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[ Abstract ] Background and purpose: In recent years, deep inspiration breath hold (DIBH) based on surface-guided radiation
therapy (SGRT) has emerged as one of the most promising techniques in breast cancer radiotherapy. Conventionally, cone-beam CT
(CBCT) is used before treatment to verify and correct patient positioning deviations. However, patient position may change during
treatment, and pre-fraction CBCT cannot fully reflect real-time positional deviations. Therefore, this study aimed to introduce intra-
fraction CBCT into left-sided breast DIBH radiotherapy to monitor and correct real-time deviations, verify whether patients achieve
the desired position during treatment, and evaluate the clinical value of intra-fraction CBCT in left-breast radiotherapy. Methods:
Clinical data from postoperative left-sided breast cancer patients treated at Fudan University Shanghai Cancer Center between June

2023 and January 2024 were collected. Patients with satisfactory cardiopulmonary function and stable DIBH compliance were
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included. Pre-fraction CBCT scans were performed before treatment, and data were recorded. During treatment, the gantry was

rotated to —180° to trigger kV-level intra-fraction CBCT scanning. After gantry repositioning to the starting angle of the tangential
field, MV beam delivery commenced. Intra-fraction CBCT scans were acquired for positional registration, and deviations were
compared with pre-fraction CBCT results. Results: A total of 30 eligible patients were included, with 150 pairs of pre-fraction
and intra-fraction CBCT images analyzed per patient. The mean registration deviations for intra-fraction CBCT were 26%, 52%,
and 51% lower than pre-fraction CBCT in the X, ¥, and Z axes, respectively (P<<0.05), demonstrating significantly reduced real-
time deviations. The probability of intra-fraction deviations being <6 mm was 100.0%, 100.0%, and 99.3% for the X, Y, and Z
axes, respectively. Correlation analysis revealed a weak correlation between intra-fraction and pre-fraction deviations in the X-axis
(P <<0.05), while no significant correlation was observed for the Y and Z axes (P>0.05). Conclusion: Intra-fraction CBCT effectively
monitors and corrects real-time positional deviations in left-sided breast DIBH radiotherapy, serving as a valuable supplement to
conventional pre-fraction CBCT. It minimally impacts treatment efficiency while significantly improving positional accuracy, offering

clinical and practical benefits for left-breast cancer radiotherapy.

[ Key words | Intra-fraction CBCT; Surface-guided radiation therapy; Deep inspiration breath hold ; Breast cancer
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Fig. 1 Catalyst HD monitoring interface during patient's deep

inspiration and breath holding state

135 %itsam

AR R M BCATREAS, JMURRTAIS K
NIAE FRER X £s9R . SRHISPSS 22,08k 1%}
IR T T Lo IEAS RIS A 25
SR e A 2= e AN IR IE A5 B 2248
5, PR R FHAE S EOR 5 1 Wilcoxon £
BRI, P<0.05hZERAGTFE X,

2 4 B

21 NARERGREE

AR LN AIOBIFF A NS B,
BE A SHEBR AR R AR R DL IR 2 R AR
28~59%, FIJAERY (43.549.14) % ; Hrik R
MR AREE 136, RILREE176]. HHECBCT
SRURET AR N HE 74341 (451501K ) -



(¥ @EER L) 2025445355461

581

2.2 SREIASRACBCTER HREME S
FEE UK AT A3 UK N CBC T i i 22 LE Xl
Yil ., Z 7 B A IR, BOS EIILER . X)
B AT AL R BT AR B4 mm DL e 25 1R
FIKR, FeRETEYRZE 7, 4515 3028.0%
536.7%, MMZEALESIREN0 mmll b, FEE
PR BB R RAEAL Y 2 M — e i 22, A,
AW GE B8 B DL R
EARREMG, BB A7 B A7
BN, XA R ETCBC TR E IR 2236 K. 43
RN IS BRI — R 280 CBCTH HE S5 ml 1%
B0 UGE, AR YRR Z50 5 ) L O 22 >
4 mmPIHERFEIRNZE4.0% 5 5.4%, 55278
X, YRZihJ5 ) bR BCAE R 22 <6 mmAYHE RN
100.0%. 100.0%. 99.3%. 3K HNFE3AT5 ] L)
S-S5 E A I 22 0 1) L A3 IR T D 226% . 52%
51%, w2 A AL T4rkKmT (P<<0.05) o

PRL LG Ife PR A X 31 AR5 mm A A6 Y7 4
X ESR T, B TEIRYT B RE JL T3k B 5 5
JIT A W RAE X A BRARARA, o 3 MR N A
WAEZEN )T M B9 22 13,1 mm, WEERERS
R A T AR, ZCBCTYY IE J5 42kt
HRIT -

23 BAERELLE

55 FH Wilcoxon £ 5 Bk A 56 X 43 U R 153 UK
X I Y 15060 B0 45 R AT o b (3R2) o 7E
HISIRCBCTH IR, s-R NTEXS . Yl Z%h
(Ol 24 o SRIAIE RS Jy el ) i) By
T 2ZEEE/NT o kan, HERARIT#E S
(P<0.05) .

r Rl L, 22U INCBCTHLE il 22 B /N T
STRETCBCT. 43 VR B £ 100 B AR 3 Rk 42
P —E I, R YR ZE )7 ) L e 25
R, iR EAERIARE NSRS,

| Patients with left-sided breast cancer candidated for PORT (n=50) |

Exclusion criteria:

(D Patients who were unable to maintain stable breath-hold during inhalation
and discontinued DIBH midway (1n=6);

» (2) Patients who experienced significant body shape changes during
treatment (n=1);

(3 Patients who were primarily abdominal (diaphragmatic) breathing (n=10);

(@ Patients who underwent fewer than 5 CBCT scans during treatment(n=3)

Inclusion criteria:

@) No history of heart disease and normal lung function;

(D The patient has undergone more than 15 treatment sessions;

(3 The patient was cognitively alert, cooperative, and capable of performing
deep inspiration breath-hold training as directed by the physician, maintaining
a single breath-hold over 30 seconds and tolerating repeated breath-holds

'

Included in analysis (n=30):

() 17 patients underwent breast-conserving surgery

(D 13 patient underwent modified radical mastectomy for breast cancer;

v v

Pre-fraction CBCT (150 fraction)

Intra-fraction CBCT (150 fraction)

B2 ANABBEMNRHRRRER

Fig. 2 Patient inclusion and exclusion workflow

PORT: Postoperative radiotherapy; DIBH: Deep inspiration breath hold; CBCT: Cone-beam CT.
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Tab.1 Frequency distribution of CBCT registration deviations between pre-fraction and inter-fraction scans

[n(%)]

X-axis deviation D/mm

Y-axis deviation D/mm

Z-axis deviation D/mm

Item
<2 2<D<4 4<D<6 =6 <2

2<D<4 4<D<6 =6 <2

2<D<4 4<D<6 =6

Pre-fraction

Intra-fraction 100(66.7) 40(26.7)

106.7)  0(0.0) 99(66.0) 45(30.0)  6(4.0)

85(56.7) 46(30.6) 14(9.3) 5(3.3) 61(40.7) 47(31.3) 15(10.0) 27(18.0) 61(40.7) 34(22.7) 27(18.0) 28(18.7)

0(0.0) 95(63.3) 47(31.3) 747  1(0.7)
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Fig.3 Scatter plot of CBCT registration deviations between pre-fraction and intra-fraction scans

A: Pre-fraction; B: Intra-fraction scans.
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Tab.2 The comparison of registration deviations between pre-fraction and intra-fraction CBCT

[(X+s) /mm |

Item X-axis Y-axis Z-axis
Pre-fraction (/=150) 2.09+1.62 3.37+2.77 3.34+2.69
Intra-fraction (/=150) 1.55+1.25 1.63+1.21 1.79+£1.53
P value 0.001 <<0.001 <<0.001

f: Fraction.
£3 MRETS /R KCBCTE R E MWL DT
Tab.3 Correlation analysis of CBCT registration deviations

between pre-fraction and intra-fraction scans

Axial r value P value
X-axis 0.165 0.043
Y-axis 0.139 0.089
Z-axis -0.043 0.599
30’
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