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ABSTRACT

We describe a method to postlabel, Â¡nvivo, biotinylated monoclonal
antibodies pretargeted onto tumor deposits when most of the non-tumor-
bound antibodies have already been cleared as avidin-bound complexes.

The application of this principle to tumor detection by immunoscintig-
raphy was tested in 20 patients with histolÃ³gica!!}documented cancer
and increased circulating carcinoembryonic antigen levels. One mg of
biotinylated anti-carcinoembryonic antigen monoclonal antibody
(FO23C5) was administered i.v. (first step). After 3 days, 4-6 mg of cold
avidin were injected i.v. (second step), followed 48 h later by 0.2-0.3 mg
of a biotin derivative labeled with '"In (2-3 mCi) (third step).

No evidence of toxicity was observed. Whole body radioactivity distri
bution was measured in five patients at various intervals postinjection by
the conjugate counting technique. Tumors and mÃ©tastaseswere detected
in 18 of 19 patients (the remaining patient was a true negative) within 3
h after administration of '"In-biotin by planar or single photon emission

tomography imaging. At the time of imaging, tumor/blood pool ratio was
5.5 Â±3.2, and tumor/liver ratio was 6.7 Â±3.9. Blood clearance of '"In-

biotin was multiexponential, with the fast component having a i. of 5 Â±
3 min. Urinary excretion of radioactivity over 3 h was 63.5 Â±4.9% of
the injected dose. Radioactivity at 3 h was 6.5 Â±1.8% in blood, 1.6 Â±
0.3% in the kidney, and 2.4 Â±0.6% in the liver.

This approach represents an improvement in immunoscintigraphic
techniques for tumor localization. The potential use for radioimmunoth-
erapy is discussed.

INTRODUCTION

Radiolabeled MoAbs3 have been used for both diagnosis and

experimental therapy of cancer with some encouraging results
(1-7). However, several problems still prevent the full clinical
exploitation of these reagents. A relatively low tumor/back
ground ratio is the major problem in immunoscintigraphy, and
high background activity is the limiting factor in radioimmu-
notherapy. This is due to the high levels of circulating radio
active antibodies and, in turn, to their slow pharmacokinetics
(8). Antibody fragments, such as F(ab')2 or Fab fragments, have

a faster blood clearance than whole antibodies, to the extent of
allowing, in some cases, the use of short-lived radionuclides
such as "Tc. This improvement, however, does not yield

tumor/background ratios high enough to allow good diagnostic
sensitivity and low-risk therapeutic applications.

Various strategies have been proposed to overcome the back-
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ground problem, including computed background subtraction
(9), the use of a second Ab to increase the clearance of the first
(10, 11), local delivery (12-14), and the use of bifunctional
antibodies reactive with a low-molecular-weight radioactive
hapten, as well as with the tumor antigen (15).

Ideally, the high specificity of the Ab could be exploited at
its best by delaying the delivery of the label to a time when the
ratio of tumor-bound to tumor-unbound Ab has reached its
maximal value. To obtain this goal, the label should display a
fast clearance and should be captured by the Ab already targeted
onto tumor cells. These considerations have led to strategies of
tumor pretargeting, whereby Ab and label are administered
separately (16-22). One of these strategies is based on the
avidin-biotin system (23-27), already extensively used for sev

eral years in immunohistochemistry and in ELISAs. Due to the
flexibility of this system, several alternative protocols can be
envisaged (20, 28, 29).

We describe a three-step pretargeting protocol based on the
avidin-biotin system (Fig. 1) and its application in 20 patients
bearing CEA-expressing tumors. We report our results of a
pharmacokinetics, biodistribution, and tumor localization study
in these patients.

MATERIALS AND METHODS

Patients. Twenty patients with histolÃ³gica!diagnosis of tumors (gas
trointestinal, lung carcinoma, breast cancer, and medullary thyroid
carcinoma) and increased circulating CEA levels were enrolled in the
study after written informed consent was obtained in compliance with
policies of the Scientific Institute H San Raffaele Ethics Committee.
All patients had lesion assessment by conventional techniques, such as
CT, ultrasound. X-ray, and nuclear magnetic resonance imaging. The
histopathology and CEA levels of the patients are reported in Table 1.

Reagents. MoAb FO23CS (IgGl) (Sorin Biomedica, Saluggia, Italy)
specific for the protein portion of the CEA molecule has already been
described and extensively utilized in immunoscintigraphy (30-33). Pure
hen egg avidin was obtained from SocietÃ Prodotti Antibiotici (Milan,
Italy). DTPA-conjugated biotin was purchased from Sigma (St. Louis,
MO).

Biotinyl-aminocaproic acid AAhydroxysuccinimide ester in anhy
drous dimethyl sulfoxide (l mg/ml) was added to a solution of MoAb
FO23C5 (1 mg/ml in 0.1 M sodium bicarbonate buffer, pH 8.5) at a
ratio of 0.12/1. The mixture was gently stirred at room temperature
for 4 h and finally dialyzed overnight against PBS (pH 7.4). Biotinyla-
tion was verified by ELISA; the solid phase was coated with rabbit anti-
mouse antibodies, and the biotinylated Ab was detected by an acetyl-
avidin-biotinylated peroxidase complex (SocietÃ Prodotti Antibiotici).

Immunoreactivity of biotinylated MoAbs was tested in a standard
ELISA system (solid-phase LoVo cells as catcher, peroxidase-coupled
rabbit anti-mouse antibodies as tracer, and unlabeled FO23C5 MoAb
as control), as previously described (3, 20). No loss of Ab immunoreac-
tivity after biotinylation was detected.

Radiolabeling. DTPA-conjugated biotin was diluted in PBS, pH 7.4,
at a concentration of 2 pg/fil. The solution was sterilized by 0.22 mm
Millipore filtration. '"InCl., was diluted in citrate buffer (0.02 M; pH

6.5) to 740 kBq/^l. The reagents were then mixed and allowed to react
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Fig. 1. Three-step strategy. A biotinylated MoAb injected i.v. will bind to the
tumor (first step); after a sufficient interval (about 3 days) to allow the unbound
Ab to be cleared from blood, avidin is injected. Avidin will recognize and bind
biotin molecules present on both circulating and tumor-bound MoAbs (second
step). After a sufficient interval to allow unbound avidin and circulating avidin-
MoAb complexes to be cleared, a biotinylated radioactive tracer with fast blood
clearance is injected (third step). It will be specifically recognized and bound by
tumor-bound avidin-MoAb complexes, therefore making it possible to convey
onto the tumor a given label.

at room temperature for 10 min. More than 98% of '"In was bound to

the conjugate, as shown by paper chromatography. The ability to bind
avidin after labeling was verified by FPLC (Pharmacia, Sweden), by
mixing '"In-biotin with an appropriate amount of avidin; no loss of

reactivity was observed.
Toxicity and Immunogenicity. No toxic effects were demonstrable in

animal studies after the parenteral administration of either avidin or
streptavidin (20). All patients were closely observed for 2 h following
administration of avidin. Blood samples (10 ml) were obtained in
appropriate tubes just before the administration of avidin, and then 2
days and 2 weeks following the injection. All samples were sent out for
a routine blood test.

The induction of human anti-mouse immunoglobulin antibodies was
verified using an ELISA system (34) in all patients. Avidin immuno-
genicity in 12 patients was studied on microwell plates coated separately
with avidin or streptavidin. The plates were saturated for l h with PBS-
3% bovine serum albumin. Human scruni dilutions were added and
incubated for l h at 37Â°C.After five washes, the binding of human anti-

avidin antibodies was revealed with horseradish peroxidase-conjugated
rabbit anti-human Ig antibodies (Dako) diluted 1/1000, for 45 min at
37Â°C.After six washes, the enzymatic reaction was developed with a

chromogenic substrate (o-phenylenediamine; Sorin Biomedica) for 10
min and blocked by addition of l M H2SO4. The optical density reading
was 492 nm.

Administration and Blood Sampling Protocol. The three-step protocol
used is illustrated in Fig. 1. One mg of biotinylated FO23C5 MoAb
was injected i.v. over 2 min (first step). After 1-5 days (mean, 3 days),
1 mg of unlabeled avidin was injected i.v. over 2 min, followed by an
additional 4 mg 10 min later (second step). The aim of these two avidin
administrations is to precipitate circulating biotinylated antibodies (first
injection) (22, 35) and subsequently to target the biotinylated MoAb
bound on tumor cells (second injection) (20). One hundred to 1000 ng
(mean, 200 Mg)of "'In-biotin (2-5 mCi) were injected i.v. 1-3 days

(mean, 2 days) after the administration of cold avidin in 5 ml of saline
solution in a bolus injection (third step).

A blood sample (5 ml) was taken following each administration of
avidin and before the administration of '"In-biotin in order to measure
the biotin-binding ability of circulating avidin. This was tested by the
addition of an appropriate quantity of '"In-biotin and performed by

FPLC on a SuperÃ³se 12 column. In addition, blood samples (2 ml)
were obtained to collect serum after clotting, as follows: before injection
of '"In-biotin, immediately postinjection (every 30 s for the first 5

min), every 10 min during the first hour, every 30 min during the
second hour, and then at 4 h and 24 h postinjection. Two serum
samples, obtained immediately and 2 h after administration of '"In-

biotin, were also analyzed by FPLC, in order to determine which
radioactive chemical forms were present.

Imaging and Biodistribution Protocol. Images were acquired with a
40-cm circular field rotating gamma camera (7500 Orbiter; Siemens)
equipped with a high-energy collimator and by selecting two 15% energy
windows centered over the 173 keV and 247 keV photopeaks of '"In.

After positioning the gamma camera over the primary lesion, a
dynamic acquisition at one (rame/min for 15 min, on a 64 x 64 pixel
matrix, was started simultaneously with the i.v. injection. The tracer
uptake in the tumor was evaluated by generating a time/activity curve,
corrected for the vascular component. This was estimated by normal
izing the time/activity curve over the heart by a scaling factor, defined
as the ratio of the mean counts in the tumor and in the heart in the
first minute of the study.

Within 1-3 h after the '"In-biotin injection, a SPET study (64 x 64
pixel matrix, 64 projections over 360Â°)and planar spot views (128 x

128 pixel matrix) were acquired. Tomographie images were recon
structed with a filtered back projection algorithm and Hann filter
(cutoff, 0.5 pixel"'). From the SPET study, tumor volume was calcu

lated by drawing regions of interest around the lesion in each adjacent
transaxial section and adding the total number of voxels (voxel size,
0.238 cm3).

The biodistribution of "'In-biotin was studied, in 5 of 20 patients,

at 20 min and 2 and 3 h, according to the conjugate counting technique
(36-38), as the percentage of the injected dose in the tumor, heart,
liver, lungs, kidneys, and bladder. Attenuation correction factors for
each organ were measured by an external flood source of '"In. Whole

body images were collected in anterior and posterior view as a series of
contiguous images, 2 min/image on a 64 x 64 pixel matrix. Absorption
dose for thyroid, lungs, liver, kidneys, bladder, ovaries, and testes was
estimated, computing the cumulated activity in each source organ,
according to the MIRD 5 values (39).

RESULTS

No toxicity was observed. One of 20 patients developed a
weak antibody response against mouse immunoglobulins. Of
the 12 patients tested, 7 patients developed anti-avidin antibod
ies 15-20 days p.i. No cross-reactivity with streptavidin was
noted in the sera of these 7 patients.

The blood clearance of "'In-biotin showed a multiexponen-

tial decay with predominantly two components: a fast compo
nent (ii/, = 5 Â±3 min) and a slow component (f./, = 2.4 Â±1.2
h).

The urinary excretion of radioactivity over 3 h was 63 Â±5%
of the i.d. Kidney uptake decreased with time and was 1.6 Â±
0.3% i.d. for each organ at 3 h p.i., whereas liver uptake was
2.4 Â±0.6% i.d. Table 2 shows the percentage of i.d. per g of

Table 1 Patient data

Patient
No.1234567891011121314151617181920HistopathologyNon-small

cellca.Â°Non-small
cellca.Small

cellca.Gastrointestinal
ca.Medullary

thyroidca.Gastrointestinal
ca.Medullary

thyroidca.Gastrointestinal
ca.Non-small

cellca.Non-small
cellca.Medullary
thyroidca.Gastrointestinal

ca.Gastrointestinal
ca.Medullary

thyroidca.Medullary
thyroidca.Gastrointestinal

ca.Breast
ca.Medullary

thyroidca.Breast
ca.Non-small

cell ca.CEA(ng/ml)15.06.247.024.09.150.08.211.06.58.56.517.632.236.010.8489.027.060.04980.077.0

ca., carcinoma.
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Table 2 Percentage of injected dose per g of tissue Â±SD at different times

Time (min)

Tissue 20 120 180

Blood/ml
Liver
Kidney
Tumor

0.0032 Â±0.0009
0.0038 Â±0.0012

0.026 Â±0.0063
0.021 Â±0.0190

0.0015 Â±0.0004
0.0020 Â±0.0004

0.014 Â±0.0016
0.013 Â±0.0110

0.0010 Â±0.0003
0.0014 Â±0.0004
0.012 Â±0.0017
0.012 Â±0.0060

oco

Blood

20 minutes

Liver Kidney Tumor

2 hours 3 hours

Fig. 2. Percentage retained dose per g Â±SD (bars) of tissue at different times.
Activity decreases as a function of time in liver, blood, and kidney but not in
tumor.

Table 3 Absorbed radiation dose per organ estimated in each organ according to
the MIRD S values

Organ Mean Â±SD (/jGy/MBq)

Thyroid
Lungs
Liver
Kidneys
Bladder
Ovaries
Testes

0.21 Â±0.07
6.73 Â±3.53
7.16 Â±1.74

36.77 Â±6.83
62.33 Â±15.47

3.62 Â±0.70
1.96 Â±0.40

tissue; tumor/blood ratio was approximately 6 after 20 min and
approximately 12 at 3 h.

Fig. 2 shows data expressed as percentage of r.d. per g (r.d.
= i.d. - urine activity). Activity decreased with time in liver,
blood, and kidneys, but not in the tumor. Percentage of r.d. per
g in the tumor (0.025 Â±0.018) is significantly different from
blood and normal liver (P < 0.05; Wilcoxon test). The critical
organ in this protocol is the kidney: tumor/kidney ratio is
approximately 1, at 2 and 3 h p.i.

Data on absorbed radiation dose are summarized in Table 3.
The estimated dose for the liver (the critical organ for '"In-

labeled radiotracers) was 7.16 ^Gy/MBq. The corresponding
estimated dose using F(ab')2 fragments of the same antibody
directly labeled with '"In was 1158 //Gy/MBq. A comparison
between the three-step technique and the direct labeling method
is shown in Fig. 3.

Fig. 3a shows the CT scan of the colon of a cancer patient
(No. 12; Table 1) with a large metastasis in the right lobe of
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the liver. With the three-step technique, the tumor is already
visualized at 20 min (Fig. 3A), very low uptake being recorded
in normal liver. The activity in the tumor increased with time
(see 2-h scan; Fig. 3c), whereas that in the heart decreased as a
function of urinary excretion (see the increase in the bladder).
Fig. 3d is the three-step spot view over the chest of Fig. 3c
(taken at approximately 2 h p.i.), showing tumor localization
as mentioned above. Fig. 3e shows the conventional antibody
scan, using directly "'In-labeled anti-CEA F(ab')2 obtained 2

weeks before the study shown in Fig. 3, b and c. Tumor is not
visualized in Fig. 3e, where the directly labeled MoAb is used,
because most of the activity is present as background in normal
liver 48 h after '"In F(ab')2 injection, which is the recom

mended scanning time for this radiopharmaceutical (32). In
three other cases (one pancreatic, one pulmonary, and one
colorectal cancer), the pretargeting method (i.e., three-step)
succeeded in tumor imaging, whereas directly labeled F(ab')2

failed.
Endogenous biotin does not affect the ability of injected

avidin to bind "'In-biotin. This was proved by FPLC analysis,
by adding an excess of '"In-biotin to a serum sample taken 2

days after avidin administration. In addition, two serum sam
ples were taken immediately and 2 h after '"In-biotin injection.

The chromatogram showed three radioactivity peaks corre
sponding to (a) biotinylated antibodies + avidin -I- '"In-biotin
complexes, (b) avidin + "'In-biotin complexes, and (c) "'In-

biotin alone, as deduced from the retention times of appropriate
standards.

This experiment confirms the ability of avidin to bind '"In-

biotin in vivo, as reported by others (29), and shows the chemical
forms of radioactivity present in the bloodstream when the
scintigraphy study was performed.

Since blood clearance was fast, patients could be studied 90
to 120 min after the administration of" In-biotin with a tumor/

blood ratio of 5.5 Â±3.2 and a tumor/liver ratio of 6.7 Â±3.9.
Tomographie studies could be performed in a reasonably short
time (30 min over 360Â°).

Fig. 4a is the chest CT scan of a patient with a right lung
carcinoma. Fig. 4b is an example of SPET, performed 90 min
p.i. in the same patient, showing relevant uptake in the tumor
lesion located in the right lung, with a good matching of the
two studies (CT/SPET). No activity was present in the spine,
and only a faint uptake was recorded in the normal lung, with
a relatively low blood pool background.

Fig. 5a reports the CT scan of a patient (No. 13), who bore
a pancreatic cancer spreading into the liver (arrowhead); Fig.
5Â¿>shows the three-step SPET study of the same patient. Tumor
was clearly visualized with low background in normal liver,
spine, and blood vessels. Again, a good matching of the two
images could be noted.

As a control, one patient (No. 2), with a positive lung scan,
repeated the study 1 month later without tumor pretargeting by
biotinylated MoAb. The administration of cold avidin, followed
by '"In-biotin, failed to image the tumor, although some uptake

in metastasized lymph nodes was visible, although much weaker
than after pretargeting. Another patient (No. 8), with multiple
liver mÃ©tastasesfrom a colon carcinoma as assessed by CT scan
(Fig. 6fl), had a positive scan (Fig. 6b) using the three-step
protocol. When the study was repeated 1 month later, with
injection of only the same amount of "'In-biotin, SPET did

not visualize the lesions (Fig. 6c).
Patient No. 3 (heavy smoker; CEA level, 47 ng/ml) had a

negative lung scan according to the three-step protocol. On the
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e
Fig. 3. a, CT scan in a patient with a large metastasis of the liver involving almost all of the right lobe, with a necrotic area (arrow) in the seventh segment, b andc, whole body scan of this patient at 20 min (b) and 2 h (c) p.i. Note the very rapid reduction of circulating activity and the increasing uptake into the lesion (7"). d,

spot view over the chest corresponding to c. Faint uptake is present in the normal left lobe, and the tumor is clearly visualized. Note the absence of uptake in the
necrotic area (arrowhead). The same patient was studied 2 weeks earlier using directly '"In-labeled F(ab')2 anti-CEA. The scan (e), performed 48 h postinjection,

shows that most of the activity is in the normal left lobe.

basis of immunohistochemistry of the biopsied tumor, which
showed negative staining for the anti-CEA antibody FO23C5,
the patient was classified as a true negative.

DISCUSSION

The slow pharmacokinetics of MoAbs remains one of the
major limitations in immunoscintigraphy and radioimmunoth-
erapy, despite the high specificity of these proteins as vectors
for tumor targeting. Monoclonal antibody pretargeting tech
niques for tumor localization (both two-step and three-step)
have recently been reviewed (40). Three two-step methods have
been proposed: (a) biotinylated antibodies followed by radiola-
beled avidin or streptavidin (17), (b) streptavidin-conjugated
antibodies followed by radioactive biotin (29), and (c) bifunc-
tional antibodies (reactive with both tumor and a low-molecu
lar-weight '"In chetate) followed by the '"In chelate (15, 18).

The three-step protocol described here was conceptually de
rived from a combination of the above two-step methods and
designed on the basis of two experimental observations: (a) the
localization of monoclonal antibodies on tumor cells reaches
its maximum within 24-48 h p.i., well before the complete
clearance of unbound antibodies from the bloodstream (28);
and (b) circulating biotinylated MoAbs are quickly (5-10 min)

removed from the blood by the liver following the administra
tion of an equimolar dose of avidin (35). Such a "chase effect"

is similar to that obtained by Goodwin et al. ( 19) in their animal
model, with the advantage of being linked to an antigen-specific
delivery system.

The three steps are the following: (a) tumor pretargeting by
cold biotinylated anti-tumor antibodies; (b) removal of circulat
ing biotinylated antibodies and avidination of the biotinylated
tumor-bound antibodies by an excess (at least 10-fold) of cold
avidin; (c) postlabeling of the tumor by a fast-clearing radioac
tive biotin derivative. The feasibility of the three-step protocol
has been proposed (16) and recently demonstrated in an animal
model (20).

The studies reported here show that tumor pretargeting with
cold biotinylated MoAbs, followed by cold avidin and finally
by the radioactive label ('"In-biotin), is a safe practice and

offers several advantages over the administration of directly
labeled MoAbs and other proposed pretargeting approaches.
The advantages are the following.

(1) Fast label clearance: Since the label is a small molecule
(/vi of fast component = 5 Â±3 min), background radioactivity
levels are drastically reduced (tumor/blood ratio >10 at 2 h p.i.
versus <1 in the case of '"In-labeled F(ab')2 fragments), and

imaging can be performed shortly after injection of the radio-
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BM

Fig. 4. a, CT scan of a patient with right lung cancer, b, three-step SPET scan
of the same patient recorded 90 min after i.v. injection of "'In-biotin. High
uptake in the tumor lesion located in the right lung is shown ( / ). Activity is still
present in the blood pool (BP), whereas no uptake is recorded in bone marrow
(BM).

label. The fast clearance of the tracer also reduces ira nsehe latÂ¡on
of radioactive metal onto transferrin. Consequently, lower liver
uptake is observed, and the bone marrow is exposed to lower
doses. This advantage is shared by all methods using low-
molecular-weight labels.

(2) Removal of circulating antibodies: The three-step protocol
is designed to remove the excess of circulating biotinylated
antibodies as cold complexes, which are taken up and metabo
lized by the liver (20). This is the major factor in background
reduction and is obtained prior to label injection. This feature,
reminiscent of Goodwin's chase effect (19), is absent in the

other two-step approaches.
(3) Preservation of MoAb immunoreactivity: In general, bio-

tinylation is a mild procedure, although certain antibodies could
be damaged (in our case, however, the immunoreactivity was
preserved). The use of unlabeled, unfragmented antibodies
avoids their damage by autoradiolysis and by enzyme treat
ments. Both treatments are known to interfere, to some extent,
with immunoreactivity. The two-step method using streptavi-
din-antibody conjugates requires additional chemical manipu
lation of antibodies.

(4) Signal amplification: This approach should provide an
amplification of the signal from the tumor, given that more
than one molecule of avidin can bind to a single polybiotinylated
MoAb molecule localized on the tumor and that more than one

radioactive biotin can bind to an avidin molecule (40). Ampli
fication of the antigen-antibody reaction with the avidin/biotin
system has been demonstrated and reported in immunohisto-
chemistry techniques (41, 42); further studies are necessary to
demonstrate that the amplification takes place in vivo. Such
amplification cannot be achieved with bifunctional MoAbs and
can be only partially obtained with the streptavidin-antibody
conjugate, since only 1/1 streptavidin/antibody molecule is
selected by the purification method (29).

(5) Use of more suitable radionuclides: The three-step pro
tocol provides a great improvement in terms of tumor/back
ground ratio within a few hours p.i. (at the level of blood, liver,
bone marrow, and all organs other than kidneys) and makes
possible the use of radionuclides such as 99mTcfor diagnosis
and 90Y for therapy. 99mTc is the ideal isotope for gamma
cameras, and the great therapeutic power of '"Y is mainly

limited by bone marrow toxicity. The high tumor/background
ratio and the possibility of using 99mTc make it possible to

perform tomographic studies (SPET) and thus to increase the
sensitivity of immunoscintigraphy in detecting small and/or
deep tumor lesions.

The absolute amount of label delivered to the tumor, under
the conditions of the protocol described here (administering 74
MBq of '"In), is approximately 10 kBq/g (i.e., 0.012% of the

injected dose and 0.025% of the dose retained at 3 h); these
figures are in the range of the best results obtained with directly

Fig. 5. a, CT scan of a patient with pancreatic cancer spreading into the liver
(arrowhead), b, liver SPET study of the same patient. A clear hot spot correspond
ing to the tumor area can already be noted 2 h after '"In-biotin injection. Low

activity is recorded in normal liver, spine, and blood vessels.
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would be common to all studies, irrespective of the specificity
of the anti-tumor MoAb. Since biotinylated MoAbs can be
stored for a long time without loss of reactivity, one could
envisage constructing panels of potentially useful MoAbs and
using them in sequence, or even in combination. Obviously,
this potential advantage must be verified experimentally. How
ever, improved histolÃ³gica! detection of melanoma lesions in
vitro was observed with a combination of anti-melanoma
MoAbs recognizing different epitopes (44); analogous results
were obtained in vivo in a animal model (45).

The disadvantages of the three-step protocol are (a) repeated
injections at defined time intervals, and (b) the immunogenicity
of avidin. The latter has not yet been fully investigated; in
particular, it is not known whether anti-avidin antibodies can
adversely affect a second or a third course of administration.
The problems raised by the disadvantages of the three-step
method should be dealt with in terms of risk/benefit ratio,
particularly in view of the therapeutic applications of this
experimental approach to cancer.

Fig. 6. a, CT study of a patient with multiple liver lesions from colon cancer.
b, SPET scan of the same patient, l h after '"In-biotin injection according to the
three-step protocol. Note the good matching in tumor localization between SPET
and CT (arrowheads). MoAb-guided SPET also shows an additional lesion (open
arrow), not visualized in this CT slice. As a control, the study was repeated
injecting only '"In-biotin (without pretargeting). In this case (c), SPET could not

visualize any lesion.

labeled antibodies (43). Increasing the dose of biotinylated
antibodies administered and injecting a larger amount of avidin
should improve the absolute quantity of radioactivity in the
target, taking into account that very-high-specific-activity biotin

must be used.
(6) Use of any MoAb from a panel, or MoAb mixtures: it is

evident that the second and third steps of the three-step protocol
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