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Summary 

This project focuses on harnessing the great potential of radionuclide therapy, using various 
different vehicles to transport radionuclides into tumor tissues. A central aim of the project 
will be to manufacture specific vehicle molecules whose tumor affinity and suitability for 
radioactive coupling have already been proven through laboratory trials on animals and cell 
cultures at the Department of Nuclear Medicine, University of Cologne and to label it with Y-
90. The vectors to be used to transport radionuclides into tumor tissue for treatment are 
antibodies against lymphomas and neuroblastomas. The technology applied for coupling Y-90 
to various antibodies has been developed to a high level in Cologne and is now ready to be 
transferred and adapted to GMP (Good Manufacturing Practice) conditions. The antibody 
against NHL can be acquired commercially and must then be modified for binding to the 
therapeutically active nuclide Y-90.  Similarly, the antibody against neuroblastoma must also 
be modified to bind to Y-90 but is produced in Cologne. To improve the therapeutic value of 
antibodies we tried to introduce the pretargeting method. 

Tumour pretargeting has shown clear advantages over the direct application of labeled 
antibodies regarding tumour/background ratios. The pretargeting strategy will be evaluated 
first on cell cultures and the results will be transferred to in vivo experiments on tumour 
bearing mice. Briefly, the first component of a three step pretargeting strategy consists of the 
biotinylated antibody. This includes the protocol for determination of the number of biotin 
molecules per antibody. By using this technique one can have a stock of biotinylated antibody 
in lyophilised form ready for further experiments. In the second step, commercially available 
avidin/streptavidin will be used. Third and final step is the binding of radiolabelled (90Y, 
188Re) biotin to the tumour cells through the avidin-antibody-bridge after administration of a 
clearing agent. 

Initial evaluations of the potential radiopharmaceuticals has been carried out by in-vitro 
experiments on cell lines expressing the corresponding antigen. 

Work done so far for three-step pretargeting method can be summarized as follows: 

- 90Y-labelling of Biotin-DOTA 

- Coupling of biotinylated Rituximab to CD20-positive Raji-cells 

- Successful labelling of cells conjugated with a complex of biotinylated antibody and 
avidin with 90Y-DOTA-Biotin 

- Surviving of a long-lasting permission procedure for animal experiments file number 
8.87-51.04.20.09.339  (25th January 2010, 134 mice) 
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Furthermore we achieved some new results with I-131 and Y-90 labelled ERIC1 antibodies, 
directed against NCAM-positive neuroblastomas. The radioiodine labelled anti-NCAM 
antibody ERIC1 seems to be a promising radiopharmaceutical for treatment of neuroblastoma. 
The optimal dose is 1-2 MBq/animal. This would correspond to about 600-1200 MBq in 
humans (for a child of 15 kg). 

First experiments with 90Y-labelled ERIC1 have been started and are very promising. These 
antibodies showed an unequivocal therapeutic effect, whereas I-131-MIBG showed no 
influence on the tumour growth on much higher radioactivities applied per animal. We plan 
for the future: 

- Improved dose-finding studies 

- Fractionation of radioation dose relised by i.v. application of radiolabelled ERIC1 

- Investigation of otherradioimmunoconstucts directed against NCAM 

- Invesigation ofother tumour types with NCAM on tomour cells 

- Pretargeting 

90Y-90- or 111In-labelled Rituximab 

Objectives 

The antibody against NHL can be acquired commercially. The production of Rituximab 
coupled to 90Y first involves a non-radioactive modification of the antibody to allow it to form 
a chemical binding with 90Y. This is achieved by the coupling of isothiocyanatobenzyl-DOTA 
to Rituximab. 

The finished DOTA Rituximab solution can subsequently be lyophilised to allow interim 
storage until labelling with the corresponding radionuclide. 

The [111In]-indium labelling for pre-therapeutic dosimetry, the [90Y]-yttrium labelling for 
therapeutic purposes and the quality control procedures will be carried out under clean-room 
conditions. The quality control of the radiopharmaceutical is carried out by size exclusion 
HPLC. The final sterile filtration and bottling takes place under sterile conditions. This work 
must be carried out under clean-room conditions class A. The ready-to-use solutions should 
have an activity concentration of c. 185 MBq (5 mCi) 111In for dosimetry and c. 740 MBq (20 
mCi) 90Y for therapeutic purposes, each in a volume of 3 ml [3]. 

First Results 

Introduction 

The introduction of monoclonal antibodies such as Rituximab, in recent years, has brought 
about decisive progress in the treatment of aggressive and indolent Non-Hodgkin’s 
lymphoma. Since then an abundance of further antibodies have been developed for use in 
oncological disorders and are already employed today in clinical practice. A further tried and 
tested improvement to the unmodified antibody, has been its coupling to the beta-emitters I-
131 and Y-90. The aim here is therefore to establish to what extent the type of labelling 
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affects the biodistribution of the humanised mouse antibody Rituximab and, in particular, 
whether In-111 is suitable for use as a surrogate for Y-90. 

Methods 

Prior to the animal experiments, the affinity of the radioimmuno-constructs to CD20-positive 
Raji cells were measured in vitro. Labelling with I-131 or In-111 and Y-90 by DOTA was 
performed by standard methods. The various radioimmuno-conjugates (RIC) were injected 
intravenously into Burkitt lymphoma-bearing SCID mice. Measurement of the biodistribution 
was carried out at 24 h, 48 h, 72 h and 96 h p.i. by taking samples of blood, urine, liver, 
kidney, spleen, gastrointestinal tract (GIT), femur, muscle, thyroid and tumor and measuring 
the radioactivity with a well-counter. The results were recorded as percentages of the applied 
dose per gm organ weight (%ID/g). 
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Figure 1: Comparison of biodistribution of In-111- and Y-90- Rituximab 72 h p.i. 

Results 

The dissociation constants obtained for RIC binding to tumour cells ranged from 50-90 nM.  
The tumour accumulation for Y-90 DOTA Rituximab at 72 h p.i. was significantly higher (2.6 
fold) than for In-111-DOTA Rituximab (Y-90: 69.7 % ID/g; In-111: 25.4 % ID/g, 96 h p.i.). 
Y-90-DOTA Rituximab, in contrast to In-111 analogues, showed a markedly delayed blood 
clearance, a 2.5-fold higher accumulation in the spleen and a significantly higher 
accumulation in bone (3-fold). The radioiodide labelled RIC displayed markedly lower 
accumulation in both tissue and tumor (10-fold in tumor). The tumour/background ratios are 
only in the case of tumor/muscle promising. We observed very low tumour/blood-ratios. The 
tumour/background-ratios of Y-90- and In-111-DOTA-Rituximab are not really comparable 
and were higher in the case of the Y-90 labelled antibody. 
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Fig.2. Time course of Tumor-Background-Ratios left: Y-90-DOTA-Rituximab, right: In-111-DOTA-

Rituximab 

Conclusions 

In-111 is not a suitable substitute for Y-90 for measurement of the accumulation of antibodies 
in tumours. Y-86-labelled analogues should be used for reliable pre-therapeutic dose 
calculations for Y-90 RICs. Y-90 DOTA-Rituximab is a promising candidate for 
radioimmunotherapy. But: The tumour/background ratios are not sufficient yet and must be 
improved by using pretargeting methods. 

Pretargeting Methods 

Tumor pretargeting based on the avidin–biotin system has shown clear advantages over the 
use of directly labeled antibodies in the treatment of solid tumors. Recently, a new potential 
application of 90Y-DOTA-biotin radionuclide therapy in breast cancer has been proposed. The 
Chinol group, Milan Italy haa 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 avidin, directly injected by the surgeon into and 
around the tumor bed, provides a target for 90Y-DOTA-biotin injected intravenously one day 
later. 

The major objective for cancer radioimmunotherapy (RIT) is to enhance the effectiveness of 
the drug by concentrating it at the tumour site with fewer side toxic effects to normal organs. 
Tumour targeting was successful with large long-circulating radiolabelled monoclonal 
antibodies (MoAbs), but high radiation doses to normal organs especially liver, blood and 
bone marrow soon appeared as a significant problem. Therefore conventional RIT 
(radioactivity directly attached to MoAb) has achieved success in the treatment of leukemias 
and lymphomas, in which the tumours are radiosensitive and the tumour cells are relatively 
accessible. 

Tumour pretargeting has shown clear advantages over the direct application of labeled 
antibodies regarding tumour/background ratios. The pretargeting strategy will be evaluated 
first on cell cultures and the results will be transferred to in vivo experiments on tumour 
bearing mice. 
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Fig. 3. Three-step strategy. Biotinylated MoAbs are injected (i.v.) and allowed to localize onto the 
target (Ist 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, 

radiolabeled biotin is injected (i.v., 3rd step) [3] 

Briefly, the first component of a three step pretargeting strategy consists of the biotinylated 
antibody. This includes the protocol for determination of the number of biotin molecules per 
antibody. By using this technique one can have a stock of biotinylated antibody in lyophilised 
form ready for further experiments. In the second step, commercially available 
avidin/streptavidin will be used. Third and final step is the binding of radiolabelled (90Y, 
188Re) biotin to the tumour cells through the avidin-antibody-bridge after administration of a 
clearing agent. 

Initial evaluations of the potential radiopharmaceuticals have been carried out by in-vitro 
experiments on cell lines expressing the corresponding antigen. According to the results we 
can now transform the strategies to a mouse line capable for developing the tumors foreseen 
for the targeting. The permission for these experiments by the local authorities according to 
German laws about animal protection we received at the beginning of February 2010. 

To prove the advantages of the strategy proposed, the biokinetic data resulting from the pre-
targeting approach will be compared with those after administration of directly labelled 
antibodies in the same animal model. The antibody against NHL can be acquired 
commercially. 

The antibodies for direct use without pre-targeting strategy will coupled to 90Y by non-
radioactive modification of the antibody to allow it to form a chemical binding with 90Y. This 
is achieved by the coupling of isothiocyanatobenzyl-DOTA to the antibodies. The finished 
DOTA antibody solution can be purified and may be subsequently lyophilisized to allow 
interim storage until labelling with the corresponding radionuclide. 

Biotinylation of antibodies 

We used the following protocol for biotinylation: 

- Start with a solution of antibody in sodium bicarbonate buffer 0.1 M pH = 8.5 (O/N 
dialysis at 2-8 oC) 
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- Prepare a solution of biotinyl-aminocapronic acid N-hydroxysuccinimide ester in 
DMSO at the same concentration of the antibody 

- Add 0.12 ml of the above biotinylation agent to every ml of antibody (molar ratio 
biotin: Ab = 10 :1) under continous and slow stirring 

- Keep the solution under slow stirring for 2 h at room temperature 

- Centrifugation against PBS (pH = 7.4) at 2-8 ºC (at least 2 changes of 5 liters each) 

- Filter through a 0.22 µm Millipore, determine the titer and then make aliquots 

- Determine the biotinylation yield (number of biotin per molecule of Ab) by HABA 
method after enzymatic digestion of Ab (see below) 

Labelling of Biotin with Y-90 

The biotin-DOTA, in saline solution, is labelled with Y-90 at a specific activity of 3.7 
MBq/μg. 

1.0 M sodium acetate at pH 5.0, with a volume equal to that of the radionuclide chloride 
solution, is used as buffer. The biotin-DOTA solution is added to the buffer and transferred 
into the radionuclide supplier vial. The mixture is then mixed and heated at 95 oC for 30 min. 

The radiochemical purity of 90Y-DOTA-Biotin was tested by TLC using ITLC-SG, Gelman 
Science, Ann Arbor, MI, USA. An aliquot of the radiolabelling solution mixed with 0.2 mL of 
an avidin-DTPA solution (0.4 mM Av and 2.5 mM DTPA, final pH= 6.0) served as sample 
and kept at room temperature for 5 min. 5 µL of the sample were spotted on the paper strip. 
We used isotonic saline solution as eluent. 

The detection was done using TLC Scanner (Raytest, Rita Software) (Rf = 0 for labelled 
DOTA-Biotin, Rf = 1 for free radiometal). We receive a Y-90-DOTA-Biotin with very high 
radiochemical purity. No free radiometal could be detected (Figure 4). 

 
Fig. 4. TLC-Scan of Y-90-DOTA-Biotin 

Three-step pretargeting: First cell experiments 
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The following steps were carried out: 

2 x 106 Raji-cells were suspended in 0.5 ml medium. The antigen number was verified by 
binding studies to be 2 x 106. The cells were incubated with 0.1 mg biotinylated Rituximab 
(0.26 ml PBS), 30 min. After centrifugation, the incubation with 0.06 mg Avidin in 50 µl PBS 
was carried out for 5 min and it was centrifuged and washed twice again. After that, 30 min 
incubation with 12 kBq 90Y-DOTA-Biotin (in 500 µl) was carried out. After centrifugation, 
washing with PBS, and radioactivity measurement of the cell pellets we could determine the 
yield of 90Y-Biotin-binding. Radioactivity measurements were performed in comparison with 
a standard. 

Table 1: Three-step pretargeting: results of first cell experiments 
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*After background subtraction and washing 
** Raji cells incubated with non-biotinylated Rituximab 

Triplicates and a comparison with cells incubated with non-biotinylated antibody showed the 
results, demonstrated in Table 1. 

Work done so far for three-step pretargeting method can be summarized as follows: 

- 90Y-labelling of Biotin-DOTA 

- Coupling of biotinylated Rituximab to CD20-positive Raji-cells 

- Successful labelling of cells conjugated with a complex of biotinylated antibody and 
avidin with 90Y-DOTA-Biotin 

- Surviving of a long-lasting permission procedure for animal experiments file number 
8.87-51.04.20.09.339  (25th January 2010, 134 mice) 

Anti-neuroblastoma antibodies (111In- or 90Y-ERIC1) 

Objectives 

Neuroblastoma is the most frequent solid extracranial childhood tumor and also the most 
common neoplasm in the first year of life. The most frequent metastatic sites are bone, bone 
marrow and liver. By a multidisciplinary therapeutic approach, based mainly on poly-
chemotherapy, an overall 5 year survival rate of approximately 67% can be reached. Children 
with certain risk factors, such as amplification of neural myc gene, age at diagnosis >2 years 
or relapsed disease, have a fundamentally poorer prognosis. New diagnostic and treatment 
modalities are urgently required to offer these children a better chance of a cure. 

Tumor targeting with meta-[131I]iodobenzylguanidine (131I-MIBG) is a well-established 
method for tumor imaging and for treatment of relapsed disease. 131I-MIBG therapy can 
achieve an objective tumor response rate of 35%, but in fact its role is palliative. 
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Unfortunately, side effects, including dose-limiting thrombocytopenia, detract from the 
clinical usefulness, and about 10% of all tumors investigated showed no MIBG uptake at all 
and could not be treated. 

Therefore, a novel strategy of immunolocalization of human neuroblastoma by targeting the 
neural cell adhesion molecule (NCAM), which is over-expressed on neuroblastoma. In the 
present study the [131I]-labelled anti-NCAM antibody ERIC1 was investigated in a human 
neuroblastoma xenograft SCID mouse model for the first time. The main interest focused on 
the potential of the radioimmunoconjugate for radioimmunotherapy. Therefore, 
biodistribution studies were carried out to serve as basis for dose calculations. 

 
Fig. 5. Biodistribution of 131I-ERIC1 in IMR5-75 tumor-bearing SCID mice. The mice were killed 2.5, 
24, 48, 72 or 96 h after injection of 131I labelled ERIC1 antibodies and organ-specific radioactivity was 
measured in a scintillation counter. (a) Closed circles=tumor; open circles=solid organs (kidney, liver, 

thyroid gland, muscle, femur, intestines, spleen, lung). (b) Box plot showing median and range of 
tumor specific radioactivity and radioactivity in the peripheral blood; [2]. 

Results 

Measurement of organ-specific radioactivity showed low organ-specific uptake (5.33%ID/g 
(percent of injected dose per gram of tissue) after 72 h), which continuously decreased over 
the 96 h investigation period, demonstrating clearance of radioactivity.In contrast, tumors 
accumulated radioactivity continuously up to a peak of 42.07%ID/g at the 96 h time point 
(31.07%ID/g at 72 h). This specific uptake could be blocked by application of unlabelled 
ERIC1 antibodies. Measurement of blood specific radioactivity revealed a characteristic 
clearance over the first 72 h. With 37 Gy, tumor-specific radioactivity reached therapeutic 
doses after 96 h [2]. 

Conclusions 

Our preliminary experiments in Cologne [2] with a radioactive anti-NCAM antibody ([131I]-
ERIC1), where high tumor doses were reached in neuroblastoma-xenograft-bearing SCID 
mice, will be used as a basis for further development of radio-immunotherapeutic (RIT) 
methods of neuroblastoma treatment. The neuroblastoma antigen NCAM seems to be an ideal 
target antigen for this. Biokinetic studies with 90Y/111In-DOTA-ERIC1 are currently carried 
out. 
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Therapeutic experiments with antibodies against neuroblastoma 

Objectives 

In our previous studies, the anti-NCAM antibody ERIC1, labelled with I-131, showed a very 
high specific tumor uptake in neuroblastoma-bearing mice. The aim now is to investigate the 
therapeutic potential of the radioimmuno-construct labeled with I-131 and Y-90 in animal 
trials. 

Methods 

As animals SCID-mice without T- und B-lymphocytes, but active NK cell system were used. 

3 x 107 IMR5-75 cells were implanted subcutaneously. ERIC1 antibodies were labelled with 
I-131 by chloramines-T method and with Y-90 via DOTA-conjugation. Activities applied 
were 0.5 - 20  MBq/animal. Analysis was performed by measurement of tumour volume, 
investigation and investigation of blood (Coulter counter). Furthermore, we compared the 
therapeutic effect of the radiolabelled antibodies with that of I-131-MIBG. 

Results 
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Fig. 6. Reduction of tumour volume in neublastoma-bearing mice after application of Y-90-DOTA-

ERIC1 in different activities, in comparison with a control group 

The animals treated with I-131 showed a markedly reduced rate of tumor growth after a dose 
of 1 MBq/animal. The tumor volume in the mice treated with 1 MBq/animal was 1.5 mm3 
after 16 days, while in the control group it had already increased to 6 mm3. Above 5 
MBq/animal the treated animals died from radiation toxicity. This correlated with a marked 
loss of leukocytes, erythrocytes and thrombocytes for doses exceeding 5 MBq/animal. 

A activity of 1.45 MBq/animal Y-90-DOTA-ERIC1 caused also a tumour remission, but with 
a mortality of 40 % (figure 6). The I-131-MIBG showed no detectable influence on tumour 
growth up to activities of 10 MBq/animal. 
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Conclusions 

The radioiodine labelled anti-NCAM antibody ERIC1 seems to be a promising 
radiopharmaceutical for treatment of neuroblastoma. The optimal dose is 1-2 MBq/animal. 
This would correspond to about 600-1200 MBq in humans (for a child of 15 kg). 

First experiments with 90Y-labelled ERIC1 have been started and are very promising. These 
antibodies showed an unequivocal therapeutic effect, whereas I-131-MIBG showed no 
influence on the tumour growth on much higher radioactivities applied per animal. We plan 
for the future: 

- Improved dose-finding studies, 

- Fractionation of radiation dose realized by i.v. application of radiolabelled ERIC1 

- Investigation of other radioimmuno-constructs directed against NCAM 

- Investigation of other tumour types with NCAM on tumour cells 

- Pretargeting 

The I-131 labelled anti-NCAM antibody ERIC1 is a very promising radioimmuno-construct 
for the treatment of neuroblastomas. The optimal dose is 1-2 MBq/animal. This would 
correspond to about 600-1200 MBq in humans (for a child of 15 kg). Therapeutic trials with 
Y-90 labelled ERIC1 have already begun. In the current investigations, the success of the 
treatment is being tested for low initial tumor volumes. 

References 

1. Otto C, Jensen M, Dietlein M, Fischer T, Schmidt M, Tawadros S, Börner SM, Weber 
SA, Spitz R, Bloch W, Berthold F, Schicha H, Schomäcker K. Localization of 131I-
labelled monoclonal antibody ERIC1 in a subcutaneous xenograft model of 
neuroblastoma in SCID mice. Nucl Med Commun 2006; 27: 171-8. 

2. Schomäcker K, Dietlein M, Schnell R, Pinkert J, Eschner W, Zimmermanns B, Fischer 
T, Engert A, Schicha H. Radioimmunotherapy with yttrium-90 ibritumomab tiuxetan. 
Clinical considerations, radiopharmacy, radiation protection, perspectives. 
Nuklearmedizin. 2005;44(4):166-77 

3. Ernst Schering Research Foundation Workshop Molecular Imaging An Essential Tool in 
Preclinical Research, Diagnostic Imaging, and Therapy. 2007: 73-84  Bogdanov Jr. and 
K. Licha Eds G. Paganelli. Pretargeted Radioimmunotherapy. 

64 

Working Document


