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INTRODUCTION 

In the attempt to improve the therapeutic efficacy of radiolabeled mAbs in cancer 
radioimmunotherapy, various studies have examined the concept of tumor pretargeting. The 
so called three-step pretargeting technique, employing the avidin–biotin system, was applied 
in phase I-II clinical trials showing low toxicity and therapeutic efficacy. 

The final step of the pretargeting protocols consists in the systemic injection of radiolabeled 
biotin. The worldwide recognized “successful association” is between 90Y and the 
tetraazamacrocycle DOTA chelator chemically bound to biotin. Improvements in the structure 
of the biotin-DOTA conjugate have been reported by our group following a novel approach 
which simplified the synthetic pattern by reducing the amide group to a methylene group, thus 
transforming the amide into a secondary amine without affecting the length of the biotin side 
arm. Preliminary in-vitro experiments, previously published by our group, indicated the 
potential of the new conjugate. 

Based on our previous experience with avidin-based pre-targeting followed 90Y-DOTA-biotin 
in the locoregional treatment of peritoneal carcinomatosis and malignant glioma suggested 
that similar radionuclide therapy might be worth investigating as a partial replacement of 
external beam radiotherapy in breast cancer.  We have developed IART® the Intra-operative 
Avidination for Radionuclide Therapy that relies on the avidin-biotin binding system. In fact, 
the “avidination” of the anatomical area of the tumor with native avidin, directly injected by 
the surgeon into and around the tumor bed, provides a target for the radiolabeled biotin 
intravenously (iv) injected one day later. 

In order to optimize the overall strategy, further efforts were needed to optimize the use of the 
labeled new biotin conjugate and to elucidate its chemical and biological properties. In the 
first 18 months of this CRP, the pre-clinical evaluation of this new reduced 
biotinamidohexylamine-DOTA conjugate (ST2210) labeled with 90Y or with 177Lu, which is 
an emerging and promising radionuclide for targeted therapy, was investigated. 

EXPERIMENTAL WORK 

Effect of pH on radiolabeling. In order to determine the optimal pH for the labeling of 
ST2210 with 90Y or 177Lu, the experiments were performed with  pH ranging between 3.6 and 
5.6 using 2.0 M sodium acetate buffer. The results, reported in Figure 1, showed that the 
highest radiochemical purity (RCP) values (near 99%) were obtained in a range of pH 4.4 - 
4.8. Out of this range the RCP dropped. In particular, below pH 4.0 or above pH 5.2, RCP 
was less than 93%. Taking into account these results, the optimal pH (4.4 - 4.8) was adopted 
in the general procedure using a diluted buffer such as 1.0 M sodium acetate (pH 5.0). 
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Fig. 1. Determination of 90Y-ST2210 RCPs at different radiolabeled mixture pH values. Similar results 

were obtained with 177Lu-ST2210 

Radiolabeling general procedure. Radiolabeling general procedure has been optimized using 
ST2210 dissolved in saline at a specific activity of 3.7 MBq/μg. 

1.0 M sodium acetate, at pH 5.0, was used to buffer the 90Y (177Lu) chloride solution. The 
mixture was heated at  95°C for 30 min. 

RCP was assayed by Instant Thin Layer Chromatography (ITLC). Briefly, an aliquot (usually 
0.05 mL) of the radiolabeling solution was mixed with 0.2 mL of an avidin-DTPA solution 
(0.4 mM Av and 2.5 mM DTPA, final pH= 6.0) and kept at room temperature for 5 min. 
Subsequently, 5 µL of the radioactive mixture was spotted on a silica gel ITLC paper strip 
and then developed in saline solution. In this chromatographic system, Av-radio-biotin 
complex remains at the origin whereas free radiometal, bound to DTPA, migrates to the 
solvent front. 

Maximum specific activity achievable. To determine the influence of specific activity (SA), 
expressed as MBq/nmol of  ST2210 on RCP value, increasing SAs were tested by labeling 
biotin either with 90Y or 177Lu. The SAs tested ranged from 2.6 to 5.3·102 MBq/nmol. 

High SAs were achieved together with high RCPs with both radioisotopes. In particular, 
RCPs above 99% were obtained with a SA of  5.3 MBq/nmol of 90Y-ST2210 (Table 1) and 
with 1.3×102 MBq/nmol of 177Lu ST2210 (Table 2). A further increase of SA (5.3×102 
MBq/nmol for 90Y-ST2210  and 2.6×102 MBq/nmol for 177Lu-ST2210) resulted in RCP 
decrease to 95.0% and 80% respectively. 
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Table 1.  SAs results of 90Y-ST2210.RCPs > 99% were achieved up to  5.3 MBq/nmol. (n=5) 
90Y 

(MBq) 

biotin 

(μg) 

SA 

(MBq/nmol) 

RCP 

(%±SD) 

37 10 2.6 99.6±0.1 

37 8 3.4 99.6±0.1 

37 5 5.3 99.5±0.3 

37 0.1 2.6×102 97.5±0.5 

37 0.05 5.3×102 95.0±0.5 

Table 2. SAs results of 177Lu-ST2210. RCPs >99% were achieved up to 1.3×102 MBq/nmol. (n= 5) 
177Lu 

(MBq) 

biotin 

(μg) 

SA 

(MBq/nmol) 

RCP 

(%±SD) 

37 10 2.6 99.6±0.1 

37 5 3.4 99.5±0.1 

37 1 26.4 99.4±0.2 

37 0.5 52.9 99.4±0.3 

37 0.2 1.3×102 99.4±0.3 

37 0.1 2.6×102 80.0±0.7 

Avidin/biotin binding studies. Binding studies were performed by HPLC and by the 
spectrophotometric method known as HABA assay, based on the use of 4-hydroxazobenzene-
2-carboxylic acid. Both methods were aimed at determining the binding stoichiometry of 
biotin derivative, compared to natural biotin (Vit H), towards avidin at a 1:4 Av/biotin molar 
ratio which is the saturation ratio for Av/Vit H.  

90Y- and 177Lu-ST2210 binding towards Av, determined by HPLC, showed that about 85% of  
radiolabeled ST2210 was bound to Av at 1:4 molar ratio (Figure 2). The retention time of  
radiolabeled ST2210-Av complex was 11-12 min whereas radiolabeled ST2210 alone was 
eluted at 20-22 min. The addition of a large excess of Vit H did not displace the radiolabeled 
compound from avidin, thus indicating a completely retained affinity of ST2210 for avidin. 
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Fig. 2. A typical radiochromatogram from HPLC analysis of radiolabeled ST2210 obtained using 1:4  

Av/radiolabeled ST2210 molar ratio. 

As expected, by HABA assay Vit H showed 100% binding to Av at the 1:4 Av/Vit H molar 
ratio. At the same molar ratio, ST2210 resulted in a binding efficiency towards Av of 85%±1. 

Stability studies. Stability studies were performed at 37°C on ST2210 labeled with 90Y or 
177Lu at a specific activity of 3.7 MBq/μg, either in saline or in a pooled human serum, with 
and without ascorbic acid (AA) as radical scavenger, at different times of incubation (24, 48, 
72, and 96 h). 

The studies showed that RCP was higher when AA as radical scavanger was added. 
Specifically, the RCP was always above 98.0% up to 96 h when the radiolabeled ST2210 was 
diluted with saline and AA, but decreased to 84.5% at the same time point when dilution was 
performed with saline only (Figure 3). 

Similar AA influence on saline stability emerged also analyzing diluted radiolabeled aliquots 
(3.7 MBq/0.1 mL). Their stability in saline plus AA was comparable to the results obtained in 
human serum. In fact 90Y was tightly bound (98.3%) to ST2210 up to 96 h both in serum and 
in saline plus AA (Figure 4). Similar behavior was observed for 177Lu-ST2210. 

 
Fig. 3. Stability of 90Y-ST2210 (5920 MBq/mL) in saline at 37°C with or without AA. The results 

were similar with 177Lu- r-BHD. 
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Fig. 4. Stability of 90Y-ST2210 aliquots (3.7 MBq/0.1 mL) at 37°C in human serum, saline and saline 
plus AA. RCPs obtained after serum incubation were higher than those obtained in saline.The results 

were similar with 177Lu- ST2210. 

FURTHER DEVELOPMENTS 

Enhancements of the therapeutic potential of this technique will be evaluated. 

New biotin derivatives, carrying two DOTA groups per molecule (BisDOTA), have been 
synthesized and further efforts will be devoted to elucidate their chemical and biological 
properties. 

The goal will be to label the BisDOTA-biotin at higher specific activity compared to the 
MonoDOTA analogue. In fact, each biotin can theoretically bind up to two metallic 
radionuclides. In this way, BisDOTA-biotin radiolabeled at high specific activity could 
deliver a higher radiation dose to the tumour and then improve the efficacy of targeted 
radionuclide therapy, provided the high affinity for avidin will be retained. 
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