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The knowledge about pati ent geometr y at the exact time of radiation deliv ery is
r arely complete. The res ult of r adi othe rapy should not depend sensitively on
i nevitable uncer tain ties . This qual ity of robustness of a treatment can be
enforced during dose opt i mization by a variety of means, which ca n be classified
by the frequency wit h which pati ent inf ormation is acquired, the timespan
between acquisit ion and deli very , and t he nature of the image information . For
prostate radioth erap y, r ando m ta rge t and norma l tissue motion poses the grea tes t
challenge as it requ ires hig h- quality volume imaging and the info rmation content
may decay quickl y.

Even with today' s on- boar d imaging systems, a fair amount of unce rtainty about
t he patient geometry remains , which is best described by probability
distributions (P D) of pointw ise dis plac ements. Here, various off - li ne and quasi
on- line image - guid ed pr otocols differ mostly in how these PDs are constructed
and how frequent ly i t is upd ated . The PDs can be used to compute the expected
values of dose or dose effec t at each point of the patient model. This model may
either be define d in the tre atme nt room (and dose) coordinate system (TCS) or
may be associate d wi th t he patie nt refe rence geometry and deform along wi th the
anatomy. While the for mer is the traditional model for dose planning, the latter
shifts the focus to the accu mula tio n of dose in the tissue, hence the ter m
t issue - eye - view (T EV).

The most basic proba bili stic pat ien t model in TCS is the coverage probabi lit y
model, where eac h vo lume ele ment in a r igid reference patient geometry is
weighted with th e cu mula tive pro bab ilit y that some volume of interest can be
f ound there. Thi s in form atio n quant ifie s the relevance of a point in the CTV- to -
PTV margin. Despite its appa ren t simplicity, it is possib le to al leviate the
common PTV- over lap s- or gan paradox to an extent that allows iso - toxi c dose
escalation by about 10 per cent. Moving to a probabilistic patient model in TEV
abandons the PTV con cept alt oget her , at the price of more image informati on and
t he need for def orma ble regi stra tio n. The potential for iso - toxic dose
escalation lies at more than 20 per cen t.

Both optimizatio n co ncep ts r ely on an a- pr iori estimate of the pointwise
displacement pro babi liti es. A bi as or t ime t re nd in the se PDs would be
potentially fata l. Hence , it is ess enti al to update the PD during the cou rse of
t reatment to min imiz e th e '' unce rta inty in the estimates of uncertainties ''. In
consequence, rob ust off - l ine adaptive protocols require some exte nt of
monitoring while on- li ne protocols require basically off - line probabilist ic
models predicate d (i n a Bayesian se nse) on the geometry of the day. Apart fr om
t he insufficienc y in the inp ut i mage data, another risk arises from the high
specificity with whi ch in dividual source of error influen ce the optimized dose
distribution: a larg e margin cou ld compensate for many uncertainties, whi le
margin - les s opt imi zati on schemes need to quantify all of them. This limits the
t heoretical bene fit of t he most sop hist icate d models (d aily on- line imaging
Bayesian TEV) si gnif ican tly.
The specific cos t - bene fit ratio of various protocols remains to be evaluated in
practice, in lar ger popu lati ons of pati ents.


