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purpose. The managerent of breathing-registered | MRT treatnent planning is
expl ored by incorporating the notion pattern of breathing directly into
the treatnent planning process. The novenent of the voxels fromone CT
tineframe to another is "~ “tracked'' and nodeled. A timestanp for each
voxel specifies its position throughout the breathing cycle. The

treat ment nodel s incorporate planning constraints throughout nultiple
time periods. Robustness of the algorithm plan quality, and potentia
clinical significance are eval uated.

Method-and-Materials:4D- CT scans of |lung cancer patients were acquired with
di fferent breathing phases(phases 0-9, 0:full-inhale, 5:full-exhale),
Three treatnent planning strategies are perforned and conpared.

1) Standard planning with a static PTV based on a single selected
phase(control). 2)The Internal Target Vol ume(lTV) approach, where | TV
is defined as the union of CTVs in all breathing phases. 3)Milti-stage
optim zation and pl anni ng, where novenents of voxels from one CT-
timeframe to another are "tracked" and nodel ed, and pl anni ng
constraints are incorporated throughout the nultipl e-phase period.

Sophi sticated conmputational optimnmzation techniques are used to sol ve

t hese nodel s.

Results:Applied to a lung case, the static-PTV plan results in
unaccept abl e PTV-underdose. Miltistage-plans offer as good coverage as
the I TV-pl ans, conparabl e m ni num PTV dose while sinultaneously
reduci ng the nean-dose to left lung nornal tissue(20%, heart(20%, and
esophagus.

Concluson:Mul ti st age treatnent planning optim zation can provi de good PTV-
coverage plans, inprove PTV-underdose, and significantly reduce dose to
organs-at-risk, especially those organs in the proxinity of the tunor.
Evi dence of norbidity reduction to organs-at-ri sk are observed. The
chal | enge involves the ability to solve a | arge-scal e treatnent

pl anni ng problem Wth sophisticated nmathenatical optimzation nodeling
and computational strategies, such planning is possible and can be made
avail able for clinical use. Further investigation of ITV will be
conducted to understand if inproved plan quality can be achieved via

i mproved construction of this structure. Cinical studies are needed
to validate the inportance of our approach to treatnent outcone.



