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ABSTRACT

Objective To evaluate the clinical requirements and dose distribution of volumetric changes of bladder
filling in prostate cancer radiotherapy by cone beam CT(CBCT). Methods A total of 20 patients were
included in this study, each patients have 7 sets of CBCT, and the image data sets were contoured
and calculated. Take the CT scans’ bladder filling as reference (CBCT’s bladder volume - CT’s bladder
volume), divided multiple CBCT sets of one patient into low bladder filling group (-250~-50 mL) and high
bladder filling group (50~250 mL). The density override approach were used to get the CBCTs’ HU and
electron density, then copy the CT plan to CBCTs and recalculated CBCT plan to analyze the influence
of the bladder filling difference on the target and organ at risk (OAR)’s dose parameters include PTV
coverage, Cl, HI and OAR’s V70 Gy, V60 Gy etc. Result In total of 20 patients, a total of 140 CBCT image
data sets were collected, the low bladder filling group and the high bladder filling group had 40 and 42
CBCT sets, respectively. Compared with CT Plan, the differences of the following parameters were of
statistical significance (P<0.05). In the Low group, the prescription dose coverage of PTV were reduced
to 95%+3.61%, the V60 and V70 of bladder and rectum had increased by 5.22%16.37%, 5.29%16.18%,
3.01%14.60%, respectively; In the High group, the prescription dose coverage of PTV were reduced to
96.71%+1.84%, V60 and V50 of bladder had decreased by 5.27(+1.77)%, 6.26%(+3.04)%, respectively.
Conclusions During treatment of prostate cancer patients, a better control of bladder filling is
recommended to avoid the bladder volume difference between CT and CBCT, the inconsistent bladder
filling states will cause actual target coverage were decreased, low bladder filling will cause bladder and
rectum actual dose were increased, high bladder filling can be treated by patients actual situation.
Keywords: Bladder Filling; Radiotherapy; CBCT; Dose Distribution; Prostate Cancer
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Vadli *4= 2 V30 9.15+2.87 9.44%4.23 9.16%3.55
akexk V30 5.33%2.34 5.10%£3.33 5.75%+2.83

7E: OAR: Organ at risk AR “P-CT” HREMCTIHA,
HRINRAE: BtxmRAMERS TR,

“Low” Al “High” 93IAECBCT
“a” ARLowSP-CTHLLESRITEER

(P<0.05)MIFESH, MEFTHERFIN-3.78, -3.62, -4.24, 571, -2.69, -2.40; bAF
High5P-CTAELLB AT FEF (P<0.05)89HESH, M EETtESS1798.14, 8.80, 9.48,

“P=CT” A TALCTIHAL,

“Low” #u “High” 4r3|{% % CBCTH %ty By 41

BEMR R B AR A R A4 . ECBCTH E S G P-CTH B 54 £, EMNAELRE TP-CT, AANRKMTP-CT. VX-BABEMA B S,
VX-RA B B S%., EESE Hightl, D6EESNLowill, RELAMN TINEREKE. B2 B —&HP-CThHigh, Lowt 7| &AM

. E:  “P-CT” REZZ{LCTH I,

HP-CT, High, Low; [E2B: JAZ &|#A KK APTV, BLADDER, RECTUM, DVHE 524 A P-CT, 418 % AHHigh, #E % HLlow

“Low” #m “High” 23| (KARCBCTIHRIMWA: BMARAAPEMT RALA. B AEREKK

+ 103



hECTHIMRIZE 20234058 £521% $ 058 S 5516347

33

E&ICBCTHRIBITEE S A%, HEARRARACBCT
YFRE (L AR [E 4% 7% (CBCT site-specific calibration curve)& 5
EWRIETEERRER. MY, ME2HRCBCTRIED
B, BILUEIMBEIBEELIRAT PHEIF BN, BHR
XROB, EHTISERT RS, BERNERNUSNERERE
T, FEEGSI ST MCBCTHIR B T o LU S Mt AT 8E
SEMAFEE S0 ERE", REBINIMEEERT L ESE
HBI5IR, BWNE2HRMDVHFIR, HEX. BHMERSRS
BHE5iHFERE, XHERERTERNERES AT
R HmEHm™ ", David PearsonZ A R IMEI5IEEEIMRT
o B FT S B B0 B 2 N BERATR ML IR L, BRI IEST
HR™, M. RochZ A$2 AT HAIBIBE R 5 2 B R RAE F i+ RICT
B, LUBEEEMSRE", MR arNENRRES A
N—BARNEE, EAFHEERTERT LN, EYER:
BEHMESH, SEIETLUESART, HLRSBRHEEE
FHENSRERN A AARNES,

BN RRIEESERNEERNXERER, ~AMRENEE
MR R BN X S B E R IR E R B F5%, B
WITE, ERCSHEESTiHINE, MBsEplERRe
iR, MFRAEFR, 5EEHEA N ICHER. YRk
AR EREEMETHRIS0mL b)BY, ERAMETIEX (30~60Gy)
RIS, XEHFERTRRTHN, Fi5EXSERSERES
FEHMSREXBESEEX, MERUHNT PEFEKX, F
HFISN, TREBSEIN e SRR e, YRBREN
BRI R LR IS IR R I FMITH, A BERRIREN
LIRS RH B EBHIGRESEE, BERMIETAT. BkS%
NS SERT P EENE. XERT MRS IIRT AR
. EAyEY, B —EaEhTATEMEmNEY, BiRs
SEEE T AT KMEMmTE LT K", YBEpIREN, 25
FIEX (Q170 Gy) IR B MAESHATMNSLEFEN, B % REEMA
UK, TIREEREPEEE AT, BERS S S SR AR Sk
BERUATRIE D L AIME, B RREE S EHI BRI TR
B, mEFREX SR EEE. ERREMOARSHFIEBN RS
PR IEZ,

WMEEGSISHTHBRNAE, BER3ISEENRTHERL
B, 1RGSR P AR S MR E R = 4
EXTRIEHEINE, FHEEENAERRT HENEE",
AR ETFCBCTEG KRR I M R E B B E T B
B5IRIEER, MTRHAERAIEE, REERERBHR
PRHIRE AT MR,

ARRFHEIBREER, UEHTFFHIE XA MERTS
£, REZEIEHTATHENTK, BRFRININETKE
RESEEMAATHSER, FUEREATREaNTKH
FEZ, HNEESUHTHAE, BRATMRLERKHBR, B
ME B, YEMAEREN, SELRTRAESTFIHIF
8, FERIRKRER, REHTAT, BRI U
REHIES THITAT. RITFZUABRERRSHEMIG
RE—FHNSE, LURFHATNE, BESERAE,

AN ETBEBEAITECBCTRE, BIBERRENE
BETHIGAENH, BHAREERSHERFEEER
T, EMABRRAENENNERIMAESEMN, B a8t
N FRAE S AIIRIE B E SRS R TATT

2E3

[1]Baskar R,Lee K A,Yeo R,et al.Cancer and radiation therapy:current
advances and future directions[J].Int J Med Sci.2012,9(3):193-199.
[2]Kupelian P A,Langen K M,Zeidan 0 A,et al.Daily variations in delivered
doses in patients treated with radiotherapy for localized prostate
cancer [J]. Int J Radiat Oncol Biol Phys. 2006, 66 (3): 876-882.

[3]Lawes R,Carter B,Hussein M,et al.Retrospective audit of inter—fraction
motion for pelvic node radiotherapy in prostate cancer patients[J].

104 -

Radiography. 2021, 27(2): 266-271.

413K 52, BdE, 81, et al. AT 5] R IMRT 5 B ot 76 2 WK A 3 #8 KR 0AR vy [T]. o
A R 22 . 2014, 23 (5) : 382-385.

[5]Nakamura N, Shikama N, Takahashi 0,et al.The relationship between the
bladder volume and optimal treatment planning in definitive radiotherapy
for localized prostate cancer [J]. Acta Oncol. 2012, 51(6): 730-734.

[6]Fujioka C,Ishii K,Yamanaga T,et al.Optimal bladder volume at treatment
planning for prostate cancer patients receiving volumetric modulated
arc therapy[J].Pract Radiat Oncol. 2016, 6(6): 395-401.

[7]Pang E,Knight K,Hussain A,et al.Reduction of intra-fraction prostate
motion — Determining optimal bladder volume and filling for prostate
radiotherapy using daily 4D TPUS and CBCT[J].Tech Innov Patient Support
Radiat Oncol.2018,5(12):9-15.

[8]Feuvret L,Nol G,Mazeron J J,et al.Conformity index:A review[J].Int T
Radiat Oncol Biol Phys .2006, 64(2): 333-342.

[9] Anon. Prescribing, Recording, and Reporting Photon-Beam Intensity-
Modulated Radiation Therapy (IMRT):Contents. [J].Journal of the
Tcru.2018,10(1): NP,

[10]Yang Y, Schreibmann E,Li T,et al.Bvaluation of on-board kV cone beam CT
(CBCT) -based dose calculation[J].Phys Med Biol.2007,52(3):685-705.
[11]Li T,Thongphiew D,Zhu X,et al.Adaptive prostate IGRT combining online
re-optimization and re-positioning:a feasibility study[J].Phys Med

Biol. 2011, 56 (5): 1243-1258.

[12]Pearson D,Gill S K, Campbell N et al.Dosimetric and volumetric changes
in the rectum and bladder in patients receiving CBCT-guided prostate
IMRT: analysis based on daily CBCT dose calculation[J].J Appl Clin Med
Phys. 2016, 17 (6): 107-117.

[13]Mcparland N,Pearson M,Wong J,et al.Quantifying daily variation in
volume and dose to the prostate,rectum and bladder using cone-
beam computerised tomography[J].Journal of radiotherapy in
practice. 2014, 13(1): 79-86.

[14]Roch M, Zapatero A,Castro P,et al.Dosimetric impact of rectum
and bladder anatomy and intrafractional prostate motion on
hypofractionated prostate radiation therapy[J].Clinical & translational
oncology. 2021, 23(11):2293-2301.

U15) 2 50 3, ¥k, B A%, . 07 Ao 3 JE A 5 R B WO B ot 78 AL R B — B
B SR T). A E S D 4R, 2019 (03): 192-196.

[16]Palorini F,Botti A,Carillo V,et al.Bladder dose-surface maps and
urinary toxicity:Robustness with respect to motion in assessing local
dose effects[J].Phys Med. 2016, 32 (3): 506-511.

U RAZR, RET, £8%, F. FIEAE AT FRBRMLEMN T AR A REE N
B (7] P EEFYIEFZE. 2021, 38 (01): 11-14.

[18]Gurjar O P,Arya R,Goyal H.A study on prostate movement and dosimetric
variation because of bladder and rectum volumes changes during the
course of image-guided radiotherapy in prostate cancer[J].Prostate
International. 2020, 8 (2): 91-97.

[19]Hoogeman M S,Peeters S T,de Bois J,et al.Absolute and relative
dose-surface and dose-volume histograms of the bladder:which one
is the most representative for the actual treatment?[J].Phys Med
Biol. 2005, 50(15): 3589-3597.

[20]Casares-Magaz 0,Moiseenko V,Hopper A,et al.Associations between
volume changes and spatial dose metrics for the urinary bladder
during local versus pelvic irradiation for prostate cancer[J].Acta
Oncologica. 2017, 56 (6): 884-890.

D11 ES%, A0, A OB BOT R —— E&s R aE R B0T U] # @
EF e . 2012, 29 (4): 3467-3471.

(2203, BRAS, Bkak ok, . B & RAMT R IR KRR D). e BHEY 5 1 4
£.2014, 34 (1): 73-76.

[23]Antico M,Prinsen P,Cellini F,et al.Real-time adaptive planning method
for radiotherapy treatment delivery for prostate cancer patients, based
on a library of plans accounting for possible anatomy configuration
changes [J]. PLoS One. 2019, 14(2):e213002.

[24]Fotina I,Hopfgartner J,Stock M,et al.Feasibility of CBCT-based dose
calculation: comparative analysis of HU adjustment techniques[J].
Radiother Oncol. 2012, 104 (2): 249-256.

[25]0nozato Y,Kadoya N,Fujita Y,et al.BEvaluation of on-board kV cone beam
computed tomography-based dose calculation with deformable image
registration using Hounsfield unit modifications[J].Int J Radiat Oncol
Biol Phys.2014,89(2):416-423.

[26]Giacometti V,King R B,Agnew C B,et al.An evaluation of techniques for
dose calculation on cone beam computed tomography[J].British journal of
radiology. 2019, 92 (1096): 20180383.

[27]Dunlop A,Mcquaid D,Nill S,et al.Comparison of CT number calibration
techniques for CBCT-based dose calculation[J].Strahlenther Onkol.
2015,191(12):970-978.

28] Wk, 23257, i, 4. WP Bom B R 5 R R B X ATRE P EZ U] FOK
W4, 2022,29 (4): 56-57.

(WFsBHA: 2022-10-27)
(KExF4REE: BHFS)





