
SnapShot IMRT with 
compensators and FFF 

beams 
Vladimir Feygelman, PhD 

 (1) Moffitt Cancer Center, Tampa, FL, USA  
 



Disclosure  

ÅVF has a sponsored research 
agreement with .decimal.  

 



A short history of 
radiotherapy  

  

Conventional 

 

3D Conformal  

IMRT  

 

 



What is IMRT  
ÅDelivery of radiation to the 

patient with non -uniform fluence, 
optimized to produce highly 
conformal dose distributions in 
patient  

ÅThe IMRTõs claim to fame is 
conformal avoidance , particularly 
around concave targets  



Pre- history of IMRT  

ÅHind sight is 
always 20/20é 
ÅPrecursor of the 

IMRT concept  
ÅArbitrary picture 

with a pencil and a 
ruler by drawing 
straight lines with 
different 
ôintensitiesõ 
ÅRequires both 

ends of the pencil  

George D Birkhoff, ôOn 
drawings composed of 
uniform straight linesõ. 
(1940)  



MLC solution  

ɆThe aperture is split 
into small MLC-
defined beamlets 
(segments), each 
irradiated for only 
portion of a time 

ɆTrailing leaf shapes 
the positive slope 
(Lt) 

ɆLeading leaf shapes 
the negative slope 
(Rt) 

 

 

 



Enter tumor motion  

ÅSimple solution: encompass the 
motion (ITV approach)  
o Increased irradiated volume  

ÅOr somehow control the motion  



IMRT with ITV:  

Tumor motion can 
affect dose 
distribution  

 

ÅInterplay effect: 
simultaneous 
tumor and MLC 
motion 

 

GTV 

Inspiration Expiration 

GTV 



IMRT with Gating  

ÅInterplay 
eliminated  

ÅInefficient 
delivery ð duty 
cycle  



Compensators ð another 
way to modulate the beam  
ɆConceptually simple 

ɆTypically made of 
brass 

ɆFast delivery per 
beam 

ɆThe whole aperture 
is irradiated 
simultaneously ɀ no 
interplay effect 

 

 



Compensators vs. MLC IMRT in 
presence of motion  

ÅAlthough smaller for compensators, 
interplay effect largely washes out for 
~30 fractions with any delivery  
ÅFor a few fractions, dose deviation is 

appreciably larger with the MLC ð 
implications for SBRT  



Enter FFF beamsé 

ÅIn order to mitigate the 
effect of high -energy 
Bremsstrahlung photons 
being emitted primarily in 
the forward direction and 
thus make a therapeutic 
beam more homogeneous 
ÅThe use of the flattening 

filter created a flat beam 
and made it possible to 
treat patients based only on 
hand calculations (or 
minimal treatment planning)  
ÅHowever it did so by 

reducing dose rate in the 
center  
 

 



Dose profiles with and 
without FF ð 6X 



FFF beams 

ÅThe main source of 
head scatter ð the 
FF ð is removed 

o Reduced head-scatter 
variation with field 
size (S c max 1.02 vs 
1.06+) 

o Collimator exchange 
effect disappears  

ÅMore lower energy 
photons:  

o 6MV FFF PDD ~ 4-
5MV standard beam  



FFF beams 

ÅMuch less energy 
spectrum 
variation across 
the field  

Conventional 10X 

FFF 10X 



FFF claim to fame:  

ÅHigh dose rates  
o Varian TrueBeam 
Á1400 MU/min 6X 

FFF 
Á2400 MU/min 10X 

FFF 
ÁConventional 600 

MU/min all 
energies 
 

ÅShould shorten 
treatment time 
and/or improve 
gating efficiency  



3D and dose rate  

ÅFor 3D forward planning beam -on 
time inversely proportional to 
nominal dose rate  
o Full dose rate advantage: beam -on 

time reduced by a factor of 
1400/600 = 2.3  

ÅOnly possible for smaller targets 
because of non-flat beam  



MLC- IMRT/VMAT and 
dose rate  
ÅNeed/want modulated beams in 

many cases 
o Only partial dose rate advantage 

achievable with MLC IMRT/VMAT 
because beam-on time is largely 
controlled by MLC/gantry speed  



Compensator IMRT and 
dose rate  
ÅSame as 3D ð full dose rate 

advantage 

ÅNeed to commission FFF with 
compensators in Pinnacle 



Commissioning FFF beam 
with compensators  
ÅLike wedges, compensators modify 

the beam  
o Each physical wedge often has its own 

PDD model in Pinnacle, sometimes 
further divided by field size  

ÅUnlike wedges, compensators vary 
in shape 
o Have to have a single model spanning 

the range of thicknesses and field 
sizes. Modeling scatter is a challenge  



PDD model 

ÅOpen field model is 
used ð beam hardening 
in compensator is built 
into algorithm  

ÅScatter from brass is 
not handled very well ð 
disagreement at shallow 
depth  

o Similar to conventional 
6X with compensators  

o Not a big problem as 
deep seated tumors are 
the target  

o A QA consideration  
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Lateral profile model  
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ÅEasy 

ÅNo lateral change 
with beam energy ð 
transmission does 
not vary much  

ÅUse profiles with 2 
cm flat piece of 
brass for modeling 
of lateral fluence  
o Check for different 

slabs and a brass 
wedge 
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Effective Attenuation  

ÅIn Pinnacle varied by varying brass 
density used in planning  

ÅCannot be perfect for all brass 
thicknesses, field sizes and depths 
ð need to compromise  

Å1% agreement when brass 
thickness Ò 2 cm 

ÅFor 3 cm slab,  
o up to 2.8% error for fields Ó10x10cm2 

o Up to 3.8% for 5x5cm 2 



Benchmark accuracy ð Ion 
chamber  
ÅTG- 119 plans:  

o -1.3 ± 0.9% 
dose to target 
average error  

o 1.1 ± 1.1% dose 
to organ at risk 
average error  



Benchmark accuracy ð 
MapCHECK average 

MapCHECK average ǿ-
analysis passing rate 

(global dose-error) (%)  

TG-119 Case 2%/2mm  3%/3mm  

Mock 
Prostate  

98 100 

Multi -Target  94 100 

Mock H&N  99 100 

C-shape 96 100 



Planning workflow  

ÅOptimization in Pinnacle  
ÅExport optimized fluence to 

.decimal software (p.d) and design 
the compensators based on custom 
fluence and known effective 
attenuation coefficient  
ÅImport compensator matrix back 

into Pinnacle and calculate dose with 
compensators 
ÅElectronically submit order to 

.decimal 
ÅPerform QA  



FFF in Mosaiq 2.3  


