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Abstract - Over the past decades hadrontherapy has evolved from very basic to advance along with the improvement of 

modern radiation techniques, localized radiation dose distribution and deposition calculations. With increasing number of 

cancer patients, revolutionary techniques has been developed in hadrontherapy in which treatment using charge particles 

(proton and carbon), currently being most intensely investigated, in which GEANT4 toolkit based on Monte Carlo (MC) 

Codes also play an important role for better energy deposition, linear energy transfer (LET) calculations and distribution 

predictions in simple and complex tumor. This paper review hadrontherapy and current intense interest radiation therapy, 

proton therapy and MC codes importance in  hadrontherapy. 
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I. INTRODUCTION 

 

In recent few years cancer incidence and mortality 

has grown rapidly worldwide. GLOBOCAN2018 

estimates 18.1 million new cancer cases (17.0 

million excluding non-melanoma skin cancer) and 

9.6 million cancer deaths (9.5 million excluding 

non-melanoma skin cancer) in 2018 with a focus on 

geographic variability across 20 world regions report 

produced by the International Agency for Research 

on Cancer [1] . 

Cancer treatment has three main modalities which 

can be used individually or with combination to other 

depending on cancer cell position in body, type of 

cancer, cell histology, stage of cancer and other 

patient factors are surgery, radiation therapy and 

chemotherapy. Surgery is most common method for 

treatment of local disease and can be used as 

therapeutic as well as diagnostic nature. Radiation 

therapy offers alternative method for therapeutic 

surgery for localized deep seated tumor. 

Chemotherapy is used for metastatic disease for 

reducing the risk of potential micrometastasis and 

often used with combination of radiation therapy to 

act as a radiosensitizer for increasing local control 

[2] 

 

II. HADRONTHERAPY 

 

Hadrontherapy is the replicate term of particle 

therapy which represents the use of hadron and the 

heavy particle in radiation therapy [3] . Heavy 

particles in radiotherapy are considered as those 

having more mass than alpha particle however by 

definition ‘heavy’ particles are defined as those 

having mass more than electron. So proton is 

considered as light charge particle in radiation 

biology as no physical unit for term ‘heavy’ is 

defined in radiation biology [4]. Radiation therapy is 

the use of ionizing radiation to treat cancer in 

medical field. In conventional radiation therapy, X 

rays i.e high energy photons, produced by accelerated 

electrons are delivered to destroy tumor cells using 

crossing beams from many angles trying to avoid the 

healthy tissue damage. Ineluctably some radiation 

dose always deposit in the surrounding normal 

tissues. 

 

2.1. Proton therapy 

Risk of radiation induced cancer and damage of 

healthy tissue among cancer survivors is also a 

serious and growing concern while treatment using 

radiation therapy is adopted. In radiation therapy, 

sparing healthy tissue, delivering a lethal dose of 

radiation at the cancer cell is a big challenge [5]. 

Probability of second cancer arises with case of 

delocalization and deposition of energy in healthy 

tissue of incident radiation beam. Based on large 

population analysis between year 1973-2002 risk of 

second malignancies in cancer patients was noted 

8%  [6]. With improvements in accelerator 

technology in late 1970s and coupled with advances 

in medical imaging and computing, resulted proton 

therapy a feasible derivative for unremarkable 

medical applications. However, the first proton 

facility center in accordance to clinical settings was 

established in Loma Linda,USA in 1990s . Presently 

about thirty proton centers are either in operation or 

in construction worldwide [7]. Advantage of proton 

therapy over the conventional therapy(using photon) 

are finite well defined range of proton and reduced 

total energy deposited in patient. Protons have 

excellent depth-dose and similar relative biological 

effectiveness (RBE) [4].Charge particles have 

property of depositing energy in particular range 

giving rise to Bragg Curve which can be used to 

deposit high energy at a particular range which is 

cancer cell and finally killing these affected cells 

without damaging healthy cells resulting high 

survival rate. When compared to photon radiation 
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proton radiation permit deposition of high dose of 

radiation to the tumor, decreasing dose deposition to 

adjacent sensitive cells [8]. Thus perception of 

physical and clinical advantage led to development 

of proton therapy and manufacturing of proton 

centers across the world. Currently protons are used 

in 61 facilities across the world, with 16 centers in 

clinical operation in Europe [9]. 

 

III. MONTE CARLO SIMULATION 

 

In field of Hadrontherapy, Monte Carlo codes are 

used as an essential tool for a wide range of research 

topics and known as the most accurate three-

dimensional dose calculation algorithm, particularly 

for heterogeneous radiation field. To obtain a 

quantitative characterization of complicated 

radiation field raised from nuclear fragmentation, 

MC simulation behave as gold standard [10]. MC 

simulation play great role in developing a real-time 

monitoring system to assure quality factors in 

radiation therapy. MC simulation toolkit provides 

internal theoretical nuclear models for accurate 

description of neutral or charged particle emission, 

produced by nuclear interactions between beam 

particles and target nuclei [11].They are broadly 

recognized as an important tool to study the physics 

of radiation therapy, radiology and nuclear medicine. 

In particle therapy range of particle, energy 

deposition and energy distribution is of great 

importance for treatment [12]. Treatment planning 

demands an accurate prediction and assessment of 

energy dose deposition in the required range of 

interest. Thus MC simulation considering all the 

physics processes involved reduce the uncertainty in 

dose deposition and distribution resulting less heath 

hazards. Proton therapy center at the Massachusetts 

General Hospital and the University of Texas, MD 

Anderson Cancer Center has verified and validated 

the accuracy of MC simulation for proton therapy 

[13]. Analytical algorithm accuracy vary with 

different modeling and hence MC techniques which 

considers all the models reduces the range 

uncertainty and energy deposition by several mm 

[14]. 

 

3.1. GEANT4 

GEANT4 stands for geometry and tracking, is a 

simulation toolkit based on MC codes originally 

developed by CERN. This is a simulation toolkit for 

the passage of particles through the matter written in 

C++ language which is a object oriented language 

which facilitates the development and cultivation of 

existing codes . Geant4 toolkit is used in various 

field of science having great importance such as high 

energy physics, astrophysics,radiation protection, 

space physics and medical physics. 

All-encompassing detector and physics modeling 

capabilities integrated in a flexible structure are 

provided by Geant4 [15]. Geant4 provides freedom to 

treatment planning. Desirable LET depends on  Its 

physics list cover all the physics processes involved 

in the interaction of matter and particle resulting 

accurate predictions for dose calculation which is 

essential for successful proton radiotherapy [16]. 

GEANT4 provides open source application 

‘Hadrontherapy’ based on Geant4 Monte Carlo 

libraries which can be downloaded from Geant4 

official site. Its original version was released in 

2004, since then Hadrontherapy allows the 

simulation of basic proton therapy with all its 

components including collimators, scattering systems 

etc. and different target materials acting as tissue 

equivalent giving corresponding dose distribution 

curve in these tissue equivalent material. Important 

parameters like stopping power, linear energy 

transfer (LET), cross section, Bragg curve, energy 

distribution, secondary particles and energy imparted 

to secondary particles are calculated using 

electromagnetic and hadronic models involved in 

Hadrontherapy [17]. Hadrontherapy facilitate to 

change geometry, size and shape of target 

accordance to complex structure of cancer cell of 

patient. Along the target, physics models can be used 

according to the requirement and one can switch 

between the different models such as intra-nuclear 

cascade physics, Binary Cascade models, multiple 

Coulomb scattering, etc. which may influence the 

results. Geant4 Hadrontherapy program has been 

validated with immense work in that field and its 

application field. 

 

IV. DISCUSSION 

 

Development of new techniques in hadrontherapy is 

fueled by the combination of radiation therapy with 

Monte Carlo simulations. Good accuracy codes has 

been developed for clinical purposes using which 

possible outcomes for different tumor type and size 

for different beam energy can be calculated. And 

expectation of other ions in hadrontherapy can be 

ruled out using these codes with assessment of 

potential of these ions in radiation therapy and 

analysis of related risk. 
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