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Chapterr  3 

3DD analysis of delineation errors, setup errors and organ 
motionn during radiation therapy of bladder  cancer 

Gertt J. Meijer. Coen Rasch, Peter Remcijer and Joos. V. Lebesque 
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GeometricalGeometrical uncertainties of the bladder 

Abstract t 

Purpose: : 
Too quantify in three dimensions the geometrical uncertainties of bladder 
irradiation,, i.e., uncertainties in target delineation, organ motion and patient 
setup. . 

Material ss and methods: 
Pelvicc CT images were obtained for 10 male bladder patients. Apart from the 
initiall  planning CT scan, three follow-up scans were made for each of the 
patients.. The bladder volumes in planning CT scan were outlined by seven 
radiationn oncologists. One observer also delineated the bladder volumes in the 
follow-upp scans. 2D scalar maps of the interobserver variation and organ 
motionn of the bladder surfaces were constructed. The setup errors were 
derivedd from the portal imaging results of the pooled group of bladder and 
prostatee patients. 

Results: : 

Alll  bladder volumes were consistently outlined by all observers. Generally 
smalll  variations occurred (1.5 mm - 3 mm, 1 SD), although in 50% of the 
patientss larger discrepancies were observed in discriminating the bladder from 
thee base of the prostate. Analysis of portal imaging data showed setup errors 
upp to 3 mm (1 SD). Organ motion is the predominant geometrical uncertainty 
inn the radiotherapy process (5 mm, 1 SD, at the cranial side of the bladder), 
althoughh nine out of ten patients were able to preserve a fairly reproducible 
bladderr volume during the complete treatment course. 

Conclusion: : 

Anisotropicc margins between the CTV and PTV are needed in conformal 
radiotherapyy of the bladder. Especially at the cranial side of the bladder larger 
marginss are needed because of the impact of bladder shape variation. 

Keyy Words: 
Bladderr cancer, margin widths, conformal radiotherapy 
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Introductio n n 

Radicall  radiotherapy of urinary bladder cancer can present serious side 
effects.. The rate of severe acute bowel complication requiring surgery or at 
leastt 30 days of hospitalization is 2-17% (1-5). The crude rate of patients with 
majorr late events as ileus, peritonitis and fistula after radiotherapy is about 
3.5-8%% (5-8). Conformal irradiation of the bladder may potentially reduce 
thesee complication risks. The advantage of using conformal radiotherapy 
ratherr than conventional therapy is better shielding of normal tissues, such as 
rectumm and bowel. However, ensuring adequate coverage of the clinical target 
volumee (CTV) remains necessary. This coverage strongly depends on the 
targett volume delineation, organ motion, setup accuracy and the applied 
marginss between the CTV and the planning target volume (PTV). 
Unfortunately,, very few clinical data on geometrical uncertainties for bladder 
cancerr patients are present. Miralbell et ai (9) examined the relevance of 
bladderr volume changes for boost treatments and found that a minimum of 2 
cmm margins around the tumor may compensate for extreme bladder volume 
changes.. Turner et ai (10) also concluded that no less than a 2 cm margin 
shouldd be allowed, based on the measurements in transverse cross-sections of 
thee bladder in three repeat scans at thirty patients, but bladder movements in 
thee cranio-caudal directions were not investigated. In another study by Sur et 
aiai (11), it was found that based on the analysis of bladder volumes in a 
secondd CT scan performed halfway through the treatment course, bladder 
movementss of 1.5 cm or more primarily occur in the cranial direction. Logue 
etet ai (12) analyzed two whole bladder volumes as delineated by three 
radiologistss and eight radiation oncologists and they concluded that besides 
organn motion, bladder delineation may be a potentially weak link in the multi-
stepp radiotherapy process of bladder cancer. All studies demonstrate the need 
forr a substantial margin between CTV and PTV, but this margin could not be 
quantifiedd based on the presented data. 

Becausee of the poor knowledge on the geometrical uncertainties in bladder 
tumors,, a wide range of margins between CTV and PTV can be observed in 
currentt clinical practice (1.5 c m- 3 cm) (5). The impact of these variations in 
marginn size on the resulting PTV volume is even more outspoken, when we 
examinee the variation in PTV volumes as a result of the differences in applied 
margins.. For example, a bladder CTV of 100 cm3 with a margin of 1.5 cm 
resultss in a PTV of 400 cm', while a margin of 3 cm yields a PTV of 
approximatelyy 1000 cm\ These variations emphasize the need for a distinct 
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recommendationn on the margin size at bladder tumors involving the complete 
bladder, , 
Thee aim of the present study is to acquire 3-dimensional data on all 
geometricall  uncertainties of the bladder, i.e., uncertainties in target 
delineation,, organ motion and patient setup. The data on delineation 
uncertaintiess are obtained from the 3D-variation in bladder volumes in a 
multi-observerr study. The organ motion of the bladder is quantified by 
analyzingg bladder volumes at different moments during the treatment. The 
dataa on setup uncertainties of bladder patients are extracted from portal 
imagingg results of a pooled bladder and prostate patient population. 

Material ss and Methods 

Pelvicc CT images were obtained for 10 male bladder patients. The mean age 
off  the patients was 74 years (range 60 - 82) and the T-stage ranged from 2 to 
4a.. All scans were performed with the patient in supine position. Patients 
weree instructed to empty their bladder prior to the scan. The maximum time 
allowedd to elapse between the voiding of the bladder and acquisition of the 
scann was 30 minutes. The patients were irradiated up to a dose of 60 Gy in 
fractionss of 2.4 Gy. The CT scan was made by scanning at an interval of 3 
mmm in the bladder region and 5 mm in the remaining region of interest. The 
resolutionn within a single slice was 512 x 512 pixels. Furthermore, three 
follow-upp scans were made in week 1, 3 and 5 of the treatment. The scan data 
weree used to analyze the interobserver variation and organ motion. The setup 
variationn of bladder patients was derived from portal imaging data. In the 
analysiss of the results, the geometrical deviations were separated in a 
systematicc and a random component. The systematic deviations have their 
originn in the preparation phase and mainly result from the fact that the target 
shapee and position with respect to the isocenter are based on a single 
measurement.. For example, if we assume that the 'real' target volume in a CT 
scann is defined by the averaged volume as delineated by a large number of 
observers,, than the difference between the target volume as defined by the 
treatingg physician and the 'reaf target volume will cause a systematic error 
affectingg the dose delivery in all treatment fractions. Furthermore, the target 
volumee within the patient often varies from day to day and the difference of 
thee target volume as 'frozen' at the planning CT and the averaged target 
volumee also causes an systematic error in the dose delivery to the patient. 
Finally,, the setup deviation of the patient during the acquisition of the CT 
scann also introduces a systematic error. The combined systematic error effects 
alll  treatment fractions of a single patient in the same way. Although each of 
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thesee deviations is systematic for each patient, they obey a stochastic nature 
forr a whole population and cannot be quantified in advance for a single 
patient. . 
Randomm deviations occur for each fraction in the treatment execution phase 
andd are separated in day-to-day deviations due to organ motion and random 
setupp deviations. The interobscrver variation has no random component, since 
thee delineated target volume is unchanging over the complete treatment 
course.. Random variations lead to a blurring of the dose distribution, while 
thee systematic deviations lead to a displacement of the dose distribution with 
respectt to the CTV. In the next sections the standard deviation of the 
systematicc errors is addressed by a capital sigma (£), while the standard 
deviationn of the random errors are denoted by a small sigma (<*). 

InterobscrverInterobscrver variation 

Thee bladders in the planning CT scans of all patients were contoured by 7 
radiationn oncologists. We used a methodology previously described Remeijer 
etet ai (13) for the three-dimensional analysis of interobserver variation. This 
methodologyy can be summarized as follows. 
Firstly,, an average center of gravity for all bladder volumes is established. 
Secondly,, each of the 3-D bladder surfaces is rendered by means of a 
triangulation.. Since the bladder volumes are more or less spherical, each point 
onn the outlined bladder surface can be quantified in polar coordinates r(t\ <j), 
0)) using the average center of gravity as the origin. This polar coordinate 
systemm is defined in such a way that 0 = 90° corresponds to the cranial 
direction,, (ft = 0° and 0 = 0° to the anterior direction and (|> = 90° and 0 = 0° to 
thee direction of the left (Fig. 3-1). 
Inn the next step, the complete bladder surface is projected onto a 2D map. 
wheree (f> and 0 span the 2D map and the radius is represented by a color. For 
eachh distance ) in a specific direction (<|>,0') the interobserver variation for 
patientt j is expressed as: 

E L , ^ , ( ^ e )) = ̂ - j ^ * (i) 
wheree S the number of observations per patient (5=7 in this study) and 

PlK(<]),6)) = l/5^/; '(0,Ö) the radius averaged over all observations. This 

standardd deviation for each patient is defined in radial direction from the 
averagee center of gravity of the seven delineated bladder volumes. For 
reasonss of readability, the suffix ((f),6) is omitted from now on. The standard 
deviationn of the local variation perpendicular to the mean bladder surface is 
calculatedd using the practical approximation: 
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l i t a ' - O - c o s t f ' f f 
£ _ = ^^ j ^  (2) 

wheree cos£' is the inner product of a unit vector normal to the averaged 
delineatedd bladder surface (generated by averaging all seven 2D distance 
maps)) and a unit vector in radial direction. Strictly speaking, Eq. 2 only holds 
forr the situation that each surface element of each individual bladder is 
parallell  to the corresponding surface element of the averaged bladder. Non-
parallell  surfaces lead to either an over- or underestimation of each individual 
termm in the summation in Eq. 2, but the net effect on the standard deviation is 
expectedd to be small, since in general there is no systematic over- or 
underestimationn (i.e., each overestimation in the summation is on average 
counterbalancedd by an underestimation). 
Thee overall interobserver variation is expressed as: 

y.. _ J r\ .1-1 1 = 1 ,-y , 

»*«"—— ' \ p " | P(S-\) 

wheree P the number of patients. 

OrganOrgan motion 

Apartt from the initial planning CT scan, three follow-up scans were made in 
weekk 1, 3 and 5 of the treatment. To cut down scanning time and disk space, 
thee patients were scanned with a 5-mm slice thickness. One observer 
delineatedd all the bladders in the follow-up scans. The bony structures of the 
follow-upp scans were automatically segmented and matched onto the first 
scann using 3D chamfer matching (14,15). The match results were qualitatively 
judgedd and approved by one observer using a dedicated 3D viewing software 
tool. . 
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Figuree 3-1: The alignment of the polar coordinate system 

Afterr the matching, an expression analogous to Eq. 3 was used to approximate 
thee random component of the organ motion perpendicular to the mean bladder 
surface: : 

y.Tkr'y.Tkr' -LaLaWv LaLaWv  c os<5j j 

^  ̂ - , (4) 
PP \ P( A' - I) 

withh A', the number scans per patient (Y=4 in this study). Note that in this 

equationn /";', = 1 / A;^V.' refers to the average between multiple scans, whereas 
PJ

bss in Eq. 1 refers to the average between multiple observers. 

Inn addition, the bladders were screened for systematic differences between the 
sizee and shape at the planning CT time and the average size and shape during 
treatment.. 2D scalar maps were constructed of the difference between the 
initiall  bladder surface (as delineated at the planning CT scan) and the mean 
bladderr surface, measured perpendicular to the mean bladder surface: 

AJ
ür„anmollonn =( / ; , ' - / ; ' , )  cose)1 . (5 ) 

withh /-,, the radial distance in the planning CT of patient j . 

A mol l,„,( == X^ur...,..n n/- )̂ represents the common organ motion of al 
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bladders.. The systematic component of the organ motion perpendicular to the 
meann bladder surface is then expressed as: 

.. . 5>--. --A<™ J 

wheree the factor Nl{N-1) corrects for the fact that /;', describes a sample mean 

insteadd of the actual mean of patient/. 

SetupSetup inaccuracies 

Thee data for setup inaccuracies were extracted from the portal imaging results 
off  a pooled population of 340 prostate and bladder patients treated in our 
clinicc during the period January 1997 until December 1999. The 3D patient 
setupp of each patient was quantified at least once a week by analyzing an 
anterior-posteriorr and right-to-left portal image (16,17). The patient setup was 
off-linee corrected when the averaged 3D deviation is larger than a shrinking 
actionn level (18). A 2D scalar map of the random setup error perpendicular to 
thee surface of the mean bladder shape arc calculated, using the approximation: 

|(n,, - g ^ J +(nv - o - ^ J +(n, - o ^ J 

\|| n; +n; +n; 

withh o~St.lupA, Osetup.y and aSL.tlip,z, the anterior-posterior, left-right and cranial-
caudall  component respectively of the measured random setup error and nN, 
nvv and n/ , the corresponding components of the vector normal to the surface 

off  the overall mean bladder shape (Fig. 3-2). Similarly, a map of the 
systematicc setup error is derived. 

PlanningPlanning target volume estimation 

Basedd on the geometric deviations, a margin for the bladder CTV can be 
defined,, to ensure that the majority of all patients receive an adequate dose 
distributionn over the CTV. The applied recipe for this margin is developed by 
vann Herk et ai (19) and quantifies the impact of the geometric deviations in 
termss of the minimum dose delivered to the CTV. If the deviations are 
describedd by translations only, they show that, to ensure a minimum dose to 
thee CTV of 95% for 90% of the patients, a margin between CTV and PTV is 
requiredd of: 
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(n„„  - o j + fn a, 

n;; + n: 

Figuree 3-2 Schematic drawing of a 2D expansion with an elliptical kernel parameterized 

byy X'/cT + y / O " = 1. The distance of the expansion perpendicular to the 'surface' (<j) 

cann be approximated by the distance between the center of the ellipse and the intersection 
off  the normal vector (ns. ii,) with the ellipse. 

withh E = •N/£-1U!mhsenci +£-ramn 

alll systematic errors ando = 

m mm = 2.5£ + 0.7c + A , (8) 

.. the combined standard deviation of ++ L : 

++ <r .. the total standard deviation of 

alll random errors (organ motion and setup error). The third term A (which is 
nott incorporated in the original formula) represents the systematic difference 
averagedd over all patients between position and shape of the CTV as defined 
inn the treatment preparation phase and the position and shape of the mean 
CTVV in the treatment phase. A is the linear sum of Aink.ro|r^.rvcr. Aorganmotj0n and 

lup--

Thee difference between A and I is that Z has a stochastic character for each 
individuall patient, while \ is identical for all patients; or to put it differently, 
wheree L is a measure for the unknown deviations of the bladder shape and 
position.. A is a measure for the known deviations in bladder shape and 
position.. Note that whereas E can have only positive values. A can both 
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increasee and decrease the margin. Since, the average delineation is our golden 
standardd in this study, A mtc;rot,sever is set to zero for all angles <f) and 6 in this 
study.. Similarly, ASL.,up is set to zero for all directions as well, since AseUlp is 
veryy small and is different for each institution and there is no reason to 
assumee that Asolup averaged over all institutions differs from zero. Note that 
mPTV,, L, <r and A are all vectors, thus allowing Eq. 8 to be used for defining 
non-isotropicc margins. 

However,, the interobserver variation and the organ motion is not 
characterizedd by translations only. This means that a margin of dL or aL + A 
iss probably not correct to appropriately account for the (systematic) 
interobserverr variation and the systematic organ motion, respectively, if a is 
equall to 2.5. Indeed estimates of the target coverage as a function of alpha 
indicatedd (data not shown) that both for interobserver variation and organ 
motion,, an alpha of 2.5 corresponds to a coverage of about 80 % of the 
patientss instead of 90%. Therefore, we used Eq. 8 to derive margins, although 
itt was not strictly proven that with this margin recipe a minimum dose of 95% 
iss given to the bladder CTV for 80% of the patient population. 
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Results s 

Forr 10 patients a planning CT and 3 three repeat scans were made. The bony 
anatomiess in the repeat scans were successfully matched on the bony anatomy 
inn the planning CT. The bladder volume in the planning CT varied from 
711 cm (patient 3) to 252 cm (patient 4), indicating a wide spread in the size 
off the bladder and/or the ability of the various patients to empty their bladder. 
Thee average bladder volume was 130 cm (SD 53 cm ). 

3 0 0 r r 
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> > 
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1500 • r i 

1000 • 
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>* >* 

Observerr A 

Observerr B 

Observerr C 

Observerr D 
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Observerr G 

55 6 

Patientt # 

10 0 

Figuree 3-3: Bladder volume for each patient as delineated by the different observers in 
thee planning CT scan. 

48 8 



GeometricalGeometrical uncertainties of the bladder 
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Figuree 3-4: 2D scalar maps of the various geometrical quantities measured perpendicular to the 
averagedd bladder surface: (a), the (systematic) interobserver variation, (b), the systematic organ 
motion,, (c) the random organ motion, (d). the common systematic difference between the 
initiall bladder surface and the mean bladder surface, (e) the uncorrected systematic setup error 
andd (0- the random setup error. 
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InterobserverInterobserver variation 

Thee bladder in the planning CT scan was delineated by seven radiation 
oncologists.. The delineated bladder volumes are given in Fig. 3-3. The 
standardd deviation is I 1.8 enT. The delineated target volumes were slightly 
butt significantly below average for observer A and D and above average for 
observerr E and F (p<0.005). 
Althoughh the volumes in terms of cm of the targets are well reproduced by 
thee different observers, locally the delineation differences are more 
pronouncedd (Fig. 3-4a). The transition between the bladder and the prostate 
couldd not unambiguously be determined for 50% of the patients, yielding a 
£imer()bsctvl.roff 2.5 mm locally at the caudal side of the bladder (9 < -45° and/or 
§§ = 180°). This delineation problem is illustrated in Fig. 3-5 showing a 
transversall and sagittal view of the bladder o\' patient 6. Furthermore, 
interpretationn differences occurred at the cranial part of the bladder (0>45°) 
forr patient 2 and patient 5. Another source of interobserver variation was 
causedd by the limited delineation time that was available for each observer in 
combinationn with their manual dexterity in coping with the contouring 
technologyy (Fig. 3-4a). However, in general this effect is only of limited 
influencee on the total interobserver variation, affirmed by the close agreement 
inn the delineation of the left and right border of all bladders (Xinterobservcî  
0.155 mm). 

(b) ) 

Figuree 3-5: Transversal (a) and sagittal (b) view o\~ the interobserver variation o\' the 
bladderr delineation near the transition to the prostate for patient 6. 

(a) ) 
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Figuree 3-6: Bladder volume for each patient during the treatment period as delineated by a 
singlee observer in lour CT scans. 

OrganOrgan motion 

Alll patients, except patient 4, were able to maintain an acceptable 
reproduciblee bladder volume throughout the treatment course (Fig. 3-6). 
Patientt 4 had a highly dysfunctioning urinary outflow and completely failed 
too empty his bladder prior to the third CT scan, resulting in a bladder volume 
off 390 cm . If the volume data of patient 4 were not taken into account, the 
intrapatientt variation of the bladder volume over all patients was 28 cm' 
(ll SD) and 14 cm (1 SD). Patient 4 is therefore considered as an outlier, and 
thee data obtained from the repeat scans of patient 4 are excluded in the further 
analysis.. The organ motion is predominantly observed at the cranial part of 
thee bladder (8>45°) and at the posterior side of the bladder (c>= 180°), where 
thee bladder can unobstructedly exchange space with the sigmoid and rectum 
(Fig.. 3-4b and 3-4c). At the ventral-caudal side of the bladder (B=-45°. (j)=0°). 
thee smallest variation is observed. This is because at this location the bladder 
abutss on the symphysis (Fig. 3-5). Furthermore, a systematic difference 
betweenn the bladder volumes outlined at the planning CT scan and the follow-
upp CT scans is observed (Fig. 3-4d). On average, the bladder surface shifts in 
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thee cranial direction with 5 mm, whereas the posterior bladder surface shifts 
55 mm ventrally. 

PatientPatient setup 

Thee portal images of 317 prostate and bladder patients were routinely 
analyzedd in our clinic, to quantify the setup accuracy and to correct the patient 
setupp according to an off-line correction protocol. The systematic setup error 
iss approximately 1.5 mm (Table 3-1) in all directions. After elimination of the 
effectt of the setup corrections, the setup errors are substantially larger 
(2.55 mm - 3.0 mm). The day-to-day random setup errors are slightly smaller 
thann the uncorrected systematic errors. The 2D scalar maps of the systematic 
andd random errors perpendicular to the averaged bladder surface (Eq. 6 and 7) 
aree plotted in Fig. 3-4e and 3-4f. 

PlanningPlanning target volume estimation 

Marginn maps are constructed (Fig. 3-7) for both the situation that a setup 
correctionn protocol is applied and the situation that the setup of patients is not 
correctedd during the treatment (see Table 3-1). In both cases, the required 
marginn to obtain adequate dose coverage is the highest (20 mm) in the cranial 
directionn (8=90°). The cranial margin is mainly necessary to compensate for 
thee contractions and expansions of the bladder in this region. The smallest 
marginn is required at the anterior-caudal part of the bladder, where the bladder 
borderss the symphysis. As a consequence of a setup correction protocol, the 
marginss in the left-right direction can be reduced from 9 mm to 6 mm (Fig. 
3-7c).. With regard to the cranial margin, the systematic setup errors are 
completelyy overshadowed by the organ motion, meaning the net effect of a 
setupp correction protocol in this direction is negligible. 

Tablee 3-1: Bladder volume for each patient during the treatment period as delineated by a 
singlee observer in four CT scans. 

Left-- right 
Cranial-caudal l 
Anterior--
posterior r 

Ssetupp (mm) 

includingg torree lions 

1.6 6 
1.4 4 
1.5 5 

Isetupp (mm) 

correctionss removed 

3.0 0 
2.5 5 
2.7 7 

Osetupp (mm) 

2.2 2 
1.5 5 
1.8 8 
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Figuree 3-7: 2D scalar maps of the margin between the bladder CTV and PTV 
withoutt setup correction protocol (a) and with setup correction protocol (b). The 
differencee is plotted in c. 
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Discussion n 

Thee acquired results on the geometrical uncertainties show that organ motion 
iss the most important uncertainty for the bladder in the multi-step 
radiotherapyy process. Although the bladder filling in terms of volume could 
fairlyy well be reproduced for 9 out of 10 patients, locally the bladder surface 
cann move with a standard deviation of 8 mm for a single patient and 4 mm for 
thee whole patient group. These shifts are primarily observed at the posterior 
andd cranial side of the bladder. It is remarkable to notice that a clear change in 
thee shape of the bladder is observed, when comparing the bladder shape at the 
planningg CT scan with the bladder shape averaged over all four scans (Fig. 
3-4d).. On average the bladder becomes 4 mm more elongated in the cranial 
direction,, whereas the posterior border shifts 4 mm ventrally. It is not clear 
whatt mechanism underlies this phenomenon, but this systematic deformation 
shouldd not be neglected when defining margins that assure adequate dose 
coverage. . 
Alll observers consistently delineated most bladders, although for some of the 
bladders,, the boundary with the prostate was difficult to discriminate. A 
numberr of the physicians indicated though that, in a clinical setting when the 
transitionn with the prostate is hard to recognize, additional diagnostic 
informationn (e.g. a diagnostic CT scan) would be consulted. 
Comparisonn of bony anatomy at the portal images with the bony anatomy at 
thee DRRs showed a systematic setup error of about 3 mm in the three main 
directions.. When using an off-line correction protocol, this error could 
approximatelyy be halved. The day-to-day random setup errors at the linear 
acceleratorr were slightly but significantly smaller than the uncorrected 
systematicc setup errors. This might be due to the fact that the systematic 
errorss also incorporate a switch from the CT scanner to the treatment unit, 
whilee the day-to-day random setup errors originate from setup variations at 
thee treatment unit only. 
Thee 3D analysis clearly illustrates the need for anisotropic margins for 
bladderr cancer in con formal radiotherapy. The largest margin should be 
appliedd at the cranial side of the bladder. This is predominantly due to organ 
motionn of the bladder, which is expressed almost completely at the cranial 
andd posterior side of the bladder. The reason why the posterior organ motion 
iss not reflected in a large margin width at this site, is because of the 
systematicc difference between the bladders outlined at the planning CT scan 
andd the bladders outlined at the repeal scans (Fig. 3-4d). This systematic 
differencee causes a margin width reduction at the posterior side, whereas it 
increasess the margin width at the cranial side. 
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Thee smallest margin can be applied at the border with the symphysis. It 
shouldd be noted that even though the bladder surface can be very well 
discriminatedd and that no bladder expansion is possible at this site, still a 
marginn of 1 cm should be applied as a result of the setup inaccuracies. The 
applicationn of a setup correction protocol can reduce this margin to about 7 
mm.. The effect of a setup correction protocol on the margins at the cranial 
andd posterior side of the bladder can be ignored, since the reduction of the 
setupp error is completely surpassed by the organ motion. One may conclude 
thatt a setup correction protocol is ineffectual for bladder cancer irradiations, 
butt this is only partly true, since a setup correction protocol is still very useful 
inn detecting the few patients with a large setup error. One might though 
considerr a more simplified protocol for bladder cancer patients, that monitors 
thee patient setup for example only two or three times at the beginning of the 
treatmentt instead of weekly (20), just to detect the outliers. 
Thee cranial margin width greatly influences the resulting volume of the PTV, 
especiallyy if wc take into account the flattened shape of an empty bladder. 
Onee way to reduce the high dose region in the normal tissue cranial of the 
bladderr and simultaneously ensure that the entire CTV is adequately 
irradiatedd is by conforming the field contours to the actual shape of the 
bladderr at the moment of the irradiation. CTV localization during the 
treatmentt session could be performed using cone beam CT scanner integrated 
withh a linear accelerator (21). 
Thee application of the derived margin map is not easily clinically 
implementedd in the sense that the margin widths are defined perpendicular to 
thee bladder surface as a function of the azimuth angle (cj>) and zenith angle (9). 
However,, the 3D expansion as described by the margin maps can be 
approximatedd by a 3D ellipsoidal convolution expansion, which is 
implementedd in an increasing number of modern treatment planning systems 
(Tablee 3-2). 
Itt is important to realize that acceptable dose coverage of the bladder can only 
bee obtained if the patient is able to empty his or her bladder in reproducible 
mannerr prior to the treatment session. If not, analysis of the repeat scans of 
patientt 4 revealed (no data shown) that margins larger than 4 cm are 
sometimess required, otherwise the cranial side of the bladder does probably 
nott receive the prescribed dose. Non-invasive ultra sound equipment may be 
usedd for diagnosing urinary outflow dysfunction (22-25). 
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Tablee 3-2: Parameter values for a 3D ellipsoidal convolution expansion of the bladder. 

Withoutt correction With correction 
protocoll protocol 

cranial l 
caudal l 
left t 
right t 
anterior r 
posterior r 

2.00 cm 
1.22 cm 
1.00 cm 
1.00 cm 
1.00 cm 
1.44 cm 

2.00 cm 
1.00 cm 
0.77 cm 
0.77 cm 
0.77 cm 
1.33 cm 

Conclusions s 

Three-dimensionall analysis of the geometrical uncertainties in the 
radiotherapyy process of bladder cancer was performed. Although 9 out of 10 
patientss were able to preserve a fairly reproducible bladder volume during the 
completee treatment course, analysis of the local bladder surface revealed that 
organn motion is the predominant geometrical uncertainty in the radiotherapy 
processs (5 mm, 1 SD, at the cranial side of the bladder). The interobserver 
variationn was relatively small (1.5 mm - 3 mm, 1 SD), although in 50% of the 
patientss discrepancies were observed in discriminating the bladder from the 
basee of the prostate. Analysis of portal imaging data showed setup errors up to 
3mm(ll SD). 
Thee spatial variation of the geometrical uncertainties demonstrates the need 
forr the use of anisotropic margins in conformal radiotherapy of bladder 
cancer.. Especially at the cranial side of the bladder larger margins are needed 
becausee of the impact of bladder shape variation. 
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