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Abstract
Breast cancer patients undergoing radiation therapy can be treated using the 3D conformal or VMAT techniques. For both 
plans, the doses received by the target and the organs at risk are determined and compared with protocols recommended for 
the safety of the patients. CT simulations of 10 women with left breast cancer were used for a 3D conformal and VMAT treat-
ment plans in the radiotherapy department of Ain Wazein Medical Village Hospital (AWMV) utilizing Monaco Treatment 
Planning system using Collapsed-cone and Monte Carlo algorithms respectively. The total prescribed dose to the PTV was 
50 Gy in 25 fractions each 2 Gy. The dosimetric parameters obtained were mean, D95%, and homogeneity index for PTV; 
mean dose and max doses for the heart; the V20% for the left and the right lungs. All values of this retrospective study were 
analysed and compared to the normal tissue maximum dose tolerance. VMAT plans resulted in significantly better coverage 
for the target volume concepts as compared with 3D-CRT (D95: 97% vs. 82%, p-value = 0.002; Dmean 4953 cGy in 3D-CRT 
vs. 5093 cGy in VMAT, p-value = 0.01). The left lung (V20:28.44% with 3D-CRT vs. 21.93 with VMAT, p-value = 0.02). 
For the heart (Dmax = 4919 cGy in 3D-CRT vs. 4617 cGy in VMAT, p-value = 0.07). For the right lung (V20 was 0.12% in 
3D-CRT vs. 0.52% in VMAT with p-value = 0.008). Even though the p-value was significant for the 3D conformal technique, 
the dose for both techniques was very low and non-significant to have a risk in the organ. The VMAT technique with correct 
target volume delineation allowed a significant dose escalation and an increase in Tumor Control Probability (TCP). VMAT 
resulted in an improved sparing of OARs as compared with 3D-CRT at equivalent dose levels.

1  Introduction

Radiotherapy plays a vital role in the lives of cancer 
patients. It may save or endanger their lives, therefore only 
experts and certified staff must be involved in the process 

of radiation therapy treatment. The process of treatment is 
complex and involves different stages performed by various 
experts such radiation oncologists, medical physicists, and 
clinical technologists utilizing various technologies to give 
the best and safest treatment. Among the numerous types of 
cancers where each cancer needs different care, breast cancer 
is the most common [1].

The number of breast cancer patients is increasing over 
the years worldwide. Breast cancer is the most commonly 
diagnosed cancer for Lebanese females. The number of inci-
dence cases for female in 2008 was 1717 cases, this number 
increased over the ten years’ period to reach 3219 cases in 
2018 [2]. However, many healthcare facilities in Lebanon 
offer all kind of treatments for the breast cancer and they are 
developed in the radiotherapy department.

There are different types of radiotherapy used in the treat-
ment of the breast cancer such as external beam radiation 
therapy (EBRT) where the radiation is given externally, 
intra-operative radiation therapy in which the radiation 
treatment is given in the operating room, and Brachytherapy 
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where a radioactive source is placed inside or near the 
tumour. Besides, for breast cancer treatment there are dif-
ferent modalities of EBRT that can be used, for example, 3D 
conformal radiation therapy (3D-CRT), intensity-modulated 
radiation therapy (VMAT), volumetric modulated arc ther-
apy (VMAT), image-guided radiation therapy (IGRT), and 
proton therapy.

3D-CRT is a type of radiation therapy not only for treat-
ment fields that accurately shape the target tissue shape, 
but also for realistic isodose distributions using 3D image 
data. In 3D-CRT, a more homogeneous and higher radia-
tion dose is delivered to defined tumour tissues, while the 
dose to nearby non-target normal tissue volumes is reduced. 
Implementation of 3D-CRT requires patient CT data and 
treatment verification systems, treatment planning as well 
as performing a series of steps such as image acquisition, 
target definition and critical structure, data transfer and start 
of processing. The 3D-CRT plan criteria ensure that at least 
95% of PTVs receives the prescribed dose.

Intensity-modulated radiation therapy (VMAT) is a 
technique that delivers non-uniform fluence and a highly 
conformed dose to the target. Inverse planning is used by 
VMAT, by first entering the desired dose objective then 
deriving the required dose distribution from a various fixed-
angle beam by the optimisation process. In VMAT, planning 
the linear accelerator is furnished with a Multileaf Colli-
mator. The fluence can be delivered in two different ways, 
either by a dynamic multi-leaf collimator (DMLC) or by 
step-and-shoot (SAS) conveyance. In DMLC mode, MLC 
moves constantly while the radiation beams are on. Whereas 
in SAS mode, the MLC moves in a succession of a discrete 
number of fixed-opening shapes, and the radiation is con-
veyed just when the MLC arrives at each shape. However, 
VMAT has some disadvantages such as the planning time 
which is dependent on the operator and the planner experi-
ence, longer treatment time, additional quality assurance, 
and being more expensive [3].

Volumetric modulated arc therapy (VMAT) is a technique 
that either conveys an etched 3D dose distribution with a 
single 360-degree rotation of the linear accelerator gan-
try or radiation is conveyed persistently over an arc or 1 to 
more arcs of rotation. The function of the gantry angle, MLC 
speed, and the dose rate of a linear accelerator improves 
the intensity of the beam. It is made conceivable by a treat-
ment planning algorithm that at the same time changes three 
parameters during treatment: gantry continually rotating 
during delivery, the MLC leaves constantly moving as in 
dynamic VMAT delivery, and the dose rate delivery. A more 
modulated plan can be conveyed by fluctuating the gantry 
rotation and dose rate. Variable gantry rotation speed can 
also quicken the delivery [4].

The aim of the current study is to compare and evalu-
ate the dosimetric output values including dose to target 

and different dosimetric values of organs at risk namely 
the heart, the left and right lungs using two techniques: the 
3D-CRT and the VMAT for left breast cancer treatment at 
Ain Wazein Medical Village (AWMV) Hospital in Lebanon. 
In addition, the study will stretch a brief explanation about 
the rationale for the 3D-CRT and VMAT techniques for the 
whole breast irradiation, and to compare the doses received 
by the target and organs at risk with the dose constraints 
given by the protocols.

2 � Methods

All ten left breast cancer patients selected for this retrospec-
tive study were treated without supra-clavicular lymph node 
irradiation at the radiotherapy department in Ain Wazein 
Medical Village (AWMV) Hospital since February 2019. All 
patients’ dosimetry data were obtained by using 3D confor-
mal technique and VMAT/VMAT technique. After undergo-
ing CT simulation, the planning target volume was located 
and the organs at risk were contoured, and the dosimetric 
parameters were calculated using the dose-volume histogram 
to analyze the results. CT scan of the patients positioned in 
supine position arms up on a breast board with scanning slice 
thickness of 3 mm was done. These images were imported 
to the treatment planning system Monaco (Elekta) where the 
physician contoured the targets and organs at risk such as 
heart and lung for the planning process and then the plans 
were constructed for Elekta Versa HD Linac. The total pre-
scribed dose to the PTV was 50 Gy in 25 fractions each 2 Gy.

In the 3D-conformal plan, two tangential opposing beams 
medial (10 MV) and lateral (15 MV) were used. Forward 
planning MLC compensation was required to fulfil the dose 
constraints either to block regions of high doses or to mini-
mize the irradiated lung and heart volumes without compro-
mising the PTV coverage. Consequently the beam weights, 
MLC shaping, and gantry angles were varied to ensure the 
plan met the requirements. Medial and lateral beams at a 
gantry angle around 305° and 125° respectively were used to 
cover the PTV. The calculations were done using Collapsed 
Cone photon beam algorithm.

For the VMAT plans, 10 MV photon energy volumetric 
technique was used with gantry start angles ranging from 
280 till 310 degrees and an arc from 90 till 130 with multiple 
beam segmentation. Dose calculations were done with a set 
of constraints and automatic plan optimization mode using 
Monte Carlo algorithm.

The constraints were applied on the organs at risk sur-
rounding the breast such as the heart, lung, contra-lateral 
breast and spinal cord in addition to the patient and PTV 
itself. These constraints played a role in inverse planning 
in order for the planning system to meet the required dose 
limit to the organs at risk set by the RTOG [5]:
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•	 Heart: Maximum dose < 50 Gy & 33% of the volume 
should receive less than 50 Gy

•	 Ipsilateral Lung: V20 < 22%
•	 Total Lung: V20 < 37% but in many cases the values 

used were < 30%

The constraints to PTV were maintained to deliver the 
prescribed dose in a homogeneous coverage without any 
hot point in one hand and on the other hand, in order to 
reduce the dose gradually by creating rings around the 
PTV, thus decreasing the unnecessary dose to the healthy 
tissues and preventing hotspots in the patient.

To evaluate both techniques, the radiation dose homo-
geneity index (DHI) was determined as a first step. Radia-
tion Conformity Index (RCI) described how the deliv-
ered dose was spread within the target tissue. It was the 
indicator of the extent to which the delivered dose was 
involved in the target. RCI was calculated with the fol-
lowing formula:

RCI = volume enclosed by the prescription isodose / 
volume of PTV [6]

DHI, dose homogeneity index, describes the uniform-
ity of the dose within the target volume. DHI was calcu-
lated using the following formula:

The Homogeneity Index according to ICRU 83:

In order to attain a more homogeneous dose distribu-
tion, and thus an acceptable treatment plan, DHI should 
be close to zero [7]. The second step was to evaluate the 
Dose Volume Histogram (DVH), graphic formats that 
show the dose distribution with volume in target and 
organs at risk. Using the DVH values determined if the 
target tissue was receiving a sufficient dose and how 
much irradiation dose was delivered to the organs at risk.

The delineation of the organ at risk was performed 
perfectly as it influences the evaluation of the treatment 

DHI = (D2% − D98%)∕D50%

planning. If the contouring of the organs at risk is insuf-
ficient and inadequate, it will lead to the misinterpretation 
of dose-volume histograms. For this section the dose-
volume constraints were mainly derived from Emami esti-
mates, major protocols from Radiation Therapy Oncol-
ogy Group (RTOG), and the recent reviews Quantitative 
Analyses of Normal Tissue Effects in the Clinic (QUAN-
TEC) [8].

2.1 � Statistical analysis

The dosimetric parameters that were obtained from the dose-
volume histogram for both techniques of left breast cancer 
patients were the following:

For the CTV of the breast tumour: mean dose and D95%
For the heart: Maximum and mean doses were compared.
For the left and right lung: V20% values were obtained 

which is defined as the percentage of lung volume receiving 
20 Gy of dose.

2.2 � Homogeneity index was obtained

All these values were analysed statistically using t-Test: 
Two-Sample Assuming Unequal Variances by Excel soft-
ware version 20 by Microsoft Inc. With p-values less than 
0.005 were considered statistically significant. Then the 
values were compared to the normal tissue dose tolerance.

3 � Results

Table  1 shows the doses received by the tumour and 
the organ at risk (heart, right, and left lungs) for the 3D 
conformal and for the VMAT/ VMAT left breast cancer 
patients. Figures 1 and 2 show isodoses of 3D confor-
mal and VMAT techniques respectively. Figures 3 and 
4 show DVHs of 3D conformal and VMAT techniques 

Table 1   Left breast cancer 
patients

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

CTV, D95% 3D 77.7 58.84 79.89 73.24 68.08 87.98 95.46 94.48 90.22 94.43
VMAT 95.9 96.97 96.98 97.14 95.12 97.8 98.05 99.1 95.42 99.29

CTV, Mean Dose 3D 4874 4750 4905 4796 4821 4962 5109 5117 5103 5095
VMAT 5040 5015 5037 5035 5055 5088 5102 5103 5108 5092

Heart, Max dose 3D 4860 4787 4833 5150 4881 4775 4680 5139 5103 4982
VMAT 4890 4179 3894 5183 5257 5170 4700 4413 3550 4935

Lt Lung, V20% 3D 21.7 38.51 33.15 11.77 33.5 25.8 31.42 32.83 36.41 19.3
VMAT 21.66 22.68 21.85 20.4 20.94 21.04 26.6 22.57 21.75 19.83

Rt Lung, V20% 3D 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.23 0.1
VMAT 0.19 0.5 0.91 0.1 0.11 0.1 0.1 0.78 1.36 1.09

Homogeneity Index 3D 0.27 0.21 0.20 0.67 0.24 0.17 0.13 0.15 0.20 0.17
VMAT 0.14 0.11 0.12 0.12 0.15 0.11 0.10 0.09 0.12 0.09

485Health and Technology (2021) 11:483–490



1 3

respectively. Table 2 shows the data analysis parameters 
for both techniques. For both techniques, the optimal dose 
should be delivered to the planning target volume and the 
minimum amount of radiation to the organs at risk.

Regarding the PTV for both 3D and VMAT, the aver-
age values of the homogeneity index were significant 
(0.24 ± 0.16 and 0.11 ± 0.02 respectively p-value = 0.01). 
Knowing that the ideal value of the homogeneity index 

Fig. 1   3D conformal isodose 
and DVH

Fig. 2   VMAT isodose
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should be close to zero, it is inferred that the dose distribu-
tion to the target in the VMAT technique (0.11) is better than 
that in the 3D conformal (0.24) see Fig. 5.

Besides, according to the dose-volume histogram D95% 
and mean dose of the target volume is receiving an average 
of 82.03% ± 12.58 and 4953 ± 143 cGy in the 3D conformal 
patients and 97.18% ± 1.43 and 5067 ± 35 cGy for VMAT 
patients respectively. The D95% and mean dose in the 
VMAT had significantly better coverage than the 3D con-
formal plans (p-value = 0.002, p-value = 0.02 respectively). 
This shows that the VMAT plans were in agreement with 
the prescribed dose according to ICRU 83 recommendations 
which states that the minimum dose of 95% and a maximum 
dose of 107% should be achieved.

As for the organs at risk, the Dosimetric values of the 
heart for the 3D conformal and VMAT patients were respec-
tively as follows: the maximum dose were significantly lower 
in the VMAT (4617.10 ± 588.12) than in the 3D conformal 
(4919.00 ± 165.73) with p-value = 0.07).

For the left lung, the average values of V20 were significant 
(p-value = 0.02) with VMAT (21.93 ± 1.87%) lower than the 
3D conformal plans (28.44 ± 8.53%).

For the right lung, the average values of V20 were signifi-
cant (p-value = 0.008) with VMAT (0.52 ± 0.48%) greater than 
the 3D conformal plans (0.12 ± 0.05%).

4 � Discussions

For the left lung, V20 was 28.44% with 3D conformal 
technique and 21.93% with VMAT technique, and the 
p-value is 0.02 which is significant. These values reveal 
that VMAT technique is better fitted for the standard V20 
value which is less than 20%. For the right lung, V20 in the 
3D conformal technique was 0.12% compared to 0.52% in 
the VMAT technique and the p-value is 0.008. Although, 
the p-value was significant for the right lungs, the dose for 
both techniques was very low and non-significant to make 
a risk in the organ.

About 27–40% of Breast cancer patients treated with radi-
otherapy may notice radiographic abnormalities, however, 
the rate of occurrence of clinically significant pneumonitis 
ranges from 0.8% to 2.9% [9]. One of the RT-induced inju-
ries is acute radiation pneumonitis (ARP) which takes place 
after 8–16 weeks of radiation therapy, and its symptoms 
are dyspnoea, non-productive cough, pleuritic chest pain, 
fever, and radiographic changes such as pneumonia. Another 
injury is Subclinical lung damage that causes a decrease in 
pulmonary function tests and radiologic changes however it 
does not show any clinical symptoms in general. Late lung 
toxicity shows many months following radiation therapy, it 

Fig. 3   3D conformal DVH
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can be detected from radiographs and has no clinical symp-
toms in general [10].

According to data from radiotherapy planning, Emami 
determined the lung dose constraints. TD5/5, radiation dose 
that would result in 5% risk after 5 years of irradiation, of 
the whole lung is 17.5 Gy, 30 Gy for 2/3 of the lung, and 
45 Gy for 1/3 of the lung. With conventional treatment plan-
ning to limit the lung within 3 cm or less of the chest wall 

was accepted and routinely used in the clinics [8]. For the 
obtained results, it is implied that for both techniques, the 
patients treated in this study will have less chance of getting 
any significant pneumonitis.

For the heart, the Dmax in the 3D conformal technique 
was 4919 cGy compared to 4617 cGy in the VMAT tech-
nique with p-value = 0.07 respectively. When compar-
ing the CTV between the two techniques of treatment, 
D 95% in the 3D conformal and VMAT techniques were 
82.03% and 97.18% respectively (p-value = 0.002). Also, 
the mean doses were 4953 cGy in the 3D technique and 
5067 cGy in the VMAT technique which was also significant 
(p-value = 0.01).

Radiation therapy may cause heart injuries that may 
appear either as acute or late toxicity. Pericarditis is an RT-
induced acute heart that is often temporary but also may 
be chronic. Whereas congestive heart failure, ischemia, 
coronary artery disease, and myocardial infarction are con-
sidered to be RT-induced late heart injuries. Late toxicity 
shows after months to decades following the radiation treat-
ment and it can cause cardiac mortality or morbidity. For 
radiotherapy planning, the heart tolerance doses estimated 
by Emami are as the following: TD5/5, radiation dose that 
would result in 5% risk after 5 years of irradiation, of the 
whole heart is 40 Gy; 2/3 volume of the heart is 45 Gy, and 

Fig. 4   VMAT DVH

Table 2   Data analysis comparison

Mean St. Deviation p-value

CTV, D95% 3D 82.03 12.58 0.002
VMAT 97.18 1.43

CTV, Mean Dose 3D 4953.2 143.68 0.02
VMAT 5067.5 34.58

Heart, Max dose 3D 4919.00 165.73 0.07
VMAT 4617.10 588.12

Lt Lung, V20% 3D 28.44 8.53 0.02
VMAT 21.93 1.87

Rt Lung, V20% 3D 0.12 0.05 0.008
VMAT 0.52 0.48

Homogeneity Index 3D 0.24 0.16 0.01
VMAT 0.12 0.02
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1/3 volume of the heart is 60 Gy [8]. For left-sided breast 
cancer in RTOG protocols, the heart dose-volume con-
straint is defined as V20 ≤ 5%, V10 ≤ 3%, and mean dose of 
400 cGy. A QUANTEC review that is recently issued shows 
that threshold and outcome for pericarditis are as follows:

•	 Mean heart dose < 26 Gy resulted in < 15% probability 
for pericarditis

•	 Heart V30 < 46% resulted in < 15% probability for peri-
carditis [11].

In this study, VMAT plans have covered the target dose 
with better Conformity and Homogeneity. With respect to 
the lungs, VMAT plans revels better sparing of V20. Also, 
the maximum heart dose decreased almost 6% in the VMAT 
plans. However, in both techniques the maximum doses of 
the heart were set above the threshold of 40 Gy and hence 
the probability of getting pericarditis would be expected.

5 � Conclusions

The VMAT technique with good target volume delinea-
tion allowed a significant dose escalation and an increase 
in Tumour Control Probability (TCP). VMAT resulted in 
an improved sparing of OARs as compared with 3D-CRT 
at equivalent dose levels. More modern techniques were 
developed where organs at risk are more protected and 
dose delivered to the target was more homogenous by 
incorporating a breath control method with each technique 
which may give a better dose and may prevent the risk 
of cardiovascular disease. To further avoid the irradiation 
of heart, deep-inspiration breath-hold (DIBH) techniques 
have been implemented and introduced for breast irradia-
tion. DIBH is one such technique that aims to displace 

the heart from the chest wall during inspiration, therefore 
reducing the dose and volume of the irradiated heart. In 
DIBH the lungs and chest wall expand during inspiration 
moving the breast, thus the high-dose area, away from the 
heart. This technique is recently incorporated at AWMV 
and hence patients treated with breast especially the left 
will have even reduced chances of getting any side effects 
to the lung or the heart.
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