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Abstract 

 

With the general goal to provide a rationale for the application of the 3Rs rule (Replace, Reduce, Refine), we aim to 

study the effect of the tumor microenvironment (TME) on the tumor response to a chemotherapeutic agent and use this 

research as a series of case studies in which to assess the application of the 3Rs rule from an epistemological point of 

view. In particular, by comparing reiterated experiments using 2D and 3D tumor cell cultures with murine models of 

cancer, we aim to assess to which extent mice can be Replaced or their number Reduced. In addition, we propose to 

further characterize a novel, Refined model of cancer that better mimics humans in respect to classical murine models.  
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The relevance of the tumor 

microenvironment (TME) for both clinical and 

mechanistic, biological studies on tumor 

pathophysiology is now established, albeit being a 

recent achievement. Indeed, the behavior of 

tumors and their interaction with the host, ranging 

from immune response to cancer-induced 

cachexia, are so deeply affected by the TME that 

current studies on cancer progression and 

response to chemotherapy cannot ignore this issue 

any longer. While it is obvious that tumor cells 

are within a three-dimensional environment in 

living organisms, recreating the correct tissue 

architecture in vitro to mimic the TME is not a 

straightforward endeavor. Since there are 

noteworthy limitations with two-dimensional cell 

cultures experiments, a major effort has been done 

toward the creation of 3D cultures, as they allow 

to understand how microenvironmental cues 

affect tumor biology (Hutmacher 2014). 3D 

constructs typically include extracellular matrix 

(ECM, Senthebane 2018), stromal cells (Vickman 

2020), and/or immune cells (Di Modugno 2019) 

in such a way that goes far beyond standard 

cocultures approaches. The rationale for the in 

vitro approaches to study tumor biology stems 

from the regulations of animal experimentation 

(directive 2010/63/EU On the protection of 

animals used for scientific purposes) that require 

any experimental plan to undergo the review by 

an ethical committee, before being approved by 

the Ministry of Research: a mandatory 

requirement to pass this peer review is to follow 

the 3Rs rule – namely Replacement, Reduction, 

Refinement - which indirectly encourages in vitro 

approaches, as better detailed below. Indeed, 

current guidelines recommend that researchers 

dealing with animal experimentation must wonder 

whether and by what alternative setup the animals 

they plan to use might be replaced, whether and 

how their number can be reduced, and whether 

and how animal experimentation might be refined, 

i.e. transformed in such a way as to obtain better 

information with a lower number animals. This 

process either results in the use of in vitro models 

that are used in preliminary studies and even in 

the replacement of the animal models or it 

culminates with the argumentation that animals 

are essential for a specific research project and 

cannot be replaced. More fundamentally, the 

ethical advice given by ethical committees is 

based on a rather weird cost-benefit analysis. Cost 

is assessed on ethical grounds: the number and the 

well-being of animal models are the currency for 

the computation; benefit, on the other hand, is 

assessed in epistemic terms, namely, in terms of 

resulting knowledge. However, ethical and 

epistemic currencies are difficult to compare; 

importantly, the resulting knowledge is only 

assessed, in the published research papers, based 
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