
circulation or lymphatics, where it could complex with the
injected antibody. However, the tumor antigens used as
targets in RAID have been markers which are quantita
tively increased with malignancy, and often circulating in
the blood. The first group included the oncofetal antigens,
such as carcinoembryonic antigen (CEA) (10) in gastroin
testinal and diverse carcinomas (1,11,12) and alpha-feto
protein (AFP) in germ cell and hepatocellular carcinomas
(13,14), followed by human chorionic gonadotropin in
germ cell and trophoblastic tumors (15,16), prostatic acid
phosphatase in prostatic carcinoma (1 7), and alkaline
phosphatase in seminoma (18). Circulating antigen com
plexed with the injected antibody in some ofthese systems,
but the reduced avidity for the circulating antigen, or the
abundance of antigen at the tumor as compared to that in
the blood, favored antibody targeting and RAID (11,19).
The advent of monoclonal antibodies (Mabs) permitted
the identification of target epitopes of certain tumor-asso
ciated antigens (20), such as in melanoma (21), in the
human milk fat globule (HMFG) antigen (22), also de
scribed as epithelial membrane antigen (EMA) (23) found
in the lining of mammary duct cells and in breast milk
(24), in CEA (25,26), and growth factor receptors (27).
Antibodies against hormones of endocrine tumors have
also been used in RAID (28,29). The list ofMabs targeting
cancer-associated antigens is long and expanding (Table
1), and it is apparent that: (1) truly cancer-distinct antigens
are not required for RAID, (2) many are pan-carcinoma
antibodies, and can therefore be used to image many
different tumor types, (3) a particular antibody-antigen
system can be used in many different patients with the
same tumor type, indicating that an individual or â€œprivateâ€•
specificity is not required, and (4) shed-tumor antigens do
not neutralize the injected antibody, and thus do not
preclude successful imaging, even when very high titers of
circulating antigen are present (8,9,12). Targeting has been
achieved even when only 15% of the cells express the
target antigen (30). Thus, antigens of different cellular
location, density, and molecular composition and size
have all been found to be suitable targets for RAID,
indicating the general applicability of this approach. For
example, that a single antibody against CEA can target
tumors in over 80%â€”90%ofcolorectal cancer patients and
sites, as well as a number of other tumor types (8,12),
indicates that despite antigen and cell heterogeneity within

J NucI Med 1992; 33:803-814

adiolabeled antibodies are a new class of imaging
agents for the detection of sites of disease. The procedure
ofexternal imaging to disclose foci ofincreased radioactiv
ity after injection of radioactive antibodies has been
termed radioimmunodetection (RAID) (1), or radioim
munoscintigraphy (RIS). Although RAID was first devel
oped to identify malignant tissue (1), other applications
have resulted, such as for imaging myocardial infarction
(2), thrombi (3), inflammation (4), and atherosclerotic
plaques (5). The same principle of targeting radionuclides
to cancers by specific antibodies is being investigated as
radioimmunotherapy (6, 7).

The procedure ofRAID not only involves the disciplines
of nuclear medicine and immunology, but also such areas
as image processing, enhancement, and instrumentation;
radiochemistry; immunochemistry; antibody develop
ment, purification, and reengineering; antibody pharma
cology and pharmacokinetics; and host-tumor interactions
(8,9). The requirements for successful RAID involve an
understanding of the nature, location, and distribution of
the antigen to be targeted, the class, character, and form
of the antibody developed, the properties of the radiolabel
and the nature and effects of the labeling method, the
administration and metabolic processing of the antibody
and its label, and the imaging system used to disclose both
the targeted and nontargeted radioactivity. The sensitivity,
specificity, and resolution of RAID are the ultimate con
siderations, which must translate clinically to this modality
contributing new or important confirmatory information
to other available cancer detection methods.

TUMORTARGET
The ideal tumor antigen has not been identified, since

this should be truly tumor-specific, uniformly distributed
among all tumor cells in a high density, and accessible to
the antibody. Preferably, it should not be released into the
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CancerType
AbsCancer

Type
AbsColorectalMelanomaCEAp9717-lA96.519-99.2.27791T/36225.28SCSAp

(Mu-9)ZMEO18B72.3BreastPR1A3CEAOvarianB72.3CEAHMFG/MA5HMFG-23E1.27911/363G6F9SM3RCC-1OC-125LungOV-TL3CEAB72.3NR-LU-10MOV18Po66PLAPLiverProstateAFPPAPFemtinPSATrophoblast

and GermCellLymphomasAFPFemtinHCGLym-1NeuroblastomaLL2

(EPB-2)3F8T-101BW595/9MB-i

TABLE2
Factors Affecting Cancer Radioimmunodetection

1. Character of the antibody
a. Specificity/epitope
b. Purity
C. Affinity

d. Wholeor fragment
e. Isotype
f.Dose

g. Species
h. Clearance and pharmacokinetics

2.Natureofradiolabel
a. Physicalproperties;half-life
b. Chemicalproperties; conjugate stability
C. Imaging properties

d. Specificactivity
e. Dose
f. Effect on Ab immunoreactivity
g. Clearance;excretion

3. Tumor target
a. Size and locationof tumor(s)
b. Locationand distributionof antigen in tumor
C. Antigen/epitope density

d. Antigen modulation
e. Target/nontarget ratio
f. Vasculanzationand vascular permeability
g. Distributionof target antigen in other body sites or fluids

4. Imaging system and method of interpretation
a. Planar
b. Emissiontomography (SPECT)
C. Computer-assisted subtraction or other manipulations

d. Timeof reading after administration
5. Otherfactors

a. Route of administration
b. Presence or absence of anti-Mabin host
C. Presenceor absenceof circulating target antigen and com

plexes

The form of antibody that appears to be ideal for
imaging is related to the highest tumor-to-background
ratio achieved at the earliest time after antibody injection.
When radioactive intact IgG antibodies are injected,
blood-pool radioactivity is high during the first 48â€”72hr,
which accounts for the low tumor-to-background ratios
usually experienced. Various methods have been devised,
including dual-isotope subtraction (11,36), anti-antibody
clearance (37), use of antibody fragments (38â€”40), and
two- and three-step post-labeling techniques (41,42), to
overcome this problem. The smaller the antibody mole
cule, the more rapid its tissue and blood clearance, espe
cially where no binding to circulating antigen occurs. It
has been found that monovalent or bivalent fragments will
show the most rapid achievement of high tumor-to-back
ground ratios, thus enabling early tumor imaging despite
the reduced tumor retention compared with whole IgO
(39,40,43,44). This property permits the use of short-lived
isotopes, such as 123!(1 3 hr) and 99mTc(6 hr), with bivalent
or monovalent fragments (44â€”49).Recently, even smaller
antibody units, single-chain peptides (25 kD), have shown
promising targeting results in animal models, without the
kidney radioactivity seen for the larger fragments (>50

a tumor, sufficient binding occurs for deposition of the
required radioactivity for RAID. This is remarkable in
view of all the potential obstacles confronting the deposi
tion ofantibody in tumor, as listed in Table 2 and reviewed
elsewhere (8,9).

ANTIBODY
The first studies of RAID with defined antibodies in

volved polyclonal IgG antibodies against CEA, which were
affinity-purified (8,9,11), but could also succeed if not
affinity-purified (31). As indicated in Table 1, antibodies
against a diverse array of tumor antigens have been used
successfully for targeting tumors in humans. It is generally
believed that antibodies of high affinity and avidity are
desirable for tumor targeting (32), but this may differ for
different antigen targets. For example, an antibody of high
affinity may bind more readily to a shed-tumor antigen
than one of lower affinity. Indeed, this has been found
with a CEA Mab antibody, which at lower affinity does
not show a high rate of complexing to circulating CEA,
without compromising tumor targeting (33). Lower-affin
ity antibodies may show better tumor penetration because
of reduced binding to membrane or extracellular antigen,
which would appear to play a more important role for
therapy than for imaging (34). However, the minimum
affinity to achieve targeting is not known (35).

TABLE I
SelectedCancersTargetedClinicallywith Radiolabeled

Antibodies
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kD) that undergo renal clearance(50). Figure 1presentsa
schematic of the different forms of antibodies which have
shown successful tumor targeting. It also shows how the
antibody can be re-engineered to replace murine compo
nents with their human counterparts (51,52), thus reduc
ing antibody immunogenicity, which is responsible for the
development of human anti-mouse antibodies (HAMA)
in about 50% of patients receiving a single injection of
intact IgG (53). The smaller the amount ofmurine protein
injected, such as with â€œhumanizedâ€•antibodies or with
monovalent antibody fragments, the lower the frequency
of HAMA invoked in patients (53â€”55).

When purifiedpolyclonalanti-CEAantibodies initially
were used to image cancers, doses ofO.25 mg labeled with
1311 were sufficient (11,12). With certain Mabs, such as the

NP-4 (Immu-4) anti-CEA IgG-F(ab')2 or Fab' (47,48,55),
or B72.3 (56), one to a few milligrams of radiolabeled
antibody can image tumors successfully. However, the

amount injected can have a profound effect on the distri
bution ofradioactivity, especially for antibodies that cross
react with well-perfused normal organs. In such cases, it
has been observed that more favorable tumor uptake in
comparison to normal tissues is achieved when the anti
cancer antibody is injected in the tens of milligrams, such
as in melanoma (57). Antibodies which target certain
biologically-active molecules that are widely expressed on
normal tissues, such as the epidermal growth factor recep
tor (EGFR), must be used at very high mass amounts of
antibody. For example, in a recent study of â€˜@ 1In and
EGFR antibody, high sensitivity for lung cancer detection
was observed only at doses above 40 mg ofintact antibody
(58). Thus, for certain antibody systems, the amount of
Mab used may be important.

FIGURE1. Schematicrepresentationof differentantibody
forms. (1)WholelgG;(2) lgG fragments; (3) mouse/human chi
mera;(4)CDR-graftedMab.

Radiolabeled antibodies have been administered suc
cessfully by various injection routes in addition to intra
venous, such as subcutaneously (59) and intraperitoneally
(60). This regional delivery may avoid the dilutional effect
of intravenous administration, resulting in direct access of
the Mab to the sites of tumor that express the antigen
target.

The antibodies in current clinical use have undergone
stringent regulatory control to assure safety, particularly
the absence ofendotoxin and murine viral DNA and RNA
(61). Different manufacturing methods have been used for
large-scale production of antibodies, such as mouse peri
toneal ascites or one of many tissue culture procedures,
but these do not appear to affect the targeting properties
of the antibody. However, reproducibility of the antibody
and of the radiolabeled product is very important, thereby
usually requiring a commercial source for supply.

RADIOLABEL
The two principal determinants in the choice of radio

label are photon energy and half-life. The half-life of decay
should be consistent with the antibody's kinetics (uptake
by the tumor and clearance from background tissues). The
highest count rate possible should be delivered to the
tumor site selectively, which in turn depends on the
amount that is injected and the percentage accreted by the
target. This is affected by the character of the antibody, as
discussed, as well as the amount of radiolabel bound to
antibody. Thus, the number of radiolabel atoms attached
to the antibody while retaining immunotargeting, the ef
ficiency and abundance of the gamma rays emitted by the
radionuclide, the gamma-ray energy and its interaction
with the crystal of the imaging camera's collimator are
important factors in determining the choice of radiolabel.
The ideal energy of gamma emissions that are detected
efficiently with current gamma camera crystals is between
100 and 200 keV; the lower the energy, the more the tissue
absorption. Thus, of the four principal radiolabels em
ployed to date for RAID (â€˜@â€˜I,1231,â€œIn,and 99mTc), 1231
and 99mTcare detectedmore efficientlythan 131jand â€˜â€˜â€˜In.
The higher the count rate ratio achieved in the tumor
rapidly, the earlier is the detection. The physical half-life
of@mTc(6 hr) requires a rapid targeting antibody, such as
the Fab or Fab' fragment, while the half-life of 1231(13.2
hr) permits a somewhatlongerimagingtime, such as with
a F(ab')2 form. Indeed, the optimal imaging time for 1231
conjugated to monovalent or bivalent fragments of CEA
Mab wasfound to be 24 hr (47,48),whereas99mTc4abeled
Fab' of the same antibody showed optimal imaging be
tween 4 and 6 hr (47,48,55). Based upon signal-to-noise
ratios among the different radionuclides, it appears that
the highest permitted administered dose is for @mTc,re
suiting in the best imaging properties among the four
candidate RAID isotopes (62). Indeed, a multicenter study
showed that â€˜â€˜â€˜In-labeledF(ab')2 was inferior in melanoma
detection to the same antibody labeled with 99mTc (44).
The short half-life of 99mTcdoes not permit recordings
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U
much later than 24 hr, but it does allow the use of high
activity, from 740 MBq (20 mCi) to 1, 110 MBq (30 mCi),
at a reduced radiation exposure. It has been estimated that
the radiation exposure from @mTcis 1/30 that of â€˜â€˜â€˜In
labeled to a F(ab')2 Mab (63). Where uptake is slower,
such as in relatively avascular tumors, a longer-lived radi
olabel, such as â€˜â€˜â€˜In(67.4 hr), may be required. The use
ofâ€•â€˜In-labeledantibodies appears to be more suitable for
extrahepatic sites of tumor (64), since there is a high
retention of the label in normal liver, resulting in â€œcoldâ€•
foci of tumor instead of â€œhotâ€•areas of radioactivity (64â€”
66). However, there appears to be exceptional antibodies
with predominant hot spots in hepatic metastases dis
cussed below.

How the antibody is labeled is also important for the
success of RAID and for its clinical acceptance and use.
The most important requirementis that the procedurenot
alter the immunoreactivity of the antibody (32). Also,
there should be complete uptake of the radiolabel, so that
free isotope is not injected. Finally, the labeled antibody
should be stableafter conjugationand after injection into
the body. Rapid and simple commercial kits for stable
labeling antibodies with 99mTchave now become available
(47,48,55,63,67,68), making imaging with this radiolabel
the method of choice in RAID. Although 1231has similar
imaging qualities, high cost and limited availability have
restricted its use.

SCANNINGPROCEDURESANDSYSTEMS

With the increased availability and use of single-photon
emission computed tomography (SPECT), improved res
olution of RAID has been achieved, with higher rates of
detection reported (62,69,70). SPECT offers improved
contrast of the target in the section, especially differentiat
ing it from structures lying near the target, which may be
overlapping in a planar view. Whereas planar imaging
usually has shown the detection of tumors as small as 2
cm, SPECT with RAID can reveal lesions below 1 cm,
even at 0.5 cm (47,48,62,69,71). Thus, SPECT has proven
to be a major advance in RAID (72,73).

In principle, diagnosticmethods such as SPECT, CT,
and MRI imagingcan be obtained from the same body
region ofa patient and can be displayed on the same CRT
screens. With the appropriate marker systems, images can
be superimposed and the resulting â€œfusedâ€•images will
contain both anatomic detail from the CT scan and func
tional images from the RAID-SPECT study. An example
of this fusion imaging is shown in Figure 2 (74). This
technique is still laborious, requiring more than one hour
per patient, but improvements in computing speed will
soon decrease the processing time to a point where it can
be readily applied on a more routine basis for image
manipulation.

In a typical scanning protocol with the newer @mTc@

FiGURE2. TransaxialSPECTimageof111l@11oanti-CEA
Mab (left),showingan area of high uptake in a surgicallycon
firmed metastatic colorectal cancer (12 o'clock), in an area that
is completely without evidence of tumor on the transaxial CT
scan (right).The circle on the CT scan corresponds to the region
inquestion.ReproducedfromKramerandNoz(74)withpermis
sionof the publisher.

Mab kits (47,48,55,68,75,76), the patient is given potas
slum perchiorate (400 mg p.o.)just before the intravenous
injection of 1 mg Fab' Mab labeled with 25 mCi 99mTc.
The radioimmunoconjugateis prepared by simplyadding
the desired quantity oftechnetium pertechnetate to a single
vial of lyophilized Fab', shaking the vial, and then injec
tion into the patient within 5 mm. The labeled Fab' is
stable in vivo, since there is no thyroid activity of 99mTcin
patients who have not been given any thyroid-blocking
agent. The patient is then scanned while positioned supine
under the gamma camera equipped with a low-energy
collimator. Images are made of the whole body and of
each body region in different views by planar scans, begin
fling 2â€”4hr after injection of the radioimmunoconjugate,
and then by SPECT.A total ofSOO,000to 1millioncounts
per view are made for the early planar images, followed
by 300,000 to 500,000 counts per view for delayed (24 hr)
scans. Early images show blood-pool activity, especially in
the region of the great vesselsin the chest, which should
not be mistaken for abnormal uptake in the mediastinum.
The patients should void prior to pelvicimaging,in order
to minimize activity in the urinary bladder. SPECT im
aging is obtained at 3 to 6 hr following Mab administra
tion. A 64 x 64 matrix and 360Â°rotation with 128 stops
are used for acquisition. About 100,000 counts are accu
mulated at each stop. The tomographic data are recon
structed by using a Butterworth filter with a critical fre
quency ofO.25. Over-smoothing ofSPECT images results
in a loss of resolution and, hence, low-intensity lesions
may not be recognized. To reduce streak artifacts from the
kidney and bladder in the pelvic SPECT images, acquisi
tion should begin just after the patient has urinated. An
example of a 99mTcCEARAID study is given in Figure 3.
It is important that before injection of the Mab, it should
be determined if the patient has a history of allergy,
particularly to foreign (animal) proteins. An allergy to
animal proteins, especially mouse proteins, is a contrain
dication to the injection of a murine Mab, unless the
patient is suitably premedicated with corticosteroids and
antihistamines.
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has been found that almost all such preparations evaluated
to datehavea highpropensityof accretionof thelabelby
normal liver, spleen, and bone marrow (30,48,49,58,62,
64â€”66,77â€”84).Therefore, tumor detection rates of 50% to
70%aremorecommonwith ese'â€˜In-labeledantibodies,
except in extrahepatic lymph node sites, where higher rates
are achieved. Indeed, â€˜â€˜â€˜In-labeledMabs have had rela
tively poor results in presurgical staging of colorectal can
cer because of the poor targeting of metastases in the liver
(82). For example, sensitivity of RAID with an â€œIn
labeled CEA Mab was 17.7% in the liver, and 41.7% for
extrahepatic abdominal metastases (83). In this series, CT
showed better results for hepatic metastases and was infe
rior, in comparison to RAID, for disclosing extrahepatic
abdominal metastases. When considering abdominopelvic
or thoracictumor sites,â€˜â€˜â€˜In-labeledanti-CEA or 19.9
Mabs were more sensitive than CT and ultrasound (82%
for RAID, 52% for CT, and 59% for ultrasound) (84).
However, improvements in â€˜â€˜â€˜In-labeledMabs are being
made. A recent report by Griffin and associates noted a
greater than 90% sensitivity (20/21 lesions verified occult
lesions detected), with metastatic lesions to liver verified
as â€œhotspotsâ€•seen with an â€˜â€˜â€˜In-labeledanti-CEA Mab
(85). This excellent imaging may be due to an improved
chelate for â€˜â€˜â€˜Inbinding to an anti-CEA Mab. As discussed,
the most recent data with the rapid 99mTc..anti@Jy kits
indicate detection rates, using CEA Mabs, of 80% to over
90%,withimagingperformedwithin24 hr (47,48,63,75,
76), and the highest sensitivity being achieved with SPECT
methods combined with these technetium agents.

A large number of pilot, multicenter, and prospective
trials have been conducted in patients with various tumors,
using different antibody preparations and imaging proto
cols. Initially, the performance of the radioimmunocon
jugate has been evaluated in patients with tumors whose
site and size were known, which permitted the determi
nation of patient and lesion sensitivity, specificity, and
accuracy. Thereafter, prospective studies in patients with
suspected tumors have been conducted in comparison to
other imaging methods, preferably in patients who are
candidates for surgery or biopsy. These results permit an
evaluation ofthe clinical role ofthe new imaging modality.
In a multicenter trial in Italy using â€˜@â€˜I-or â€˜â€˜â€˜In-labeled
CEA F(ab')2, Siccardi et al. (86) found that in 35 patients,
RAID contributed to the early detection of tumor recur
rences. In this trial of 509 patients, an overall sensitivity
of 79.0%, a specificity of 96.7%, an accuracy of 82.2%,
and a positive predictive value of 99.0%, on a patient
basis, were reported. Baum et al. (87) reviewed the Euro
pean experience and found RAID to be helpful, mainly by
complementing other diagnostic methods, in 46% of the
patients studied. In 20%, RAID disclosed occult lesions,
and was found to alter patient management in 13%. In a
recent multicenter study of 99mTc..labeledanti-CEA Fab',
a clinical benefit of up to 42% was observed in colorectal
cancer patients (55). Thus, a number of indications have
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FIGURE3. (A)TransverseSPECTimageofthepelvisofa69-
yr-oldfemaleinjectedintravenously3 hr earlierwith 1 mg of
ImmuRAlD-CEA(Immunomedics,Warren, NJ) labeled with 25
mCi @â€œTc.The patient underwent a resection of a rectal adeno
carcinoma in February 1988, followed by chemotherapy. In 1990,
surgeryfor recurrenceto the pelvicwall,followedby chemother
apy, were instituted. A rising plasma CEA 2â€”4mo later resulted
in a CEA-RAIDstudy, which shows a focal area of radioactivity
in the posterior pelvis (sacral region), as indicated by the arrow.
(B) CT scan shows thickening in the presacral region (arrow),
which could be tumor or postoperativefibrosis.The RAIDstudy
clearly supports the interpretation of tumor recurrence.

CLINICALRESULTS

Different isotopes, antibodies, antibody forms, and im
aging protocols have yielded different imaging results.
Therefore, it is not surprising that there has been some
controversy and disagreement regarding the usefulness of
RAID, particularly when studying patients with diverse
tumors and stages of disease. Results with â€˜3'I-labeled
intact IgG have shown a general sensitivity of8O% to 90%
(12,14,31,48,62, 77â€”81).Studies with â€˜23I-labeledFab' and
F(ab')2 fragments have yielded similar results (44â€”49),but
with earlier imaging and without the need of methods to
compensate for high background radioactivity, such as
dual-isotope subtraction (36). Most of these studies were
performed with antibodies against CEA (48,77â€”81). In
dium-l 11-labeled whole antibodies against CEA or TAG
72 generally have shown lower detection rates if â€œcoldâ€•
lesions in the liver are counted as false-negatives, since it
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emerged for RAID on the basis of these studies. The two
most prominent are: (1) the confirmation of cancer sites
first revealed by conventional radiological methods and
(2) the disclosure of occult tumors. The major use of

RAID has been in the evaluation of cancer patients who
have been treated and are being followed after surgery,
radiotherapy, or chemotherapy. The presence of a func
tional marker ofa neoplasm, such as the tumor-associated
antigens produced by the neoplastic cells, allows RAID to
distinguish between a viable recurrence and anatomic
lesions revealed by diagnostic x-ray, ultrasound, CT scans,
MRI, and the like. For example, post-therapy fibrotic
lesions are detected by these conventional radiological
methods as density changes consistent with a mass, but
not as a functional neoplasm that can be identified by
RAID. In certain circumstances where CT, MRI, ultra
sound, and x-ray are unreliable, such as in abdominal and
retroperitoneal sites, particularly in the interpretation of
normal-sized lymph nodes, RAID can detect subradiol
ogical (subclinical, or occult) recurrent or metastatic tu
mors (8,9,1 1â€”18,31,43â€”49,55,60,62â€”64,71,75â€”84,86â€”92).
This is of major importance, since nodal metastases are
found usually in normal-sized lymph nodes (91), and at
the time of their presentation, about half of the patients
with colorectal cancer have undetected micrometastases
and will die of their disease (93). In the liver, which is the
principal distant site of metastasis for gastrointestinal tu
mors, RAID has been shown to disclose tumor spread
more accurately, particularly with the use of SPECT im
aging (81). It has been estimated that about 20% of cob
rectal cancer patients have liver metastases (94), so it is
not unreasonable to expect that RAID may demonstrate
a much higher rate than with conventional methods. In
patients whose serum markers have shown elevations with
out other evidence of recurrence, RAID has revealed the
sites of marker production in almost half the cases (86,
90).

The role of RAID in initial diagnosis and in tumor
staging is still under investigation and has been studied to
different degrees for different tumor types. The most ex
tensiveby studied tumor type has been coborectal cancer
(48,80,81), followed by ovarian carcinoma and then some
of the other major cancer forms (62,80). More studies
need to be undertaken to define the clinical indications
for RAID for each agent and in each tumor type and stage,
since there is a diversity of problems in each instance. If
performed before surgery, a RAID study can alter man
agement if distant metastasis or more extensive disease is
found. In the post-surgical situation, RAID can compbe
ment other diagnostic modalities in defining extent of
disease when there is a known recurrence or metastasis, or
it can aid in the disclosure of occult tumor sites in patients
with suspected recurrence.

Different antibodies, labels and image processing meth
ods may show various areas of increased radioactivity
unrelated to true antigen targeting. As mentioned, â€˜â€˜â€˜In

Mabs have a proclivity for liver, spleen, bone marrow, and
intestine, often showing â€œcoldâ€•lesions in the liver. Radi
oiodine preparations can dehabogenate, resulting in in
creased activity in the thyroid and stomach, as well as the
urinary bladder. Depending upon the 99mTc@Mabprepa
ration used, activity in the gall bladder and intestines can
occur (93). With conjugation of any radiolabel to univa
bentFab fragments, particularly 99mTc,increased renal and
urinary bladder activity can be seen (47,96). In general,
very large tumors often appear as cold lesions, sometimes
with a rim of increased radioactivity, presumably because
ofpoor blood flow and penetration. Accordingly, familiar
ity with physiological and nontumor Mab and radio
nuclide distribution is important in order to maximize the
specificity of RAID studies.

The question of RAID specificity has been studied in
different ways. Most studies record the true-negative rate,
from which specificity can be derived, and this can be
very high, over 90% (12,48,77,78,80,86,87). Reports of
positive localization in the absence of the appropriate
antigen (97) have led to a challenge of the immunological
specificity ofantibody targeting (98). At the very beginning
of studies with polycbonal anti-CEA antibodies labeled
with â€˜@â€˜I,control studies with normal goat IgG were also
performed, and it was found that very large tumors could
be imaged with the irrelevant IgG, while a few benign
lesions, such as empyema and diverticulosis, were imaged
with the specific antibody IgG (12). More recently, Abdel
Nabi et al. (99) found that â€˜â€˜â€˜In-labeledCEA or B72.3
Mabs localized in tumor-free benign lesions, most com
monly degenerative joint disease, abdominal aneurysms,
postoperative bowel adhesions, and local inflammatory
changes, in lO%â€”13%of the patients. The increase of
nonspecific macromolecules in neoplasms has been known
for over 50 yr (100), so large, highly vascular tumors or
other lesions accreting immunogbobulins should not be
surprising, and may include increased vascularization and
vascular permeability as partial explanations. This could
explain the targeting of tumors and of inflammatory be
sions with normal human IgG (101), but it is likely to be
less useful for visualizing very small tumors (12). In an
other situation, DeLand et al. (59,102) and, later, Beatty
et al. (82) and Granowska et a!. (103) discussed the im
aging by CEA Mabs of tumor-free lymph nodes draining
a tumor area. These studies interpreted this finding as due
to soluble antigen draining into the nodes. Although this
is considered a false-positive finding for tumor cells, it
may be ofbiobogical importance in demonstrating pending
lymph node tumor spread in such patients and could
certainly be truly positive from the immunological per
spective.

COLORECTALCARCINOMA

Coborectal cancer has received the most attention of all
tumor types in RAID (48,78,80,81). The majority of stud
ies evaluated patients with recurrent or metastatic disease,
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and with the best results, in that detection rates in over
80% of known tumor sites have been reported, mostly
with CEA antibodies (12,48,77,80,81). Tumors as small
as 0.5 cm have been disclosed with SPECT imaging (47,
48), but usually tumors above 2 cm (86) or 3 cm (64) have
had the highest detection rates. The role of RAID in the
diagnosis of primary coborectal cancer is more difficult to
determine, since fewer prospective studies have focused
on this issue. However, evidence to date suggests that
RAID can contribute to the conventional methods used
to diagnose tumors of the colon and rectum, depending
upon the expression of the target antigen by the tumor, as
well as other factors. In this regard, when a target antigen,
such as CEA, is shed and circulates in the blood, the higher
the level of antigen, the higher the tumor detection rate by
RAID (12,77,86). However, normal plasma CEA titers do
not preclude the presence of tumor that can be disclosed
by RAID (48,77,87). Even the formation of antibody
antigen complexes does not affect RAID, supporting ear
bier observations with CEA polycbonal antibodies (12,19,
77,104). Thus, in presurgical studies, RAID has not only
confirmed known sites of cancer, but has identified occult
lesions that were not revealed previously by other methods
(30,70,82,86,88,105,106).

The majority of RAID studies in colorectal cancer have
been performed with various antibodies against CEA and
labeled with â€˜@â€˜I,123!,@ Iâ€˜Inor 99mTc.Results with other
Mabs, such as B72.3 and 79lT/36, have been encouraging
and basically similar to the findings with CEA Mabs (30,
36,60,107â€”110).However, colorectal tumor detection
rates with Mab B72.3 appear to be less than with CEA
Mabs (30,56,107,108). Both totally human (111) and hu
man/mouse chimeric (112) antibodies have been intro
duced as coborectal cancer imaging agents. Yet, the tumor
detection rates in these initial RAID studies do not appear
to be superior to the best murine-based agents. Although
it would appear that these human or humanized forms are
less immunogenic than whole murine IgG Mabs, a corn
parison to munne antibody Fab fragments, especially with
repeated applications, is needed. Unfortunately, direct
comparisons of these many different agents, either in the
same patients or in different patients in the same study,
have rarely been reported. Since the methods used by
different investigators can have considerable effects on the
results, it is difficult to compare the results of different
groups using different antibodies, labels, and imaging pro
cedures.

OVARIANCARCINOMA

CEA antibodies were the first to be used to image
ovarian tumors (11,12,113). However, the majority of
studies have been performed with other Mabs, particularly
HMFG2 (71,114â€”120),OC 125 (121â€”124),B72.3 (125),
79 1T/36 (126,127), and, more recently, OV-TL3 (128,
129). Antibodies against human milk fat globule (HMFG1
or HMFG2) have been used by several investigators to

image ovarian carcinoma. HMFG2 labeled with 1231or â€˜@â€˜I
has a high detection rate, sometimes disclosing tumors
missed by ultrasound or CT. It is not useful for prospective
screening of patients because it is not specific for ovarian
carcinoma. This antibody is reactive with a large number
of metastases, thus, it is useful in patient monitoring and
management (130). In an important prospective, multi
center French trial of â€˜â€˜â€˜In-OC125, recurrent ovarian
cancer in 47 patients could be well excluded with RAID
alone, while RAID combined with CT had a high predic
tive value for recurrence (>80%) (131). Also of recent
interest are results with OV-TL3 labeled with â€˜â€˜â€˜In(129).
In a study performed with the â€˜â€˜â€˜In-labeledF(ab')2 frag
ment of OV-TL3 (129), ovarian tumors were detected in
16of 17patients(94%). 0f45 tumor sites found at surgery,
67% werelocalizedby RAID, while CT and ultrasound
visualized 53% and 23%, respectively (129). However,
peritoneal carcinomatosis and liver and lymph node me
tastasis were excluded from this analysis. Small liver me
tastases were seen only as cold defects. An advantage of
this antibody was the disclosure of omental metastases by
SPECT (which was superior to planar imaging), whereas
neither CT nor ultrasound could conclusively reveal these
tumor sites. Since the antigen target of OV-TL3 is not
detected in patient serum, it appears that this reagent has
advantages over the others used for ovarian cancer RAID,
and the only limitations with OV-TL3 appear to be â€œIn
related.

The major indications for the use of RAID in ovarian
carcinoma appear to be in the disclosure of intra-abdom
inal and, in particular, peritoneal spread. Omental and
lymph node metastases, which are particularly difficult to
discern by other methods, may be revealed by RAID.
Whether RAID can improve the initial diagnosis of ovar
ian carcinoma remains to be investigated in prospective
trials.

BREASTCANCER

Fewer antibody imaging studies have been reported on
breast cancer than with other tumor types, such as cob
rectal or ovarian carcinoma. However, a number of differ
ent antibodies and labels have been used for breast cancer
imaging, including CEA, B6.2, B72.3, M8, 791T/36,
3E 1.2, 3C6F9, and HMFG 1 and HMFG2 (reviewed in
130). Most of the studies involved either i.v. or s.c. injec
tion of the radiobabeled Mab, and in general variable
results have been reported, which are expected when differ
ent antibodies, routes of administration, radiolabels, and
patient groups are used. The s.c. route has been employed
for lymphoscintigraphy, particularly the imaging of axib
lary lymph node metastasis in these patients. In a study of
nine breast cancer patients who received interdigital web
injections of â€˜3'I-labeledanti-CEA goat IgG, DeLand et al.
(59) reported increased axiblary radioactivity in eight, all
ofwhich were confirmed either surgically or clinically; the
ninth had a benign lesion. This was the first clinical
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demonstration of the feasibility of demonstrating breast
cancer metastases in lymph nodes with radiolabebed anti
bodies. It also raised the important question of whether
positive lymph node imaging can be due to sequestered
antigen draining from a regional tumor, since some sites
showing positive accretion of radiolabeled antibody were
free oftumor by histology (59,132). Thompson et al. (133)
injected another â€˜3'I-labebedMab (3El.2) s.c. in eight
breast cancer patients and was abbe to visualize most of
the lymph node metastases, even those of apparently nor
mal size. A patient with non-Hodgkin's bymphoma and
palpable nodes failed to show accretion of the antibody in
the involved lymph nodes (133). In yet another study of
antibody bymphoscintigraphy in breast cancer patients,
Mandeville et al. (134), using â€˜23I-babeledMab 3C6F9,
showed seven of nine axillas positive for tumor, of which
six were confirmed for tumor metastasis by histopathobogy.
Lymphoscintigraphy with â€˜3'I-labeledRCC-l Mab was
performed in a prospective study of 26 breast cancer
patients (135). A second, unlabeled, unreactive Mab was
given simultaneously to block the uptake by normal lymph
nodes. This method resulted in a sensitivity of 86% and a
specificity of 92% (135). In another lymphoscintigraphy
study with a 99mTclabeled CEA Mab, a sensitivity and
specificity of 90% and 88%, respectively, were found for
supercbavicular and axillary lymph nodes in 18 breast
cancer patients (136). In a recent preoperative study of
RAID with the same 99mTclabeled whole anti-CEA IgG
administered intravenous in 45 women with suspected
primary, recurrent or metastatic breast cancer, a sensitivity
of 83% was reported with SPECT imaging; the smallest
tumor identified was 0.7 cm (137). In contrast, this inves
tigation found that only 17% ofthe patients with verified
breast cancer had elevated serum CEA levels (137). The
investigators also reported that planar imaging was unsuit
able for RAID ofbreast cancer (137). Additional prospec
tive studies to assess the diagnostic accuracy ofthis method
of preoperative assessment of the primary tumor and of
revealing regional lymph node involvement in breast can
cer are needed, especially since a number of different
antibodies and labels have shown promising results.

OTHERTUMORS

Many other malignant tumor types have been targeted
and imaged with radiolabeled antibodies, including mela
noma (40,44,49,57,96), lung carcinomas (58,138,139),
neuroblastoma (140), glioma (141â€”143),cervical carci
noma (12,18), lymphomas (144-146), hepatocdllular car
cinoma (14), and sarcomas (147,148). Both pancarcinoma
antibodies (such as CEA, B72.3, and HMFG) and more
specific antibody reagents, such as prostatic acid phospha
tase antibodies in prostatic carcinoma (1 7), human
chorionic gonadotropin antibodies in trophoblast and
germ-cell tumors (15,16), alpha-fetoprotein antibodies in
germ-cell tumors and hepatomas (13,14), thyrogbobulin
antibody in thyroid carcinoma (28), insulin antibody in

insulinoma (29), and placental alkaline phosphatase anti
body in seminoma (18,149), have been utilized. Studies in
these tumors have not been as extensive as those in the
cancers discussed above. Opportunities for RAID in al
most all tumor types will be afforded as markers and
antibodies are identified, even if only quantitatively in
creased in cancer as compared to their normal organ
source.

ADVERSEREACTIONS

The development of human anti-mouse antibodies
(HAMA) after single or multiple injections of murine
antibodies limits the use of some antibodies, especially
intact IgG agents, where the development of HAMA alters
biodistnbution (53,150-153). The use of Fab and Fab'
fragments greatly decreases the incidence of HAMA, how
ever, and agents based on fragments may be reinjected
without HAMA. Nevertheless, RAID agents that are not
as immunogenic as murine protein are being sought, in
cluding entirely human (111) and substantially human
(51,52) Mabs.

The presence of HAMA can also affect immunoassay
results of certain analytes in the blood specimens of such
patients, which can lead to unnecessary clinical interven
tions. For example, it has been observed that CEA titers
can be falsely elevated in the blood of patients with high
HAMA levels (154â€”156),presumably due to interference
with the murine Mabs used in certain immunoassays.

Adverse reactions to the use of murine Mabs for RAID
have been very rare, especially after a single injection. An
untoward reaction rate of 1 per 1,100 is claimed to be one
tenth the rate of side-effects to roentgen contrast agents
(62).

CONCLUSION

This review has emphasized that the technology of
RAID continues to advance and is close to becoming a
routine modality in the identification of sites of cancer. It
is also likely that it will make a contribution to the diag
nosis of nonmalignant conditions, but we cannot agree
with a recent editorial (157) favoring the use of RAID in
nonmalignant over malignant conditions, as others have
already responded (158â€”160).

The essential question, we believe, is whether RAID
provides accurate and specific diagnostic information that
influences patient management. This requirement has two
important parts. First, how should we measure accuracy
and specificity? Most RAID studies have done this by
comparing RAID results to the findings of CT and other
radiological modalities. As a retrospective study, RAID
results can, at best, complement these other findings,
which were the basis of undertaking the antibody imaging
studies. Thus, sensitivity, specificity, and accuracy rates in
these studies are of limited value. On the other hand,
prospective trials provide a more reliable comparison, and
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and for whom RAID may serve as a basis. The current
record of very high safety for RAID should allow for a
liberal use of these new radiopharmaceuticals in the man
agement of cancer, and it is timely to look more to the
future, especially in the transition to radioimmunotherapy
(165,166), than to continue debating the past and present:

â€œIfwe open a quarrel between the past and present,
we shall find that we have lost the future.â€•

Sir Winston Churchill
Speech, House of Commons, June 18, 1940.
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