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A truly ‘patient-specific’ QA protocol should be relevant to the actual

patient treatment and be capable of providing in vivo dosimetry.

The major current commercially-available QA solutions (e.g.

ArcCHECK, MapCheck, EPIdose (Sun Nuclear, USA); Delta4

(ScandiDos, Sweden); or MatriXX (IBA Dosimetry, Germany)), are

valuable within the pre-treatment paradigm, but would not be able

to catch an egregious error during treatment, such as patient miss-

positioning, missing MLC, etc

In contrast, transmission EPID dosimetry and patient 3D dose

calculation using real-time linac log information, in conjunction with

CBCT imaging to assess changes in patient anatomy, could provide

adaptive patient dose accumulation over the entire course of

treatment
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Example: VMAT plan with jaw tracking

After scoring an output 4D phase space in DOSXYZnrc, the EPID MC

dose can be obtained in a single simulation. Since the MU index is stored

for each particle, specific control-point information can also be extracted.

MU index: 

0.0 ~ 0.5

0.5 ~ 1.0
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Advantages of “time-stamping” particles:

• Efficiency

– Only one simulation required

– Similar simulation time as conventional MC

• 4D dose data: [filename].edepdat

– Contains all required dose information

– No need for pre-defined interval of interest



Results ---- MC vs. Measurement



Results ---- MC vs. Measurement
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Faster simulation using slab phantom

512 × 384 × 20 voxels 20 slabs

• Record 3D coordinates of 

energy deposition events

• Voxelization after simulation

Same 

Material



Slab Phantom vs. Voxel Phantom

PassRate=100%

3 

mins

30 

mins





Images for a VMAT prostate patient, acquired during treatment (left) 

and MC simulated with 1.5 × 10
9

histories (right):

Cumulative images



Images for a VMAT prostate patient, acquired during treatment (left) 

and MC simulated with 1.5 × 10
9

histories (right):

Cine-mode images







Linear fit and statistics of the residuals



Image 1: 1.5 billion histories Image 1: 50 billion histories

Image 2: 1.5 billion histories Image 2: 50 billion histories



After applying a Savitzky-Golay denoising filter:



Images for the same patient, simulated with 5 × 10
10

histories:



4D MC simulation with 

BEAMnrc/DOSXYZnrc







First few control points in the DOSXYXnrc Source 20 egsinp file:         

3D Gamma: 97.1%



Conclusions:

• We developed a fast, all-in-one, DOSXYZnrc simulation technique for cine-

mode EPID images, for the purpose of comparisons with the actual images

acquired while the patient is being treated.

• In addition, the patient dose could be simulated and accumulated over the

entire course of treatment (ideally, in an adaptive manner, using daily CBCT

data), resulting in an authentic ‘patient-specific QA’.
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Thank you !

Photo of Mt. Baker (an active volcano), as seen from Vancouver Island


