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Abstract 

 
 

The goal of radiation treatment is to maximize the dose delivered to the lesion while minimizing the 

dose to neighboring tissues. In order to achieve this goal, one has to use appropriate treatment planning 

techniques and appropriate energies.  The aim of this study is to compare treatment plan quality and 

treatment delivery efficiency for selected brain cancer cases using MV flattened and flattened filter 

free’photon beam. Fourteen patients with brain cancer were studied. Standard clinical constraints were 

provided by the physician for planning target volume (PTV) and OARs. All plans were optimized and 

calculated using AAA algorithm of Eclipse treatment planning system.  All treatment parameters were 

set to be identical for flattened and the flattening filter free beam plans. The homogeneity index (HI), 

gradient index (GI), target coverage (TC) and conformity number (CN) extracted from Dose volume 

histogram were used to compare the plan quality. The monitor unit and beam on time were used to 

evaluate the delivery efficiency of treatment plans. From DVH analysis of organ at risk, FFF plans 

obtained better normal tissue sparing effect than FF plans in all techniques. In all techniques, FFF beams 

provide the same TC as the FF beams.  However, the use of 6MV FFF beams offers a clear benefit in 

delivery time when compared to 6MV FF beams, especially for stereotactic radio surgery (SRS) 

treatment techniques. With regard to MU, no significance difference was observed for volumetric arc 

therapy(VMAT) and SRS techniques, but clear differences in MU were obtained in SRT and Intensity 

modulated radiotherapy(IMRT) techniques: 6MV FFF uses higher MU value than 6MV FF to achieve the 

same TC. The highest difference was obtained in IMRT in which 6MV FFF used MU that is 1.5 times 

those used by 6 MV FF. We concluded that 6MV FFF beams are a good choice especially for brain 

treatment with SRS techniques.  
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Introduction 

The treatment of a brain tumor depends on the size, 
type, and grade of the tumor which determines 
whether it has put pressure on vital parts of the brain 
or it has spread to other parts of the central nervous 
system, patient’s preferences and overall health status. 

Main treatment options include surgery, radiation 

therapy and chemotherapy. Radiation therapy is a 
widely used treatment option for brain cancer. Different 
treatment planning techniques are used in radiotherapy 
such as 3DCRT, VMAT, IMRT, SRT and SRS. Regardless 
of the technique, the goal of radiation treatment is to 
maximize the dose delivered to the lesion while 
minimizing the dose to neighboring tissues. In order to 
achieve this goal, one has to use appropriate treatment 
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planning techniques and appropriate radiation beam 
energies either from flattened or flattening filter free 
photon beams. 

As shown in many studies flattening filter and 
flattening filter free photon beams have different 
dosimetric characteristics. The study by Vassiliev et al. 
[1] showed that the FFF photon beam can reduce the 
out of field dose, because removal of flattened filter 
can reduce the head scatter and softer spectra. A 
different study by Cashmore [2] also concluded that 
the head scatter effect can be reduced approximately 
by 70% and reduction of out of field dose by 11% for a 
6MV FFF photon beam. 

Clinical use of FFF beams was initially driven by the 
attempt to reduce the long delivery time required for 
SRS treatments, as removing the flattening filter 
increases the dose rate by a factor of 2–4. The 
increased intensity associated with FFF beams is 
particularly useful for small field stereotactic radio 
surgery (SRS) and/or stereotactic body radiation 
therapy (SBRT) procedures, where homogeneity of 
dose on target is not required, but it can be used for a 
wide range of fields and treatments. Other early 
clinical applications were also reported using FFF 
technology to improve the delivery efficiency, 
evolving into studies of stereotactic body radiation 
therapy (SBRT), all of which demonstrated positive 
results [1]. 

Many studies have been done to evaluate treatment 
plan quality and treatment delivery efficiency with 
flattened and flattening filter free photon beams. For 
instance, the study by Pigure et al. [3] showed that the 
treatment time was significantly reduced using FFF 
beam for lung treatment. Then, the study performed 
by Stieler et al. [4] also showed that FFF radiation 
treatment mode could reduce treatment time with 
similar MU for VMAT and IMRT radiation for brain 
metastasis treatment.  Regarding dose conformity the 
results in different studies showed that both flattened 
and flattening filter free photon beams can achieve 
equivalent dose conformity. For instance, the study by 
Navaria et al. [5] on assessment of the outcome 
between 3DCRT with FF and VMAT with FFF beams 
for SBRT showed that both FFF and FF beams 
achieved acceptable conformity. 

The focus of this study is to compare the treatment 
plan quality and delivery efficiency for selected brain 
cancer cases with 6MV FF and 6MV FFF photon 
beams using different treatment planning techniques 
such as VMAT, IMRT, SRT and SRS.  

 

 

 

 

Materials and Methods 

Fourteen patients with brain cancer were studied. The 
standard clinical constraints were provided by the 
physician for planning target volume (PTV) and organ 
at risks (OARs). These were applied to generate the 
treatment plans. The dose prescriptions were selected 
from the typical dose range prescribed by the 
physicians. Eclipse treatment planning system (TPS) 
(version 13.6) with an Anisotropic-Analytical-Algorithm 
(AAA) was used for the planning. The dose grid in the 
calculation was 1mm for SRS and SRT and 2.5mm for 
other plans. For each patient, 2 treatment plans were 
generated, one from 6 MV FF and the other from 6 MV 
FFF beam. In the 6MV FFF beam, the maximum dose 
rate 1400 MU/min was used and 600MU/minute for 
6MV FF was used.  All treatment parameters such as 
iso-center position, beam angle, and field size were set 
to be identical for FF and the FFF beam plans.  Target 
coverage and dose to OARs were analyzed to evaluate 
the treatment plans for all cases. For VMAT and IMRT 
treatment plans, the dose constraint requires 100% of the 
prescribed dose to 95% of the target volume while for 
SRS and SRT, the 100% of the prescribed dose should 
cover 98% of the target volume. The parameters used to 
evaluate quality of the treatment plans were target 
coverage (TC), conformity number (CN), homogeneity 
index (HI) and gradient index (GI). These are defined as: 

 

𝑻𝑪 =
𝑻𝑽𝑹𝑰

𝑻𝑽
     (1) 

𝑪𝑵 =
𝑻𝑽𝑹𝑰
𝑻𝑽

∗𝑻𝑽𝑹𝑰

𝑽𝑹𝑰
     (2) 

𝑯𝑰 =
𝑫𝟐%−𝑫𝟗𝟓%

𝑫𝟓𝟎%
𝒇𝒐𝒓 𝑽𝑴𝑨𝑻 ∧ 𝑰𝑴𝑹𝑻;𝑯𝑰 =

𝑫𝟐%−𝑫𝟗𝟖%

𝑫𝟓𝟎%
𝒇𝒐𝒓𝑺𝑹𝑺 ∧ 𝑺𝑹𝑻   (3) 

𝑰𝑫 = 𝑽 ∗ 𝑫𝒎𝒆𝒂𝒏    (4) 

 

where 𝑽𝑹𝑰,𝑻𝑽 𝒂𝒏𝒅 𝑻𝑽𝑹𝑰 are volumes of the prescription 
isodose, target volume and target volume covered by 
the prescription isodose respectively. A value of TC 
closer to one indicates better target coverage for all 
indices. D 2%, D95%, D 98%, and D 50% are the dose 
received by 2%, 95%, 98%, and 50% of target volume.  
The gradient index for all plans was evaluated based on 
Eclipse treatment planning systems. It is measured in 
centimeter and is defined as the distance difference 
between the equivalent sphere radius of the prescription 
dose and 50% isodose. Integral dose to OARs was 
calculated according to  𝑰𝑫 = 𝑽 ∗ 𝑫𝒎𝒆𝒂𝒏  where ID is 
integral dose and V is volume of the organ and then 
statistical analysis of dose to OARs for each treatment 
techniques, MU and beam on time (BOT) were 
evaluated.  
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Results 
Target coverage analysis  

Table 1 shows the PTV coverage analysis for different 
treatment planning techniques by using 6MV FFF and 
6MV FF. The differences between the flattened and 
FFF plans per patient were averaged per technique. 
No substantial differences were observed in PTV 
coverage, homogeneity and conformity number. 

As summarized in Table 1, it was observed that the 
mean target coverage was   the same in both 6MV FF 

and 6MV FFF for all techniques. There was negligible 
difference between the conformity number in all 
techniques using either 6MV FF or 6MV FFF. Regarding 
homogeneity index and gradient index, it was observed 
that there was no significant difference in all techniques. 
The DVHs of treatment plans for randomly selected 
patient from each technique is as shown in the figures 
(Figure 1-Figure 4). 

As shown in the DVH in the figures (Figures 1-4) the 
target coverage was achieved using either 6 MV FFF or 
6 MV FF regardless of the treatment techniques used. 

 

 

Table 1. Target coverage analysis for both FF and FFF plans  

Techniques Patients PTV 
TC CN HI GI 

6MV FF 6MV FFF 6MV FF 6MV FFF 6MV FF 6MV FFF 6MV FF 6MV FFF 

VMAT 

P1 142.3 1.00 1.00 0.98 1.00 0.10 0.10 1.08 1.06 

P2 160.9 1.00 1.00 1.00 0.97 0.08 0.08 1.18 1.13 

P3 92.2 1.00 1.00 0.98 0.97 0.05 0.04 1.29 1.32 

Mean 151.6 1.00 1.00 0.98 0.99 0.07 0.08 1.18 1.17 

SRS 

P4 5.1 0.99 0.99 0.95 0.95 0.20 0.18 0.55 0.54 

P5 4.6 0.98 0.98 0.96 0.98 0.07 0.09 0.79 0.74 

P6 20.5 0.98 0.98 0.97 0.96 0.06 0.07 0.81 0.79 

P7 10.5 0.98 0.98 0.98 0.97 0.09 0.10 0.69 0.68 

P8 6.8 0.98 0.98 0.96 0.95 0.09 0.09 0.69 0.68 

Mean 9.5 0.98 0.98 0.97 0.96 0.10 0.10 0.70 0.69 

SRT 

P9 27.1 0.98 0.98 0.96 0.94 0.12 0.12 0.70 0.70 

P10 7.2 0.99 0.99 0.95 0.95 0.11 0.11 0.59 0.59 

P11 2.1 0.98 0.98 0.99 0.99 0.07 0.07 0.81 0.79 

Mean 12.13 0.98 0.98 0.96 0.97 0.10 0.10 0.70 0.69 

IMRT 

P12 213.9 1.00 1.00 1.00 1.00 0.05 0.05 2.03 2.07 

P13 265 1.00 1.00 1.00 1.00 0.02 0.04 1.80 1.79 

P14 207.9 1.00 1.00 1.00 1.00 0.03 0.04 1.81 1.81 

Mean 228.9 1.00 1.00 1.00 1.00 0.03 0.04 1.88 1.89 
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Figure 1. DVH for IMRT plan with 6MV FF and 6MV FFF 

 

 

 
Figure 2. DVH for SRS plan with 6MV FF and 6MV FFF 
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Figure 3. DVH for SRT plan with 6MV FF and 6MV FFF 

 

 

 

 

Figure 4. DVH for VMAT plan with 6MV FF and 6MV FFF 
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Table 2. Efficiency analysis for treatment plans using FF and FFF beams regarding number of monitor units (MU) and beam-on time (BOT)  

Technique Patient 
BOT 

Time sparing of 

6MV FFF (%) 

MU MU Differences (%) 

6MV FF 6MV FFF 6MV FF 6MV FFF  

VMAT 

P1 1.7 1.4 17.65 506.7 516.5 1.90 

P2 0.73 0.67 8.22 315.2 336.7 6.39 

P3 1.24 1.24 0.00 550.0 549.5 -0.09 

Mean 1.22 1.10 8.62 457.3 467.5 2.73 

SRS 

P4 8.86 3.61 59.26 5274.3 4973.4 -6.05 

P5 8.77 4.96 43.44 5265.1 5453.9 3.46 

P6 8.82 3.49 60.43 4517.1 4385.3 -3.01 

P7 8.39 3.54 57.81 5035.3 4946.3 -1.80 

P8 5.54 2.6 53.07 3321.3 3441.0 3.48 

Mean 8.08 3.64 54.38 4682.62 4634.0 -1.86 

SRT 

P9 2.49 2.16 13.25 1486.3 1615.3 7.99 

P10 3.08 1.36 55.84 1853.4 1891.2 2.00 

P11 2.55 2.48 2.75 1366.1 1467.6 6.92 

Mean 2.71 2 23.95 1568.6 1658 5.63 

IMRT 

P12 1.17 0.77 34.19 702 1079 34.94 

P13 0.85 0.5 41.18 506.8 594.2 14.71 

P14 1.66 1.21 27.11 667 1142 41.59 

Mean 1.23 0.83 34.16 667 938.4 30.41 

 

 

Figure 5. Dose to OARs for VMAT plan with 6MV FF and 6MV FFF  
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Figure 6. Dose to OARs for SRS plan with 6MV FF and 6MV FFF 

 

 

Figure 7. Dose to OARs for SRT plan with 6MV FF and 6MV FFF 
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Figure 8. Dose to OARs for IMRT plan with 6MV FF and 6MV FFF 

 

As shown in the DVH in the figures (Figures 1-4) the 
target coverage was achieved using either 6 MV FFF 
or 6 MV FF regardless of the treatment techniques 
used. As shown in the histograms (Figures 5–8) in all 
treatment techniques the dose sparing effect of the 
6MV FFF beam is better compared to treatment plans 
with 6MV FF. It is shown that in SRS plan, as 
compared to FF beams, FFF beams reduces mean dose 
and integral dose for all organs at risk. In VMAT there 
are considerable differences between the FF and FFF 
beam in OARs sparing. It is observed that compared 
to FF plans, FFF plans showed mean dose reduction of 
0.27Gy, 0.3Gy, 0.17Gy, 0.17Gy, 0.18Gy, 0.25Gy, 0.41Gy 
and 0.07Gy for  left eye lens, right eye lens, right eye, 
left eye, right optical nerve, left optical nerve, optical 
chiasm and brain respectively.  

In SRT, compared to 6MV FF plans,6MV FFF  plans 
showed mean dose reduction of 11%, 4%, 7%, 15%, 
19% and 15% for left eye lens, right eye lens, right eye, 
left eye, right optical nerve and optical chiasm 
respectively. 

 

Discussion 

It can be seen from the results of this study that the 
use of 6 MV FFF resulted in reduction in the amount 
of radiation dose to OARs as compared with 6 MV FF. 
This was due to reduction in out of field dose as 

reported by many other studies [1].  Our results showed 
that 6MV FFF spared OARs in all techniques as 
compared to 6MV FF. From Dose Volume Histogram 
analysis, we observed that FFF photon beams better 
spared OARs, in comparison with FF photon beam, with 
the same target coverage. Based on dose analysis to 
OARs for VMAT plan it was observed that mean dose 
for 6 MV FFF plans were lower than 6 MV FF plans for 
all OARs. This indicates that for VMAT plans of brain 
cancer 6MV FFF is better with regard to OARs sparing.  
As presented in Table 3, 6MV FFF is better in OARs 
sparing in comparison with 6MV FF in SRS plan. Better 
OARs sparing due to FFF was also observed in both SRT 
and IMRT plan as well.  

In this study, 6MV FFF requires 30.41 % higher MUs 
compared to 6MV FF in IMRT plan in order to achieve 
the same target coverage but beam on time is reduced 
by 34% as compared to 6MV FF. The highest number of 
MU results in largest modulation, which has a 
significant impact on the accuracy of delivery and the 
agreement between calculated and measured doses. 
Excessive modulation could have potential long term 
consequences such as induction of secondary cancer as 
reported by Hall EJ et al. [6].  

With respect to FF plans, the highest time sparing effect 
for 6MV FFF was observed in SRS technique. On 
contrary, in this technique the variation in MU between 
FF and FFF beams were insignificant. For SRS case it 
was observed that 6 MV FFF plans spared 54% of time 
as compared to 6 MV FF plans.   This time advantage 
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with insignificant variation of MU between FFF and 
FF makes SRS the better technique for using 6MV FFF 
for brain cancer treatment. In VMAT plans the time 
sparing effect of 6MV FFF was relatively small, but it 
was observed that it was significant in SRT technique, 
with slightly higher MUs.  In general, as it was seen in 
this study, the use of 6 MV FFF beams was effective 
for higher dose per fraction especially for SRS.  

 

Conclusions 

The treatment plans with 6 MV FFF beams have the 
benefit of dose reduction to normal tissues and faster 
treatment delivery as compared to plan made with 6 
MV FF beams. These features help the clinician to 
achieve increase in patient safety, patient comfort and 
reduction in the chance of patient to develop 
secondary cancer after radiotherapy. In this study, we 
observed that, compared to 6MV FF beams, 6MV FFF 
beams obtained clear time sparing effect in IMRT and 
SRS techniques. However, in IMRT relatively higher 
MUs were used by 6MV FFF as compared to 6MV FF 
to obtain same target coverage.   So, in compromise 
with its highest time sparing effect and insignificant 
difference in MUs, in SRS techniques we 
recommended 6MV FFF beam as a good choice in the 
treatment plan of brain cases.  

 

Abbreviations 

BOT: beam on time; CI: conformity index; CN: 
conformity number; Dmean: Mean dose; Dmax: 
maximum dose; DVH: dose volume histogram; FF: 
flattening filter; FFF: flattening filter free; GI: gradient 
index; HI: homogeneity index; ID: integral dose; 
IMRT: intensity modulated radiotherapy; MU: 
monitor unit; OARs: organ at risk; P1-P14: Patients 
numbered from 1-14, PTV: planned target volume; 
SRS: stereotactic radio surgery; SRT: stereotactic 
radiotherapy; VMAT: volumetric arc therapy. 
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