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Abstract  Radiation therapy has been one of the major treatment modalities for the prostate cancer over the past 
few decades. Treatment planning system (TPS) is an integral component in radiation therapy in order to ensure the 
accurate estimation of radiation dose to the tumor. However, due to the variability in optimization techniques and 
beam modeling among various TPS, the current literature on radiation treatment planning have shown disagreement 
on the dosimetric findings, especially for the intensity modulated radiation therapy (IMRT) and volumetric 
modulated radiation therapy (VMAT). This may create a confusion for the cancer centers who are debating whether 
to implement IMRT or VMAT as the primary treatment modality for the cancer treatment in their institution. The 
purpose of this article is to provide the brief review on the IMRT and VMAT for the prostate cancer treatment. 
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1. Introduction 
The primary goal of radiation therapy is to enhance the 

tumor control by delivering maximum dose to it while 
reducing dose to the normal tissues. Intensity modulated 
radiation therapy (IMRT) is a treatment technique, which 
delivers radiation beam either by modulating the beam 
using continuously moving multi-leaf collimator (MLC) 
or by dividing the radiation beam into different segments 
of various MLC shape [1]. Volumetric modulated 
radiation therapy (VMAT) is relatively a new treatment 
technique, which delivers radiation beam by variation of 
gantry speed, dose rate, and MLC leaf positions at the 
same time [1]. These advanced techniques have enabled to 
achieve conformal dose distributions to the target volume 
and reduce the normal tissue dose. One of the major 
component in radiation therapy is the treatment planning 
system (TPS), and the plan optimization techniques and 
dose calculation algorithms play major role in achieving 
optimal treatment plans in radiation therapy. However, 
due to the variability in optimization techniques and beam 
modeling among various TPS, the current literature on 
radiation treatment planning have shown disagreement on 
the dosimetric findings. The purpose of this article is to 
provide the brief review on the IMRT and VMAT for the 
use of the prostate cancer treatment. 

2. Review of the Literature 
The review of literature on the prostate cancer treatment 

was done using Google Scholar and PubMed. Since this is 

a brief review article, the most relevant articles on the 
IMRT and VMAT are discussed below. 

One of the earlier studies by Kjaer-Kristoffersen et al. 
[2] reported that the results from the VMAT planning 
were superior than that of the IMRT planning. 
Additionally, the IMRT planning resulted a higher number 
of monitor units (MUs) when compared to the VMAT 
planning [2]. In agreement with Kjaer-Kristoffersen et al. 
[2], a study by Zhang and colleagues [3] also 
demonstrated the superiority of the VMAT, especially for 
the rectal wall. Similar result was reported by Rao et al. [4] 
and Sze et al. [5] showing better dosimetric quality using 
the VMAT than using the IMRT. Recently, Herman et al. 
[6] published their dosimetric results on prostate cancer 
reporting very minimal difference between the VMAT and 
IMRT plans. Tsai et al. [7] also showed no clinically 
significant different between the VMAT and IMRT 
planning. In contrast to the findings of above mentioned 
studies [2-7], several research groups have reported that 
the IMRT planning is better than the VMAT planning for 
the prostate cancer. For example, Wolff and colleagues [8] 
demonstrated lower rectal doses in the IMRT plans than in 
the VMAT plans. Furthermore, Yoo et al. [9] also showed 
that the VMAT planning produced lower doses for the 
bladder, small bowel, and rectum. 

3. Discussion 
It is evident that the previous treatment planning studies 

[2-9] comparing the VMAT and IMRT for the prostate 
cancer have produced inconsistent results. Such 
inconsistency may be attributed to the difference in the 
TPS used by various research groups. The final dosimetric 
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results in the cancer treatment plans are typically obtained 
after the plan optimization followed by the dose 
calculations. Hence, it is possible to get the different 
dosimetric results if the plan optimization technique of 
one research group is different than that of another. 
During the inverse plan optimization, which are used for 
the IMRT and VMAT, the treatment planning personnel 
can assign the weightings for each structure depending on 
the dose constraints. The plan optimization can be 
repeated until the optimal plan is achieved; however, 
treatment planning time could be an important issue for 
the busy clinics. Hence, the dosimetric results can also be 
dependent on the experience of the treatment planning 
personnel. 

While the dosimetric quality of the IMRT and VMAT 
is still a research topic, a number of studies investigated 
the VMAT planning techniques. The literature shows that 
the dosimetric results from the VMAT are dependent on 
the number of arcs used for the planning. For example, 
Chow and Jiang [10] found that double-arc technique 
produced lower dose to the rectum and bladder when 
compared to the single-arc technique. Rana and Cheng [11] 
also reported similar result showing better dosimetric 
quality of the double-arc technique. The double-arc 
technique, however, has a longer treatment time compared 
to the single-arc technique. [5,10] It has also been 
suggested the use of partial-single-arc technique in an 
effort to reduce the rectal dose from the standard full 
single-arc technique [12]. 

Dose calculation algorithms employed in the TPS can 
affect the dosimetric results of the cancer treatment plans 
[13]. This is mainly because of the difference in beam 
modeling within the dose calculation algorithm while 
accounting tissue heterogeneity corrections and scatter 
dose contribution [13,14,15]. Another factor that can 
impact the treatment planning results is the photon beam 
energy [16,17,18]. Recently, Pokharel [16] has shown that 
selection of photon energy (6 MV versus 15 MV) can 
affect the normal tissue dose for the VMAT planning of 
prostate cancer treatment plan. Furthermore, the mixed-
energy plans could provide better dosimetric results than 
the plans calculated using single energy (6 MV or 15 MV) 
[16]. However, one should be aware of the neutron dose 
associated with a higher photon energy [19]. Currently, 
most of the treatment planning optimizations are carried 
out using the dose-volume objectives. The use of 
radiobiological models for the plan optimizations will 
provide valuable information, which can be used to 
predict the treatment outcome of the patients [13,20]. 
Since radiation therapy is often combined with the 
chemotherapy [21,22], the results from such combination 
will be useful for the clinical evaluation. 

4. Conclusion 
Due to several factors involved in the planning process 

of prostate cancer treatment plans, it is almost impossible 
to determine which modality is ideal one for the prostate 
cancer treatment. Further studies must be conducted to 
report the clinical results such as normal tissue toxicities 
and tumor control. Clinical results must be correlated to 
the dosimetric findings obtained from different treatment 
planning techniques. 
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