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[ Abstract] Objective: To analyze the quality of intra-fractional CBCT, and analyze intra-fractional errors in the post-pros-
tatectomy radiotherapy using intra-fractional CBCT. Methods: The CTP 503 phantom was scanned with different CBCT scan
modes (including the phantom verification model, the inter-fractional half-arc model, the inter-fractional full-arc model and
the intra-fractional scanning mode) ,and the CBCT images were evaluated by geometry, spatial resolution, low contrast and
uniformity. 14 patients with post-prostatectomy radiotherapy were scanned by inter-fractional CBCT to correct the setup er-
rors. Intra-fractional CBCT scans were performed to analyze intra-fractional errors throughout the treatment. Results; Spatial
resolution, low contrast and uniformity of the phantom verification model were superior to those of other three models. Obvi-
ous artifacts existed with the intra-fractional scanning mode, compared with the inter-fractional half-arc model and the inter-
fractional full-arc model; spatial resolution, low contrast and uniformity of this mode were 3 line pairs, 1.52 and 3.57% ,

respectively. Neither the inter-fractional half model nor the

[ HE] 2020-12-04 [1&EBHI] 2021-03-07 intra-fractional scanning model could clearly show the contour
[E£mB] ~ WA EREE15 H (45 :2021JDKP0070) of the prostate bed. Systematic and random errors of intra-frac-
[@iEE]  “4{=B],E-mail ;zrm_100@ 163. com tional CBCT for post-prostatectomy radiotherapy were 0.5 mm
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vs 0.6 mm in the medial-to-lateral ( ML) direction, 0. 8 mm vs 0. 5 mm in the superior-to-inferior ( SI') direction and

0.7 mm vs 0.6 mm in the anterior-to-posterior ( AP) direction; and the corresponding planning target volume (PTV) mar-

gins were 1.67 mm (ML), 2.35 mm (SI) and 2. 17 mm (AP). Conclusion: The influence of megavoltage radiation on in-

tra-fractional CBCT is mainly in artifacts. Neither inter-fractional CBCT nor intra-fractional CBCT can clearly show the con-

tour of the prostate bed. Residual errors after CBCT correction and patients’ movements throughout treatment are small. A 5

mm PTV margin can compensate for the position errors in post-prostatectomy radiotherapy.
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Table 1. Dose Prescription

N Dose perfraction Fraction Total dose

(cGy) (¢Gy)

5 200 33 6,600
2 200 25 5,000
2 215 28 6,020
1 200 30 6,000
1 200 28 5,600
1 800 3 2,400
1 500 7 3,500
1 800 5 4,000
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Table 2. Parameters of Different Scanning Modes
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Variable Phantom calibration Half arc for inter-fraction Full arc for inter-fraction Intra-fraction
kv 120 120 120 120

mA 20 40 40 40

mS 20 20 20 20

Gantry angle 180° ~ 180°(360°)

Average frame 675 433
S20-Med-Res

Reconstruction mode CAT-Image Quality

45° ~210°(195°)

180° ~182°(358°) 180° ~182°(358°)
662 343

S20-Med-Res S20-Med-Res
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Table 3. Quality of CBCT imagesin Different Scanning Modes

Variable

Phantom calibration

Half arc for inter-fraction

Full arc for inter-fraction

Intra-fraction

Geometric deviation
Spatial resolution (lp/cm)
Low contrast

Uniformity

Average HU value (HU)

0.36%
10
3.73%
0.0028%
1,000. 99

0.45%

3

1.36%
0.0354%
907.28

0.54%

3

1.13%
0.0243%
923.28

0.27%

3

1.52%
0.0357%
924.98

HU . Hounsfield unit.

E1 FREAKRNK TEER CBCT #
Figure 1. CBCT Images of Phantoms in Different Scanning Modes

Columns from left to right show images for the phantom verification model (Panels a, e, i, and m), the inter-fractional half-arc model

(Panels b, f, j, and n), the inter-fractional full-arc model (Panels ¢, g, k, and o) and the intra-fractional scanning mode ( Panels

d, h, 1, and p), respectively;rows from up to down show the images for geometric deviation (Panels a, b, ¢, and d) , spatial resolu-

tion (Panels e, f, g, and h) , uniformity (Panels i, j, k, and 1), and average HU value (Panels m, n, o, and p), respectively.

x4 DRERERMBE PTV AR
Table 4. Inter-Fractional Errors and Corresponding PTV Margins

Variable Inter-fractional error (mm)
ML SI AP RX RY RZ
3 2 5.1 2.6 1.34 1.05 1.16
2.2 4.8 1 0.83 0.98 0.99
Margin 6.54 16.11 7.2

ML: Medial-to-lateral direction; SI: Superior-to-inferior direction; AP: Anterior-to-posterior direction; RX: Rotation about axis X; RY; Rotation about

axis Y; RZ: Rotation about axis Z.
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Table 5. Intra-Fractional Errors and Corresponding PTV Margins

Variable Intra-fractional error (mm)

ML SI AP RX RY RZ
3 0.5 0.8 0.7 0.33 0.24 0.37
) 0.6 0.5 0.6 0.54 0.68 0.34
Margin 1.67 2.35 2.17

Abbreviations as indicated in Table 4.

B2 ZEMCTEKESRERES XA CBCT #&

Figure 2. CT and Inter-Fractional CBCT and Intra-Fractional CBCT Images

Rows from up to down show CT, inter-fractional CBCT and intra-fractional CBCT, respectively.
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