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DESCRIPTION

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 preseat in serum in a detectable amoust.

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 det_ecior and the tumor. In the case of small,

25 deep-seated metastatic tumors. 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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reported to provide important information o the surgeoa for detes-
mining safe marginas for resection and for detecting small metastases,
by Aitkea et al, Dis, Colon & Restum, 27, 279-282(1984).
_ Néver:hﬁless, elevated backgrousd radiation levels can inter-
3 fere with and vitiate the advantage of short measuring distances in
this techaique. In addition, non-specific immunogiobulin uptake by
tumor tissue cam complicate diagnosis. Moreover, background radia-
tion due to non-specific uptake of labeled aatibody often increases
with time after injection thereof and clearance of wnon-specific
10 backgrouad radicactivity can require several days for optimal detee-
tion of tumors. A need therefore comtinues 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' labe! using a radiation detection probe;
~radiation detected from em:sswn 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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lai:el 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 irjection of the secomd anmti-
body, whereby background levels of nonspecifically distributed
5 primary antibody aad/or label are reduced in the body cavity, and
the sites of accretion of labeled primary antibody as weil as the
level of specifjé uptake thereof are more effectively discrimi-
aated.
. 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 evﬁn_ greater differentiation between specific uptake of

 labeled antibody and background due to circulating labeled astibody,
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free label and/or noa-specific uptake of immunoglobulin aad/or
label. Hybrid .antibo'dies 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

T L ———



SENT BY:FOLEY & LARDNER. WASH.: 2-20-96 : 6:20PM :FOLEY & LARDNER,DC B~ 61 2 2615486:# 8/35

Wi 0/0"!3.— ;

10

15

20

EEE I B R R

'HHS Shee

i

scan sites aad the ‘ratio of tumor 1o non-tumor couamls, (O more pre-

_ THIS SHEET HAS BEEN
<6 : _ REPLACED

cisely discriminate tumor tissue from non-tumor tissue and thereby
more precisely define tumor borders for surgical resection or
diagnostic evaluation, or for external radiatios therapy. '

-Earlier workers bhave indicated thé desirability of reducing
background couats in an in:raopera:i&e probe method without sug-
gesting how this 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
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
for surgery asd 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
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-

25

30

a3

tration of radioactivity in the circulation cam serve as an indicator
of the best time for surgery and intraoperative 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 exampie, an antibody labeled ~with Cu-67, 5aving both
beta and gamma emission of appropriate energies, permits the surgeon
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. '

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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radiolabel bound to the primary antibody. The radiation caa be
alpba, gamma, beta, positron or any other detectable radiation which
can be produced by a coavenient label capable of attachment to an
antibody. For .éxample. a gamma detector suitable for such a fuaction
kas been repori_ed by Aitken et al, Dis. Cojon & Rectum, 27, 279-282
(1984). These  authors describe a hand-held gamma probe using 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
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
than in a surgical procedure suggested. Further, the method reguires
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 can be used and that the detector is not limited to
gamma radiation. It will aiso 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
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,
orgagn, 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 enhance sensitivity. This cas be effected by usiné two
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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distinguish by o:her “electronic means between radiation of differeat

types or emergies. One way in which this can be accomplished is to
detect differences in brightness of a sciatillation crystal response,
which correlates with differences in photon energy 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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gamma radiation emission peak in the range of 50-500 Kev, primarily

because he state of the art for radiation detectors curreatly favors

such labels. Suitable such radionuclides include, e.g., Todine-131,

lodine-123; lodine-126, lodime-133, Bromine-77, Indium-111, Iladium-

5 113m, Copper-67, Gailium-ﬁ'l, Gallium-68, Ruthenizm-95, Ruthenium-97,

Ruthenium-103, Ruthenium-105, Mercury-197, Mercury.203, ‘'Rhodium-99m,

Rhodium-101, Rhodium-105, Tellurium-121m, Tellurium-122m, Tellurinm-

125m, Thulium-165, Thulium-167, Thulium-168, Rhenium-186, Techaetium-

99m and Fluorine-18. Preferred radionuclides are lodine-131, lodine-

10 123, 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

15 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
20 . wherein the emission of the other nuclide is being 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
25 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
30 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 disciosures of all of which are incorporated herein in
their entireties by reference (hereinafter, “the Goldeaberg
pateats®). These references also disclose aatibodies aand aatibody
35 fragments for use in the foregoing methods. together with methods for
obtaining them and for labeling them with appropriate radionuclides.
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The antibody used as the primary imaging ageat ia the method
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
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aotibodies which specifically bind to tissues of these organs are
known and/or under current investigation and development. '

Organ-associated and organ-specific aatibodies can be deve-
loped by immuniziag a suitable animal bhost with certain mammalian
tumors or normal organ/tissue extracts and/or cells. It is well
known that use of tumors as immunogens can result in antibodies which
got only react with neop;isia but also with normal tissue components
which sometimes show an organ- restricted nature. Histogenetic and
functional differences betwees various tissues and organs of the body
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
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
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,
using well- known 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
lynphatxc tissue removed is then used for fusion with suitable
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
art, such as isolation of cell membranes or disruption of the cells,
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e.g., by centrifugation, somication, etc., to obtain iantracellular
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
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
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
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
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
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). |
' 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
bereinabove for primary antibodies, including chimeric, geneticaily

engineered, human, interspecies and the like. Again, mixtures of

1 |I_I.Im. o - L
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antibodies, isotypes, and immunoglobulin classes, including frag-

ments, can be used, as can hybrid antibodies and/or antibody frag-

ments. la particular, hybrids having both T101 amd T200 specifici-

fies, or hybrids having anti-T-cell and anti-B-ceill specificities,

-3 may be especially useful as lymphatic organ subtraction agesmts when
lymph node metastases are being sought

Radiocolloids can also be used as organ-specific subtraction

agents since they accrete in the lymphatic system 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  tions, Vol. I" (CRC Press, Boca Raton, Fla., 1983). -
Suitable blood po_ol and interstitial subtractiomn ageats
inciude, but are not limited 1o, radiolabelied salts, e.g.,

T 10N 1 |

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-In 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 background radiation due
to nom-specific uptake 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 meaat immunoglobulin which does Bpot bind to cancer
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antigens or other antigens associated with the pathological lesion,
and which does not substantially bind to other tissues, serum com-
poaents or other substances in the body, as a result of specific
antigen-antibody bindiag to the hypervariable/idiotypic region'of the
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.

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
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
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-
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
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
substaatially equivalent. :

The model case will use a specific .antibody binding to a
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cancer .antigen and labeled with 1-131 (131-I-A5), and irrelevant
immunoglobulin labeled with 1-123 (123-1-N). . The ({oilowing defiai-
tions and relatiomships will be used to relate the activity in
normal/non-tumor tissue and the activity in tumor tissue for the

5 ideal case:

x = 131-I-Ab activity in non-tumor tissue;

y = 123.I-N activity in noa-tumor tissue;
Aw= 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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tive number of nop-tumor areas is determined, and the average value,

berein denoted “r", is set as the correction factor by which A/B must
be multiplied to correct for differing biodistribution of the labeled
specific antibody and labeled irrelevant immunoglobulia. '

To correct for isotope scatter, aan empirical determination
will be required, using séparate samples of the individual labels.
It will be difficult to correct for scatter if emissions from both
labels cross over into the channel for the other label, and it is
strongly preferred that substantially only ome of the two radio-
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.
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 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
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
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.
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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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 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 pormal 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 couants.
It is gow seen thﬁt, 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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scanned. If the variation in the value of x/y in normal tissue is

within a narrow ramge, it may suffice to take an average value
thereof. Further minor corrections for- departures from ideality of
other sorts may be anecessary in certain cases, but these will be

5 readily apparent to the skilled clinician and/or npuclear medicine
pbysician, and well within the ordimary skill of such a professional,
and their inclusion is within the broad scope of the preseat inven-
tion.

The final processed readout from the dual channel probe cam 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. Intern. 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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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 radiation and to enhance imaging.

Second antibody clearance increases 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 nonm-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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common to these two different procedures which would indicate aan
overiap in particular factors involved.

'However, it normally will not be possible to optimize scannming
in the same way for in-traoperative or endoscopic examination as it is
for external imaging. Rather, in the event that it is desired to
optimize the timing of surgery or endoscopy, 2 blood sample can be
taken at periodic intervals after injection of the second antibody
and the level of activity of the primary aatibody 1label in the biood
is determined, so that the efficacy 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 present
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-
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labeled murine monoclonal antibody to carcinoemh;yonic antigea (CEA)

(3 mCi I-131; 1 mg antibedy immunoglobulin-G F(ab’);) 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 resected tissues are fixed in formalin and are fouad by
histopathology, except for the six lymph nodes without increased
signals, to contain adenocarcinoma, classified as a Dukes’ C lesion.
The colon tumor borders  are found to be free of camcer inmvasion,
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 major
distant site of colon cancer metastasis. Based upon follow-up of the
patient up to ome year after surgery, no evideace of local or distaat
recurreace of the cancer is found, despite repeated CT scaas aad
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 1-131 with 0.5 mg IgG prote.in), 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 coanvert the resultant signal to a ‘corresponding auditory
signal. |

The gastroenterologist- examining the colon with the colon-
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oscope finds six small pedunculated polyps within a distance of 30 cm

) 1

from the anal verge, and two larger lesions measuring more than 1 em
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 signal are free’ of canmcer 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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specific agealt. Where a discrete focus of activity above this
lymphatic backgrouad activity is noted, as with the tumor-associated
1-131 radioactivity, them the appropriate signal indicating lymph
node metastasis is obtained. Of tea lymph nodes removed, the six
showing an increased signal all have mucinous cystadenocarcinoma
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
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.

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
eaiily ascertain the esseatial 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. '

L]
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WHAT IS CLAIMED IS:

1. In a2 method for short-range intraoperative detection of a
tumor, wherein a surgical patieat is injected parenterally with. a
radiolabeled primary antibody which specifically binds a marker
5 produced by or associated with a tumor, the surgically exposed
interior of a body cavity of said patient is scanaed at close range
with a ra&ia:ion detection probe, and the sites of accretion of said
labeled antibody are 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:

i
i
i

(a) a contrast or subtraction agent radiolabeled with a radio- - -

)

isotope emitting at an energy which is separately detectable from A

. . R « e : . =

the primary aatibody label using a radiation detection probe; égﬁ'

15 radiation detected from emission of the coatrast or subtraction -5‘_%
ageat being used to better define the tumor, wherein: =%

) . ==

(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 e

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 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 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 kmown non-tumor site, whereby an elevated level of

[T VTR 1T (VO ]S (Y 111 IIIIIIIIIIIIIIIIIII”III“m
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prin:iary antibody label accretion due to antigen-antibody
complex formation at said selected site can be discrimi-
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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4, The method of claim 1, wherein said improvement comprises

injecting said patient parenterally, either conmcurreatly or sequesn-
tially, with a subtraction agent radiolabeled with a radicisotope
emitting at an eanergy which is separately detectable from the primary

3 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 ageat is a dual isotope
correction ageat comprising irrelevant immunoglobulin from the same
or different species as that.used to prepare the primary antibody,

10  the irreievaat inﬁmunoglobulin being so labéled-.thaf,.'th"e_ 'kine;ics__hnd
distribution of the radiolabeled primary antibody and i_rrele'\'r-ant
immunoglobulin in the patient are substantially the same during the
time period required for scanning; aad 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'_elected__site can
be discriminated. P

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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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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immunoglobulin from the same or different species as
that used to prepare the primary antibody, the irrele-
vant immunoglobulin being so labeled ‘that the kinetics’
and distribution of the radiolabeled primary antibody
and irrelevant immunoglobulin in the patient are sub-
stantially the same during the time period reguired for
scanning; and wherein the ratio of primary antibody
label activity to irrelevanst immunoglobulin label
, ac:ti.vity~ at a selected site is compared to said ratio
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
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
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-
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
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 Iabel

accretion.
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11. The me:.hod of c¢laim 7, which further comprises iajeect-
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
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‘
of the contrast agent is used to defime the orgam, 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
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-
tiaily, 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-
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
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 kmown non-tumor
site, whereby an elevated levél of primary antibody label
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accretion due to aatigen-antibody complex formation at said

selected site can be discriminated.

14. The method of claim 7, which further comprises iaject-

ing said patient parenterally, cither concurreatly or sequea-

5 tially, with unlabeled second aatibody which specifically binds
the primary antibody or the Ilabeling moiety thereof, the second
antibody being injected at a time after the imjection of the
primary aatibody sufficient to permit specific uptake of the
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, Thé 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 circ};lating
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.




