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Flattening filters FFs have been 
considered as an integral part of the 
treatment head of a medical accelerator 
for more than 50 years. 
 
Advanced treatment techniques, such as 
stereotactic radiotherapy or intensity 
modulated radiotherapy have stimulated 
the interest in operating linear 
accelerators in a flattening filter free 
FFF mode. 
 
In the 1990s, several groups studied 
flattening filter free (FFF) high-energy 
photon beams. 

Flattening Filter Free beam 

Georg 2011 
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Radiobiology 

2011 

A number of dosimetric benefits have been determined for FFF beams: 

 

!  significant decrease in treatment times by increasing the instantaneous dose-rate of the 

accelerator 

!  reduced head scatter 

!  reduction in the out-of-field dose  
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2011 

Results: The results presented here demonstrate that irradiation of glioblastoma cell lines using the 
FFF beam is more efficient in reducing clonogenic cell survival than the standard flattened beam, an 
effect which becomes more significant the higher the single dose. Interestingly, in our experimental 
setting, the radiobiological effect of the FFF beam is dependent on dose per pulse rather than on delivery 
time.  

Dose–response curve of U87-MG 
cells irradiated with either the X10 
(full circles) or X10FFF (empty 
circles) beam. Clonogenic survival 
was accessed as a measure for 
irradiation efficiency.  
** p≤0.001. 

Radiobiology 
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2013 

To determine the radiobiological impact of the 

increased dose-rates from FFF exposures a 

Varian Truebeam medical linear accelerator was 

used to irradiate two human cancer cell lines 

in vitro, DU-145 prostate and H460 non-small 

cell lung, with both flattened and FFF 6 MV 

beams. Schematic illustrating the different dose-per-pulse and pulse repetition 
frequencies of the x-ray fields used in this study 

Radiobiology 
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The results indicate that collective damage 

behaviour does not occur at the instantaneous 

dose-rates investigated here and that the use of 

either modality should result in the same clinical 

outcome, however this will require further 

validation in vivo. 

 

Flattening filter-free treatments offer many 

clinical advantages over the traditional flattened 

treatments, including significantly faster delivery 

of dose fractions.  

Radiobiology 
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2013 

Material and methods The human astrocytoma D384, glioma T98 and lung carcinoma SW1573 cell 

lines were irradiated using either a single dose (0 – 12 Gy) or a fractionated protocol of 5 daily 

fractions of 2 Gy (D384) or 3 Gy (SW1573). 

 

Conclusion FFF irradiation with a dose rate of 2400 MU/min and four times higher dose per pulse 

compared to irradiation with FF beams did not change cell survival for three human cancer cell lines 

up to a fraction dose of 12 Gy compared to irradiation using FF beams. 

Radiobiology 
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2011 

Materials and methods: A Varian Trilogy TX linear accelerator was used to directly compare the effect 

of three different dose rates (5.01, 9.99 and 29.91 Gy/min, with instantaneous dose rates in the pulse of 

56.5, 112.8 and 338 Gy/s) on clonogenic survival. V79 and FaDuDD cells were irradiated with doses in 

a range from 1 to 10 Gy in order to obtain dose response curves. 

 

Results: For both cell lines, there is not observed any effect of the instantaneous dose rate on cell 

survival. 

Radiobiology 
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The helical Tomotherapy unit and the Cyberknife are two more 
recent developments of treatment units without a flattening filter. 

2002 2001 

Available Technology 
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Elekta HD Versa 
 

6MV 16Gy/min 
10MV 22Gy/min 

VARIAN TrueBeam 
 

6MV 14 Gy/min 
10MV 24 Gy/min 

2010 2012 

Available Technology 
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Clinical Applications 

2013 

Purpose: To investigate the clinical application of FFF beams at maximum dose rate for SBRT. 

 

Methods and materials: Patients with tumors in the lung or abdomen were subjected to SBRT using 6 

MV FFF or 10 MV FFF beams. For each patient, three plans were calculated using 6 MV flattened, 6 

MV FFF, and 10 MV FFF beams. Treatment times were recorded and analyzed, and tumor 

displacements were assessed by pre- and post-treatment cone beam computed tomography (CBCT). 
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Results: Altogether, 26 patients (16 lung, 10 

abdominal tumors) were treated.  

The average dose rate per patient ranged 

from 442 to 1860 MU/min. Beam-on time 

was on average 1.6 min (1SD = 0.6 min), 

with the total treatment times recorded at 

18.5 min (1SD = 3.5 min). The time 

advantage of using FFF beams was dose-

dependent and started at 4 Gy for 6 MV 

FFF and at 10 Gy for 10 MV FFF beams.  
Total treatment time, separated into patient setup inside the 
room, CBCT acquisition, matching of the CBCT and actual 
beam on time. 

Clinical Applications 
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2013 

A total of 111 lung and liver SBRT cases treated from July 2008 to July 2011 were reviewed and 99 cases with 
complete data were identified.  
 
Treatment delivery times for cases treated with a FFF linac versus a conventional dose rate linac were 
compared. The frequency and type of intrafraction image guidance was also collected and compared between 
groups.  
 
In the FFF cohort, the mean treatment time and patient’s immobilization was 11.44 (± 6.3) and 21.08 (± 6.8) 
minutes compared to 32.94 (± 14.8) and 47.05 (± 17.6) minutes for the conventional cohort (p < 0.01 for all 
values).  
 
For lung and liver SBRT, a FFF linac reduces treatment and immobilization time by more than 50% 
compared to a conventional linac.  

Clinical Applications 
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  2012 

Methods and Material: Ten patients with peripheral lung tumors and 10 with vertebral metastases were 
planned using RapidArc with a flattened 6-MV photon beam and a 10-MV FFF beam for fraction doses 
of 7.5e18 Gy.  
 
Results: No major dosimetric differences were seen between the two delivery techniques. 
 For lung SBRT plans, conformity indices and OAR doses were similar, although the average MU 
required were higher with FFF plans.  
For vertebral SBRT, FFF plans provided comparable PTV coverage, with no significant differences 
in OAR doses. Average beam delivery times were reduced by a factor of up to 2.5, with all FFF 
fractions deliverable within 4 min.  
 
Conclusion: The higher dose rate of FFF RapidArc reduces delivery times significantly, without 
compromising plan quality or accuracy of dose delivery. 

Clinical Applications 
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  2011 

Comparison of dose 
distributions in sagittal 
planes for  lung and 
vertebral flattened beam 
plan (left) and flattening 
filter free plan (right), with 
planning target volume 
outlined in red. The DVH 
shows similar target 
coverage and organ at risk 
sparing between 6-MV 
flattened beam plan 
(squares) and 10-MV FFF 
(triangles). 

Clinical Applications 
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Purpose: To test feasibility and safety of clinical usage of Flattening Filter Free (FFF) beams for delivering 

SBRT doses to various tumor sites, by means of Varian TrueBeam™ (Varian Medical Systems). 

 

Methods and Materials: 70 patients were treated with SBRT and FFF: 51 lesions were in the thorax (48 

patients),10 in the liver, 9 in isolated abdominal lymph node, adrenal gland or pancreas.  

Lung lesions were treated with cumulative doses of 32 or 48 Gy, delivered in 4 consecutive fractions. The 

liver patients were treated in 3 fractions with total dose of 75 Gy. The isolated lymph nodes were irradiated 

in 6 fractions with doses of 45 Gy. 

  2011 

Clinical Applications 
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Results: The minimum follow-
up was 3 months.  
 
Six cases of acute toxicities 
were recorded (2 Grade2 and 2 
Grade3 in lung and 2 Grade2 in 
abdomen).  
 
No patient experienced acute 
toxicity greater than Grade3.  

Examples of dose distributions for 
the three groups of patients.  
Colour wash scale is from 20 to 50 
Gy for the lung and the abdominal 
cases and from 35 to 80 Gy for the 
liver case. 

Clinical Applications 
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2013 

Material and Methods: CT data of 15 patients with brain metastases were included in this study. For 

every patient, 2 IMRT- and 2 VMAT-plans were created using a high-resolution MLC with two 

different delivery modes (6 MV standard vs. 6 MV FFF).  

Plan quality and efficiency was assessed by analysis of conformity, homogeneity, dose gradients, 

treatment delivery time and number of monitor units (MU).  

 

Results: Plan quality was similar for both approaches. FFF provided a mean treatment time 

reduction of 51.5% with similar MU for VMAT and IMRT for this low-modulation paradigm.  

Clinical Applications: Brain 
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Transversal and sagittal 
dose distributions for 
IMRT with agility (a, c), 
agility with FFF (b, d) 
and VMAT agility (e, g) 
and agility with FFF (f, 
h). 2000 cGy isodose line 
is not shown to facilitate 
visualization 

Conclusion: FFF radiosurgery is an efficient technique for intensity modulated 

hypofractionated or single fraction treatments with similar plan quality when compared to 

flattened beams at reduced treatment time. 

Clinical Applications: Brain 
a b c d 

e f g h 
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Methods: Twelve patients with vestibular schwannoma (VS, n = 6) or cavernous sinus meningioma 
(CSM, n = 6) were planned for both SRS using volumetric modulated arc therapy (VMAT) by RA. 
104 MV flattening filter free photon beams with a maximum dose rate of 2400 MU/min were 
selected. Data were compared against plans optimised for GK.  
 
A single dose of 12.5 Gy was prescribed.  
 
The primary objective was to assess treatment plan quality.  
 
Secondary aim was to appraise treatment efficiency. 

2014 

Clinical Applications: Brain 
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Conclusions: SRS with RA and FFF beams revealed to be adequate and comparable to GK 

in terms of target coverage, homogeneity, organs at risk sparing with some gain in terms of 

treatment efficiency. 

The isodose distribution for 
the four plans in axial, coronal 
and sagittal planes for a 
representative Meningioma 
case. Color wash threshold is 
set between 5 and 18 Gy 

Clinical Applications: Brain 
      GK_1                  GK_1              TB_1                 TB_2 
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Authors N. pts T or M N. Of 
lesions 

Total 
dose/frs 

LC Toxicity 

Navarria 
2013 

46 T1-T2 46 48Gy/4fr 100% (1y.) G1-2  17% 
G3       4% 

Prendergast 
2013  

64 T1-T2 64 48Gy/4fr 
(range: 
30–60 Gy /
3–5 frs) 

Not 
reported 

≤ 90 days: 
G2    8% 
G3    2% 
 
>90 days: 
G2    12% 
G3      6% 
G4      1% 
G5      1% 

Clinical Applications: Lung 

Navarria 
2014 

76 M 118 48Gy/4fr 
60Gy/3fr 
60Gy/8fr 

95% (1y.) 
89% (2ys.) 
89% (3ys.) 

No acute 
toxicity 
occurred 
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CT and CT–PET scan performed before 
(left) and after (right) treatment. 
A complete remission can be seen. 

Clinical Applications: Lung 

2013 
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Clinical Applications: Lung 

2013 
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Clinical Applications: Lung 

2014 

From October 2010 to February 2012, 76 consecutive 
patients for 118 lung lesions were treated. 
 
The local control at 1, 2 and 3 years was 95%, 89% and 89% 
respectively.  No major pulmonary toxicity, chest pain or rib 
fracture occurred.  The median follow up was 20 months 
(range 6–45 months). Overall Survival (OS) at 1, 2 and 3 
years was 84.1%, 73% and 73% respectively. 
 
Conclusions: SABR is feasible with limited morbidity and 
promising results in terms of local control, survival and 
toxicity. 
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Clinical Applications: Lung 

102 patients treated with SABR, a single dose of 

26 Gy prescribed to the 80% isodose, by 3D-

CRT or by IGRT-VMAT.  

 

 

These results might provide supportive evidence 

to the use of single fraction SABR as a valid 

and acceptable alternative to surgery for 

pulmonary metastases from different primary 

tumors 
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Site of 
disease 

Authors N. pts T or 
M 

N. Of 
lesions 

Total dose/frs LC Toxicity 

Prostate Alongi 
et al. 
2013 

40 T 40 35 Gy / 5 fx - G1-2 60% 
G3-4 0% 

Prostate Zwahlen 
et al. 
2011 

7 T 7 57 Gy / 9 fx - - 

Abdominal / 
pelvic 
lymphnodes 

Alongi 
et al. 
2012 

25 M 28 45 Gy / 6 fx 100
% 
(195 
dd) 

G1-2 14% 
G3-4 0% 
 

Clinical Applications: Prostate and Lymphnode 
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  2012 

Methods and Materials: VMAT treatment planning was performed for 7 patients using TrueBeam linear 
accelerator and photon beams with (X6, X10) and without (X6FFF, X10FFF) flattening filter. Prescribed 
dose was 19 x 3 Gy =57 Gy.  
 
Results: No difference was detected between the four beams in PTV coverage, conformity, and 
homogeneity. X6FFF delivered 3.6% more dose compared with the X6 (p < 0.01). X10FFF delivered 3.0% 
(p < 0.01), and the X10 5.8% (p < 0.01) less mean body dose compared with X6. There was a significant 
increase in the mean dose to the rectum for the X10 compared with X6 (2.6%, p < 0.01).  
 
Conclusion: FFF beams resulted in dose distributions similar to flattened beams. X10FFF beam 
provided the best solution, sparing rectum and bladder and minimizing whole-body dose.  
FFF beams lead to a time efficient treatment delivery, particularly when combined with hypofractionated 
VMAT. 

Clinical Applications: Prostate 
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2013 

Prospective phase I-II study, started on February 2012.  
 
The schedule was 35 Gy in 5 alternative days. 
 
Median follow-up was 11 months (range: 5–16); 40 
patients were recruited in the protocol and treated. 

Clinical Applications: Prostate 

Conclusions: Early findings suggest that SBRT with RapidArc and FFF beams for prostate 
cancer in 5 fractions is feasible and tolerated in acute setting.  
Longer follow-up is needed for assessment of late toxicity and outcome. 
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Site of 
disease 

Authors N. pts T or 
M 

N. Of 
lesion
s 

Total dose/
frs 

LC Toxicity 

Head-
neck 

Alongi 
et al. 
2012 

4 T 4 30 Gy / 5 fx 
45 Gy / 18 fx 

- - 

Vertebral  Ong et 
al. 2013 

9 M 9 16 Gy / 1 fx 
20 Gy / 2 fx 
27 Gy / 3 fx 
 

- - 

Clinical Applications: Retreatment 
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2013 

Pre-RT After 45 days RT (30 Gy/5 fr)  

Clinical Applications: Retreatment 
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Site of disease Authors N. pts T or M N. Of 
lesions 

Total dose/frs LC Toxicity 

Liver Lang et al. 
2013 

4 - 4 50 Gy / 5 fx 
40 Gy / 4 fx 
48 Gy / 4 fx 
 

- - 

Liver Wang et al. 
2014 

20 T 22 50 Gy / 10 fx - G1-2 25% 
G3-4 5% 

Liver Scorsetti et 
al. 2013 
 

61 M 76 75Gy/3fr 
 

94% (1y.) G2 26% 
None of the 
patients 
experienced 
G3 or higher 
acute toxicity 

Pancreas Lang et al. 
2013 

4 - 4 12 Gy / 2 fx 
50 Gy / 10 fx 

- - 

Pancreas 
 

Tozzi et al. 30 T or 
recurrence 

30 45Gy/6fr FFLP  
96% at 1 
and 2 ys. 

G1 26% 
G2 10% 

Adrenal gland Lang et al. 
2013 

2 - 2 30 Gy / 3 fx 
40 Gy / 4 fx 

- - 

Clinical Applications: Abdomen 
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2013 

Conclusions: SBRT for unresectable liver metastases can be considered an effective, safe, 
and noninvasive therapeutic option, with excellent rates of local control and a low 
treatment-related toxicity 

Patient treated 
with stereotactic 
body radiation 
therapy for 
recurrence of 
liver metastasis 
after surgery. 

Clinical Applications: Liver 
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2013 

Clinical Applications: Pancreas 

Conclusions:  
 
Our preliminary results 
show that SBRT can obtain 
a satisfactory local control 
rate for unresectable locally 
advanced and recurrent 
pancreatic adenocarcinoma.  
 
This fractionation schedule 
is feasible, and no G ≥ 3 
toxicity was observed.  
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Pz 56 y. Pancreatic adenoca unresectable;  
GEM + FOLFIRI -> RP -> SBRT (45Gy/6fr.) -> surgery (R0). 

Clinical Applications: Pancreas 



37 

Conclusions 

1.  Planning studies demonstrate potential benefit for dose distributions 

2.  Early clinical data focused on LC and acute toxicity demonstrate good impact on 

several primary indications 

3.  Late results on OS and toxicity are maturing but so far no unexpected findings. 

4.  Motion management:  faster delivery directly impacts on better control of OAR motion 

and patient compliance 

5.  Non conventional fractionation, retreatments, SABR, radiosurgery in more areas are 

practically doable with FFF opening more clinical applications 

6.  Cost effectiveness:  capital cost slighlty higher,  running costs equivalent,  throughput 

increased 
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Thanks 


