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I. INTRODUCTION  

Modern linear accelerators for radiotherapy are optional 
available with flattening filter free (FFF) mode. In the 
beginning, this mode has been developed to increase the dose 
rate and to reduce the treatment time for stereotactic 
treatments if the flattened field is not necessary as the 
planning target volumes are small. Fluence modulating 
techniques as intensity modulating radiotherapy (IMRT) and 
volumetric modulated arc therapy (VMAT) do not require a 
flattened field either. Moreover, the flattening filter is a 
source of scattered radiation. Therefore, it has been discussed 
that peripheral regions of patients treated with flattening filter 
will obtain a higher dose than in FFF mode. As radiation has 
the potential to induce secondary malignancies, the risk for 
such malignancies might be reduced by FFF.  

Aim of the present thesis was to investigate the impact of 
this new mode regarding the plan quality and the secondary 
malignancy risk. IMRT and VMAT in both modes, with and 
without flattening filter were investigated. The technical 
feasibility and quality assurance plays an eminent role at the 
implementation of new treatment techniques. Therefore, 
dosimetric plan verifications were performed. The secondary 
malignancy risk was quantified by the application of different 
mathematical models to peripheral dose measurements and 
to the calculated dose distributions in the treated region. 

II. MATERIAL AND METHODS 

Two patient groups were selected for these investigations: 
The first contained 10 patients with localized prostate 
carcinoma, the second 11 patients with pituitary adenoma. 
The applied systems were a linear accelerator, type 
Synergy™ with Agility™ head and the treatment planning 
system Oncentra® (all from Elekta Ltd.). The dosimetric 
plan verification was performed by means of the detector 
arrays MatrixxEvolution (IBA) and SRS MapCheck® 
(SunNuclear). The plan quality was evaluated by the 
following parameters: homogeneity index, conformity index, 
dose to the organs at risk, and treatment time. The secondary 
malignancy risk was calculated by the application of different 
dose response models. In the treated region dose volume data 

from the treatment planning system were exported; in the 
periphery measured doses to selected points in an 
anthropomorphic phantom were used (fig.1). The Wilcoxon 
signed rank test was used as statistical test. 

 
 

 
Figure 1. Measurement setup for the prostate cases using an 

anthropomorphic phantom and stacks of solid water equipped with 
ionization chambers for peripheral dose measurements and a 2D array for 
plan verification. The yellow arrow indicates the treated region [2]. 

III. RESULTS  

The dose to the organs at risk in the treated region was 
similar for both modes. The same was found for the 
homogeneity index and the conformity index. Both indexes 
improved by the application of VMAT compared to IMRT. 
Treatment times have not been shortened essentially by the 
application of FFF. However, treatment times with VMAT 
technique were only about one third compared to IMRT. The 
plan verifications with the detector arrays were successfully 
completed. 

The secondary malignancy risk in the treated region is 
slightly reduced in the FFF mode. The risk for secondary 
sarcomas is about one magnitude smaller than for secondary 
carcinomas for all techniques. Regarding pituitary adenoma 
treatment, the risk for secondary brain carcinoma is higher 
for VMAT than for IMRT (fig.2). The peripheral dose point 
measurements resulted in a statistically significant reduced 
risk by the application of the FFF mode. 
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Figure 2. Risk for secondary brain cancer after radiotherapy of the 

pituitary gland expressed as excess absolute risk (EAR) for different 
techniques and number of fields, some plans containing non-coplanar fields 
(IMRT10, VMAT2). With flattening filter (yellow), without (blue) and with 
3D conformal technique of 2 and 3 fields (purple) [3] 

IV. DISCUSSION AND CONCLUSION 

From the clinical point of view, the differences between 
plans with and without flattening filter and for different 
techniques as IMRT and VMAT were small. This has also 
been the result of many other publications for different 
localizations of tumor, treatment units and planning systems. 

Shortening of the treatment time was one aim at the 
development of VMAT. The results of the present 
investigation are in the same range as found for other entities. 
Shorter treatment times increase patient comfort and reduce 
the risk of intrafractional dislocation.  

However, treatment times have not been shortened by the 
application of FFF. Although a higher dose rate is possible, 
there are counteracting influences: The inhomogeneous dose 
distribution must be compensated by additional segments 
which takes time. The limitations of the speed of the gantry 
or collimator parts constrain the dose rate. Therefore, 
treatment times are influenced marginally only.  

The results of the risk for secondary malignancies in the 
treated region were statistically significant smaller with FFF, 
however on a low level. Secondary brain cancer seems to 
depend on the treated volume (fig. 2). Therefore, non-
coplanar techniques cause a higher risk than coplanar, and 
VMAT more than IMRT. The risk for secondary sarcomas 
being one magnitude smaller than for secondary carcinomas 
coincides to the results of the atomic bomb survivors. 

There is a clear evidence for a higher risk for secondary 
malignancies in the periphery using flattening filter mode 
which can be explained by additional scattered dose from the 
filter as described in the introduction. This effect has also 
been observed for other entities and is an argument to use 
FFF in IMRT and VMAT treatments. 
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