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Abstract: Boron neutron capture therapy (BNCT) is a binary targeted radiotherapy technology
that has garnered widespread attention due to its characteristics of high selectivity, efficient
tumor cell killing, and low damage to normal tissues. With the mature development of compact

accelerator-based neutron source technology, BNCT is progressively reducing its dependence on
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nuclear reactors and advancing rapidly towards clinical utility and device miniaturization, while
Accelerator-based BNCT

(AB-BNCT) technology relies heavily on the synergistic development of three core subsystems:

simultaneously imposing higher requirements on system performance.

the accelerator, the neutron conversion target, and the individualized treatment planning system.
Centering on these subsystems and incorporating specific product development cases from the
BNCT research team at Xi’
application advances in AB-BNCT systems.

an Jiaotong University, this paper reviews the research and
Regarding the development of high-performance
accelerators, the characteristics and application status in BNCT of radio-frequency linear
accelerators, cyclotrons, and electrostatic/tandem accelerators are analyzed. In terms of neutron
conversion target design, key issues such as hydrogen blistering and thermal dissipation in the
target system are discussed, and corresponding solutions are summarized. Concerning the
development of individualized treatment planning systems, the current research and application
status of BNCT planning systems are outlined, and a comprehensive, fully autonomous solution
proposed by the Xi’an Jiaotong University BNCT research team for personalized voxel model
establishment and dose verification is introduced. Looking ahead, BNCT technology will continue
to deepen in the directions of compactness, standardization, and the expansion of treatment
indications. Its further development will require even closer interdisciplinary integration among
accelerator physics, nuclear technology, medical physics, pharmaceuticals, and clinical medicine.
treatment

Keywords: boron neutron capture therapy; accelerator; neutron-producing target;

planning system
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Fig. 1 Schematic diagram of BNCT treatment principle
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system in Xi’an Jiaotong University
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AB-BNCT facility in Xi’an Jiaotong University

2.2 E#

R CTRR AR N A B R BE A RO S A T A
Yy s v o AR R B b JB A (] e S R Y AR
IBAT . AT RN [FIR S FE A O S A Ty
E SNV SyiE i) 2 Uy .
2.2.1 BRAE¥RLIITE

TELLB 3] SARAF I #5851 H o, Paul %5k H
BT MCSHRE B B S R g R 2 AR R
N 2.5 MeV R FLHEE N 20 mA 1 FH =4
e AT, O TR DR R R AOIR A IR R i A
F 2 200 °C , JE o BROE IR R SRR L% IR R BE X
B — 2 B A B AR AE A B4 . RS AR TH
TR B A ROR AR T AU R DT AR
TR A FRRURS , okt e TR SR S TR AT
f R AE B IR

IR Tl R 8 i 3 g v R 38 vt [0 A SR FH iR
BHAAE R h I8 e A A 2] 220 °C L 4R 5 i
FL T 2 P RS R I B B 4R = B 30 m/s, PRI RS
ARG EZ R EEHITE 10" Pa, BEEF, WA
B3N, %EE N 45~50 mm, K JF N 50 mm, LI
[ B O = e A

2014 %, K7 K2 Kobayashi HIBATF B T & F
Tt 20 TR A B RS AE b B0 RT AT R Y S 5
5%, SK RGeS 3 MeV . RSB E N 20 mA #)
i F O RBE AR 30 mm, BT R A A B TR R
JEEEZN 0.6 mm KR 50 mm S W ZE Y .
WFFEMAR T 220 °C Ml 250 °C TAEIRE T, 2440 % 3
LR F] 30 m/s B L IR RS AE 3% SLis AT T AR 2 Tk
RAF, Bon S X S8R RSB
TBAE
2.2.2 BSBER¥ELIFTE

HAZ W R K F R ER A B 140 pm, 8

zkxb. xjtu. edu. cn

A AR B R ZE R X R 6.6 MW /m? Y #4
Ty 53 B R A 20 i 38 3 T DA R B BT E 3R
U Ak — b R A A JI ALK, 2021 4R, H
N AN N ¥ AR Sl (RS | BT R e 3 1 T S -2
T —Fh SRR AR 5 T A ORI VR SR
B, IR P R R S A i R R I PERE AL 45
FHEE T G E I, bR A V BISSEE R A
M U T8 O R R T — . AL AR
W VI 32 HE I v HE G O IR R B
1.8X10° W/(m? « K), 20 & 1 i 7 5 1%
IRER 2.4 i, B 2R BN n = 6 1@ E 1Y
2.6 18, WS A5 R R, R S A TR
TR

2008 4F, Willis & i+ 17 — Fi HE JE [5] 25 21 50 45
FO IR H AR CICS i i 36 97 i fE & %0,
LGS K LU BB R AR R A RS £ 08 1 R
JREVE H1E &R S8 . HT LA SRR AT R 292 50 kW I Y
AR, Sy AR T I A KU R 2 5
JREZ IR A AR T A R . i A Rk
B, B HK R B 290 1.2 kg/s I, 80 Py 2 3 BF 7]
OB HIAE 150 °C LATT . H oL i 3 0k &R 50 09 e F% 4
FeAE 17 kPa N, KUIZL 7 RIS IGAR THF
H A& R 171

TEME R GEM T, FL AT IBA /2 A % B &
H 2.8 MeV L5 B 20 mA fY 5T 3, 0l 76 ¥
FHETE KL 56 kW I B IRGTRL TR, KA &P il
B, T AR AR L 5 LA AT 4 18 37 X SR B AT 5 A
B TR R 25 Ry AR A ol A5 O D ) R R
£ 450 W/cem® DA, Ry PR B B BB L 4] 55 IC P4 &6
B T I 25 R, R v B0 K RS 2 0 3
H 10 m/s, MG E T 20 L/min, 482 JEE KN
55 pm, ASEHLEE S P AR AL 1 B e L B A R
TE 120~130 C, A8 HAE SR EE 180.5 °C L, & W]
AR BT AR W R iB TR .

2014 4, Kamada £ 1 5 F8 {4 1) ¥8 5 45 49 %
TR BIA—FparE @A A E e R . %O R
T TR VA KRR AL R T R A B
o A3 7 25 0 3 A TR S 3, DT A UR e T K
JE YR, BE— Al T K 2 N T BRI 1 Bk
M, T RGP RCE ., e A N R %
ZRH CINERPANZ . LR RN . aei R
3MeV KPR EEH 0.5 mA, HIZh %K 1.5 kW I,
SR FH 8 7 0 5 58 RE A ARORE S AR B B & 180 °C
DL,




54 3

ER L R TR SR AT IR T BRI S 5 1 145

B L3R B 58 Sh, M W Budker 4% ¥ BEBF 52
et G BRSO R L BHA SRR
S R R SRR AR AT R T T 2 [ A
LR 1 AN TN ok U LU a2 R U]
Gr Ve AR A5 R . o5 RO R TR XSO 5K R A AR
G RL HOK R X R e AR T A T R
i P T R DX R A A R R R
1% 230 55 1 Ve HUK AR E e A A R 8 /R %
AN 750 WA e 307 I A R EL PR Y A e I
RFR A,

‘&%Q FLAT: mm

X

T
() W LR V3 HIFL 25 4

(b) 1 25 % H1 #L I GE
P4 VBT 30 R o T R Ve MG ey e 3 AR Y

Fig. 4 Design of edge-cooling target system and flow channel

model in Xi’an Jiaotong University
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