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Cyclophosphamide, but not melphalan or carboplatin, synergistically enhanced topotecan activity against neuroblastoma cell lines in hypoxia
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The role of hypoxia (2% O2) in neuroblastoma drug resistance is largely unknown. We determined the effect of hypoxia on the cytotoxicity of cyclophosphamide (as 4-hydroperoxycyclophosphamide = 4-HC), melphalan, or carboplatin with topotecan against 2 sensitive and 6 multi-drug resistant neuroblastoma cell lines. Cytotoxicity was measured by DIMSCAN digital imaging fluorescence assay, synergy calculated as Combination Index (CI). Synergistic cytotoxicty of melphalan or carboplatin with topotecan observed in normoxia (20% O2) did not occur in hypoxia. However, 4-HC significantly (P < 0.04) and synergistically (CI < 1) enhanced topotecan cytotoxicity in both conditions, with greater synergism in hypoxia (CI<0.1) than in normoxia (CI<1).  The increased cytotoxicity of 4-HC + topotecan in hypoxia (compared to melphalan or carboplatin + topotecan) was associated with increased DNA damage (antibody to single strand breaks by flow cytometry) in the multi-drug resistant (post-ABMT) CHLA-136 cell line (78% relative to 2% control, 25% and 24% single agents). Treated/Control (T/C) survival ratios in days for athymic mouse neuroblastoma xenografts treated daily x 5 with cyclophosphamide, topotecan, or both, paralleled in vitro results, where high-dose cyclophosphamide + topotecan (T/C = 5.1; complete responses durable for a median of 51 days) was more effective than cyclophosphamide (T/C = 3.9) or topotecan (T/C = 2.1).   Thus, only cyclophosphamide + topotecan retains activity in hypoxia.  The steep dose-response curve for cyclophosphamide + topotecan suggests that dose escalation with stem cell support may significantly increase the clinical response rate and magnitude for this active combination.
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