The main motivation that has led to the increasingly rapid development of techniques for prevention and treatment of cancer in the last decade has been its presence in the lists of main causes of death: more than 10 million diagnoses every year at a global scale and more than 160,000 in Spain. In this context, the clinical implementation of Radiotherapy Treatment Planning Systems (RTPS) has played a crucial role. 
It is a common place in the field of nuclear medicine that the conventional dose calculation algorithms that RTPSs use, deterministic in nature, lack of precision when it comes to determining the lateral transport of electrons when a charged particle beam reaches the interface between a low density medium and a high density medium. Moreover, they produce inaccurate dose predictions in heterogeneities due to the high electron dispersion produced between the different materials. It has been proved that Monte Carlo (MC) dose calculation methods provide much more accurate dose distributions than conventional algorithms in 3D commercial RTPSs. Despite the substantial improvement that the former offer, they still have not been extensively implemented in the clinical area due to the large computational time they require in order to obtain statistically acceptable results. 
This thesis presents a study of integration of dosimetry calculations carried out with a particle transport code based on Monte Carlo (MCNP) in a free distribution RTPS (PlanUNC), analogue to the commercial RTPSs. This work comprises not only the attainment of a software that allows intercommunication between MCNP and PLUNC, designated as MCTPS-UPV, but also a study of optimization of the MC simulation with the purpose of  speeding up the calculation and minimizing the computational time, obtaining, nevertheless, statistically valid outcomes. The results show that, coupling PLUNC with MCNP version 5 1.40 (and conclusions based on the supposition that MCNP5 results adjust to the experimental in an interval error of less than 5%, since they have been experimentally validated in a water tank with heterogeneities with the Linear Accelerator (LinAc) Elekta Precise and a MultiLeaf Collimator (MLC)) the simulation can be carried with real patients throughout a methodology that allows realistic computational times and precise dose depositions in heterogeneous media. 
The investigation provides, as well, an extensive study both practical and theoretical around MC simulations in RTPS and the special features related to the clinical implementation of MC algorithms, such as the influence of heterogeneities in dose depositions in patients, the influence of the size of voxelization or the variance reduction in the statistical calculations, so important in the context this thesis falls within. Simulations are carried out with an Elekta Precise LinAc with MLC and different field sizes and forms, so that a comprehensive analysis of all variables involved in the irradiation can be performed. 
Finally, the work should lead to a future experimental validation of dose distributions inside the RANDO phantom with dosimeters, to the possibility of obtaining realistic computational times throughout informational technologies more accessible to the common user, to the possibility of including beam formations after the initial phase space simulation and to the study of the contamination of the pacient with photoneutrons.
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