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Abstract. In recent years, large experience has been accrued through the clinical application of radiolabelled
monoclonal antibodies in the diagnosis and therapy of malignant disorders. While radioimmunoscintigraphy has
established its role in the nuclear medicine practice, radioimmunotherapy has thus far gained limited acceptance
mainly due to the low amount of radioactivity that can be targeted to the tumour and to the myelotoxicity which is
typically the dose limiting factor. In an attempt to overcome the low uptake of label by the tumour and improve
the tumour-to-blood ratio, various studies have examined the concept of tumour pretargeting based on the
separate protocols, especially the 3-step approach, with respect to the use of directly labelled antibodies, lies in
the lower toxicity observed which has allowed to administer high doses of therapeutic radionuclides, such as Y-
90, without bone marrow toxicity. Pilot studies, applied to the treatment of advanced stage tumours, have shown
that this approach interferes with the progression of tumours and produce tumours regression in patients no
longer responsive to other conventional therapeutic modalities. The potency of pretargeting based on the
avidin/biotin system may be exploited in the near future to convey a variety of cytotoxic substances, other than
radioactivity, onto cancer cells.

1. INTRODUCTION

The utility of monoclonal antibodies (MoAbs) for targeting radioactive agents to tumour cells,
for diagnostic and therapeutic applications, has been extensively studied [1-2].

Although several studies have been carried out in this area for almost two decades, many
limitations when using radiolabelled MoAbs for treating solid tumours in humans have been
encountered.

As far as the antibodies are concerned, the ideal tumour - specific antibody does not yet exist.
However, advances in molecular biology and recombinant DNA technology is providing an increasing
array of MoAbs capable of targeting several tumour antigens. In addition, directly labelled MoAbs
circulate for days with maximum tumour concentration occurring at 1-2 days with continuing high
blood concentration for several more days. Therefore, even when properly selected MoAbs are
employed, only a small percentage (usually not more than 1%) actually localizes on the tumour [3].
The remaining 99% is distributed in the rest of the body and results in a high background signal.

Another problem is of a more complex nature and is related to the adverse intrinsic tumour
characteristics.

Tumours often display intrinsic heterogeneity in antigen density. This factor, together with the
non uniformity of tumour vascularization, capillary permeability, degree of tumour necrosis and
difference in interstitial pressure, account for the heterogeneous distribution of antibodies in targeted
tumours [4].

Tumour heterogeneity is partly overcome using radiolabelled MoAbs for therapeutic
applications. High energy beta particles can penetrate up to several millimeters of tissues and the
emissions can kill tumour cells which are antigen-negative and have no radiolabelled antibody
localised on their surface (the cross fire effect).
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In an attempt to overcome the low uptake of label by the tumour and improve the tumour-to-
blood ratio, various studies have examined the concept of tumour pretargeting based on the separate
administration of MoAbs and radiolabel [5-7]. Such systems require the use of a long-circulating
targeting macromolecule (modified MoAb; first conjugates) having a high affinity for a small rapidly
excreted effector molecule (second conjugates), which is administered after the MoAb has
concentrated in the target tumour. Conceptually, the modified MoAb is administered first and allowed
to distribute throughout the body, to bind to the tissues expressing antigen, and to clear substantially
from other tissues. Then the radiolabelled second conjugate is administered and, ideally, it localises at
sites where the modified MoAb has accumulated. Second conjugate injection time can be delayed to a
time when most of the primary MoAb has been cleared from the blood and normal tissues, thereby
decreasing non-tumour binding and achieving, with the use of this strategy, higher tumour to non-
tumour ratios [8].

Several targeting macromolecule-conjugate/effector small molecule pairs have been proposed
[9]. The second conjugate is not necessarily a radiolabelled molecule; a 3-step approach to target
biotinylated tumour necrosis factor (TNF) onto tumour cells, potentially widening the therapeutic
window of TNF, has been recently reported [10].

The methods, applied in the majority of clinical trials, are based on the avidin/biotin system,
which has long and widely been used for in vitro applications [11].

Avidins are functionally defined by their ability to bind biotin with high affinity and specificity
without recognising or binding any other physiological compound with any strength. For practical
purpose, their binding can be regarded as irreversible [12] (Table I).

TABLE I. MOLECULAR PROPERTIES OF AVIDIN

Avidin Streptavidin
Molecular weight
Number ofsubunits
Submit M. W.
Biotin binding sites/mole
Kd of biotin complex
Oligosaccharide/subunit
Mannose/subunit
Glucosam ine/subun it
Isoelectric point

Avidins are small oligomeric proteins made up of four identical subunits, bearing a single
binding site for biotin. Avidin is a 66 kDa glycosylated protein, commonly isolated from hen egg
white, shows a strong positive net charge. Streptavidin, a non-glycosylated analogue, isolated from
Streptomyces avidinii, in contrast to avidin is nearly neutral at physiological pH, with an isoelectric
point of approximately 6.

Biotin is a 244 Da molecule constituted by a functional "head" region (bicyclic ring) which
binds avidin, and a functionally irrelevant carboxyl "tail" end (valeric acid), which can be chemically
altered with little or no effect on the molecule. A large series of biotin derivatives, obtained by
modifying the carboxyl group, are commercially available and can be used to covalently link biotin to
a variety of molecules containing primary amines, thiol groups aldehydes and so on.

Due to the flexibility of this system, several protocols have been devised and in particular two
major methods are presently used in the clinical settings with the aim to improve the delivery of
radionuclides to tumours.
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2. METHODS

2 — step

This approach has been initially proposed based on the in vitro conjugation of streptavidin to
the antibody which is administered first, followed, two to three days later, by the injection of
radiolabelled biotin [13].

An alternative approach has also been used to target intraperitoneal tumours. In a typical
protocol, biotinylated MoAbs are injected intraperitoneally (first step) followed 1-2 days later by the
i.p. administration of radiolabelled streptavidin. This approach originated very high tumour to normal
tissue (9:1) and tumour to blood ratios (14:1) suggesting that this two-step strategy might be superior
to conventional radiolabelled MoAbs for intraperitoneal targeting of tumours [14].

3 — step

The locoregional approach is feasible when tumour is confined to the peritoneal cavity or in
other locoregional approaches. In the presence of widespread disease, a systemic injection of the
tracer is nonetheless required. A three-step approach has been designed for these cases, where
conjugates need to be cleared not only from a well defined body cavity, but from the entire blood pool
(15).

Briefly, a typical 3-step protocol involves the systemic injection of biotinylated MoAbs (step 1)
followed by injection of avidin and streptavidin one day later (step 2). The second injection carries a
two-fold purpose:

1) The removal of excess circulating biotinylated antibodies in the form of cold complexes via
avidin (fast clearance) and 2) The targeting of tumour cells with streptavidin (slower clearance).

Thereafter, radiolabelled biotin which will selectively bind to streptavidin and thus to the
tumour, is injected (step 3). The use of a second "chase" of biotinylated human serum albumin, with
the purpose to decrease the radiation burden in circulation, administered few minutes prior to the
radioactive biotin has been also proposed.

In this technique, the excess of circulating biotinylated MoAbs are removed as cold complexes,
which are taken up and metabolized by the liver. This is the major factor in background reduction and
is obtained prior to label injection.

3. RESULTS AND DISCUSSION

Moreover, the rapid blood clearance of the radiolabelled biotin allows imaging to be performed
only 90-120 min after injection and with only very low background activity.

Figure 3 shows an example of anterior and posterior whole body images obtained 2h after an
i.v. injection of 99mTc-biotin following a 3-step tumour targeting protocol. Note the rapid excretion of
the radiotracer through the kidneys and the absence of activity in the liver and bone marrow (cold
spine).

A therapy trial based on the three-step pretargeting has been conducted in 45 eligible patients
with histologically confirmed grade III or IV glioma and documented residual disease or recurrence
after conventional treatment.
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Two-step tumor targeting
ovarian cancer

1st step 2nd step

FIG. 1. Two-step strategy. Biotinylated MoAbs are injected (i.p.) and allowed to localize onto the
target (Is' step). Then 1-2 days later radioactive streptavidin is injected (i.p.) to target tumour.

Three-step tumor targeting §

1st step 2nd step 3rd step
48-h-

FIG. 2. Three-step strategy. Biotinylated MoAbs are injected (i.v.) and allowed to localize onto the
target (Is' step). One day later avidin and streptavidin are injected (i.v.) (2nd step). After 24 h, when
unbound streptavidin and circulating avidin-MoAb complexes have been cleared from circulation,
radiolabelled biotin is injected (i.v.) (3rdstep).
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FIG. 3. Anterior and posterior whole-body planar images of a patient with breast cancer obtained 2h
after the injection of99"'Tc-biotin following a 3-step tumour targeting protocol with biotinylated B72.3
MoAb.

Therapeutic response *°Y - RIT pretargeting

2 months 6 months 12'months

response SD = stable disease

MR* minor response

FIG. 4. Therapeutic responses obtained at 2, 6 and 12 months after
radioimmunotherapy.

90Y-biotin pretargeted
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The first step of the protocol consisted of biotinylated anti-tenascin monoclonal antibodies in
100 mL of physiological saline, injected i.v. over a period of 20 min. at a dose of 35 mg/m2. Avidin
and streptavidin were then administered i.v. 24-36 h after the antibody as follows: 20-30 mg of
avidin as a rapid bolus (first chase) and 50 mg of streptavidin in 100 mL of saline with 2% human
albumin, 30 min. after the avidin.

Two mg of DOTA-biotin ligand, labelled with 90Y-chloride, were administered 24 h after
streptavidin infusion (third step) in a dose ranging between 2.22 to 2.97 GBq/m2 (60 to 80 mCi/m2)
per cycle.

The clinical evaluation of all patients began 2 months after treatment. At this stage, tumour
mass reduction occurred in 9/45 (20%) patients (MR+PR+CR); 56% of them had a stabilisation of the
disease (SD) and 24% did not respond to therapy.

Of the 9 patients with reduced tumour mass at 2 months, 6 had grade IV and 3 had grade III
glioma The proportion of patients with a decrease of tumour mass remained stable at 2, and 6 months
of follow-up (respectively 20% and 19%) while the percentage of those in progression increased from
24% to 62%.

At 12 months follow-up, all 3 patients with anaplastic glioma were still in good conditions,
while 1 glioblastoma patient had a minor response at 9 months and another is still in excellent
condition more than two years after the first treatment (total of 11% MR + PR + CR).

Median survival from yttrium-90 treatment is 11 months for grade IV glioblastoma and
19 months for grade III anaplastic gliomas. Moreover, the maximum tolerated dose (MTD) was
determined at 2.96 GBq/m2.

Three major conclusions emerged from this study. First, three-step radionuclide therapy with
high dose 90Y produces acceptable toxicity at the dose of 60 mCi/m2 due to the extremely favourable
biodistribution of 90Y-DOTA-biotin, with the majority of the non-tumour bound activity excreted in
the urine in the first 24 hours .

Second, an objective therapeutic effect was documented in an encouraging fraction of our
patients, all of whom were no longer responsive to conventional treatments: in about 50% of cases,
the disease did not progress any further (the majority of patients suspended cortisone, had reduction in
epileptic seizure rate and improved quality of life), while significant tumour reduction occurred in
20% of patients.

Third, immune response to the murine MoAbs, known to interfere with the localisation of
subsequent administrations, was less frequent than in patients treated with the directly labelled
MoAbs used in other studies, possibly because of their shorter residence time in circulation with our
procedure; however a rather potent immunogenicity of streptavidin was observed which may hamper
repeated cycles of therapy [16].

Pilot trials, using pretargeting protocols, for the treatment of other solid tumours have been
initiated.

A recent report describes the first case of complete clinical remission of an advanced
oropharyngeal carcinoma induced by the combined treatment with external radiotherapy and 3-step
pretargeted radioimmunotherapy with 90Y-biotin [17].

The patient was in local relapse after surgery, chemotherapy and radiotherapy.
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He received a cocktail of biotinylated MoAbs (anti CEA, B72.3), in order to target the largest
number of tumour cells (first step) and 2.59 GBq of 90Y-DOTA-biotin as third step. Dosimetric
calculations showed estimated doses delivered to the tumour, liver, kidney and bone marrow (critical
organs) of 13.4, 1.5, 3.8 and 0.7 cGy/37MBq respectively. Therefore the tumour received a dose of
10 Gy. MRI performed 7 months after RIT documented a complete response and after more than one
year the patient was still alive and disease free by clinical examination and US.

4. CONCLUSIONS

The advent of the monoclonal antibody technology raised the hope that radiolabelled MoAbs
would have the great advantage of sparing most normal tissues while targeting selectively malignant
cells.

While radiolabelled MoAbs have established their imaging role in the nuclear medicine
practice, their therapeutic applications have thus far gained limited acceptance mainly due to the low
amount of radioactivity that can be targeted to the tumour and to the myelotoxicity which is typically
the dose limiting factor. Remarkable high therapeutic response rates have been obtained for tumours
that are refractory to other therapies through the use of locoregional administration that allows the
delivery of higher radiation doses to produce cytotoxic effects. New strategies based on pretargeting
techniques have shown that, on the contrary of directly labelled antibodies, higher doses of
radioactivity can be administered systemically without associated bone marrow toxicity.

Pilot studies, applied to the treatment of advanced stage tumours, have shown that this approach
interferes with the progression of tumours and produce tumour regression in patients no longer
responsive to other conventional therapeutic modalities.
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