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DOSIMETRIC COMPARISON OF VMAT AND IMRT TREATMENT PLANNING TECHNIQUES    
FOR PROSTATE CANCER
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PROSTAT KANSERİNDE VMAT VE IMRT TEDAVİ PLANLAMA TEKNİKLERİNİN       
DOZİMETRİK KARŞILAŞTIRILMASI

ABSTRACT

Aim: To compare the dosimetric endpoints (Conformity Index (CI), Planning Tumor Volume (PTV) and Organs at Risk 
(OARs) Doses) of the Volumetric Modulated Arc Therapy (VMAT) and Intensity Modulated Radiation Therapy (IMRT) for 
prostate cases.

Materials and methods: 20 prostate plans were generated with VMAT and IMRT: the prescribed dose was 74 Gy in 37 
fractions. In the comparison, low dose region, monitor unit(MU), OARs reference doses, and tumor volume doses were used. 
Also, conformity of dose distributions was evaluated with the novel and universal CI algorithm. 

Results: V95%, V100%, Dmean for PTV were similar in VMAT and IMRT plans. VMAT achieved lower doses to bladder for nearly 
all reference doses. However, IMRT had lower doses than VMAT for rectum. There wasn’t clinically superiority between IMRT 
and VMAT in all OAR reference doses. But there was clinically and statistically significant differences in the conformity of 
dose distributions (Conformity for 95% relative dose in VMAT:81,9% and in IMRT:72,3%) (p<0,001). Also, VMAT achieved 
35% decrease according to IMRT in the MU (Monitor Unit) with clinical and statistical significance (p<0,001). Moreover, VMAT 
had the superiority in the low dose region according to IMRT.

Conclusion: The superiority of VMAT over IMRT has been clearly demonstrated thanks to ideal, novel and universal 
Conformity Index algorithm. CI should be used as well as Dose Volume Histogram (DVH) for the selection of the best plan.
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1. Introduction

Prostate cancer is one of the most common types of 
malignant diseases for men in the world. Considerable 
progress in treatment planning system (TPS) is 
achieved thanks to developments in computer 
technology. Current treatment planning techniques 
such as intensity modulated radiation therapy (IMRT) 
and volumetric modulated arc therapy (VMAT) 
improved significantly along with this progress. These 
are techniques used in the external body radiation 
therapy (EBRT) to treat cancer. Radiotherapy is one 
of the most important treatment options for prostate 
cancer and IMRT and VMAT radiotherapy treatment 
methods are used in general for these cases. In IMRT, 
multiple fixed angle radiation beams and a set of 
smaller segments of differing MLC shape is modulated 
by continuously moving multileaf collimators (MLC). 
One or multiple arcs are used in the VMAT treatment 

technique allowing the simultaneous variation in gantry 
rotation speed, dose rate, and MLC leaf positions 
(Otto, 2008, Teoh et al. 2011, Rana, 2013).

VMAT can decrease the treatment delivery time 
because VMAT has more beam entry angles, which 
likely contributes to the lower number of Monitor Units 
(MU) needed compared with the IMRT plan (Rana, 
2013). MU and low dose results alone are not sufficient 
data for secondary cancer evaluation. But the increase 
in MU can increase the possibility of secondary 
cancers for peripheric healthy organs since it also 
increases the low dose distributions on the body. Also, 
secondary cancer risk can increase with increasing 
low dose region (0-20 Gray (Gy) at adjacent healthy 
tissues for cancer patients surviving 10 years or more 
such as pediatric cancer patients. Therefore, the 
magnitude of the low dose region should be evaluated 
while comparing the planning technique. 
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Recently, interest in using VMAT has been increased. 
Several authors have done treatment planning studies 
comparing IMRT and VMAT for prostate cancer 
planning. According to DVH results, VMAT prostate 
plans were superior for Organs at Risk (OARs) 
doses. In addition, there wasn’t any clinical and 
statistical significance in results for conformity of dose 
distributions. Also, Conformity Index (CI) results of 
studies are conflicting. Because existing CI formulas 
had some deficiencies. Due to these problems, 
differences between VMAT and IMRT plans have not 
been detected sufficiently.

The aim of this study is to show that VMAT plan can 
achieve better treatment plan dose distributions with 
statistical and clinical significance thanks to ideal, 
universal and novel Conformity Index tool resolving all 
existing problems. (Gonultas & Dirican 2022).

2. Materials and methods

2.1. Radiotherapy Treatment Planning

20 prostate plans were generated with VMAT and IMRT 
in Eclipse TPS using Acuros algorithm: the prescribed 
dose was 74 Gy in 37 fractions. The dosimetric 
endpoints of VMAT and IMRT plans were compared. 
In the comparison MU, OARs reference doses (Mean 
Dose, V40Gy, V50Gy, V60Gy, V65Gy, V70Gy for Rectum; Mean 
Dose, V40Gy, V50Gy, V65Gy, V70Gy for Bladder; V45Gy,V50Gy for 
Femoral Head (VDGy (%): percent volume receiving the 
D Gy, for example V40Gy(%): percent volume receiving 
40 Gy)) and planning tumor volume (PTV) doses 
(V95(%) (%), V100(%) (%), mean dose for PTV (VD% (%): 
percent volume receiving the D% of prescribed dose, 
for example V95% (%); percent volume receiving 95% of 
prescribed dose))) were used. Also, conformity of dose 
distributions was evaluated with novel and universal 
CI algorithm. Moreover, the low dose region was 
evaluated with the CI-Relative Dose curves.

2.2. The Novel Universal Conformity Index 
Algorithms

Conformity Index algorithm should measure the 
conformity of tumor volume and healthy tissue volume 
with prescribed isodose volume. The most important 
radiotherapy aim is giving high dose to tumor volume 
while low dose to healthy tissue volume. But existing 
Conformity Index equalities don’t take into account 
the tumor volume and healthy tissue volume. Thus 
the Conformity Index equalities are not ideal. For 
this problem, conformity index evaluations in existing 
studies fail to detect the difference between plans. If 
a researcher wants to detect the difference between 
plan dose distributions, one should use conformity 
Index algorithm as well as Dose Volume Histogram 
(DVH). To overcome problems of existing CI equality, 
the following CI equation was proposed (Gonultas & 
Dirican, 2022).

TVPIV: Tumor volume covered by prescription isodose 
volume, TV: Tumor volume, PIV: Prescription isodose 
volume.

2.3. Statistical Analysis

In our study, t-test was used for statistical analysis. 
Before statistical analysis, power analysis was 
performed with the G-Power program, and the number 
of samples was determined as 20 (Fig. 1).
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𝐶𝐶𝐶𝐶 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑃𝑃𝑃𝑃
𝑇𝑇𝑇𝑇+𝑃𝑃𝑃𝑃𝑃𝑃−𝑇𝑇𝑇𝑇𝑃𝑃𝑃𝑃𝑃𝑃

  (1) 

 

Figure 1. Outputs of power analysis.

3. Results

The dosimetric endpoints for PTV and OARs were 
summarized at the Table 1. V95%, V100%, Dmean for 
planning tumor volume (PTV) were similar in VMAT 
and IMRT plans. The VMAT plan PTV volume dose 
parameters V95%, V100% and Dmean were 100%, 96,12% 
and 76,97 Gy, respectively. The IMRT plan PTV 
volume-dose parameters V95%, V100% and Dmean were 
100%, 96,80% and 76,70 Gy, respectively. There 
wasn’t any statistical significance (p>0,05). 

For the rectum, V40Gy, V50Gy, V60Gy, V65Gy, V70Gy and V75Gy 
dosimetric parameters listed in Table 1, IMRT technique 
achieved lower doses than VMAT. For the bladder, 
V40Gy, V50Gy, V65Gy, V70Gy dosimetric parameters listed in 
Table 1, VMAT technique achieved lower doses than 
IMRT. However, there wasn’t any clinical superiority 
between IMRT and VMAT in all OAR reference doses. 
Also, IMRT and VMAT techniques had the same results 
for V45Gy, V50Gy reference doses for femoral heads. Also, 
VMAT technique achieved 35% decrease according to 
IMRT technique in the MU with clinical and statistical 
significance (p<0,001). According to DVH results, 
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there is no superiority for prostate planning between 
VMAT and IMRT. But unlike other studies, there was 
clinical and statistical significance for conformity of 
dose distributions (Conformity for 95% relative dose in 
VMAT: 81,9% and in IMRT: 72,3% (p<0,001)). (Table 
1) Moreover, VMAT had superiority to IMRT in low 
dose region (Fig.2).

Figure 2. CI-Relative dose curves.

rectum and bladder dose sparing. Also, for IMRT and 
VMAT, CI results of this study were 1,26 and 1,24, 
respectively (Onal et al., 2014).

According to results of a planning comparison in 10 
patient datasets among 3-Dimensional Radiotherapy 
(3D-CRT), IMRT and VMAT reported by Palma et al, 
the lowest doses to the OARs were achieved in the 
VMAT plans (Palma et al., 2008). 

A large study of 292 patient cases comparing VMAT 
and IMRT showed that VMAT could achieve lower 
mean doses to the bladder and rectum (Kopp 2011). 
In another planning study comparing the IMRT with the 
VMAT, similar results were seen in Hardcastle et. al., 
Ost et. al. studies (Hardcastle, 2011, Ost et al, 2011).

The results of conformity index calculations are more 
discrepant. While some studies reported improving 
conformity with VMAT, others reported better results 
with IMRT. This is because there are certain problems 
in currently used CI formulas. Some of existing CI 
formulas only take into account the irradiated healthy 
tissue volume, whereas others solely take into account 
the irradiated tumor volume (Gonultas, 2022).

There is some similarity between this study and other 
current studies in terms of DVH. However, unlike 
other studies, the results of our study clearly revealed 
the difference between IMRT and VMAT in terms of 
conformity. Because the new formula used in this 
study can help make a more realistic calculation for 
dose conformity.

5. Conclusions

The superiority of VMAT technique over IMRT 
technique has been clearly demonstrated thanks to 
ideal, novel and universal Conformity Index algorithm. 
When dose distributions were evaluated only with 
DVH results or existing CI formulas, clinically and 
statistically significant difference between plans was 
not clearly revealed in other similar studies due to 
the problems in currently used CI formulas. But novel 
equation used in the calculation of CI shows that there 
are clinically significant differences up to 16% between 
VMAT and IMRT. This leads to the conclusion that the 
new CI formula may be used as well as DVH for the 
selection of the best dose distributions.

6. References

[1].	Gonultas, L., & Dirican, B., (2022). The novel universal 
conformity index and unconformity index algorithms for 
radiotherapy treatment plans. Medical Dosimetry,47, 3, 
295-300. DOI:10.1016/j.meddos.2022.04.008.

[2].	Gonultas, L. (2022). U.S. Patent Application No. 
17/763,674. https://patents.google.com/patent/
US20220370831A1/en.

[3].	Hardcastle, N., Tomé, W. A., Foo, K., Miller, A., Carolan, 
M., & Metcalfe, P. (2011). Comparison of prostate IMRT 
and VMAT biologically optimised treatment plans. 

4. Discussion

Dosimetric comparison between IMRT and VMAT 
planning for prostate cases was studied by many 
researchers. Nguyen et.al. reported that according 
to IMRT (7 fixed beams), the VMAT (one arc) plans 
achieved better PTV dose conformity and OAR dose 
sparing with similar PTV coverage. But there was not 
clinical and statistical significance in results for PTV 
dose conformity (CI for VMAT: 0,964 and CI for IMRT: 
0,958), bladder mean dose (26,29 Gy for VMAT and 
27,29 for IMRT) and femoral head volumetric dose 
(V40Gy=0 (%) for IMRT and VMAT). There was some 
statistical significance in rectum mean dose results 
despite no clinical significance (26,82 Gy for VMAT 
and 28,41 for IMRT) (Nguyen et al., 2019). 

Another dosimetric comparison of VMAT (one arc) 
and IMRT (7 fixed beams) for prostate cancer was 
performed by Sale et. al, (Sale et. al, 2011). They 
reported that VMAT plans gives better results for OAR 
dose sparing (OAR including Rectum: V40Gy=48,89 (%) 
for IMRT and V40Gy=47,79 (%) for VMAT, V65Gy=23,46 
(%) for IMRT and V65Gy=23,07 (%) for VMAT) (OAR 
including Bladder: V60Gy=38,75 (%) for IMRT and 
V60Gy=37,76 (%) for VMAT, V70Gy=33,63 (%) for IMRT 
and V70Gy=32,18 (%) for VMAT) with no clinical and 
statistical significance. Also results of mean CI were 
very similar (CI for VMAT: 0,81 and CI for IMRT: 0,80) 
(Sale & Moloney, 2011).

Onal et al. compared VMAT (one arc) plans and IMRT 
(7 fixed beams) plans where VMAT plans achieved 
lower doses in all OARs. They reported that VMAT 
plans were found to be dosimetrically equivalent to 
IMRT plans for prostate cancer patients with better 



25

Medical Dosimetry, 36(3), 292-298. DOI: 10.1016/j.
meddos.2010.06.001.

[4].	Kopp, R. W., Duff, M., Catalfamo, F., Shah, D., Rajecki, 
M., & Ahmad, K. (2011). VMAT vs. 7-field-IMRT: 
assessing the dosimetric parameters of prostate cancer 
treatment with a 292-patient sample. Medical Dosimetry, 
36(4), 365-372. DOI: 10.1016/j.meddos.2010.09.004.

[5].	Nguyen, T. T. T., Arimura, H., Asamura, R., Hirose, T. 
A., Ohga, S., & Fukunaga, J. I. (2019). Comparison 
of volumetric-modulated arc therapy and intensity-
modulated radiation therapy prostate cancer plans 
accounting for cold spots. Radiological physics 
and technology, 12(2), 137-148. DOI:10.1007/
s12194-019-00502-0.

[6].	Otto, K. (2008). Volumetric modulated arc therapy: IMRT 
in a single gantry arc. Medical physics, 35(1), 310-317. 
DOI:10.1118/1.2818738.

[7].	Ost, P., Speleers, B., De Meerleer, G., De Neve, W., 
Fonteyne, V., Villeirs, G., & De Gersem, W. (2011). 
Volumetric arc therapy and intensity-modulated 
radiotherapy for primary prostate radiotherapy with 
simultaneous integrated boost to intraprostatic lesion with 
6 and 18 MV: a planning comparison study. International 
Journal of Radiation Oncology* Biology* Physics, 79(3), 
920-926. DOI: 10.1016/j.ijrobp.2010.04.025.

[8].	Onal, C., Arslan, G., Parlak, C., & Sonmez, S. (2014). 
Comparison of IMRT and VMAT plans with different 
energy levels using Monte-Carlo algorithm for prostate 
cancer. Japanese journal of radiology, 32(4), 224-232. 
DOI: 10.1007/s11604-014-0291-3.

[9].	Palma, D., Vollans, E., James, K., Nakano, S., Moiseenko, 
V., Shaffer, R., ... & Otto, K. (2008). Volumetric modulated 
arc therapy for delivery of prostate radiotherapy: 
comparison with intensity-modulated radiotherapy and 
three-dimensional conformal radiotherapy. International 
Journal of Radiation Oncology* Biology* Physics, 72(4), 
996-1001. DOI: 10.1016/j.ijrobp.2008.12.008.

[10].	Sale, C., & Moloney, P. (2011). Dose comparisons for 
conformal, IMRT and VMAT prostate plans. Journal of 
medical imaging and Radiation Oncology, 55(6), 611-
621. DOI:10.1111/j.1754-9485.2011. 02310.x.

[11].	Teoh, M., Clark, C. H., Wood, K., Whitaker, S., & Nisbet, 
A. (2011). Volumetric modulated arc therapy: a review of 
current literature and clinical use in practice. The British 
journal of radiology, 84(1007), 967-996. DOI:10.1259/
bjr/22373346.

[12].	Rana, S. (2013). Intensity modulated radiation therapy 
versus volumetric intensity modulated arc therapy. 
Journal of Medical Radiation Sciences, 60(3), 81-83. 
DOI: 10.1002/jmrs.19.

Turkish Journal of Nuclear Sciences (2023), Vol. 36, No.2. Page: 21-25 https://dergipark.org.tr/tr/pub/tjns


