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Introduction

Esophagus cancer (Ca-esophagus) is considered under the cate-
gory of lethal diseases with therapeutic challenges to multidis-
ciplinary oncology. Patients with advanced stages are not suit-

able for surgical resection. For such cases, chemo-radiation is the prime 
mode of treatment in the management of the Ca-esophagus. Earlier 2-di-
mensional conformal radiotherapy (2D-CRT) with anterior-posterior 
(AP-PA) field arrangement was used to treat the ca-esophagus. Due to 
the presence of normal organs, such as the spinal cord, the heart, and the 
lung, 2D-CRT, and 3D-CRT delivery techniques limit the dose escala-
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ABSTRACT
Background: As compared to the flattened photon beam, removing the flattening filter 
(FF) from the head of a gantry decreases the average energy of the photon beam and increases 
the dose rate, leading to an impact on the quality of treatment plans. 

Objective: This study aimed to compare the quality of intensity-modulated radiation 
therapy (IMRT) treatment plans for esophageal cancer with and without a flattened filter 
photon beam.

Material and Methods: In this analytical study, 12 patients, who had already been 
treated with a 6X FF photon beam, were treated based on new IMRT methods using a 6X the 
flattening filter-free (FFF) photon beam. Both 6X FF IMRT and 6X FFF IMRT plans used 
identical beam parameters and planning objectives. All plans were evaluated with planning 
indices and doses for organs at risk (OARs). 

Results: Insignificant dose variation was for HI, CI, D98%, and V95% between FF and FFF 
photon beam IMRT plans. FF-based IMRT plan delivered a 15.51% and 11.27% higher mean 
dose to both lungs and heart than the FFF plan, respectively. The integral dose (ID) for the 
heart and lungs was 11.21% and 15.51%, respectively, less in the IMRT plan with an FFF 
photon beam.  

Conclusion: In contrast to the FF photon beam, a filtered photon beam-oriented IMRT 
plan provides significant OAR sparing without losing the quality of the treatment plan. High 
monitor units (MUs), low ID, and Beam on Time (BOT) are major highlights of the IMRT 
plan with FFF beam.
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tion of the target dose. Radiotherapy for Ca-
esophageal cancer has shifted from 3D-CRT to 
intensity-modulated radiation therapy (IMRT) 
to take advantage of the clinical potential of 
lung and spinal cord sparing.

IMRT has a better ability to paint a target 
dose and provides better dose conformity 
around the target and superior sparing of sur-
rounding normal healthy tissue compared to 
the 3D-CRT [1]. Furthermore, the probabil-
ity of increased low dose to adjoining healthy 
cells is higher with IMRT than the 3D-CRT, 
and the number of Monitor Units (MU) is 3 to 
5 times higher as well. Greater dose conformi-
ty and steeper dose gradient beyond the target 
structure are important aspects of the IMRT. 
Higher MU leads to a rise in the gantry head 
leakage scattered dose and greater dose to the 
normal tissues as well as the whole body. As 
a result, minimizing excess scatter from the 
gantry head and shortening the treatment plan 
delivery time for IMRT delivery is preferable. 
With progress in linear accelerator (Linac) de-
sign and radiotherapy treatment delivery, it is 
now possible to strip the flattening filter (FF) 
from the head of the gantry. Elimination of the 
flattening filter (FF) from the route of the pho-
ton beam was considered a logical decision to 
limit the scatter contribution from FF; the flat-
tening filter was initially designed to provide 
flattened dosage profiles at a specific depth. 
In modern linac systems, the development of 
IMRT can result in removing the need for a 
FF. The usage of unfiltered photon beams has 
been widely studied in recent years [2-6]. The 
main characteristic of the flattening filter-free 
(FFF) beam is its forward peaked dose profile 
[7-11]. The dose rate of the FFF photon beam 
is relatively high than that of the flattened pho-
ton beam [12], a lower dose to the organ at risk 
(OAR) [13], and less neutron contamination 
with high energy beams (>15 MV). Accord-
ingly, therapeutic use of the FFF beam will re-
sult in a shorter treatment time and a lower risk 
of secondary cancer caused by radiation [14]. 
From a physics point of view, the more im-

portant major changes are the decrease in the 
mean energy and the increase in the dose rate 
in the FFF beam. The quality of the treatment 
plan has a strong correlation with the reduc-
tion of beam energy. The purpose of this study 
was to compare the efficacy of treatment plans 
with FF and FFF photon beams for esopha-
geal carcinoma using the IMRT technique. In 
the analysis, dosimetric indices were utilized 
for the radiotherapy planning target volume 
(PTV), normal structure, MUs, beam on time, 
and integral dose to check the efficacy of the 
FFF photon beam to generate the clinical ac-
ceptable and desirable plan concerning the FF 
photon beam.

Material and Methods
In this analytical study, Varian Linac with 

millennium multi-leaf collimator (M120, 
MLC) was used for patient treatment, which 
was capable of producing both photon and 
electron beams. Linac was also equipped 
with 6 MV (6X_FF), 10 MV (10X_FF), 15 
MV (15X_FF) FF and 6 MV (6X_FFF), 10 
MV (10X_FFF) FFF photon beam. A total 
of 120 leaves were applied with 40 leaf pairs 
in the middle and 10 leaf pairs on each side. 
The middle leaf thickness is estimated at the 
isocenter to be 5 mm, while the outer leaves 
were wider at 10 mm. The maximum speed 
of leaves was 2.5 cm/sec with Eclipse Treat-
ment Planning System (Version 13.7.29, Var-
ian Medical System) for the treatment plans. 
Photon optimizer (PO) (Version 13.7.29, Var-
ian Medical System) was selected for inverse 
optimization. The resulting dose was calculat-
ed using the Anisotropic Analytical Algorithm 
(AAA) (Version 13.7.29, Varian Medical Sys-
tem). M120 MLC was used for both types of 
photon beam treatment plans. Varian’s leaf 
motion calculator (version 13.7.29) was used 
to generate the IMRT leaf series.

CT simulation and Patient  
selection

In this research, 12 patients with a diagno-
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sis of ca-esophageal cancer participated from 
Alexis Multispecialty Hospital, Nagpur, In-
dia (Department of Radiotherapy); they had  
already been treated in the hospital with IMRT 
(6X_FF photon beam) treatment technique. 
For all patients, computed tomography (CT) 
images were acquired in a supine position 
with the arm extended above the shoulder. CT 
simulation was performed on Siemen’s CT  
using routine protocols and a slice spacing of 
2.5 mm. Acquired CT images were then import-
ed to the treatment planning workstation for  
target and OARs contouring.

An additional IMRT treatment plan was 
created using the 6X _FFF photon beam in 
retrospect. Finally, using the 6X_FF and  
6X_FFF photon beams, we were able to gen-
erate two separate treatment plans for each 
patient. Gross tumor volume (GTV), clinical 
target volume (CTV), PTV, and nodes were 
delineated by a radiation oncologist according 
to the RTOG 0436 protocols [15]. The GTV 
contained the gross tumor as well as any in-
volved lymph nodes as determined by diag-
nostic CT and Positron Emitted Tomography 
(PET) scan. The CTV was described by supe-
rior-inferior margins of 3–5 cm and lateral and 
anterior-posterior margins of 1 cm about the 
GTV. The PTV was delineated with a margin 
of 0.5 cm from the CTV. On each CT slice, the 
spinal cord, lung, and heart were contoured as 
OARs by the radiation oncologist.

Treatment Plan Strategy
Two separate IMRT plans were produced for 

each patient with FF and FFF 6 MV photon 
beam. The prescription doses for original and 
re-planned IMRT plans were 50.4 Gy in 28 
fractions. A total of 9 equally spaced beams 
were used to produce the IMRT treatment 
plans, as follows: 0°, 40°, 80°, 120°, 160°, 
200°, 240°, 280, and 320°. The collimator set-
ting was kept at 0° without any couch rotation. 
A maximum dose rate was utilized to have a 
shorter treatment delivery time that was 600 
MU/min in the case of 6X_FF photon beam 

and 1400 MU/min in 6X_FFF photon beam. 
Since the patient was already treated with a 
6X_FF flattened photon beam, retrospective-
ly each patient was again re-planned with a  
6X_FFF photon beam with the same dose, 
dose constraints, and inverse optimization  
parameter.

Treatment plan evaluation
The target coverage and dosage of OARs 

were assessed to analyze the treatment strat-
egies, normalized for all individuals; accord-
ingly, 95% of the specified dose covered 95% 
of the PTV. The dose constraints used during 
inverse optimization are listed in Table 1. Af-
ter optimization, the dose was computed using 
the optimized MU value and the AAA calcula-
tion algorithm with a dose grid size of 2.5 mm. 
The dose pattern was then evaluated, and the 
Dose Volume Histograms (DVHs) were ana-
lyzed to ensure that the necessary dose con-
straints are met here. During planning, the ma-
jor goal was to obtain uniform PTV coverage 
for all patients, and the secondary objective 
was to lower OAR doses as much as possible 
individually. For PTV coverage, the confor-
mity index (CI) and the homogeneity index 
(HI) were used. The radiation doses for PTV 
and OARs were reported using DVHs, and the  
integral doses of the OARs were calculated 

PTV
V95%≥95% & Maximum point dose 

inside the PTV should be less 
than 107% of the prescribed dose

Spinal Cord Maximum dose 45 Gy

Heart
V30Gy ≤20%
V20Gy ≤30%
Mean ≤30 Gy

Lungs
V20Gy ≤30%
Mean ≤20 Gy

PTV: Planning treatment volume, Gy=Gray, V95%=95% of 
volume receiving 95% of prescribed dose

Table 1: Inverse Dose Planning Constraints.
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with the help of DVHs.

Plan evaluation indices
Conformity Index (CI)
According to ICRU Report 83 (Internation-

al Commission on Units and Measurements) 
[16]. The conformity index is defined as the 
prescription isodose volume (VRx) divided by 
the PTV volume. The recommended value of 
CI is unity, but it is usually greater than one.

CI=VRx/VPTV                                                 (1)
Where, VRx is a prescription isodose volume, 

and VPTV is total PTV volume.
Homogeneity index (HI)
The homogeneity Index is defined as follows 

[16]: 
HI = (D2% - D98%) / (D50%)                           (2)

where D2%, D50%, and D98% are the dose values 
by 2%, 50%, and 98 percent volumes of PTV, 
respectively. 

The HI scales from 0 to 1 that 0 shows the 
ideal value. A higher HI represents a lack of 
homogeneity.
Integral Dose (ID)
The integral dose refers to the whole amount 

of energy absorbed within the organ [17]. The 
mean organ dose, mean organ density, and 
mean organ volume are used to determine the 
ID, defined by:
Integral Dose ID = Dmean X Vmean X ρmean (Gy-L)(3)
where Dmean is mean organ dose, Vmean isorgan 
volume, and ρmean is mean organ density.

In this study, all the organs have an equal 
density (ρ=1); therefore, ID is calculated by 
the following equation: 

Integral Dose ID = Dmean X Vmean (Gy-L)   (4)

Statistical Tools
The statistical differences in target coverage 

for patients were examined based on a paired 
sample t-test (statistical significance, P≤0.05) 
using SPSS (release 20, SPSS Inc., Chicago, 
IL, USA). A paired sample t-test (statistical 
significance, P≤0.05) was used to investigate 
the statistical differences in planning indices 
and dose to normal organs for patients.

Results
Table 2 shows the patient’s characteristics 

and tumor location, staging, and dimensions. 

Patients
Sex 

(M/F)
Age 

(Yrs.)
Tumor 

location
Tumor 
staging

PTV Long 
axis (cm)

CTV Volume 
(cm3)

PTV Volume 
(cm3)

1. M 65 Middle Third III 14.5 477.5 789.3
2. M 72 Middle Third III 20.7 362.5 656.2
3. F 76 Middle Third IVB 13 165.6 310.3
4. F 64 Middle Third IV 15.2 293.2 478.1
5. F 60 Middle Third IV 13.2 122.1 264.3
6. F 52 Middle Third IIIB 10 219.1 299.4
7. M 67 Upper Third IIIC 18 68.9 120.9
8. M 62 Middle Third IVB 13.85 214.3 381.9
9. M 79 Lower Third IIIc 13.6 120.8 232.7

10. M 56 Middle Third IIB 16.15 192..5 363.9
11. F 75 Middle Third III 21.6 402.8 659.8
12. M 68 Middle Third IIIA 13.1 155.8 309.4

(Mean±SD) 15.24±3.22 236.6±125 405.52±192.07
M: Male, F: Female, Yrs.: Years, PTV: Planning treatment volume, CTV: Clinical Target Volume, SD: Standard deviation

Table 2: Patient demographic, tumor extent, and clinical target volume (PTV) characteristics.
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Out of 12 patients, 10 had tumors located at 
the middle one third, one was at the upper 
one third, and the remaining one was at the 
lower one third. The average value of PTV 
length was 15.24±3.37 cm, and the average 
PTV and CTV volume were 236.6±131.04 
cc and 405.51±200.62 cc, respectively. PTV 
volume ranged from 232.7 cc to 789.3 cc. 
The maximum dose (Dmax) inside the PTV 
was 52.18±0.48 Gy and 51.97±0.56 Gy in 
6X_FF and 6X_FFF IMRT plans, respectively 
(P>0.05). In the instances of 6X FF and 6X 
FFF IMRT, the lowest dose recorded within 
the PTV was 43.63±3.40 Gy and 43.49±3.30 
Gy (P>0.05). In 6X_FF and 6X_FFF IMRT, 
the mean dose (Dmean) to a PTV was 50.36±0.0 
Gy and 50.53±0.32 Gy (P>0.05), respectively.

Figure 1 illustrates the color dose wash of 
95% of the prescribed dose and the DVHs of 
PTV and various OARs for one of the patients. 
D98% was higher 49.16±0.56 Gy in case of 
6X_FF than 48.60±0.85 Gy in 6X_FFF plan 
(P>0.05). Table 3 shows the DVH for PTV in 
both types of planning strategies. The 6X_FF 
plan was reported with a higher V95% in com-

parison with the 6X_FFF IMRT plan (P>0.05). 
CI values for 6X_FF and 6X_FFF IMRT plans 
were 0.990±0.012 and 0.989±0.013, respec-
tively. HI value for 6X_FF and 6X_FFF plan 
was 0.042±0.018 and 0.055±0.018 (P>0.05).

Table 4 shows the doses to the OARs between 
6X_FF and 6X_FFF IMRT plans. The spinal 
cord receives an average maximum dose of 
37.97±4.89 Gy and 34.24±4.60 Gy in 6X_FF 
and 6X_FFF IMRT plans (P<0.05). V5Gy of the 
lung was 77.97±17.03% and 75.97±16.82% 
in 6X_FF and 6X_FFF IMRT plan (P>0.05). 
V10Gy for lungs gains 60.95±13.42% in 6X_FF 
IMRT plans in comparison to 56.44±13.15% in 
6X_FFF IMRT plans (P>0.05). V20Gy for lungs 
was 24.96±9.65% in 6X_FF plans, and for 
6X_FFF plans, it was 22.08±8.65% (P>0.05). 
Lungs were recorded with an average dose 
of 15.00±2.94 Gy and 12.62±2.53 Gy in  
6X_FF and 6X_FFF IMRT plans, respectively 
(P<0.05). V20% of heart was 46.46±22.86% 
and 40.51±20.20% in 6X_FF and 6X_FFF 
IMRT plans (P>0.05). V30% of heart received 
23.17±11.80% in 6X_FF and 19.54±10.45% 
in 6X_FFF IMRT plan (P>0.05).The mean 

Figure 1: Provides a comparison of isodose and Dose Volume Histogram for intensity- 
modulated radiation therapy between (A) a flattened 6 MV filter and (B) a flattening filter free 
6 MV flattening filter.
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dose to the heart was 20.8 7±7.95 Gy and 
18.52±7.02 Gy in 6X_FF and 6X_FFF IMRT 
plans (P>0.05).

Table 5 shows the distribution of ID, MU, 
and Beam on Time (BOT). ID for heart was 
1163.8±504.62 (Gy-L) and 1033.34±451.13 
(Gy-L) in 6X_FF and 6X_FFF, respective-
ly (P>0.05). The monitor unit in the case of 
6X_FF was 507.04±106.49 and for 6X_FFF 
IMRT plans, it was 580.01±105.71 (P>0.05). 
BOT for the 6X_FF plan was 0.845±0.18 min 

and the same for 6X_FFF was.414±0.08 min 
(P<0.05).

Discussion
Based on the studies, FFF photon irradia-

tion is superior to FF photon beam irradiation 
[18-19]. The current research shows that a 6X 
FFF photon beam can treat ca-esophagus ma-
lignancies in comparison to a 6X FF photon 
beam. Clinically appropriate treatment plans 
were produced with an Eclipse treatment 

Variables
Treatment Plans

P-Value
6X_FF (Mean±SD) 6X_FFF (Mean±SD)

Dmax (Gy) 51.97±0.56 52.18±0.48 0.33
Dmin (Gy) 43.63±3.40 43.49±3.30 0.9
Dmean (Gy) 50.36±0.0 50.53 ±0.13 0.22
D98% (Gy) 49.16 ±56.01 48.60±85.36 0.08
V95% (cc) 401.49±199.63 400.90±198.89 0.99

CI 0.990±0.012 0.989±0.013 0.83
HI 0.042±0.018 0.055±0.018 0.13

FF: Flattened Filter, FFF: Flattened Filter Free, Dmax: Maximum Dose, Dmin: Minimum Dose, Dmean: Average dose, SD: Standard Deviation, 
D98%: Dose received by 98% volume, V95%= Volume receiving 95% dose in cc, CI: Conformity Index, HI: Homogeneity Index

Table 3: The Dosimetric Parameter for the clinical target volume (PTV) in 6X_FF (Flattened  
Filter) & 6X_FFF (Flattened Filter Free) intensity-modulated radiation therapy (IMRT) plan.

Variables
Treatment Plans

P-Value
6X_FF (Mean±SD) 6X_FFF (Mean±SD)

Spinal Cord (Dmax) (Gy) 37.97±4.89 34.24±4.60 0.06
Lungs V5Gy (%) 77.97±17.03 75.97±16.82 0.77
Lungs V10Gy (%) 60.95±13.42 56.44±13.15 0.41
Lungs V20Gy (%) 24.96±9.65 22.08±8.65 0.44

Lungs Mean (Gy) 15.00±2.94 12.62±2.53 0.04
Heart V20% (%) 46.46±22.86 40.51±20.20 0.5
Heart V30% (%) 23.17±11.80 19.54±10.45 0.43
Heart V40% (%) 11.45±5.57 9.16±4.26 0.27

Heart Mean (Gy) 20.87±7.95 18.52±7.02 0.45
FF: Flattened Filter, FFF: Flattened Filter Free, SD: Standard Deviation, Dmax: Maximum Dose, Vxx: XX Gy dose received by % 
of the volume 

Table 4: The dosimetric indices for the organs at risk (OARs).
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planning system (TPS) and 6X FFF photon 
beam. The dosimetric indices showed an in-
significant difference in PTV dose distribution 
between 6X_FFF, and 6X_FF photon beams. 
When IMRT plans generated with FFF photon 
beam were compared to FF photon beam, the 
maximal dose within the PTV was insignifi-
cantly greater. In both cases, it is well below 
107% of the prescription dose. No relative 
significant dose difference was for the average 
dose to the PTV between 6X_FF and 6X_FFF 
IMRT plans. Daniel et al, [20] discovered sim-
ilar findings in prostate cancers using IMRT 
with a flattening filter-free beam.

D98% and V95% were insignificantly high-
er in 6X_FF plans compared to 6X_FFF.  
Figure 2 shows the distribution of CI and HI 
across the treatment plan for both types of a 

planning strategy, in which CI was relatively 
4.4% higher in the 6X_FF IMRT plan com-
pared to the 6X_FFF IMRT plan. The HI value 
for 6X_FF was insignificantly better in com-
parison to 6X_FFF IMRT plans. When inter-
acting with smaller treatment areas, flattened 
and unflattened beams produced equivalent 
dose coverage, effectively eliminating the 
need for a uniform beam [21].

IMRT plans with FFF photon beams have 
better OARs sparing capability in compari-
son to FF photon beam plans. Kumar Saroj 
et al. [22] concluded the better sparing of 
OARs with FFF photon beams with the same 
findings in the case of Glioma. Dose restric-
tion to the spinal cord is of prime interest in  
Ca-esophagus treatment planning. The spinal 
cord is the serial structure and its maximum 

Variables
Treatment Plans

P-Value
6X_FF (Mean±SD) 6X_FFF (Mean±SD)

ID (Gy-L) 
Heart 1163.8±504.62 1033.34±451.13 0.66
Lungs 3863.29±1141.22 3263.99±1011.79 0.68
Liver 0.998±0.619 0.949±0.588 0.2

Number of MUs 507.04±106.49 580.01±105.71 0.1
BOT (min.) 0.845±0.18 0.414±0.08 0.00

FF: Flattened Filter, FFF: Flattened Filter Free, SD: Standard Deviation, ID: Integral Dose, Gy-L: Gray-Liter, MUs: Monitor 
Unit, BOT: Beam on Time

Table 5: The Summary of integral dose, monitor unit (MU), and beam-on time (BOT) for 6X_FF 
(Flattened Filter) & 6X_FFF (Flattened Filter Free) treatment plans. 

Figure 2: The variation of the Homogeneity Index (HI) and the Conformity Index (CI) for  
intensity-modulated radiation therapy with filtered and filter-free photon beams.

233



J Biomed Phys Eng 2023; 13(3)

Dinesh Kumar Saroj, et al

dose must be evaluated carefully. The mean 
maximum dose for the spinal cord and the 
mean doses for the lungs and heart are shown in  
Figure 3. Compared to 6X_FF IMRT plans, the 
spinal cord dose was 9.8% lower in 6X_FFF 
IMRT plans. Heart toxicity is a major poten-
tial side effect of esophageal cancer treatment 
that its doses must be accounted. In addition, 
the bilateral lung doses are important during 
evaluating the plan. Several studies with con-
tradicting parameters for assessing lung toxic-
ity had already been described [22, 23]. In this 
study, V5Gy, V10Gy, and V20Gy were compared to 
evaluate lung toxicity. According to Graham 
MVMary V.G, the lung receiving V20Gy<25% 
implies a minimal risk of pneumonitis [24]. 

For the two different planning groups, the 
average value of V5Gy, V10Gy, and V20Gy were 
lower in 6X_FFF IMRT plans by 2.56%, 
7.4%, and 11.53% in comparison to 6X_FF 
IMRT plans, respectively. When compared to 
the contrast group, the mean radiation dose to 
the entire lung in 6X_FFF plans was consider-
ably lower. There was a 15.90% lesser mean 
dose received by total lung in 6X_FFF plans.

Dose to the heart is the second most im-
portant issue considered in the ca-esophagus. 
Numerous studies have indicated that radia-
tion causes severe heart damage whenever the 

heart absorbs more than V40Gy; accordingly, 
lowering V40Gy is critical in minimizing car-
diac toxicities [24-25]. V40Gy was 9.16% in 
FFF beam plans while comparatively reported 
11.45% higher value in FF beam plan; V20Gy 
and V30Gy were lower in FFF beam plans. Peri-
cardial edema occurred in just 13% of patients 
when V30Gy to the heart was kept below 46%, 
according to Wei et al, [26]. In this research 
mean, V30Gy was bellowed in both the planning 
schemes; however, the V30Gy was 15.67% low-
er in FFF beam plans.V20Gy was 11.87 % lower 
in the FFF beam plan compared to FF beam 
Plan. A total of 20% lower average mean dose 
was received by the heart in the FFF beam 
plan in comparison to the FF beam plan.

The integral dose is the absorbed dose inside 
the organ of interest. Figure 4 shows an integral 
dose comparison between 6X_FF and 6X_FFF 
IMRT plan for the heart and lungs. The inclu-
sion of a greater number of tiny aperture and 
monitor units in IMRT is usually reported to 
increase the integral dose. Although the FFF 
beam plan had higher MUs, the OARs had a 
lower ID due to less scattered dose. ID for the 
heart was 11.21% less in patients planned with 
FFF beam as compared to FF photon beam, 
and ID for lungs and liver were reported as 
15.51% and 4.94% in the Treatment plan with 

Figure 3: A comparison of mean doses to the lungs, the heart, and maximum dose to the spinal 
cord with filtered and filter-free photon beams for intensity-modulated radiation therapy.
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FFF beams compared to the FF beam plan. 
Cashmore et al. [27] claimed a 70% reduc-
tion in undesired and superfluous scatter dose 
for IMRT utilizing FFF beams. Furthermore, 
Kargl et al. [28] demonstrated a 52% and a 
65% reduction in 6 and 10 MVs in the therapy 
of head leakage in prostate IMRT utilizing the 
FFF beam. Figure 5 shows the MU variation 
among the 6X_FF and 6X_FFF IMRT treat-
ment plans. As reported in most of the earlier 
studies, the increase in MU and the decrease 
in BOT were also seen in the current study  

[29-30]. As opposed to the FF beam plan, 
the FFF beam plan had 14.39 % greater MU. 
The increased amount of MUs was mainly to 
achieve a uniform dose pattern and a higher 
number of small fragments, and MUs are re-
quired to compensate for the FFF beam profile. 
BOT had a 50.97% reduction for the 6X_FFF 
IMRT plan as compared to the FF beam plan 
as the FFF beam can deliver a larger dose in 
a shorter amount of time. A shorter treatment 
delivery time will be advantageous in the case 
of a tumor that is more prone to motion.

Integral Dose for FF and FFF Photon Beam.

Figure 4: The intensity-modulated radiation therapy, integral dose comparison between  
6X_FF (Flattened Filter) and 6X_FFF (Flattened Filter Free) for the heart & lungs.

Figure 5: The variation of the Homogeneity Index (HI) and the Conformity Index (CI) for inten-
sity-modulated radiation therapy with filtered and filter-free photon beams. Orange line is for 
6X_FFF Total MU, Blue Line is for 6X_FF Total MU.
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Conclusion
The FFF photon beams in comparison to the 

FF photon beam provide a clinically desirable 
and physically acceptable treatment plan with-
out any distinguishable dose difference for tar-
get coverage between FF and FFF IMRT plan 
for Ca-esophagus. Furthermore, better OARS 
sparing is seen for patients planned with FFF 
photon beam, improving the quality of life of 
patients with a short life expectancy and ensur-
ing that the treatment process runs smoothly. 
In addition, higher MU for the FFF IMRT plan 
can be compensated by a high dose rate. Re-
duction in overall treatment time has added a 
benefit in decreasing in-room time for patients 
and helps in motion management of the target. 
Lesser scattered dose for a treatment plan with 
FFF photon beam benefiting in lowering the 
integral dose to the Oars. Therefore, the FFF 
photon beam can be used dosimetrically for 
Ca-esophagus treatment planning.
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