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Purpose: Intensi ty modul ated pro ton the rapy (IMPT) has the ability to del ive r
highly conformal dos e di stri buti ons to tumors of complex shape. However, the
accuracy of IMPT tre atme nt plans is pot entially compromised by various
uncertainties, i nclu ding set up errors and variations of t he range of a proton
beam in the pati ent.

Method and Mater ials : We pre sent tw o tr eatment planning concepts for IMPT which
i ncorporate unce rtai ntie s in to t he opti mization. The first approach minim ize s
t he expectation valu e of th e deviation of delivered dose and pres cribed dose,
assuming the del iver ed dose depe nds on several random variables that model t he
uncertainty. The sec ond appr oach mi nimi zes the maximal dose deviation tha t can
occur.

Results: It is shown tha t th ese met hods ca n ut ilize the physical characte ris tic s
of the proton beam t o make t reat ment pl ans relatively insensitive to a
particular type of uncer tain ty.

A treatment plan opt imiz ed while ac coun ting for range uncertainties avoid s
placing a bragg peak dir ectl y in f ront of the OAR. Instea d, the l ateral fall - of f
of the pencil beam i s ut iliz ed i n order to avoid the risk of overdosing t he OAR.
I n addition, the dos e di stri buti ons del ivered by individual beams are rel ati vel y
homogeneous in beam dire ctio n. This ens ures tum or cover age and homogeneit y.

On the other han d, t reat ment pla ns opti mized by accounting for setup erro rs
( modeled as a ri gid tran slat ion of the entire patient) utilize the distal fa ll -
off at a transit ion of OAR and t umor. I n addition, the dose distributi ons
delivered by ind ivid ual beams av oid ste ep dose gradients perpendicular to th e
beam direction t o ensure tum or homogene ity.

Robustness of a trea tmen t pl an with res pect to both setup error and range
variations is possib le t o a limi ted deg ree only, since both types or unce rta int y
f avor conflictiv e tr eatm ent plan s.

Conclusion: The pres ente d method s are valuable to make IMPT treatment pla ns
i nsensitive to vario us t ypes of unc erta inty.


