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1. INTRODUCTION 
 
 Therapy of non-muscle-invasive bladder cancer (carcinoma in situ) comprises transurethral resection of the 
tumour and subsequent instillation of the chemotherapeutic drug mitomycin C in order to eradicate remaining 
tumour cells. Yet 15 – 40% of treated patients relapse within 5 years. Therefore, new therapeutic strategies to 
combat tumour recurrence are needed. 
 
 Alpha-particle emitting radionuclides efficiently kill single tumour cells or small tumour cell clusters. 
Because the epidermal growth factor receptor (EGFR) is overexpressed on bladder cancer cells, conjugates 
composed of the alpha-emitter Bi-213 and the anti-EGFR antibody matuzumab should provide a powerful drug to 
eliminate disseminated bladder cancer cells. 
 
 Therefore, the aims of our study were (i) to analyse the cytotoxic effects of Bi-213-anti-EGFR 
radioimmunoconjugates at the cellular level, (ii) to evaluate therapeutic efficacy of intravesically applied Bi-213-
anti-EGFR-Mab in a nude mouse model with intravesical human bladder cancer xenografts, (iii) to compare Bi-
213-anti-EGFR-Mab efficacy with chemotherapy using mitomycin C and (iv) to demonstrate that 
radioimmunotherapy is not toxic to cells of the bladder wall and of the kidneys. 
 
 
2. MATERIALS AND METHODS 
 
 The alpha-emitter Bi-213 was eluted from a generator system provided by the Institute for Transuranium 
Elements (European Commission, JRC, Karlsruhe, Germany) and coupled to the monoclonal anti-EGFR-MAb 
(matuzumab, Merck, Germany) via the chelating agent CHX-A”-DTPA. Alpha-particles emitted from Bi-213 (t½ 
= 46 min) exhibit a short range in tissue of approximately 50-90 µm and a LET of 60-150 keV/µm. 
 
 The cytotoxic potential of Bi-213-anti-EGFR-MAb conjugates was investigated in vitro via quantification of 
DNA double-strand breaks (DSBs). The H2AX histones are immediately phosphorylated to γH2AX at the sites of 
DSBs. Using an antibody that specifically binds to γH2AX, DSBs can be quantified. EJ28 bladder cancer cells 
were incubated with different activity concentrations of Bi-213-anti-EGFR-MAb conjugates (37 kBq/mL−2.96 
MBq/mL) for 3 h. At different time points after incubation γH2AX was detected via immunoflourescence, flow 
cytometry and Western blotting. Quantification of immunofluorescence signals was done by image analysis 
(Definiens Cognition Network Technology®). 
 
 Therapeutic efficacy of Bi-213-anti-EGFR-MAb was evaluated in an orthotopic human urothelial carcinoma 
nude mouse model using EJ28-luc cells, stably transfected with firefly luciferase. At 1 h, 7 d, and 14 d after 
intravesical inoculation of EJ28 bladder cancer cells, mice were instilled with Bi-213-anti-EGFR-MAb (0.925 
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MBq), the chemotherapeutic drug mitomycin C (40 µg), or unlabeled anti-EGFR-MAb. Animals with advanced 
tumours − i.e. between days 13 and 35 after tumour cell inoculation − received three applications of 0.46 MBq Bi-
213-anti-EGFR-MAb every fourth day or two applications of 0.93 MBq Bi-213-anti-EGFR-MAb every seventh 
day. Tumour development was monitored by bioluminescence imaging. For evaluation of radiation injury 
urothelia and kidneys of mice that had been intravesically injected with 0.925–3.7 MBq of Bi-213-anti-EGFR-
MAb were examined histologically 300 d after treatment. 
 
 
3. RESULTS 
 
 Treatment of EJ28 bladder cancer cells with Bi-213-anti-EGFR-MAb efficiently induced DSBs, as detected 
via γH2AX foci. The number of γH2AX foci per cell and the number γH2AX positive cells increased with 
increasing Bi-213-anti-EGFR-MAb activity concentrations. With increasing time after treatment, the number of 
γH2AX foci gradually decreased, but did not reach control level even after 24 hours. 
 
 Control mice treated with unlabeled anti-EGFR-MAb showed a median survival of 89 days. Median 
survival of mice that were intravesically injected with 0.925 MBq of Bi-213-anti-EGFR-MAb 1 h, 7 d, and 14 d 
after cell instillation was  >300 d, >300 d and 55 d, respectively. Treatment of mice with mitomycin C 1 h and 7 d 
after cell instillation resulted in median survival of 289 d and 251 d, respectively. However, application of 
mitomycin C turned out to be nephrotoxic. 
 
 Repeated treatment of advanced tumour stages with Bi-213-anti-EGFR-MAb (three times 0.46 MBq or two 
times 0.93 MBq) between days 13 and 35 after cell instillation did not significantly prolong median survival 
compared to a single application 14 days after cell inoculation. Neither single nor repeated administration of 
therapeutically efficient Bi-213-d9MAb activities (up to 0.925 MBq) did damage normal urothelia or impair 
kidney function of animals as confirmed by histopathology. Treatment resulted in mild to moderate inflammatory 
infiltration of urothelia and kidneys in the worst case as analysed 300 days after intravesical injection of up to 3.7 
MBq of Bi-213-anti-EGFR-MAb. 
 
 
4. CONCLUSIONS 
 
 Radioimmunotherapy of xenograft bladder cancer using the alpha-emitter Bi-213 coupled to an anti-EGFR 
antibody proved to be highly efficient in a nude mouse model. High cytotoxicity of Bi-213 is predominantly due 
to massive induction of DSBs in the nuclei of tumour cells. Therefore, Bi-213-anti-EFGFR-MAb therapy will be 
evaluated in a clinical study soon. 
 
 
 
 
 
 
 
 
  


