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Table 1, Volumes of pelvic organs measured by planning CT and daily pre-treatment CBCT

# Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Mean

Age 72 83 80 80 63 72 75.0

pVpcr 33.7 42.5 23.6 45,2 38.5 39.5 37.2

pVcaer 33.9 421 23.7 45.4 38.6 39.3 37.1
(33.7 - 34.1) (40.7-43.7) (22,5-24.2) (44.9-45.8) (38.5-38.8) (38.8-39.5)

bVpcr 321 66.4 125.3 214.8 467.3 87.1 213.7

bVceser 286 88.1 154.1 142.5 313.7 120.9 183.1
(55.3-385.4) (124.3 -520.4) (46.6 - 174.4) (58.2-287.2) (177.6 - 473.8) (63.5 - 237.6)

rVpcr 32.6 29.4 20.2 29.8 25.3 28.1 27.6

rVeser 36.6 32.9 22.6 31.6 26.3 31.2 30.2
(24.8-88.5) (20.9-52.0) (17.9-429) (22.3-59.9) (17.3-38.2) (24.3-064.5)

Abbreviations: pCT = planning computed tomography; CBCT = cone-beam CT; pVpcr =
prostate volume measured by CBCT; bVpcr = bladder volume measured by pCT; bVcser =

pCT; pVcser =

prostate volume measured by
bladder

volume measured by CBCT; rVpcr = rectal volume measured by pCT; rVcser = rectal volume measured by CBCT
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Fig 1. Daily volume variations of (A) bladder and (B) rectum in individual patients, Large symbols and corresponding
dashed lines represent volumes measured by planning CT,
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Fig 2, Volume changes of (A) bladder and (B) rectum compared to the planning CT. (C) Dice similarity
coefficient (DSC) of prostate volume is summarized as standard whisker-box plots.
e} 27e] FEAAE tE = F(femoral head)2] 75 3. EXMET| o EEA
2, 3R AAE AT (obturator foramen)e] Hdlgto =
AAskint. A E &2 S3l CBCTOlA 9] 7 4719] A EEAsEddd e AW st (motion), L FH I
A, & AYAA A (pveser), W=FA A (bVeser), 123127 (deformation), Z1#] 31 = 7| ¥ 3}(size variation)E 34 o
A A (1Veser) S AF=3FATE pCT JAtoll = CBCT9 Y 2 FA3517] 93] Dice similarity coefficient (DSC)E o]-&
& 7IE o 2ARAAA A (pVeer), WFA A (bvper), 28] &FTEY DSCE F &32] H3A| A (overlapping volume)
A A (1Vper) & A= ¥} A A (average volume) o] H|Z Fo| = FUSH A

163

Ao T o] A&3| HAAA wl 100%, 121
o 0% VFERHTE
pCTe} CBCT YA EE F47%

Mz g

Q]

3 %949

—

i

NFoz 2Age

2}



25t3|X| 2016 ; 28(2) : 161~169

gr3ko] pvpere} pVeserg Bl 819
Wk obef 23 2ol DSCE et

o, oju g

2(pVpcr N pVeser

DSC =
pVpcr + pVeser

4 EABM

AR CTE 7|&o 23 Hg%ﬂr
Figure 1] YeERNAT) A
Al B glon, *17%1]
o swlgkAtell A F
AAe] TrArs J,].pgz‘sl
diEAEs & fAg A UrE‘r”T/HFlg 2,A). A
AHAM = AN Al el SAX o= Fofdt wstrt
LERA] ek skek(Fig. 2, B). A7 o] AlHe AAE CTo
M Bt 37.2 em’2 SAHHROH, BE fAbllA oF £5%

o~

Ale)

37152 AAHstF 719 Student s t-testE o]83F  oJule] A7) WstE YERY ATH(Table, 1).
0)31\——‘1], AR L Pearson’ s correlation coefficientE AF
g3ttt BE SAEAS dBSTAT version 5 (ABSTAT 2. ZuhA7| 9| eistof w2 MM ol Bz}
Software, Seoul, Korea)E ©|&3}3 o™, &= pvalueZ}
0,051kl Wl EAH 02 Frelg Aoz et 2272 29 E (feld matching)S B}
of Alxkek 74 o] DSCE BT 89.9% (65% ~ 100%) = £
AP R ek FEFY] #SHATHFiE. 2, €). & AT
2 3 ol Bt A FEAHL 37.2 cm'ol ek, FIH
2 AAFo] 37.2 cm® AFA7} 5 mm (PTV margin) ¢ ] ]
1, BURHE| o AR .2 3chn 7198 1) DsCE s AL Bk 3719 &
#ols} JeiuEe] 9 3}E elate] HAGIIA AL 5
ARG} 62 27 F 3039 UAM] A5E ks mm oS F718ke] PTVE AA7] wiell, A e
Shenl, & 180709) A5 A CBCT e ASAAG. DO} 820 olshd Aol AR WolALR
o]F ZHWF7IE <13t Zt(image artifac) &2 &3 A 3. & 1763]¢9] CBCT A = 15.3%21 273] oA
Aol E7Fsgk 471¢] CBCTE Al2gh 176718 A= E o8 82% m|%te] DSC gho] #z= et
sel g 2Rk AAG CTE T1Fe2 e dae] AX sl we Dscel
N LR Wm‘wm -.‘-: - bvmawn :.
'-‘.".‘. £, 0 " &
€ [fpife s
] DA -
: r- oo
p=-DER
» - E_J b J
Chn o by bird ervn e o) Chm o b b prvn e o)

Fig 3. Scatterplot and linear correlation graph (solid line) of Dice similarity coefficient (DSC) in relationship to change
in bladder volume (bVpcr vs, bVeser of each treatment fraction) (A) for total treatment fractions (B) in case of
bVeser{ bVper and (C) in case of bVescr> bVper, Dashed lines represent DSC = 82%, and symbol under dashed

line means prostate displacement of 5 mm or over,
Abbreviations :
CBCT; r = Pearson’ s correlation coefficient,

bVpcr = bladder volume measured by planning CT; bVescr = bladder volume measured by
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Fig 4. Scatterplot and linear correlation graph (solid line) of Dice similarity coefficient (DSC) in relationship to change
in rectal volume (rVpcr vs, rVeser of each treatment fraction) (A) for total treatment fractions (B) in case of
rVeaer{ rVper and (C) in case of rVeser> rVper, Dashed lines represent DSC = 82%, and symbol under dashed
line means prostate displacement of 5 mm or over,

Abbreviations : rVpcr = rectal volume measured by planning CT; rVcser = rectal volume measured by CBCT; r =
Pearson’ s correlation coefficient,
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Fig 5. Scatterplot and linear correlation graph (solid line) of maximum DSC for each interval (DSCmax) in relationship
to change (A) in bladder volume, and (B) in rectal volume, Dashed lines represent DSC = 82%, and symbol
under dashed line means prostate displacement of 5 mm or over,

Abbreviations : DSC = Dice similarity coefficient; r = Pearson’ s correlation coefficient,
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Abstract

Inter-fractional Target Displacement
in the Prostate Image-Guided Radiotherapy using
Cone Beam Computed Tomography

Department of Radiation Oncology, Gachon University Gil Medical Center, Incheon, Korea

Dong Kap Sang, Back Chang Wook, Jeong Yun Jeong,Bae Jae Beom, Choi Young Eun, Sung Ki Hoon

Purpose : To quantify the inter-fractional variation in prostate displacement and their dosimetric effects for prostate cancer
treatment,

Materials and Methods : A total of 176 daily cone-beam CT (CBCT) sets acquired for 6 prostate cancer patients treated with
volumetric-modulated arc therapy (VMAT) were retrospectively reviewed, For each patient, the planning CT (pCT) was
registered to each daily CBCT by aligning the bony anatomy. The prostate, rectum, and bladder were delineated on daily
CBCT, and the contours of these organs in the pCT were copied to the daily CBCT, The concordance of prostate
displacement, deformation, and size variation between pCT and daily CBCT was evaluated using the Dice similarity coefficient
(DSC).

Results : The mean volume of prostate was 37,2 cm3 in the initial pCT, and the variation was around +5% during the entire
course of treatment for all patients, The mean DSC was 89 9%, ranging from 70% to 100% for prostate displacement,
Although the volume change of bladder and rectum per treatment fraction did not show any correlation with the value of DSC
(r=-0.084, p=0.268 and r=-0,162, p=0.032, respectively), a decrease in the DSC value was observed with increasing volume
change of the bladder and rectum (r=-0,230,p=0.049 and r=-0.240,p=0.020, respectively).

Conclusion : Consistency of the volume of the bladder and rectum cannot guarantee the accuracy of the treatment, Our
results suggest that patient setup with the registration between the pCT and daily CBCT should be considered aligning soft
tissue,

Keyword : Inter-fractional Target Displacement in the Prostate Image-Guided Radiotherapy
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