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Abstract: [ Objective] To evaluate a third—generation applicator template for intracavitary combined with interstitial
brachytherapy (IC-ISBT) suitable for locally advanced cervical cancer, aiming to improve therapeutic outcomes.
[Methods] A retrospective study was conducted on patients with stage IB3— IV B cervical cancer treated at Sun Yat—sen
University Cancer Center from January 2023 to October 2023. Magnetic resonance imaging data before and after external
beam radiation therapy were collected and analyzed. According to the residual tumor after external beam radiation, high—
risk clinical target volumes (HR—CTV) were delineated, based on which a third—generation IC-ISBT applicator template
was designed. The dosimetric and therapeutic differences between using this applicator template (template implantation
group) and traditional freehand interstitial implantation (freehand implantation group) were further compared. Statistical
methods were used to analyze the data from both groups to test the efficacy and safety of the two approaches.[ Results] The

third—generation applicator template could accommodate different cervical structures and optimize needle path layout. The
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tumor volume in the template implantation group was significantly larger than in the freehand implantation group, showing
statistical differences. In terms of dosimetric coverage (V,,,) , the template implantation group exhibited significant
statistical differences compared with the freehand implantation group, demonstrating superior dose coverage. Additionally,
the third—generation template showed advantages in protecting the rectum and sigmoid colon by potentially reducing high—
dose points, while there were no significant differences in bladder dosimetry between the two methods. The primary
cervical lesion remission rates were similar between the two groups.[ Conclusion] The third—generation IC-ISBT applicator
template is scientifically and rationally designed, especially for patients with larger tumor volumes and later stages. It is
easy to operate, highly reproducible, and shows significant advantages in dose distribution and protection of surrounding
critical organs. The template has the potential to be widely applied as a routine treatment option.
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Table 1 Clinical characteristics and efficacy evaluation comparison of different implantation modes for brachytherapy

in 99 patients with stage IB3—IVB cervical cancer

Template implantation group

Freehand implantation group

(vt ) (ne32) Chi-square value P value
Pathological type
Squamous cell carcinoma 65 31
Adenocarcinoma 2 1
Other 0 0
FIGO 2018 staging 8.8613 0.1815
I B3 1 0
B 9 4
ma 2 1
mB 1 2
lc 34 21
VA 6 4
IVB 12 0
Efficacy evaluation® 0.265 5 0.8757
CR 33 14
PR 32 17
SD/PD 2(SD) 1(PD)
Age 57 56 1029" 0.748

FIGO stands for the international federation of gynecology and obstetrics; CR indicates complete response; PR denotes partial response; SD

signifies stable disease; PD represents progressive disease; a: The evaluation of gynecological examinations and cervical MRI results conducted 3

months after treatment was based on solid tumor efficacy evaluation criteria; b: The Mann—Whitney U value was obtained by performing a U test on

the median ages of the two groups.
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Table 2 Comparison of dose parameters for target areas and organs at risk under different implantation modes in 99

cases of stage IB3—IVB cervical cancer patients receiving brachytherapy

Dose parameters Template implantation group (n=67) Freehand implantation group (n=32 ) t value P value
HR-CTV
Volume 87.94+35.62 69.55+27.94 6.16 <0.01
Dy, /cGy 637.74+40.84 633.35+25.18 1.44 0.15
Dy, /cGy 541.84+41.09 535.67+£32.27 1.79 0.03
Vo0 /% 94.15+2.69 93.51+£2.27 2.71 <0.01
EQD2/cGy 872.05+£69.94 862.6+48.10 1.72 0.08
Bladder
D,,./cGy 472.4+63.51 471.78+72.45 0.09 0.92
D,,./cGy 505.59+62.15 509.77+67.59 -0.65 0.51
Dy, ./cGy 578.16+91.40 539.95+98.96 -0.59 0.55
EQD2/cGy 741.00+132.95 738.83+171.86 0.13 0.88
Rectum
D,../cGy 416.72+64.28 413.12+68.95 0.54 0.58
D, ../cGy 450.79+62.72 457.00+65.98 -0.98 0.32
Dy, /cGy 516.61+£72.12 539.85+80.88 -3.07 <0.01
EQD2/cGy 606.59+138.62 598.63+142.36 0.57 0.56
Sigmoid colon
D,,./cGy 353.69+95.76 366.78+67.62 -1.62 0.1
D, ,./cGy 392.89+95.13 410.47+71.02 -2.13 0.03
Dy, . /cGy 478.18+110.89 509.19+107.83 -2.76 <0.01
EQD2/cGy 481.38+171.88 498.21+135.94 -1.09 0.27

HR-CTV refers to the high—risk clinical target volume; D, indicates the dose received by x% of the HR-CTV volume; V. represents the

percentage of the target volume that receives 100% of the prescribed dose; EQD2 is the equivalent dose in 2 Gy; and D__, refers to the dose

received by x cm® of the organ at risk.

Syed—Neblett % B {8 () Vienna 1/1I | Utrecht #il
Venezia Jiti IF 5 55 2 K CE . Venezia | A%
BT I Nt A5 | 38 2 Skt [ R LB | 3 P41
B AR AT, ATIRYT R 55 3 em IR s BFOY SR
BH B BL ALl PN e 5 245 R T A b 7 2 L X o
FFFEAIC OAR Fl 52 o B X6 328 3ty ‘B 55 32 10 11 e 98
Venezia [l iR #538 0 T RHLE T, 51 S50 20°#H A
FIFEAE S o 2017 4F R FH I Venezia i IR 25 25 7 B 5
SR, SEI 2 AR BE AR AR AT S A T 2 R
BEI1 RS SR, X LERIH 32 25 TP 7 A A7
BT, v L P AR A RN 3 R/, R SE 4l o
AN BEAR M B 5t B — PR 3 1A

.

IR, N R 43 b O A i A A R 2R 1 7
LGN o i T4 R P R A A9 150 R T A
Bt AR BRAEME R O B A 2255 MERA M AT EE A
PERE 22 BFIE R UG, B A K, j B IR R
o PR, 3D 4T EREE AR A B 300 35 BE B IR T T
JO7 2R 24 i, L %038 2 3D 4T Ep AR
ELOFIV A B i R A TR YT, o O RS
Ao EBESR AR 3D T ENH A S/ EA PR Ak it 5
2 5 FE ARG A R T XUECSE A
o, 3D FT B BB RHE A AR T . RN
A 2UTE B BURAL A Y 7R e 2 R 1



5524 J AR AR S AUE SR NS

L2 )47 AL P 0 AT T R A 114 )19 359

AL SZEE 95% LA L 1) % LR il %

AT FE T LA AR, LU 1 i 5 2 A A A
5 1k TG AEAE IC-ISBT 59 7 PR . M e
FEA A it R A AR A A A LR LA T
o A AL AL 2 ) 4 R PR N T DR O
iR R A AR G o =N N A (VANE 7+ 3 o ¢ (2 R e
FURT AT R 7 A R AR A A TR R
A3 AT R, BV AR i A AR 2 AR AR IR o3 1 O
Mt , HR-CTV Volume B &, W Fh 4 485 77 = 78
HR-CTV Dy, FlE#E % L Z R LG8 L HRE
M 48 A2 41 A HR—-CTV Dy, M1 HR-CTV V,,, B 8 57
o AMIEM A EM D, M ARG D, EAH
AR, BRI A R EE W o B SR Rkt
WO, PR AE 7 AT IR 96% DL T 2%

S 3k

[1] Holschneider CH, Petereit DG, Chu C, et al. Brachytherapy: a
critical component of primary radiation therapy for cervical
cancer: from the Society of Gynecologic Oncology (SGO) and
the  American  Brachytherapy ~ Society ~ (ABS)  [J].
Brachytherapy, 2019, 18(2): 123-132.

[2] Ling CC, Spiro 1J, Kubiatowicz DO, et al. Measurement of
dose distribution around Fletcher—Suit—Delcos colpostats using
a Therados radiation field analyzer (RFA-3) [J].Med Phys,
1984,11(3):326-330.

[3] Mourya A, Aggarwal LM, Choudhary S. Evolution of
brachytherapy applicators for the treatment of cervical cancer
[J].J Med Phys,2021,46 (4): 231-243.

(4] BB, Z0WT, BT, 5 AR R AR 5

B 3 0 B B M PR R B I8 T (). o AR IS e 2 2
2022,31(7): 622-627.
Ling BZ, Mai MQ, Cao XP, et al. Clinical application of new
self-designed implanting applicator in vaginal three—
dimensional intracavitary brachytheraypy after hysterectomy for
gynecological cancer[J]. Chin J Radiat Oncol, 2022, 31(7) :
622-627.

(5] BRBAZE, BEFL, BROBT-, 45 . 5 BUm I B & 2R R AR I
B T Wt U AR A A L P [0 ). e A S i 2 2
2024,33(2):137-144.

Ouyang Y, Huang XD, Chen FP, et al. Design and clinical
application of intracavitary-interstitial brachytherapy applicator
template in locally advanced cervical cancer [J]. Chin J Radiat

Oncol,2024,33(2) : 137-144.

ESTBIENEPEY RS 8 TR > 4 ae BL N W e S
PR A e AR R D8, 5 B AR A3 24, BE
T JE i PR R 2 K, L, IR &S T s 1) 32 A
XN B OR P B, L DR o B R ey, B
PR o, I TR S, R /0N, el B 36 T Il
PR o B ER AT fi A, A P4 A ) B R ki, ) 4
J7 B e AR A AR )L, B 1 AUBS: /D, 2 e
SBEUMNE ; AR, T BRI R 2T 1
o T, S HT T2 A A N R
i 5 95 ) G RE L e e M Y R T
MRAEAT B ] S DGR R B =t b, AR AP fE LA
BHMEA U W IO IR RS
VAR S S R P AT RGE B2 B8 LA 7 AR AR
RS I

[6] Pstter R, Haie—Meder C, Limbergen EV, et al. Recommenda-
tions from gynaecological (GYN) GEC ESTRO working group
(II): concepts and terms in 3D image—based treatment plan-
ning in cervix cancer brachytherapy—3D dose volume parame-
ters and aspects of 3D image—based anatomy , radiation physics,
radiobiology[ J |. Radiother Oncol ,2006,78(1) : 67-77.

[7] Hellebust TP, Kirisits C, Berger D, et al. Recommendations
from Gynaecological (GYN) GEC-ESTRO Working Group:
considerations and pitfalls in commissioning and applicator
reconstruction in 3D image—based treatment planning of cervix
cancer brachytherapy [J]. Radiother Oncol, 2010, 96 (2) :
153-160.

[8] Han B , Zheng R , Zeng H , et al. Cancer incidence and
mortality in China, 2022[J]. J Natl Cancer Cent,2024,4(1) :
47-53.

(9] Ayt o gt BRI, 55 . A RS [ S50 07 A £F I 0 el 7 43
PrEihie (1] BURBIBI B, 2024, 51(4) :630-639.

He CC,Zeng D, Zhang Y, et al. Analyses and discussion of age
ranges for cervical cancer screening in countries worldwide [J].
Modern Prevent Med,2024,51(4) : 630-639.

[10] Zhang SW, Sun KX, Zheng RS, et al. Cancer incidence and
mortality in China, 2015[J]. J Natl Cancer Cent, 2021, 1
(1):2-11.

(1] BXT5UR , SR, Bh AL, 55 E SURIL I &R )7 e e vk
TE AL T [T]. oA R 22 Ak, 2021, 30(7)
682-687.

Zhao XJ, Wu HY, Zhong MS, et al. Study of occult uterine



360

HlR AR 2 (R A2 )

463

[15]

perforation in brachytherapy of cervical cancer [J]. Chin J
Radiat Oncol, 2021, 30(7):682-687.

FBEGEZR, TR, A, 55 P ISRS B S RN T T A
ARG Ve = 2k 30T I MRS 50 2 FE AR L ] T AR i i
R~ 24 ,2015,24(1) :60-64.

Hou XR, Yu L, Shan SC, et al. Dosimetric comparison
between single—channel and six—channel vaginal cylinders
with three—dimensional treatment planning in postoperative
brachytherapy for endometrial carcinoma [J]. Chin J Radiat
Oncol, 2015, 24(1):60-64.

Dimopoulos JC, Kirisits C, Petric P, et al. The Vienna
applicator for combined intracavitary and interstitial
brachytherapy of cervical cancer: clinical feasibility and
preliminary results[ ] ]. Int ] Radiat Oncol Biol Phys, 2006, 66
(1):83-90.

Mahantshetty U, Sturdza A, Naga Ch P, et al. Vienna— Il ring
applicator for distal parametrial/pelvic wall disease in cervical
cancer brachytherapy: an experience from two institutions:
Clinical feasibility and outcome [J]. Radiother Oncol, 2019,
141: 123-129.

MRSCHR , ENZ, HIIRI, 45 . 3D FTENAS it 8 25 5 7
HUEIRTT P RRR ] LW TR 5 IR K , 2021, 25
(5):575-579.

Chen WJ, Xia XY, Bai PG, et al. Exploration of 3D

—
—_
(=)}

s

printing individualized applicator in treatment of cervical
cancer [ ] ]. Med Eng Phys, 2021, 25(5):575-579.
KA BT, B, 45 3D ATENRE g | 5 59E T Hitih
F7 B U R AR ()], BB BE 2524 20, 2022,35(11) -
1592-1594.
Zhang T, Qiu LP, Yin HZ, et al. Dosimetric comparison of
three—dimensional printed template and free implantation in
the treatment of cervical cancer[J]. ] Postgrad Med, 2022, 35
(11):1592-1594.
Biltekin F, Akyol HF, Giiltekin M, et al. 3D printer—based
novel intensity—modulated vaginal brachytherapy applicator:
feasibility study[J]. J Contemp Brachytherapy, 2020,12(1):
17-26.
Li J, Xin M, Dang Y, et al. Pure interstitial brachytherapy
using 3D-printed vaginal template for improved catheter
tracks in treating cervical cancer [J]. ] Biomater Tissue
Engineer,2017,7(6) :499-503.
FRE, B, 3D TR S| S E B A AL
AT R T AT ST [T ], vh AR IR B 1R 2 A, 2020, 27
(12):1003-1007.
Wang FM, Cheng HH, Feng J, et al. Clinical observation of 3D
printing—guided three—dimensional brachytherapy for cervical
cancer [J]. Chin J Cancer Prev Treat, 2020, 27 (12) : 1003-
1007.

(%% NEZ)



