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Purpose: To obtain nore accurate predictions of dose deposition and
el uci dat e di screpancies in planned and delivered treatnents
resulting fromrespiratory-induced target nmotion, we devel ope a
stochastic nodel of dose deposition and a computational framework to
determ ne the effects of patient breathing variability on
stereotacti c Body Radi ati on Therapy (SBRT) dose cal cul ati ons.

Met hod and Materials: W devel oped a nodel to characterize the
under|yi ng day-to-day variability in patient breathing patterns and
i ncorporated this nbodel into a calculation of dose deposition. To
acconplish this, we fitted Gaussian M xture Mdels (GW to Realtine
Posi ti on Managenent (RPM breathing trace anplitude recordings from
the sane patient on different days. Using Principal Conponent
Anal ysis, we identified the nodes of greatest variation in the GW
fits. We then nodel ed each principal node as an i ndependent and
uncorrel ated random vari able. Applying the stochastic conputationa
net hods, we determned statistical nonments (e.g. nean and vari ance)
of the predicted dose for a particular SBRT patient.

Results: For the patient study, the standard deviation in dose
resulting fromday-to-day breathing variation is as large as 7\ % of
t he maxi mum prescri bed dose. High-dose |evel variation is observed
to occur near the boundaries of the |lesion corresponding to regions
of high dose gradient that experience |arge respiratory-induced
organ deformation. Such areas are inportant because they indicate
regions in which the planned dose may differ significantly fromthe
true deposition during treatnent and are |likely candi dates for over-
or under-dosing. Additionally, the maximum cal cul ated target dose
resulting fromincorporation of motion is 12.4\% | ower than the
maxi mum t r eat nent - pl anni ng- predi cted dose, indicating that organ
notion can significantly alter the overall dose deposition for a
treatnent.

Concl usi on: Qur framework provides an accurate and efficient neans of

calculating the effect of respiratory-induced organ notion on SBRT
dose deposition.



