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Changesin Prostate Orientation Due to Removal of a Foley Catheter
Abstract

Purpose: lnvestigate thampacton prostate orientation caused by use and removal of a Foley
catheterand the dosimetric impaoh menprospectivelytreatedwith prostate stereotactic body
radiotherapy (SBRT)

Methods. “Twenty-two menunderwent a CT simulationith a Foley in placéFCT), followed
immediatelyby a second treatment planning simulation withoutRbley (TPCT). The change
in prostate.orientatiowas determined by rigid registration of three implanted transponders
between FCT and TPCT and compareth&asuredrientationchanges during treatment. The
impact onitreatment planning and delivery was investigated by analyzing the meatatreds
during treatmentelative to both CT scanand introducing rotations of £15° in the treatment

plan todetermine the maximum impact of allowed rotasion

Results. Removing the Foley caused a statistically signifigaonstaterotation (p<0.0028)
compared tesnarmal biological motion in 6@¥gatients. The largest change in rotation due to
removing a Foley occurs about the Ieftht axis (tilt)which has a standard deviatiorb2imes
larger than changes in rotation about the Biigroll) and AntPost(yaw)axes. The change in
tilt due to'removing a Foley for prone and supine patients was+&.60° and 0.3%/- 7.4°,
showing no strong directional bia¥he average tilt during treatment wds6°+7.1° compared
to the TPCTand would have been -2.0°+7.1° had BT been used as the referendée

TPCT was a better or equivalent representation of prostate 82% ofpatients versus 50%
hadthe FCTbeen used for treatment planning. However, @207 fractions wouldstill have

This article is protected by copyright. All rights reserved



55
56
57

58
59
60
61
62
63

64

65

66

67
68
69
70
71

72
73
74
75
76
77
78
79
80
81
82

been within thet15° rotation limit if only the FCT were uséar treatment planning. When
rotated +15°, urethra Msw-=-3s.s565x20%wasexceeded in 27% of the instances, prabtate

(CTV) coverage was maintained abovgd»37 Gy in all but one instance.

Conclusiens:==Removing a Foley catheter caause large prostate rotationhere does not
appeato be acleardosimetricbenefit to obtaininghe CT scan witla Foley catheteio define
the urethragiven the changes in urethral position from removing the Foley cathiteethral
sparing isdesiredwithout the use of a Foleytilization ofan MRI to define the urethra may be
necessaryor aspseudarethralplanning organ at risk volume (PRV) may be used to limit

dosimetric hoet'spots

Keywords...Prastate, Urethra, Motion Management, Treatment Planning,
I ntroduction

There has been an incredsailization of hypo-fractionated radiotherapy for prostate
cancer,.and there is growing evidencetfar safety and efficacy ofiore extreme hypo-
fractionation sehedules, suchsisreotactic body radiotherapy (SBRT).With theseultra-
hypofractionatedchedulesthere has been concern regarding the potential for increased toxicity,
and extra measures are being investigaiedinimize these potential side effe¢fs’

Prostate, SBRT has been refertetty some asivtual high doserate (HDR)
brachytherapyy due the analogous high dose per fractfoBrachytherapy has been associated
with the potential forincreased genitourinary toxicity and risk for timal strictures compared to
fractionatedexternalbeam radiotherapy, and similar concerns exist with prostate SBRT. To
mitigate this risk many investigators have utilized a Foley catheter d@ihgimulation to aid

in delineathg theurethra®™*

given that the mstatic urethra is not readily visible during standard
CT imaging.sHowever, given the known risks of repeat Foley placement and the discomfort to
the patientpmany centers perform two simulations scans, one with the Folegro@@dt) and

one without tle Foley catheter as their treatment planning CT scan (TPCT). This allows for the
TPCT to emulate the daily treatments without the Foley catheter, but still obtain the anatomic

information on the location of thaethra
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While the prostate translations nca retrograde urethrogram have been previously
studied and found to be clinically insignific&hthe motiorand dosimetric impact of placement
and removal of the Foley have not been reportetvious studies have investigated the
anatomic deformations of the prostate due to differential rectal and blatdgraver the
course of therapy and found the variation compared to the treatment planning CT to be small
(standard deviation < 0.1 ¢roompared to interand intra-fraction translational motiofi'®
Other studies*have measured interd intrafraction prostate rotations'e andthe dosimeaic
impact of retations®? Many strategies have been investigated to manage prostate rotations
through appopriate PTV margirf§%, motion managemenevice$®, rotationcompensations

with the tablegcollimator or ganfi{?®, and adaptive replannif§?®?’

Given.the risks of catheter placement, including urinary tract infections asahdst,
we utilized.data from a muitnstitutional prostate SBRT study conducted from 2011-2013 to
better determine the impact and benefit of the Foley catheter placefmengoal of the project
was to investigate whether two CT simulation scans were necessary and if treatment planning
could be performed on the FCT alone, or on the TPCT without a Foley at all. Reducing the
number.of CT.scans has benefits for more efficieset of departmental resources, as it would
save time andreduce imaging dose to the patient. Likewise, if a Foley weredwt,neeould

additionally'save time and patient discomfort.

Methods and Materials
Protocol Eligibility

Of-thes68patients enrolled in the muitienter trial 22 patients were consented to the
IRB-approved prostate SBRT study at our institution that had both the FCT and the TPCT
available(NCT01288534).The clinical results of this trialerepreviously reported® All
patientswere 18 yeswof age or older with a histologically confirmed diagnosis of
adenocarcinoma of the prostate within 180 days of enroliment.ni2atéh PSA values of <=
15 ng/ml for Gleason scores of <=6, and <= 10 ng/ml for Gleason score of 7 were elidible wit
tumorstagirg of T2b or less, and no plan fandrogen deprivation therap¥xclusion criteria
included contrandicatiors for electromagnetic tracking, implanted cardic devices, metastatic
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112 disease to the lymph nodes, previous radiation, surgery, chemotheemragen deprivation
113 therapy for prostate cancer, any significant urinary obstructive sympémugprostate volume of
114 > 100 cni.

115  Simulatien and-Treatment Planning

116 Transponders were implanted a minimum of six days before simufatieatients took

117  Milk of Magnesia the night before and morning of simulation @ach treatment fraction.

118  Additionally;a*fleet's enema was selfiministered B hours before simulation and each

119 treatment,Two CT scans were obtained in either the supine or prone positloA.1 an image

120  thickness.Thesdfirst CT scan was obtained with a Foley catheter in place (FCT). The Foley was
121 then removedwith the patient on the CT couch and a second treatment planning CT (BRCT) sc
122  was obtained, typically within 2-minutes after the first scan. Eleven patients were CT scanned
123 supine with knee support, while another eleven were scanned prone on a belly board. The intra-
124  prostatic urethra was contoured on the FCT from 0.5 cm into the Foley balloon and down 0.5 cm
125 distal to thesapex of the prostate. Deformations of the prostate due toshargsal and

126  bladder filling:are small compared to prostate motfdn. It is assumed that the deformation of

127  the prostate and urethra are also small due to the inserdae@oval of a Foley catheter, which

128 is a much.smaller geometric perturbation than rectal and bladder ch&uaesequently he

129  FCT and urethra werggidly registered to the TPCT using fiducial markers (radiofrequency

130 transponders) within the prostatéhe rigid registration transformation was found with a

131  standard leastisquares minimizatrontineemployinga singular value decompositig®VD)

132 algorithmavailable in thd&JMPIlantreatment planning systenthe CTV is defined as the

133  prostate asontourecon the TPCT.

134 Thespescription dose was 7.4 Gidctionx 5 fractions to a total dose of 37.0 Gihe

135 PTV was defined as the prostate plus a uniform 0.3 cm mafgi@.PTVplanningcriteriawere
136  Dogs%>37 Gy, V31150 < 15% or 10 cc (whichever is smaller), angafo< 120%. Hot spots within
137  the prostatic/urethraere limited to Bhax < 40.7 Gy (110%) and V10s%s.856y) < 20%. Rectum
138  constraints were Py < 105%, V1000 < 2 €C, Dyoo < 10%, Dg1e, < 20%, and Dsgo, < 50%.

139  Bladderconstraints include®max < 110% and \sse, < 25% or 50cc (whichever is smaller).

140  Calculation of Rotation from Foley Removal
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Therigid-body registration transformation from the FCT to the TPCT was decomposed
into translation and rotation components and the rotations about thigheféxis (ilt), superior-
inferior axis (roll), and the anteriguosteior axis (yaw) were determined from the rotation

transformationmatrix,

R =Rapr(¢) Ra($) Rr(0), 1)

whereRr(0) denotes dlt rotation about the left-right, X, axis by an an@leRg (¢) denotes a
roll rotation about the superiamferior, Y, axis, by an angle, andRap(¢) denotes gaw

rotation about the anterior-posterior, Z, axis, by an angle

To'determine if these anglesre larger than would be expected due to normal biological
motion overthe course of 1rinutes, reatime tracking data was used from the Calypso
Systemto obtain the distribution of normal biological rotations over 1 and 2 minute inteovals f
each patientThe change in rotation of the prostate due to removing the Foley was then
compared to the patient’s distribution of normal biological rotation teraene statistical
significance. Through a research agreement with Varian Medical Sy@afosAlto, CA,

USA), tracking'data, including the position of all three beacons versus time (updated at 10 Hz)
could be experted from the tracking systefis tracking data was obtained for each of the five
treatment fraction®or each patierdind was used to calculate the e rotation anglegl0

Hz) of theprostate, relative to the TPCT, durearh treatmentThis was accomplished with a
least squaresinimization routine using SVD to obtain the transformation between theauneeas
beacon pasitions and the planned positions from the TPTC. The transformation was then
decomposed-as shown in Eqn. 1 to obtaimtbasuredotations about each axevery0.1

secondrfor'each of the five fractions.

Therdistribution of changes in rotation expected due to normal biological motion over

one and twoe'minute interval&(t)r, for each fraction were calculated as shown in Equation 2.
AB(b)g = O(t) - 6(t-T) where t >T = 1, 2 minutes (2)

These two time intervals (T = 1 and 2 minutes)dieentationchanges due to normal biological
motion were evaluated to test the sensitivity of the results on time scales comparable to the

variation in time between the FCT and the TPQ®Vhile the rotations are measured in the TPCT
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frame, the change in rotation calculated in Egn. 2, is the change during a singla fidative

to the rotation at the beginning of that fraction. Consequently, it represents only lablogic
motion over a treatment fractiony systematic changes from the orientation in the TPCT scan
are subtracted out. The change in rotation of the prostate due to removing the Foley was then
compared to.the histogram of changes in rotation due to normal biological motion to wietermi
the probability that the rotation due to removing the Foley was just due to normaldablogi
motion."Because the statistical validity of adding histograms for allffagtions, which may

have different'systematic offsets and trendsndueach fraction, is questionable, the comparison
was made with just the first thon of data and all five fractions of data for each patient to test
the sensitivityste this possible issue.

Determining Preferred Simulation CT (TPCT or FCT)

In practice, therientation of the prostate dhfficult to control, andstatistically it is
possible that imight be equally or adequately represented by the FCT, justifying a single CT
scan, albeit.with a Foley in plac&he tilt angle distributions during treatment were determined
from the realtime measured transponder datal the FCTto-TPCT registration anglefor each
patient relativerto the FCT and the TPCT. Initial and averaggsured tilt angles determined
from the realtime tracking data are relative to the TPCllhe FCTFto-TPCT tilt value for each
patient isdetermined by rigid registrationThe FCTto-TPCT tilt is added to these values to
obtain the average tilt of all fractions and the initial tilt of each fraction relative to the FCT
(Here it is assumed that small yaw and roll angles have minimal impatinical resulty The
average values of titelative to the FCT anth the TPCTmay then be compared to determine
which isrelesest to zero.

Likewise, the initial rotation relative to the FCT and the TPCT for eachdractay be
compared tosthe tolerance. Additionally, the number of fractions within the H&84roe used
in the proteeol may be compared for each patient to the TPCT and the FCT orientation to

determine the impact on clinical workflow.

Dosimetric I mpact on the Urethra and Prostate of the Maximum Allowed Rotations
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Thepotential dosimetric impact of rotations is evaluated in the contelkedblerances
set for the protocol, which are easily monitored and enforced at the beginning akeeacient
fraction. For this protocol a rotational limit 8f15° was used and sets the de facto limit of
dosimetric variation that's acceptible due to intard intrafractional rotational setup errors.
The functionality within the UMPIan treatmigolanning system for evaluatimgtational
variationshas been previously described and reported by Afniidhe prostate has been shown
to behaveasareasonabigid object in the sense that geometrariations due to deformation
are small eémpared twrgan motiont>'®> Because the urethra passes through the prostate, and
moves with the prostate, itisasonable to infer that the same is true of the uratidahat
dosimetricvariations due to deformation are seaantigér compared tdosimetric variations
caused bynotion and rotationTo assess the impact of the largest rotations allowed by the
protocol these ne®VH curveswereevaluated againghe protocol constrain®TV Dgse, and
urethra Dhax<40.7 Gy and VYosw-3s.85y < 20%, and compared (rotated minus plarDgeH
values)to the values from the original treatment plaiifie changes in CTV &y, and CTV

Dggy, Werealsowevaluatetb assess the adequacy of the PTV margin
Results
I mpact of FFeley Removal on Prostate Rotation

Table 1shows he tilt, roll and yaw angles found by Edn.in registering FCT to TPCT.
Note that all'angles average within @&34° of zero for supine patients and 1.1°+6.0° of zero for
prone patients indicating no strongeferredrotational directiorchange when removing the
Foley. Also.note, that the standard deviation of the tilt is more than double that of #rerol

yaw. Consequently, this work fo@don results related to the tilt angle.

Themeasured redaimetilt angle of the prostatelative to the TPCand FCTover the
course of each raction is shown in Figure 1 for each patient. Figlmewss the histograms of
all changes.in‘tilover asliding two minute interval during all five fractions of treatméas
calculated*by Egn. 2), along with the obserebdngan tilt from the FCT to the TPC{dashed
line). The histograms were integrated to generate cumulative density functions and the
probablity of the change in tilt observed between the FCT and the TPCT for each patient wa
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determined for time intervals of one and two minutes, as well dsddirstfraction and all five

fractions asshown inTable?2.

Figure 2illustratesthat many of thdilt changes caused by removing the Foley are much
larger than-would be expected from normal biological motfeor. the prone patients, regardless
of the time interval or the number of fractions, eight of eleven patients argeotiis 95%
confidence intervajie, <2.5% >97.5%). If the changes in tilt due to removing the Foley were
no different from normal biologat motion the probability of eighof elevenoccurrances would
be 5.6x10gassuming a binomlidistribution. Likewisefive of elevensupine patients are
outside the"95% confidence interval. If the changes in tilt due to removing the Foéegaver
different from normal biological motion, the probabilityfofe of elevenoccurrances would be
1.1x10*. Removing the Foley caused a statistically significant prostate rotation (p<0.0028)
compared.te.nermal biological motion in%G0bf patients.

Rotations During Treatment Relative to TPCT and FCT

Figure 1'shows the tilt angle versus time for each fraction ¢f paitent, relative to the
TPCTand.the FECT.This data idistogrammedn Figure 3 which also shows the percentile of
tilt angles during treatment that are I&santhe tilt during the=CT and TPCTie, the area under
the histogramein Figure 3 to the left of the red or blue line showing the FCT or TP&Tgt#).
Eleven patients were outside the 95% confidence interval (ie, <2.5% or > 97.5%¢ rteldhie
FCT, versus nine patients for the TPCT, aimtk patients are equally or better resgreted by the
orientation of the FCT.

Figure 4shows the initial measured tilt relative to the TPCT and FCT for each fraction.
The average tilt for all fractions and all patients retativthe TPCT are3.2°+6.55 01°+7.3°
and -1.6°+7.1° for prone, supine and all paticatsl relative to the FCT they a#3°+6.5°,
0.4°+£7.3°and-2.0°+7.1°, respectively. Theswerage values agdl within the commonly used
rotational limits of+10°, which is the default value on the tracking system, or £ 15°, in the case
of this protecof® Four patients had eigfctions with initial rotations out dhe + 15°
tolerancaelative to the FCTwhile only one patient had one fraction out of toleraetative
TPCT.
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Dosimetric I mpact on the Urethra and Prostate of the Maximum Allowed Rotations

The dosimetric impact af15° rotations relative to the TPG3In urethra and the prostate
areshown in Figures 5 and fespectively TheurethraDmnax <= 110% = 40.7 Gy criteria was
met for all patients at both +15° and -1bfgure5a), increasing by 0.66%, from 39.4+0.5 Gy to
39.6+0.5 Gy. However, therethraV 10s0-38.856y< 20% planning constraint increased from an
average 08.8£3.4% with no rotations, to 14.4+9.486-15°, and 6 17.6+10.5%at +15° (Figure
5b). Nine patients exceeded¥sy-=38.856y< 20% when rotated +150f the 44 dose calculations
at +15° and -15° for the 22 patients, 12 (27%) exceeded 3 ¥s s5cy< 20% planning

constraint.

Ideally,the PTV expansion is large enough to maintain adaquate dosimetric coverage of
the CTV under anticipated distribution of translations, rotations and deformagtise
rotational limitsof the protocol, the CTV (prostatahd PTV coverage would vary as follows.
The change in CTV By relative to the prescription dose (37 Gy) is shown in FigareThe
average changed b2.1+4.0%, from 37.1+£0.3 Gy to 36.3+1.0 GETV Dgse, Which is used to
assess clinicalsacceptabilitypuld be maintained with an average reduction of only -0.2%, from
CTV Dgswef 37.6+0.3 Gy to 37.5 +0.8y as shown in Figure 6b. (In only one instance (-15°
rotation forpatient p2 ) did §3+ drop below 37 Gy to 36.6 GyAs seen in Figuréc, thePTV
Dgsy coverage drops -3.5£1.6% from 37.2+0.3 Gy to 35.91£0.6 Gy.

Discussion

It is'elear that removing the Foley catheter can cause a statissicadlficant change in
tilt of the prostate compared to the normal biologically induced changes in pargatation.
While the average tilt during treatment compared to the TPC8H°¢7.19 and FCT {2.0°£7.19
are very similaand well withintreatment tolerancesas expectethe TPCT is a better or
equivalent representatiari prostate tilin 18 of 22 patients, In contraste FCT is a better or
equivalent representation in only 11 of 2&ients. However, 92.7% (102 of 110) of the
fractionswould still have initiallybeen within thet15° rotation limit ifonly the FCT weraised
for treatment planningEven when rotated +15°, the;déy=38.856y< 20% constraint was only
exceeded in 27% of the instances. In these instances, the valugghysscywas < 27%, with

the exception of one patient were it ranged from 44.6% to 55.5% depending on the sign of the
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rotation Importantly,dosimetric coverage of the prostate was maintained abgug>37 Gy in

all but one instance for rotations of +15°. With only two patients averaging < -15° (-15.1° and -
15.6° for patients p4 and s5) over the course of treatment relative to the FCT, lospiateda
dosimetric coverage of the prostate does not appear toibsuanf treatment planning were to

be performed.on the FCT.

If planning were to be done on a single CT scan without a Foley, one strategy to avoid
hot spots to the urethra would be to define a generic disk-like planning orgdavatuime
(PRV) encompassing the medial saggittal plandefrostate. The dimensions would be
designed torencompass the possible range of motion of the urethra due to translations and
rotations and apply the desired dosimetric planning constraints to this stitocawned
excessive.urethral dosédditionally, investigators have demonstrated the ability to generate
accurate urethral contours with the use of MRIt is important to note thahoderate dose per
fraction (745 Gy or less) does not result in high rates of urinary togiaitg, some investigators
have sugdested the need to keep hotspotsavelie these dose ranges (~47 8yin these
casesone could safely omit theoley catheter ihotspots are avoided the prostate, especially
in the midplane/transitional zone. However, if dose escalation to >8 Gy per fraatised,

urethral delineation likely becomes of increased importance.

While the focus of this work has been on the change in rotation caused by removing a
Foley catheter, it should also be noted that change®stateposition were also observed
relative to thesbonesThe observed shifts (average + standard deviation [miax}) were: LR
=-0.05 £ 0:53+-1.28 — 0.95] cm, AP =-0.20 £ 0.84 [-2.52 — 1.13] cm, SI = 0.03 £ 1.28 [-4.54 —
1.67] cm. Because these shifts in position carvegy large relative to the surrounding anatomy,
it is strongly recommended that planning should not be done on the FCT if the pdtieot e
treated with the Foley in plac&Vhile daily image or electromagnetic guidance would ensure
acceptable dose the target volumehe dose delivered to the neighboring organs at risk (eg,
rectum, bladder, femoral heads, penile bulb) are likely to be very different than teal@uang

treatment planning.

Regarding the statistical data analysis, no correcti@me made for the time correlation
of consecutive measurements of the tilt of the prostatiés change over one or two minute

intervals. Itis also unclear how valid it is to combine the changes irorotatserved between
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different treatment fractiongdowever, from Table 4t can be seen that the results are
independent of the time imteal (one versus two minutes) between the two CT scans. It is also
independent of whether one or five fractions of tracking data is used to determine the range of

normal changes in tilt that would be expected from biological motion.
Conclusions

Removing a-oley catheter cacause large prostate rotatiqp%.1°+/- 6.0°for prone vs
0.3°+/- 7.4°supine patients), predominately about the LR axis, compared to normal biological
changes inh rotatio(p=5.6x10’ for prone vs p=1.1xIbfor supine). Consequently, the TPCT is
a better representation of the prostate orientation during treatment (in 82% of ptitgentbe
FCT (50% of patients) Additionally, treatment planning optimization criteria may be
employeed to limit hot spots in the urethra experienced over the range of rotaticaddipw
protocol tolerances (x15%hile maintaining acceptabl@TV coverage.This is especially tre
when using dose péractionof <7.5 Gyfractionx 5 fractions. Doses higher than 8 Gy x 5 may
benefit frommapseudorethral PRV or MRI registration to limit dose to the urethzaven the
inherant riskssand discomfort with the Folatheter placementhe need for exérdose and time
from a seecond CT simulation scamd the ability of treatment planning optimization to mitigate
the dosimetric impact of rotationshtaining one treatment planning scan withoubkey

catheter is recommended
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440  Figure Captions

441

442  Figurel: Tilt-angle in degrees about the L-&ight axis versus time relative to the TPCT (solid line at
443  zero degrees)sfor each fraction of each patient. The dashed line shows the tilt of the prisdt€T
444  relative tothesTPCT. The top two rows show prpagents pl through pl1, while the bottom two rows
445  show supine patients sl through s11.

446  Figure2: Histegrams of the changes in tilt over a sliding 120 second interval relative to tieafidlC
447  the FCT (red mark, column 4 from Table 2) for all 5 fracdion

448  Figure 3: Histograms of the tilt angle (degrees) of all patients relative to the TPCT (bluelilt Engle
449  of the FCT is shown by the red mark for each patient.
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Figure4: This figure shows the initial tilt at the beginning of each fraction as measuredaétathe
TPCT (solid triangles). The values are shifted by the by the change in tiltrettastween FCT and
TPCT (outlined triangles) to illustrate the number thatild have been out of tolerance relative to the
FCT.

Figure5: Desimetric impact on the urethra of the maximum allowed rotations. Change in the
dosimetric coverage of the a) urethrgzrelative to initial plan values when rotated +15° (+)
and -15° (-). Figure b) shows the planned (0) and rotated (4) anethral \4os¢, values with the

< 20% planning constraint.

Figure 6: Dosimetric impact on the CTV and PTV of the maximum allowed rotations. Change
in the dosimetric coverage of the a) CTVWold, b) CTV Dgse, and c) PTV [3se, relative to the
prescriptionsdese when rotated +15° (+) absP (-).
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Table 1. Prostaterotations caused by removing a Foley catheter

Pat ID ¢ (Roll)°  ¢,(Yaw)° 6 (Tilt)°

pi 1.0 15 72
p2 0.5 5.8 12.2
p3 -3.3 8.4 3.7
p4 1.9 0.8 -5.9
p5 2.9 0.5 5.0
p6 -0.3 0.2 15
p7 1.9 -0.7 4.7
p8 15 -0.2 2.1
p9 -1.0 1.1 5.2
p10 1.6 2.9 -6.6
p11 -35 1.0 2.2
Ave 1.0 1.7 N
c 1.8 2.9 6.0

Pat ID o (Roll)e==¢(Yaw)°® 0 (Tilt)°

s1 -0.4 0.0 -0.1
s2 -2.1 -0.1 -0.3
s3 0.8 0.8 6.1
s4 1.2 0.0 0.1
s5 3.3 -4.7 -20.1
s6 -1.0 0.0 -0.3
s7 -1.7 2.6 4.3
s8 -0.2 0.5 1.2
s9 -0.4 0.2 5.9
s10 0.4 0.3 71
s11 -0.5 -0.5 -0.3
Ave -0.1 -0.1 0.3
c 1.5 1.7 7.4

Table 1 Change in tilt, roll and yaw angles due to removing a Foley catheter, found from rigidly registering FCT to
TPCT.
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Table2: Changesin rotation dueto removing a Foley catheter, compared to normal biological motion.

1 Fraction All (5) Fractions
Patient 1 min Interval 2 min Interval 1 min Interval 2 min Interval
pl 0.0 0.0 0.1 0.0
p2 100.0 100 100.0 100.0
p3 0.1 0.0 0.2 0.2
p4 0.0 0.0 0.0 0.0
p5 99.4 99.1 99.8 99.7
p6 3.4 4.6 5.7 8.6
p7 100.0 100.0 100.0 100.0
p8 5.6 9.8 6.5 10.3
p9 0.0 0.0 0.0 0.0
pl0 9.8 16.9 3.1 5.6
pll 0.0 0.0 0.3 0.2
sl 59.1 69.4 37.1 32.2
s2 38.2 41.1 34.0 32.1
s3 100.0 100.0 100.0 100.0
s4 57.0 58.8 57.5 59.6
s5 0.0 0.0 0.0 0.0
s6 36.2 46.8 33.6 38.1
s7 100.0 100.0 100.0 100.0
s8 82.8 76.8 89.6 86.6
s9 100.0 100.0 100.0 100.0
s10 100.0 100.0 100.0 100.0
sl1 29.2 21.1 27.5 23.1

Table 2: Percentage of naturally occurring changes in prostate tilt due to biological motion that fall below the change

observed due to removing the Foley catheter, as illustrated in Figure 3 for the right-most column in this table. Prone
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patient are denoted, p#, and supine patients are denoted, s#. Results are shown based on tracking data from one frac
and all five fractions, and looking at the changes in orientation over one and two minute intervals. Results outside the

95% confidence interval are in bold and are independent of time interval or number of fractions.
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Changes in rotation due to removing a Foley catheter, compared to normal biological motion.

1 Fraction All (5) Fractions
Patient 1 min Interval 2 min Interval 1 min Interval 2 min Interval
pl 0.0 0.0 0.1 0.0
p2 100.0 100 100.0 100.0
p3 0.1 0.0 0.2 0.2
p4 0.0 0.0 0.0 0.0
p5 99.4 99.1 99.8 99.7
p6 34 4.6 5.7 8.6
p7 100.0 100.0 100.0 100.0
p8 5.6 9.8 6.5 10.3
P9 0.0 0.0 0.0 0.0
pl0 9.8 16.9 3.1 5.6
pll 0.0 0.0 0.3 0.2
sl 59.1 69.4 37.1 32.2
s2 38.2 41.1 34.0 32.1
s3 100.0 100.0 100.0 100.0
s4 57.0 58.8 57.5 59.6
s5 0.0 0.0 0.0 0.0
s6 36.2 46.8 33.6 38.1
s7 100.0 100.0 100.0 100.0
s8 82.8 76.8 89.6 86.6
s9 100.0 100.0 100.0 100.0
s10 100.0 100.0 100.0 100.0
sl1 29.2 21.1 27.5 23.1

Table 2: Percentage of naturally occurring changes in prostate tilt due to biological motion that fall below the change
observed due to removing the Foley catheter, as illustrated in Figure 3 for the right-most column in this table. Prone
patient are denoted, p#,.and supine patients are denoted, s#. Results are shown based on tracking data from one fraction
and all five fractions, and looking at the changes in orientation over one and two minute intervals. Results outside the

95% confidence intervalare in bold and are independent of time interval or number of fractions.
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