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Accuracy assessment of image-guided radiotherapy for prostate cancer
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Abstract: Objective To study on the accuracy of different methods and regions of cone beam computed tomography
(CBCT) image registration in image- guided radiotherapy, and to analyze the effects of distention degree of bladder and
rectum on the radiotherapy precision for prostate cancer. Methods The bladder volumes of 15 patients with prostate cancer
were measured before the positioning and fractionated treatment, and then the planning CT and CBCT image of each
position were registered by different methods (bony registration and gray registration), and different regions (target and
pelvic). The geometric center of target volume, the dice similarity coefficient (DSC) of gross target volume (GTV), and the
coverage ratios (CR) of organs at risk and planning target volume (PTV) were analyzed and compared. And the correlation
between bladder volume, rectum volume and the three evaluation parameters was analyzed. Results For the registration
pelvic region, the registration precision of gray registration was better than that of bony registration. For the bony
registration, the precision of registration pelvic region was similar to or better than that of registration target volume. For the
gray registration, the precision of registration pelvic region was better than that of registration target region. When the gray
registration was selected for registration pelvic region, the position deviation of target geometric center was minimum,
(0.362+0.189) cm; DSC was maximum, 0.707+0.089; the CR of PTV, bladder and rectum were maximum, respectively
(96.6+4.1)%, (85.4+17.2)%, and (74.2+13.3)% . The bladder volume was negatively related to the three evaluation
parameters. However, the rectum volume did not showed any obvious correlations with the evaluation parameters.
Conclusion During the CBCT image guided radiotherapy for prostate cancer, the gray registration for pelvic region is the
better choice to reduce the setup error, improve the radiotherapy accuracy. The consistency of bladder volume, rectum
volume and the CT localization before fractionated treatment has significant effect on ensuring the target dose and reducing
the toxicity of bladder and rectum.
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% R 7 I 254 (MID-6000 , KT 35 ) o
1.2 XS

VEHL 2014 4F 5 H 2 2015 4F 7 H (A1 1E [7] 55 K [t
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Tab.1 Expanding margin of clinical target volume for different regions (cm)

Location X (Right/Left) Y (Superior/Inferior) Z (Anterior/Posterior)
Head & neck 0.28+0.06 0.39+0.07 0.28+0.06
Chest (vacuum pad) 0.56+0.39 0.64+0.45 0.43+0.29
Abdomen (vacuum pad) 0.53+0.12 0.59+0.11 0.53+0.12
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Fig.1 Cone Beam CT (CBCT) image of different registration regions of patients with prostate cancer
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Tab.2 Time consuming of different registration methods in

different registration regions

Method Target volume Pelvic region
Bony registration/s 1.0+0.2 1.9+0.3
Gray registration/s 3.1+0.2 6.5+0.5

P value 0.010 0.008
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Tab.3 Difference of geometric center between GTVcrand GTVcger

of different registration methods in different registration regions

Method Target volume  Pelvic region P value

Gray registration/cm  0.372+0.190 0.362+0.189 0.019
Bony registration/cm  0.370+0.190 0.366+0.192 0.183

P value 0.664 0.263

GTV: Gross target volume
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XFF GTV ARRUEFEEL, B R DX XA, B
HER GTV AU S B T K EE T HE o T 7 DX
B, K BEBCAE ) GTV AL T8 B i 4 3 1 Bl o
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BCHERD XA 25 5 . BRI, SR A DX el K T
HERT GTV MIPEFR B (R 4).
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TRV R LB
Tab.4 Difference of dice similarity coefficient (DSC) between
GTVcrand GTVeer of different registration methods in

different registration regions

Method Target volume  Pelvic region P value

Gray registration ~ 0.698+0.092 0.707+0.089 0.477
Bony registration ~ 0.703+0.107 0.700+0.107 0.991

P value 0.834 0.770
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Tab.5 Coverage ratio (CR) between GTVcr (OARcr) and GTVeser (OARcer) of

different registration methods in different registration regions (%)

Item Method Target volume Pelvic region P value
PGTV Gray registration 96.3+5.3 96.6+4.1 0.722
Bony registration 96.4+4.2 96.3+4.5 0.618

P value 0.134 0.403
Bladder Gray registration 82.1+17.2 85.4+17.2 0.010
Bony registration 83.1+15.3 82.2+17.7 0.516

P value 0.530 0.017
Rectum Gray registration 72.4+14.1 74.2+13.3 0.258
Bony registration 71.8+14.6 73.4+13.6 0.170

P value 0.996 0.690

PGTV: Planning gross target volume

=6 B EBSHEX/LTH 0 ERE GTVAUMIES PCTV BERMWEX M

Tab.6 Correlation between OARs (bladder, rectum) and position deviation of
target geometric center, DSC of GTV, and CR of PGTV

AD DSC CR
Item Method
r P value r P value r P value
Bladder Gray registration (Target) -0.112 0.465 -0.207 0.173 -0.335 0.024
Bony registration (Target) -0.052 0.734 -0.340 0.022 -0.350 0.018
Gray registration (Pelvic) -0.092 0.550 -0.053 0.731 -0.423 0.122
Bony registration (Pelvic) -0.082 0.592 -0.057 0.712 -0.298 0.047
Rectum Gray registration (Target) -0.150 0.325 0.187 0.220 0.176 0.248
Bony registration (Target) -0.135 0.377 -0.010 0.950 -0.175 0.250
Gray registration (Pelvic) -0.051 0.741 0.067 0.660 0.072 0.640
Bony registration (Pelvic) -0.043 0.780 0.133 0.385 0.109 0.477

AD: Position deviation of the target geometric center
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