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Abstract: Despite numerous advances in drug development and nanotechnology, the process of 

developing new cancer drugs is still slow and extremely costly, mainly due to the significant 

discrepancies between preclinical and clinical data. For preclinical studies, the main tools used for in 

vitro and in vivo screening of new drugs or drug-delivery systems are based on cell cultures and animal 

models, but despite the promising results, most drugs fail in the first phase of clinical trials due to lack 

of efficacy or severe toxicity. To address these issues, alternative tools for preclinical testing have been 

implemented, aiming to capture the particularities of in vivo tumor architecture and interaction with 

other cell types. In this view, our study aimed to develop 3D study models of colorectal cancer based 

on human adenocarcinoma HT-29 tumor cells. We developed two 3D models: multicellular tumor 

spheroids and organ-on-a-chip systems, and optimized the cell culture protocols for the HT-29 cells. 

The 3D platforms were further used for screening 5-fluorouracil-loaded polymeric nanoparticle 

cytotoxicity. More, we developed an organ-on-a-chip model for both colorectal tumor cells and 

endothelial cells to assess the capacity of the original carriers to penetrate the endothelial barrier. Our 

results showed a significantly different response of HT-29 tumor cells cultured in 3D multicellular 

tumor spheroids as compared with organ-on-a-chip systems, as well a low cytotoxic effect of the 

nanoparticles on HT-29 cells when cultured in the presence of the endothelial barrier, proving that in 

the presence of a biological barrier, not all the administered treatment reaches the target cells. Moreover, 

the treatment administration in the organ-on-a-chip platforms mimics betterbetter mimics the in vivo 

landscape better, offering the possibility to surpass the static models available until now due to the 

pumps connected to the microfluidic channels. It is clear that the organ-on-a-chip platforms emulate the 

3D hierarchical complexity of in vivo tumors and microenvironment setup and in the future, could 

outperform traditional models, making the understanding of human diseases and the development of 

drugs to treat them more rapid, efficient, and cost-effective, and in so doing replace, reduce and refine 

(the ‘3Rs’) the use of laboratory animals. 
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