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[ Abstract | Background and purpose: Single-week ultra-hypofractionated whole breast irradiation (WBI) after breast-conserving

surgery could shorten the treatment duration while ensuring efficacy and safety, making it a viable option for WBI. However, ultra-
hypofractionated WBI requires daily image-guided radiotherapy (IGRT), and its impact on setup errors remains unclear. This
study aimed to identify factors associated with set-up errors in ultra-hypofractionated WBI guided with daily cone-beam computed
tomography (CBCT) and calculate margin expanded from clinical target volume (CTV) to planning target volume (PTV). Methods:
This study included patients enrolled in a prospective trial that explored the safety of single-week ultra-hypofractionated WBI
(NCT04926766) in Shanghai Ruijin Hospital, which was approved by Shanghai Ruijin Hospital Ethics Committee (No. 2020-
352). All patients received CBCT1 after positioning. After correcting errors, patients received CBCT2. CBCT3 was conducted after
radiotherapy was completed. The translational errors between CBCT1, CBCT2, and plan CT were initial and residual inter-fractional
errors. The translational error between CBCT2 and CBCT3 was an intra-fractional error. The PTV margin was calculated according to
the van Herk formula. Results: A total of 34 patients were enrolled in this study, and 510 CBCT images were collected. Daily CBCT
significantly reduced set-up error in anterior-posterior (AP), superior-inferior (SI) and right-left (RL) directions (initial inter-fractional
error vs residual inter-fractional error: AP, 2.8 mm vs 0.4 mm; SI, 1.6 mm vs 0.5 mm; RL, 1.8 mm vs 0.3 mm, all P<<0.001). Higher
CTV volume (>402.5 cm’ vs <402.5 cm’) was associated with larger residual inter-fractional error (0.5 mm vs 0.3 mm, P=0.023)
and intra-fractional error (0.5 mm vs 0.2 mm, P=0.001) in AP direction. Higher CTV volume was also associated with larger residual
inter-fractional error in the SI direction (0.6 mm vs 0.5 mm, P=0.037). Higher BMI (>23.2 kg/m’ vs <23.2 kg/m”) and larger weight
(>60.0 kg vs <60.0 kg) were associated with larger intra-fractional error in AP direction: 0.7 mm vs 0.2 mm (P <<0.001) and 0.5 mm
vs 0.2 mm (P=0.033), respectively. Under guidance with daily CBCT, the recommended margins were 2.3 mm in AP direction, 2.8 mm
in ST direction, and 2.0 mm in RL direction. However, in patients with CTV volume >402.5 cm’® and BMI>23.2 kg/m’, a larger

margin was recommended in SI direction: 3.1 mm and 3.4 mm, respectively. Conclusion: The 3 mm margin was feasible under

guidance with daily CBCT. The CTV to PTV margin should be larger in patients with higher BMI or CTV volume.

[ Key words | Breast cancer; Ultra-hypofractionated radiotherapy; Whole breast irradiation; Set-up error; Margin

AL OT AT AL R TR LR S A
S R AH CHE T XU W . JE4E R Fast-forward
WFFEIESE 726 Gy/5UCH) A o3 #1707 S 7E 4
FURCT B AT ATIE ) o ST I 4 AU S A
e B YR R A R ), R BT
XHRADRTHERE R SOR W S . R, 7EiX—IRY7
BT, AR AL SRR LA DRI AR HETE:
[ AR SR A5 1T LA 22 24/ NI R FEAR AR ( clinical
target volume, CTV ) M Az pli it R 48 4 1
( planning target volume, PTV ) WIZNT 5, KL
YRR A

A2 S I SHIFTAFSY. (NCT04926766 )
S —TUFLIER RIS 23U R BB BT 1)
A Zrhuly . ATRETEIRRIAL . Fast-forwardfif
5% 2 MISHIFTHT I8 ¥ 3R 88 Jr 2R 0IA YT i
TR MG S . SHIFTHESE #E—2 ik 142407
TR B UIRCATHIE AT RALEE S (cone-
beam computed tomography, CBCT) &, JCi&
BRZE RN LR RSB0, JF AR AT
CBCTHiANR 25 FHR 3R 7. (H4: HCBCTS| %
21 BEAS 1. 2 A AR 031 A FL T Y 7 Ik
[0 B2, DA [R5 n] LU 240/
CTVAMIPTVIIIAF, HAEEE.

AWFIE B AE R GEH VA 530K (8] B2 73 N Ao
W, WRIGKFHESXRERNFEm, G
il R RS 2 FL BT CTVAMNY i SR R

P2 o
1 GBI
1.1 FARIHR

AL A20214E2 H—20214E10H T F i
A R A I 2 Bt P Ji 4 R Be i 22 A4 SHIF T
WA . SHIFTHFSY & — I FL e g R EL
A5 12 32 B JR) 8 K 431 4 ZLECRT B i A A 5
(NCT04926766 ) , CHUS A28 KAz B b
Ry e i 4 R BE AR 322 DL 25 i Ak [ (2020) IRA&HT
% 0(352) 5 | o AHFSENANRHER . Zead Vi
YeJG, W AZHSHIFTAFSY . HEBRbRMES . O £
FESHIFTHFFE 7 R 5e AT HOT TR @ A

SEAE BT AR B iR 2= 0 5 . SHIFTAFFYEL

SREE 35226 Gy/sik . & H LIRIEFLIOT
1.2 FAEEREMCTEGRE

BE UM EM , W R B2 R, e T
Klarity ATHENAZLIRFEAE s K larity — 1AMz . RH
TP RG] S, IR B [ o T s, T [
FEMR S BRI R A 7 I8 B AR E . 7RG
JPARDE A BRI T #EA T AL CTH, B
‘74 em, THRAZEFFREYET4 cm, BRI 4
fiti, CTZJE A3 mm,
1.3 SHBTERREIE

{fi Ffl Varian TrueBeam BLZk Il 45 E4 71697,
B HIGIFRHCBCTE S0 224 7 Ho Ui AN 44



754 IT&ER, 5 ETSB0CIHLRERABREBANIEAMSHMIBIRERINADRHAR

TS BB U 1 CBCT 5 & 37 CTTE S H 3hie
WG, HET AR EER AN TR, BTG .

S, A =4 ) R EIRE . B H RS
fFERCBCT (CBCT1) , H5@EN CTIH AL E
BRZENWIIR IR AR 2, ARPECBCTIAEL A B
EJGHATCBCT (CBCT2) , H 5@ AL CTH AR
ZERFRAT IR IR 22 . 24 =2y 1) AR AT ik

iR 22 <3 mmB RO, & PR 2 IE 5%
AR AR 2 H 3R 2 <3 mm (JLE, JGI7F
ARG —IKCBCTHCBCT2) . % H il
Ja¥447CBCT (CBCT3 ) , H.5CBCT21 B iR
ZNMRNIRZE . A HCBCTEEL 5] 5 HAK R
DL . ARG TR B TR 22 R = 4k 7 1) i oF
MRz, NMIFEE1RZE.

| Positioning |
. Initia 4—{ CBCTI |
inter-fractional error

v

Error correction

Residual +

inter-fractional error CBCT2

Repeated CBCT?2 after correction
until error < 3 mm

-

Error < 3 mm

Error > 3 mm

A

Inter-fractional Y
error
Treatment
CBCT3

E1 CBCTE&S|SiiiE
Fig. 1 Flowchart of CBCT imaging guidance
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M: Mean; SD: Standard deviation; RMS: Root mean square.
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Tab.1 Clinicopathological characteristics of the patients

Characteristics Patients (n=34)

53.5 (40.0, 74.0)
402.5 (143.2, 958.6)
161.5 (150.0, 168.0)

60.0 (45.0, 78.0)

232 (18.0, 28.0)

Age median (range)/year
CTV volume median (range)/cm’
Height median (range)/cm
Weight median (range)/kg
BMI median (range)/ (kg-m™~)
Laterality n(%)
Left 22 (64.7)
Right 12 (35.3)
Quadrant n(%)

Upper inner 6(17.6)

Lower inner 4(11.8)

Upper outer 20 (58.8)

Lower outer 4(11.8)
Axillary surgery n(%)

Sentinel lymph node biopsy 32 (94.1)

None 2(5.9)
Pathological tumor stage 7(%)

pTis 6(17.6)

pT1 24 (70.6)

pT2 4(11.8)
Pathological nodal stage (%)

pNx 2(5.9)

pNO 31(91.2)

pNImi 1(2.9)
Subtype n(%)

HR'/HER2' 2(5.9)

HR'/HER2 27(79.4)

HR /HER2' 1(2.9)

HR /HER2 4(11.8)
Adjuvant therapy 7(%)

None 19 (55.8)

Chemotherapy 12 (35.3)

Chemotherapy+anti-HER2 therapy 3(8.8)

CTV: Clinical target volume; BMI: Body mass index; HR: Hormone
receptor; HER2: Human epidermal growth factor receptor 2.

E=E g b (AfE . Sk, A5, Ik
NiR2E <3 mmIEIT 5391 1599.4% (169/170) |
98.8% (168/170 ) #199.4% (169/170 ) .
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217 patients were enrolled
in SHIFT study

'

Patients enrolled from
2021.2 to0 2021.10 were
included in this study

No patients were excluded.

All patients completed the entire radiotherapy
course accroding to the SHIFT study protocol.
All patients had comprehensive records of set-up
errors during treatment

—

\ 4

34 patients eligible for
analysis

E3 BEMNFMHERIRERRER
Fig.3 Flowchart of patients inclusion and exclusion
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Fig. 4 Distributions of inter-fractional and intra-fractional errors of 170 fractions in overall cohort

A-C: Distributions of initial and residual inter-fractional errors in anterior-posterior (AP), superior-inferior (SI) and right-left (RL) directions. D-F:

Distributions of intra-fractional errors in AP, SI or RL directions.
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Tab.2 Comparison of residual inter-fractional error between patients with different clinical characteristics.
AP/mm SI/mm RL/mm
Median (range) f]\;e;lﬁl ee"‘l{ P value (Ir\:zgiea? i]@lﬂ Pvalue  Median (range) 2‘;2111 ee/ P value
Age/year -0.818 0.414 -0.335 0.738 -0.003 0.997
<535 0.5(0.0,2.1) 0.5(0.0,2.1) 0.3 (0.0, 2.6)
>53.5 0.4 (0.0,2.4) 0.5(0.2,2.0) 0.3 (0.0, 1.9)
CTV/em® -2.265 0.023 -2.083 0.037 -1.587 0.112
<402.5 0.3(0.0,2.4) 0.5 (0.0, 2.0) 0.4 (0.0, 2.6)
>402.5 0.5(0.0,2.1) 0.6 (0.0, 2.1) 0.2 (0.0, 1.9)
Height/cm -2.206 0.027 -0.770 0.441 -0.480 0.631
<161.5 0.4 (0.0,2.1) 0.5(0.0,2.1) 0.2 (0.0, 2.6)
>161.5 0.4 (0.0,2.4) 0.5 (0.0, 2.0) 0.3 (0.0, 1.9)
Weight/kg -0.839 0.401 -0.804 0.421 -0.710 0.478
<60.0 0.4 (0.0,2.4) 0.5(0.0,2.1) 0.4 (0.0, 2.6)
>60.0 0.5(0.0,2.1) 0.5 (0.0, 1.9) 0.2 (0.0, 1.9)
BMI/(kg-m ) -0.252 0.801 -1.701 0.089 -0.848 0.396
<232 0.4 (0.0,2.4) 0.5 (0.0, 2.0) 0.4 (0.0, 2.6)
>23.2 0.4 (0.0,2.1) 0.5(0.0,2.1) 0.3 (0.0, 1.9)
Laterality -0.987 0.324 -1.299 0.194 -1.520 0.129
Left 0.4 (0.0,2.1) 0.5 (0.0, 1.9) 0.3 (0.0, 2.6)
Right 0.6 (0.0,2.4) 0.5(0.1,2.1) 0.4 (0.0, 1.9)
Quadrant 1.862 0.601 7.222 0.065 2.754 0.431
Upper inner 0.5(0.0,2.4) 0.5 (0.0, 2.0) 0.4 (0.0, 2.6)
Lower inner 0.5 (0.0, 1.3) 0.8 (0.1, 1.8) 0.2 (0.0, 0.9)
Upper outer 0.4 (0.0,2.1) 0.5(0.0,2.1) 0.4 (0.0, 1.9)
Lower outer 0.4 (0.1,2.1) 0.8 (0.0, 1.9) 0.3 (0.0, 1.0)
Adjuvant therapy -1.495 0.135 -1.414 0.157 -0.370 0.711
None 0.4 (0.0,2.1) 0.5(0.0,2.1) 0.3 (0.0, 2.6)
Yes 0.5(0.0,2.4) 0.6 (0.0, 2.0) 0.3 (0.0, 1.4)

AP: Anterior-posterior; SI: Superior-inferior; RL: Right-left; CTV: Clinical target volume; BMI: Body mass index. *: Z value was derived from

Mann-Whitney U test; ": H value was derived from Kruskal-Wallis H test.
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Tab.3 Comparison of intra-fractional error between patients with different clinical characteristics

AP/mm SI/mm RL/mm
frem Median (range) f]\;e;lﬁl ee"‘l{ Pvalue  Median (range) i]i:ﬁl Z/ Pvalue  Median (range) z‘i:ﬁl ee/ P value
Age/year -1.109 0.267 -0.713 0.476 -0.743 0.457
<535 0.2 (0.0, 3.9) 0.8 (0.0, 4.4) 0.5(0.0,3.1)
>53.5 0.4 (0.0, 2.6) 0.6 (0.0, 3.0) 0.2 (0.0, 2.8)
CTV/em® -3.308 0.001 -1.286 0.198 -1.156 0.248
<402.5 0.2 (0.0,2.4) 0.5(0.0,4.4) 0.2 (0.0, 3.1)
>402.5 0.5(0.0,3.9) 0.9 (0.0, 3.5) 0.4 (0.0, 2.5)
Height/cm -1.329 0.184 -0.347 0.729 -0.555 0.579
<161.5 0.2 (0.0, 3.9) 0.6 (0.0, 4.4) 0.3 (0.0, 3.1)
>161.5 0.4 (0.0, 2.6) 0.7 (0.0, 3.5) 0.3(0.0,2.2)
Weight/kg -2.129 0.033 -0.461 0.645 -0.597 0.550
<60.0 0.2 (0.0, 3.9) 0.7 (0.0, 4.4) 0.3(0.0,3.1)
>60.0 0.5 (0.0, 2.6) 0.6 (0.0, 3.5) 0.5 (0.0, 1.9)
BMI/(kg'm ) -3.506  <<0.001 -1.624 0.104 -1.501 0.133
<232 0.2 (0.0,2.3) 0.5 (0.0, 3.5) 0.3(0.0,3.1)
>232 0.7 (0.0, 3.9) 0.8 (0.0,4.4) 0.5 (0.0, 2.5)
Laterality -0.350 0.726 -1.571 0.116 -1.692 0.091
Left 0.3(0.0,2.5) 0.6 (0.0, 3.0) 0.6 (0.0, 3.1)
Right 0.3(0.0,3.9) 0.9 (0.0,4.4) 0.2 (0.0, 2.8)
Quadrant 1.336 0.721 10.375 0.016 7.106 0.069
Upper inner 0.2 (0.0, 1.1) 0.3(0.0,2.4) 0.2 (0.0,2.2)
Lower inner 0.2 (0.0,2.4) 1.3 (0.0,4.4) 0.3 (0.0, 1.5)
Upper outer 0.3 (0.0,3.9) 0.5 (0.0, 3.0) 0.5(0.0,3.1)
Lower outer 0.3(0.0,2.2) 0.9 (0.0, 3.0) 0.9 (0.0, 1.9)
Adjuvant therapy -0.297 0.766 -1.841 0.066 -0.224 0.823
None 0.2 (0.0, 3.9) 0.8 (0.0,4.4) 0.3(0.0,3.1)
Yes 0.4 (0.0,2.3) 0.3 (0.0, 3.5) 0.3(0.0,2.2)

AP: Anterior-posterior; SI: Superior-inferior; RL: Right-left; CTV: Clinical target volume; BMI: Body mass index. *: Z value was derived from

Mann-Whitney U test; : H value was derived from Kruskal-Wallis H test.
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Tab.4 CTYV to PTV margin in single-week ultra-hypofractionated whole breast irradiation

Margin without daily CBCT/mm Margin with daily CBCT/mm
frem AP SI RL AP SI RL

Overall cohort (n=34) 8.9 72 7.1 2.3 2.8 2.0
Categorized by BMI

<23.2kg/m’ (n=17) 9.0 6.3 5.6 1.8 23 2.0

>23.2kg/m” (n=17) 8.6 7.9 8.4 2.6 3.4 2.0
Categorized by height

<161.5 cm (n=17) 8.6 4.6 6.8 22 2.7 23

>161.5 cm (n=17) 9.2 8.6 7.5 2.3 2.9 1.8
Categorized by weight

<60.0 kg (n=19) 8.7 6.2 6.0 22 2.7 2.2

>60.0 kg (n=15) 9.2 8.2 8.2 2.4 2.9 1.7
Categorized by CTV

<402.5 cm’® (n=17) 6.8 6.4 5.9 1.6 2.6 2.1

>402.5 cm’ (n=17) 10.1 8.0 8.2 2.8 3.1 2.0
Categorized by quadrant

Upper inner quadrant (n=6) 6.5 5.5 5.1 1.8 22 2.0

Lower inner quadrant (n=4) 10.7 5.8 4.5 1.8 2.5 1.8

Upper outer quadrant (7=20) 9.1 7.7 7.5 22 2.6 2.1

Lower outer quadrant (n=4) 7.3 7.8 7.5 2.9 4.2 2.1

AP: Anterior-posterior; SI: Superior-inferior; RL: Right-left; BMI: Body mass index; CTV: Clinical target volume.
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