvmprdseper m t
specific up pr' no o) | and
in an amun%ﬁﬁgp‘t&l Eceh ols ﬁcgﬂghﬂgg@dul At &el* {onc[}ftteg?l)b & &a%agy

anti body | abidllypy wich eastsnasf@etmgo agest %dxelabtebed nwidase trhéxqtm;apq: zation

ratio of themiahel o Rhi eREgy aWhidNOTY Jaasaﬁkeweas&c&tswtfraﬁ‘yoznw% grgbout 2
- 72 hours follow nge%rl jectron of the second’anti body, whereb ackgr ound

| evel s of ndRti8EdEp |d’:§l”?3y Yi S24IAHAR cdeiseHARY PrabR: i Bﬁwt‘gﬁd/‘%ﬁ“q‘%&)el are
reduced in fhomn bethissien/ i by, tI&anubmcﬁbi eagdt axeeﬁgatusau ad bahet edegine mary
anti body as . I th eyel S [ t.ake reQf ar

effectivel y sck:?i%%’na nA %'eh"em %?g {;%H&;&E E egl aim E‘éu;ro\/v%%?gfn a

bl ood sanpl eouscm@kensmt mmp@t;ms i irredevamit s lamghh}lbct ifsem ofthe asame econd

anti body, tige lyemeledd! spelics! ﬂlmtpmmr% %bb&dmta%lmﬁ(&t'ﬂdﬁbd n the
bl ood is determned for each sanple, and the tine f.or su rge%ls optlmzed

by sel ectingd® ’c"FﬂEV%&feﬁW"ISB\Pé‘Pnofb%‘?& 3 dabelgd pHiatathe akisetstyadpel

activity distribution of - the radiolabeled primary antibody and - utelevant

—_ .

_ mmunoglobuhn in the patient are substantially the same during the
time period required for scanming; and wherein the ratio of. primary
annbody label activity to irrelevant immunoglobulin label activity
at a selected site is compared to said ratio at a known gsoa-tumor
site, whereby an elevated level of primary antibody label accretion
dge to anugen-anubody complex formation at saxd selec:ed sue can
be discriminated. '

5. The method of claim 1, wherein said improvemeant compt:ses
injecting said patient parenterally, either concurrently or seguen-
tially, with unlabeled second antibody which specifically binds the
érimary antibody or the labeling moiety thereof, the secomd antibody
being injected at a time after the injection of the primary antibody
sufficient to permit specific uptake of the primary antibody by a
tumor in the body cavity, and in an amount sufficeat to reduce the
circulating level of the primary antibody label by at least about 10
- 85%, or to increase the localization ratio of the labeled . primary
antibody by at least about 20%, within about 2 - 72 hours following
injef.tidn ofi*the second antibody, whereby background levels of non-
specifically distributed primary antibody and/or label are reduced in
the body cavity, and the. sites of accretion of labeled primary
antibody as well as the level of specific uptake thercof are more
effectively discriminated.
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whi ch specifically binds a marker produced by..or_associ t
scanni ng.the endoscopical ly accessed interior of a body cavity. of sai

‘patient at close range with a radiation ﬁetect mEnd | ocating the

sites of accretion of said | abel ed anti body by ed | evel s of
radiation at said sites with said probe, whereih al rther
conpri ses conpensating for or reducrng non target background radi ati on by

injecting said patignt ter n r:.S ntraIIy
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primary antiody,]gbgle lé?tjcgﬁtﬁig ?épxﬁtal'fmaﬁiﬁﬁgﬂ RBePr 8ficy i rawdi ation

detected from en ssi on vast” or subtraction agent bein used to
better defi rdoedeist detsrmingdefor pach sample, and thfﬂ)ﬂﬂga? SBFRESTESHS

subtracti on #fR{ze@0FY. 1 $Q2ciidlg OaJ&Imeb| WBEL PEWE . Ddvel of cxrculanng
primary antibody label activity is reduced by at least about
85%.

7. A -method for short-range endoscopic tumor detection,
-'.comprising injecting an endoscopy patient parenterally with a
radiolabeled primdry antibody which specifically binds a marker
i':.r'oduced by or associated with a tumor, scaanning the endoscopi-
cally accessed interior of a body cavity of said patient at
close range with a radiation detection probe, and locating the
sites of accretion -of said labeled antibody by detecting

elevated levels of radiation at said sites with said probe. _ ;

¢ 8, The method of claim 7, which further comprises injecting
s;id patieﬁt parenterally, either concurreatly or sequentially,
with: -
(a) a contrast or subtraction agent radiolabeled with a
radioisotope emitting at an energy which is separately
detectable from the primary antibody label using a radiation
detection probe; the radiation detected from emission of the
contrast or subtraction agent being used to better define
the tumeor, wherein: _
(i) said contrast or subtraction agent comprises an
organ, blood pool or iaterstitial fluid non-tumor-
specific contrast agent, 2ad the resultant diffuse
distribution of the contrast agenat is used to define
the’ organ, blood pool or interstitial region, whercby
foci of labeled primary antibody activity are enhanced
and better discriminated against a background of
reduced diffuse contrast agent label activity; or
(ii) said contrast or subtraction ageat is a dual

isotope correction agent comprising irrelevant
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T (i) said

' nt conpri sing
i rrel evant i munogl obulin fromthe sane Or dif @%s t hat used
to prepare the primary anti body, the irrel evant i munogl obulfd*n bei ng so
| abel ed that the kinetics and distribution of the radiol abeled primary
anti'body and irrel evant inmmunoglobulin in the patient are supstantially the
same during the tinmimpaopg@dplguifrem fthe 8386nPhgdi HATERINERSSHST (Be ratio of
primary antibody | apgle agkéVid Ypiepaid I @leC\f@ithasymadtitgddgbuitien ikmbe| activity
at a selected site is conpared . to.said.ratio Kk N, F site,
wher eby an el evat ed -"Fﬁﬂleilrgp’ﬂ’{“?ﬁl?w}%/ gﬂf‘?bfﬁlyﬁﬂ%ﬁgeéil Qgé\gr@?i olﬁh%% to
antigen- antibody canpl eMsfributidd oof athes afadliglabeled epriznany camtibiody
di scri m nated; or " | d:antg Hogye; didai S ifically
bi nds the primary aﬁ??béf]‘{’p%rau%]hg&ﬁggggfllgﬁgmmixﬁt &/“tohgar/téég{‘a, q,?ehepﬁgcond
anti body bei ng i nj estaagi ahe | spmegrdusing Hbe pimec Regipdorreatizedyr fofar y
antibody sufficient siihdi@EN hnd PVbekdia URE aksriof of hgritharyaraasibadybody by a
tunmor in the body civ{’tg, and.in an anoynt suff.jcent t.0 rg.c:iluc 28el€
circulating level of3bft AFFREY, 3Rt i'BD "Fabel'%mé?glfggxt about 10 - 85%
or to increase the lsacizivyzasti on sedédted ofité his | aimepazdd pto mazig amatiobody by at
| east about 20% within ab - hQur s . fi W,00 . je0k gt | the -
second anti body, vvh@fe?)yﬁ%oac lg"r”olt}ln f g‘telge'l gjh%Hb or?gpgicei%?ga eIgyg/l jfst ributed
primary antibody ‘angiimatymbentibedy r shededcrretiate durlylcadatigea-afitt the sites
of accretion-of |abglgd PiduifiEy WHhARS 25 B! saclebe st@VQhnofbespeci fic,

upt ake t hereof are

discriminated; :

or (b) - umlabeled second antibody which specifically binds the

primary antibody or the labeling moiety thereof, the  second
antibody being injected at a time after the injection of the
priinary antibody sufficient to permit specific uptake of the
primary astibody by a tumor in the body cavity, amd in an
amount sufficent to reduce the circulating level of the
primary antibody label by at least about 10?- 85%, or to
increase the localization ratic of the labeled primary
antibody by at least about 20%, within-about 2 - 72 bhours
following injection of the second antibody, whe'reby back-
ground levels of wpoaspecifically distributed primary aati-
body and/or label are reduced in the body cavity, and the
sites of accretion of labeled primary antibody as well as
the level of specific uptake thereof are more effectively

diseriminated.

9. The method of claim 7, wherein a laser is used to remove
tumor tissde at sites of elevared primary antibody label

accretion.

10. The method of claim 8, wherein a laser is used to
remove tumor tissue at sites of elevated primary antibody label

accretion.
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wherein a'laser is used to remove tupfof i St aig gFE | pi—skevated—prinaiy

anti body | abel accretion. 9. TheR#ERLACED 0 rﬁﬂ’LAﬂWENTrSWEET
| aser is used to renove tuUnor- t+ssue_ at si

§ primary ody
| abel accretion. The met hod of cl al rﬁa?e Iwﬁl Bgﬁf
conprises injecti ng”M’HlmgulH J“Mrenﬁ@ral ly, either coF ,
sequentially, with a*con radi ol abel ed with a radioisot ope
emtting at an energy which is separately detectable fromthe primry
antibody | abel using a radiation detection probe; radiation detected from
\(/3\;111 ssion of thq1 co'm;e aﬁbgmemf bRrii@g 7y Setlicho fbateer cokginises irhee:t-um)r and

erein said contr e corrprl r I nterstitial
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di ffuse conprimarngamtibedy| label using a° radiation detection probe:

radiation detected from emission of the comtrast agent being

used to better define the tumor, and wherein said contrast agent
comprises an organ, blood pool or interstitial fluid noa-tumor-

specific contrast ageat, and the resultant diffuse distribution

of the coatrast agent is used to define the organ, blood pool or

interstitial region, whereby foci of labeled primary antibody

activity are enhanced and better discriminated - against a back-
gflonnd of reduced diffuse contrast agent label activity.
12, The method. of claim 11, wherein said coatrast ageﬁt

comprises at least ome of a radiocolleid, a radiolabeled

liposome, "_a radiolabeled soluble salt, a radiolabeled
protein or a radiolabeled blood cell.

\.
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13. The method of claim 7, which further comprises inject- ?,%
. . ) . . . ’ ”/W
ing said patieat pareaterally, either conmcurreatly or sequean- m—
tially, with a subtraction agent radiolabeled with a radio- ?‘Z‘?
i.s_ot'ope emitting at an energy which is separately detectable ’—é%
from the primary aatibody -label using a radiation detection e

. probe; radiation detected from emission of the subtraction agent

being used to better define the tumor,

and wherein said subtrac-
tion ageat is a dual

isotope correction agent comprising irrele-
vant immunogiobulin from the same or different species as that
used to prepare the primary antibody, the irrelevant
globulin being so labeled that the kineties

the radiolabeled primary antibody and

immuno-
and diseribution of

irrelevant immunoglobulin
in the patient are substantially the same during the time period

required for scanaing; and wherein the ratio of primary aatibody

label activity to irrelevant immunoglobulin label activity at a

selected site is compared to said ratio at a kamown non-tumor

site, whereby an elevated levél of primary antibody label
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sufficent to reduce the circulating level of the primary anti-
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b:'ody label by _'at least about 10 - 85%, or to increase the

-@;a_lization ratio of the labeled primary “aatibody by at least
about .20%, within about 2 - 72 hours following injection of the
sé__cond antibody, wh.e:eby background . levels of nonspecifically
distributed: primary antibody and/or label are reduced in the
'bgdy éavity,. and the sites of accretion of Iabeled primary
;ntibody as well as the level of specific uptake thercof are
more effectively discriminated.

15, T-h.e method of claim -14, wherein a blood sample is taken
at peri_odic intervals after injection of said second antibody,
tile level of circulating primary antibody label _actfvity in the
blood is determined for each sample, and the time for surgery is
optimized by selecting a time when the level of circulating
primary antibody label activity is reduced by at least about
85%.

16. The method of ciaim 2, wherein said contrast agent is a

radiolabeled o,ggaxﬁ- or tissue specific antibody.

17. The method of claim 11, wherein said contrast agent is
. a radiolabeled organ- or tissue specific antibody.
/.
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said second antibody, the level of circulating prinma

29 | abel activity in the blood is determ ned for each sanple, and the tine

f ) i t i t j n._th | of circulatin
pri mary - ant | BYARACERRRSIVE, Aith Tbtieble By MR nec BBy ahun tkiaRY "
15. The nethod of claim 2, wherein said contrast agent is a radiol abel ed
or gan- specify i ssue-specific antibody.

WBSTRACT

Methods for short-range intraoperative and endoscopic detection and therapy of
tumors using radiolabeled antibodies and, in some cases, techniques for reducing or
correcting for non-specific background radiation to improve resolution. Therapy using
external radiation and/or laster or mechanical endoscopically introduced tumor removal
means can be compared with the detection methods to increase precision of the tumor

removal operations.
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probe; radi s?ﬁréigﬁ Bﬁﬁe%‘itﬁ dinfjéc?ég %g]re%&'rﬁpy %];itht aera%?ongre?esdt pr o :Pn%bggy which
specifically binds a marker produced by or associated with a tumor, a surgically exposed
interior of a body cavity of said patient is scanned at close range with a radiation detection
probe, and the sites of accretion of said labeled antibody are located by detecting elevated
levels of radiation at said sites with said probe, coinprising compensating for or redubing
non-target background radiation by injecting said patient parenterally, either concurrently
or sequentially, with: ' |

(a) a contrast or subtraction agent radiolabeled with a radioisotope emitting at an

energy which is separately detectable from the primary antibody label using a radiation
detection probe; radiation detected from emission of the contrast or subtraction agent
being used to better define the tumor, wherein:

(D said contrast or subtraction agent comprises an organ, blood pool or
interstitial fluid non-tumor-specific contrast agent, and the resultant diffuse distribution of
the contrast agent is used to define the organ, blood pool or interstitial region, whereby
foci of labeled primary antibody activity are enhanced and better discriminated against a
background of reduced diffuse contrast agent label activity; or

(ii) 'said contrast or spb.traction agent is a dual isotope correction agent
comprising irrelevant immunoglobulin, as hereinbefore defined, from the same or
different species as that used to prepare the primary antibody, said irrelevant
immunoglobulin being so labeled that the kinetics and distribution of the radiolabeled
primary antibody and irrelevant immunoglobulin in the patient are substantially the same
during the time period required for scanning; and wherein the ratio of primary antibody
label activity to irrelevant immunoglobulin label activity at a selected site is compared to
said ratio at a known non-tumor site, whereby an elevated level of primary. antibody label
accretion due to antigen-antibody complex formation at said selected site can be

discriminated;

(b) unlabeled second antibody which specifically binds the primary antibody or the
labeling moiety thereof, the second antibody being injected at a time after the injection of
the primary antibody sufficient to permit specific uptake of the primary antibody by a
tumor in the body cavity, and in an amount sufficent to reduce the circulating level of the
primary antibody label by at least about 10 - 85%, or to increase the localization ratio of
the labeled primary antibody by at least about'"20%, within about 2 - 72 hours following
injection of the second antibody, whereby background levels of nonspecifically distributed
primary antibody and/or label are reduced in the body cavity, and the sites of accretion of
labeled primary antibody as well as the level of specific uptake thereof are more
effectively discriminated.

2. The method of claim 1, comprising injecting said patient parenterally,
either concurrently or sequentially, with a contrast agent radiolabeled with a radioisotope
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4. The method of claim 1, comprising injecting said patient parenterally,
either concurrently or sequentially, with a subtraction agent radiolabeled with a
radioisotope emiuing at an energy which is separately detectable from the primary
antlbody label using a radiation detection probe; radlatlon detected from emission of the
subtraction agent being used to better define the tumor and wherein said subtraction
agent is a dual isotope correction agent comprising irrelevant immunoglobulin from the
same or different species as that used to prepare the primary antibody, the irrelevant
immunoglobulin being so labeled that the kinetics and distribution of the radiolabeled

primary antibody and irrelevant immunoglobulin in the patient are substantially the same

during the time period required foriscanning; and wherein the ratio of primary antibody

label activity to irrelevant immunoglobulin label activity at a selected site is compared to
said ratio at a known non-tumor site, whereby an elevated level of primary antibody label
accretion due to anfigen-antibody complex formation at said selected site can be
discriminated

5. ° The method of claim 1, comprising injecting said patient parenterally,
either concurrently or sequentially, with uniabeled second antibody which specifically
binds the primary antibody or the labeling moiety thereof, the second antibody being
injected at a time after the injection of the primary antibody sufficient to permit specific
uptake of the primary antibody by a tumor in the body cavity, and in an amount sufficent
to reduce the circulating level of the primary antibody label by at least about 10 - 85%, or
to increase the localization ratio of the labeled primary antibody by at least about 20%,
within about 2 - 72 hours following injection of the second antibody, whereby background
levels of non 30 specifically distributed primary antibody and/or label are reduced in the
body cavity, and the sites of accretion of labeled primary antibody as well as the level of
specific uptake thereof are more effectively discriminated.

6. The method of claim 5, wherein a blood sample is taken at periodic
intervals after injection of said second antibody, the level of circulating primary antibody
label activity in the blood is determined for each sample, and the tilpe for surgery is

‘optimized by selecting a time when the level of circulating primary antibody label activity

is reduced by at least about 85%.
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probe, and locating the sites of accretion of said labeled antibody by detecting elevated
levels of radiation at said sites with said probe, wherein said method further comprises
compensating for or reducing non-target background radiation by injecting said patient
parenterally, either concurrently or sequentially, with:

(a) a contrast or subtraction agent radiolabeled with a radioisotope emitting at an
energy which is separately detectable from the primary antibody label using a radiation
detection probe; the radiation detected from emission of the contrast or subtraction agent
being used to better define the tumor, wherein; _

(i) said contrast or subtraction agent comprises an organ, blood pool or
interstitial fluid non-tumor-specific contrast agent, and the resultant diffuse distribution of
the contrast agent is used to défine the organ, blood pool or interstitial region, whereby
foci of labeled primary antibody activity are enhanced and better discriminated against a
background of reduced diffuse contrast agent label activity; or

(i) said contrast or subtraction agent is a dual isotope correction agent
comprising irrelevant immunoglobulin from the same or different species as that used to
prepare the pnmary antibody, the irrelevant immunoglobulin being so labeled that the
kinetics and distribution of the radiolabeled primary antibody and irrelevant
immunoglobulin in the patient are substantially the same during the time period required
for scanning; and wherein the ratio of primary antibody label activity to irrelevant
immunoglobulin label activity at a selected site is compared to said ratio at a known non-
tumor site, whereby an elevated level of primary antibody label accretion due to antigen-
antibody complex formation at said selected site can be discriminated; or

(b) unlabeled second antibody which specifically binds the primary antibody or the
labeling moiety thereof, the second antibody being injected at a time after the injection of
the primary antibody sufficient to permit specific uptake of the primary antibody by a
tumor in the body cavity, and in an amount sufficent to reduce the circulating level of the
primary antibody label by at least about 10 - 85%, or to increase the localization ratio of
the labeled primary antibody by at least about 20%, within about 2 - 72 hours following
injection of the second antibody, whereby back ground levels of nonspecifically
distributed primary antibody and/or label are reduced in the body cavity, and the sites of
accretion of labeled primary antibody as well as the level of specific uptake thereof are
more effectively discriminated.

8. The method of claim 7, wherein a laser is used to remove tumor tissue at

 sites of elevated primary antibody label accretion.

9. The method of claim 7, wherein a laser is used to remove tumor tissue at
sites of elevated primary antibody label accretion.
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11.  The method of claim 10 wherein said contrast agent comprises at least one
of a radiocolloid, a radiolabeled liposome, a radiolabeled soluble salt, a radiolabeled
soluble protein or a radiolabeled blood cell.

12.  The method of claim 7, which further comprises injecting said patient
parenterally, either concurrently or sequentially, with a subtraction agent radiolabeled
with a radioisotope emitting at an energy which is separately detectable from the primary
antibody label using a radiation detection probe; radiation detected from emission of the
subtraction agent being used to better define the tumor, and wherein said subtraction
agent is a dual isotope correction agent. comprising irrelevant immunoglobulin from the

‘same or different species as that used to prepare the primary antibody, the irrelevant
immunoglobulin being so labeled that the kinetics and distribution of the radiolabeled
primary antibody and irrelevant immunoglobulin in the patient are substantially the same
during the time period required for scanning; and wherein the ratio of primary antibody

. label activity to irrelevant immunoglobulin label activity at a selected site is compared to
said ratio at a known non-tumor site, whereby an elevated level of primary antibody label
accretion due to antigen-antibody complex formation at said selected site can be
discriminated.

13.  The method of claim 7, which further comprises injecting said patient
parenterally, either concurrently or sequentially, with unlabeled second antibody which
~ specifically binds the primary antibody or the labeling moiety thereof, the second
antibody being injected at a time after the injection of the primary antibody sufficient to
permit specific uptake of the primary antibody by a tumor in the body cavity, and in an
amount sufficient to reduce the circulating level of the primary antibody label by at least
about 10 - 85%, or to increase the localization ratio of the labeled primary antibody by at
least about 20%, within about 2 - 72 hours following injection of the second antibody,
whereby background levels of nonspecifically distributed primary antibody and/or label
are reduced in the body cavity, and the sites of accretion of labeled primary antibody as
well as the level of specific uptake thereof are more effectively discriminated.
14.  The method of claim 13, wherein a blood sample is taken at periodic
intervals after injection of said second antibody, the level of circulating primary antibody
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specific or tissue-specific antibody.
16. The method of claim 10, wherein said contrast agent is a radlolabeled

organ-specific or tissue-specific antibody.
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INTRAOPERATIV E AND ENDOSCOPIC TUMOR DETECTION AND THERAPY

ABSTRACT
Methods for short-range intraoperative and endoscopic detection and therapy of

tumors using radiolabeled antibodies and, in some cases, techniques for reducing or
correcting for non-specific background radiation to improve resolution. Therapy using
external radiation and/or laster or mechanical endoscopically introduced tumor removal

means can be compared with the detection methods to increase precision of the tumor

removal operations.




