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Outline

What is (different about) IMRT?
Why can (conventional) dose algorithms be 
inaccurate?

Why is Monte Carlo better? 
Application of Monte Carlo to IMRT

Quality Assurance
Patient case study
IMRT optimization



Intensity Modulated Radiation 
Therapy (IMRT )

Tx Objective:
• 70 Gy to 95% of PTV1 (Tumour)

• 54 Gy to 90% of PTV2

• <20 Gy to 50% of Left Parotid

• <40 Gy to 99% of Cord
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Intensity Modulated Radiation 
Therapy (IMRT)

Assignment of non-uniform intensities (i.e., weights) to tiny 
subdivisions of beams ("beamlets" or rays) to maximize dose 
to target while minimizing dose to normal structure
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Tx Objective:
• 70 Gy to 95% of PTV

• <20 Gy to 50% of Left Parotid

• <40 Gy to 99% of cord

Optimized Intensity for each beam

IntensityModulatedRadiationTherapy



WhatWhat
is different about IMRT?is different about IMRT?



Iterative process
Dose Computation
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Leaf Sequences
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6 Optimized Intensity for each beam



How is MLC included in 
“conventional” dose 

algorithm?

After Leaf Sequencer



MLC in conventional dose 
calculation

Target

Collimator

Vacuum Win
Flattening Filter
Ion Chamber

Jaws

MLC
Intensity Matrix
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What really happens?
MLC Effects on IMRT Field

Intensity variation
Details difficult to predict 
due to complexities of 
leaf geometry

MLC scatter

Beam hardening

MLC Leaf



(b)

Measured Calculated

54% of points have a dose difference <2% or a DTA <2 mm

Conventional algorithm 



Conventional dose algorithms 
can be inaccurate for 

Small fields
Regions of dose gradients 
(radiation disequilibrium)
Heterogeneous conditions

IMRT is typically delivered through a 
sequence of small static fields or with 
a dynamically moving aperture with a 
small width.  Dose gradients are 
common place in IMRT fields.



WhyWhy
is Monte Carlo better?is Monte Carlo better?

MC makes no assumptions 
regarding equilibrium

MC can be accurate for very small field sizes 

MC transports in patient materials
MC is accurate in heterogeneities

MC can transport through MLC



How do MLC for Monte Carlo?



Can use Intensity Matrix
Target

Collimator

Vacuum Win
Flattening Filter
Ion Chamber

Jaws

MLC
Intensity Matrix

),( yxIWW if ×=



(b) (c)

Measurement Compared 
to MC using Intensity 

Matrix method

Effects of MLC on fluence are approximated
Ignores MLC scatter, beam hardening, …



Direct Particle Transport
Target

Collimator

Vacuum Win
Flattening Filter
Ion Chamber

Jaws

Individual particles 
can be simulated 
directly through 
(moving) MLC.

MLC

MLC geometric 
details, leakage, 
scatter, and 
particle energy 
dependent effects 
are inherently 
taken into account
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Multiple Samples 
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MC with MLC to 
Measurement Comparison

(b) (c)

Measured Calculated

Measurement and Monte Carlo                                     97% within 2%,2 mm



ApplicationApplication
of Monte Carlo to IMRT…of Monte Carlo to IMRT…



Monte Carlo
For Patient Dose Verification 

Beams on Patient Use Monte Carlo to 
recompute beams  

Use MLC sequence files sent 
to accelerator to generate 
intensity modulation

Compare DVHs with 
Planning Systems 
convolution 
calculation





Merge the N Dose files

Create Accelerator Input

Create Patient Input

Wait for Completion

Split Input N-times

Create Accelerator

Read Patient Specific Beams

Wait for Completion

MCV

User Interface

Pinnacle BEAM

DOSXYZ





Monte Carlo IMRT verification
Obtain acceptable IMRT plan

Copy plan and compute with MC

<3% DVH difference?
Yes No

Notify planning team
Print and sign DVHs 
and dose differences

Include in chart

Modify plan based on MC

Yes Differences
acceptable?

No



SC and MC DVHs



IMRT Plan Verification 
VCU IMRT QA 

∆=10%

Superposition 
Monte Carlo

MC QA has been 
performed on >300 
patients to far at VCU



SC MCMLC

66 Gy Hot-Spot
57 Gy line not cover PTV

IMRT Plan Verification
MC compared to SC, MC transport through MLC



IMRT Plan Verification
MC compared to SC



Results from 28 Head and Neck 
Treatment Plans

21/28 had ∆D > 3% for Target 
Structures

4/28 ∆D > 5%

5/28 exceeded critical structure 
(cord) tolerance dose due to ∆D



about using Monte Carlo for 
IMRT optimization?

Monte Carlo result in a better 
plan for the patient?
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MC Deliverable Optimization

MCMLC

Final dose is 
deliverable



Isodose coverage
SC optimized Recomputed with MCMLC

66 Gy Hot-Spot
57 Gy line not cover PTV



Optimized with MC

(b) MC optimized plan restores target coverage

(a) Approved plan that did not agree with MC

Initial desired dose distribution was achievable,
but it required different intensities / leaf sequences 
than predicted by SC to be achieved in the patient



Problem
MC dose calculation takes too 
long for iterative IMRT dose 
computation
Possible Solutions

Faster MC codes
Negative weight particle method
Hybrid dose calculations
Smoothing / Denoising MC distributions



What is a 
Hybrid Algorithm?

Combining or mixing of different 
dose calculation algorithms 

Useful for iterative IMRT 
calculation



What are the objectives of 
using hybrid algorithms?

Decrease (wall clock) time 
required to do plan 
optimization

Final optimized result as 
good as if accurate algorithm 
used for all iterations



Hybrid Dose Calc Methods
Correction Method
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Smoothing / Denoising

Approaches
Smoothing via fitting

Kawrakow, Fippel
Wavelets to remove high frequencies

Deasy

Can reduce #particles by ~8x



Smoothing / Denoising



Conclusions

MC reveals dose discrepancies 
cause by

Heterogeneities
Fluence

MC useful for IMRT plan verification
Practical

In future will be used for plan 
optimization

Requires Fast MC
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