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[ Abstract | Proton and heavy ions were discovered a century ago. Compared with conventional X-ray beams, proton and heavy ion
beams exhibit unique superiorities in radiophysical dose distribution. Upon penetration into biological media, these beams release
energy abruptly at a specific depth to form a very concentrated high-dose region, followed by a rapid dose drop-off. This distinctive
dose distribution characteristic was defined as the "Bragg peak" phenomenon, which enables proton and heavy ion beams to
effectively spare peritumoral normal tissues. Proton beams possess slightly higher radiobiological effectiveness than X-rays, with a
relative biological effectiveness (RBE) value of 1.1-1.2. Currently, carbon ion beam is the predominant heavy ion beam adopted in
clinical radiotherapy. Carbon ion beam exerts a powerful tumor-killing capacity with an RBE of 2.0-3.0. Notably, carbon ion beam
demonstrates a prominent tumor eradication effect against X-ray-resistant tumors, particularly hypoxic tumor cells. The oxygen
enhancement ratio (OER) of carbon ion beam is approximately 2, lower than the OER of 3 in conventional X-rays. Globally, there
are 128 operational proton therapy centers and 17 heavy ion therapy centers. As of 2024, more than 350 000 patients worldwide have
been treated by proton radiotherapy, and over 50 000 patients by heavy ion radiotherapy. The Shanghai Proton and Heavy lon Center/
Proton and Heavy Ion Center, Fudan University Shanghai Cancer Center is the first center of this kind in China. It was officially
launched for clinical practice in May 2015. Over the past 11 years, the center has established proton and carbon ion beam
radiotherapy techniques and the standardized operating procedures for a variety of tumors. By May 2026, the center had treated a
cumulative total of 9 317 patients, among whom 75% received carbon ion beam or carbon ion beam boost irradiation combined with
X-ray or proton radiotherapy. Clinical outcomes have shown that carbon ion beam radiotherapy yielded significantly better efficacy
than X-ray radiotherapy in the following cancers: recurrent nasopharyngeal carcinoma, glioblastoma and unresectable locally
advanced pancreatic cancer. For early-stage and locally advanced non-small cell lung cancers, primary liver cancers, and localized
prostate carcinoma, carbon ion beam radiotherapy achieved therapeutic efficacy equivalent to X-ray radiotherapy, but with
substantially fewer radiation-related adverse events. Because of high capital investment, proton radiotherapy cannot replace
conventional X-ray radiotherapy in the short term. However, with the gradual reduction in facility costs, proton radiotherapy will
become a main modality for radiotherapy in China in the near future. Moreover, carbon ion beam radiotherapy has superior clinical
efficacy over both X-ray and proton radiotherapy, and is considered a promising modality for the future, but due to the enormous
capital investment requirements, carbon ion beam radiotherapy can only be carried out in a small number of tertiary hospitals, and
will not become the mainstream radiotherapy modality in the near future.

[ Key words ] Tumor; Proton; Heavy ion; Radiotherapy; Superiority; Prospect

1 BRFEBFRTHRE

JiRgg ST Tl LGB B ) 1A 2 2 LI 20
W) fm B A AR S E , A T
BT B2 ot . 20 2 50 AT IR T AT,
LG TR X LR IR B A -60 O AL, 1bJa Xk
Ji& T IRAR G LRI AR = e X &0, FH TR
R IR TT o 20 2l 90 AR LIk, B TTHEAL
BRME R R, XEBIT ORI T — &
SV gt R . = 4E3E P i JT  (3-dimensional
conformal radiotherapy, 3DCRT) . ¥ i il J7
(intensity modulated radiotherapy, IMRT) . 3k
(S T3 ) FOAARER 09 Sz AR 1 T, DA S it

1 B4 51 S 97 (imaging-guided radiotherapy,
IGRT) A1 H i& I it J¥ (adaptive radiotherapy,
ADRT) 4%, ﬁ%%ﬁMT&ﬁE%ﬁ%TWW
HOTRCR, C O YA T EREOR . AR
IR XTI S, RIS @ T
XoF JieoeE 265 1 e 30 ek RERT A (RIS, A TE 2% B RN
2H A7 B AR IR i R, ™ s e )L B i
REHWERKER, N THRE AU AT
B, BT RAAA R RIRZ B R, QX
AT IR B 7 KAE FHA 8 T8 A AE, T2 02
Jigeg L 2 e B ARG, R X% = b
FEI RO WAL B e B MR PR ER



(P DEEZ L) 202645365591

815

SRPUX LR, anE AR g . RO R
S, N B T X T R AE . BRI
g T HeAR A it — 204, R E B ik
ST CRTBOT 2 R FRRT 7 1]

L, R B T R I e B
WABSOAH 1IN ZMARTIE, 19044, H[H
Y25 William Bragg £ T a b FAEZS P
BRI G 1 RO B A A T
HEAAN TG, TEREATRBE ST 0 RE s R AR BT
A ERIE X, RIEFEER TR, X—i
i AT R AR B 44 O “Bragg 187 L% (K
1) 20 19194F | BE[E Y P~ 5 Ernest Rutherford
KT+, B2t AN Bus i3] i 4
At A Bragg ERYILR . ELH 1947 45 [E 55 (&
1A va M) B K 5255 % (Lawrence Berkeley National
Laboratory, LBNL) A #1598 il 7 o
1990 4= 2 BRER 14~ LA R [5¢ Dy e 1l (4 I 5 v s
TER ENS MGk Kazd s, i &0 1 oiayT
BB INESS . ImRSEEIER, BT/
ST RO b X T A, T RO RO
/N,

High LET radiation

1.07
0.8
2
0.6
2
E 0.4 Carbon ion (200 MeV/u)
5 0.
~ Proton (107 MeV)

Photon

!
. r .
Normal tissue d Normal tissue
" P - T

0 20 40 60 80 100 120 140 160 180 200
Depth/mm

B1 ®F(XZ) RmFRHRBEFHENDETES T (BKE:
Schulz—Ertner Z!27)

Fig. 1 Physical dose distributions of X-ray, proton and carbon

<
)

ion beam (adapted from: Schulz-Ertner et al'>')

U7 T 36 E LBNL, 1977 4EFF- 4R T
Il RIS . i B rh i S PR T OT, G
JEIRIT T 2 000 283, ZH0Ch s & I
T IR OB IR B TR & H
A [ 57 ST B2 2# BF 98 BE - (National Institute of
Radiological Sciences, NIRS), HHIH 48 H A
w7 Bl 2 £ R BF 58 Bé (National Institutes for
Quantum Science and Technology, QST), T 1994
AEFF IR IR RIS, i B P Ak S T

#20254F, © 2HHAIT IR B E 16 000 434 2,
7 [ 2 R 2% H B R b s A — P
BT M ERRAITI, F 1997 ETF UG Ak s
FHOTIRIT G, WIRAYT T 450 2041098,
FEERB . E R R IR AR A
JEAE, B TARGFRITAL. 2009 -1 EfE R R
SFERBERAS TR 1 ARy T B 3 ) B A
BT, BOA SEEE Y s R B AR
A L2 AN B T RUT I ALAE, #2023
4, BEINAIFERFE 720020, [RIEHBATECS
75 ] 2 R 2% B I O R R RE I 9 P
SN B 5 - S P S A B 2 RS A e T B
WATEIRAISY , FEA B T 8 85 110 S P B 2
A, R o125 I T 5 A A A
BLIRL, Al PRASE FH B 25 0P B8 1 A

o B RO EA T 2004 4, AR TEHETAS
Jifgeg = e 51 T LRI IBA 23 &) 09 T 0T &
gt, JHOI T E BT R SETR . 2006 4FEH ER
BRSBTS FRUT RS
I TRy, b E A LR B
BT B R o 2015 4F B i T E S T B /R
IR T e = e Jo - 5 o0 Rl . 2023
A LR AR g I e A e [ B2 R 2 B i = Bt
S VRS 2 SN 71| A
2 RFEBFHRITHIRSE
2.1 T4

JO TS 2R A ARG 0B B 2 43 A R
Fras, AN DL E R i 100%: 107 MeV Y 5
TR (@), TE0~6 cm FORIEXE, F&EH
20%~30%; 7E 7~8 cm AbiRGE 73] 100% (XA
WE(E BB FR A “Braggle” ), SAJSTE9 cm &b
IR TS0, M XL (XFOETF), 1E1~2
em FUTREE , 4 R 100%, SRJGHIEZEL TR,
1E 8 cm AL IR A 80%, F]20 em IRJE LA 50%. FT
DU X R BEUS g, an SR B 02 F K2 T 7~9 em,
[N e R L A =10/ € 0 i i
Jiehga Tt A2 3 22 1k 80% (R, A LA H AR
O+ IMRT S8BT AR, #B 20 H] 22 S 2 5 £ i
S, (AR RS R R B, (E R R A I
20 2137 BN KARFR B IR 5t BT o T o 2 g
R BE D, R Bragg WY & R 1 IX
FCEAEMIE L o IXFEREZL T I 100% 1 /5 71
B, R T A 1E R 22U 2 B 20%~40% FY
FlEE, IR RS RS R 0, T LA RS X i
96 ] BB I LU DR i 2 T+



816

BER WENRSEBIHUSHE. WRIEIR

TS A 27 22 o) B SR 4R B TR R 23K
N HEAT TIRABESY, SERBAH 5T G R 52 e # 3=
W, Bt ARG F2 A ey (LhE4E
BN R ), X ARG 32 225 S DNA gk W
24, B LA e A A B B A R A Tk
SHREE, H 5 AR AE 2 3l S A
TR I Bh )12 5 X EEAME. 55—
T, R AR B S R AR EAA G, HA
Hauk b (oxygen enhancement ratio, OER) 53¢
FARARL, YR 3, BRI SR A R KON AN
o MRS, HAY SR TR &, TR
Bragg WAL AR XS AE P 223000 (relative biological
effectiveness, RBE) i 1.1~1.2, Hl R+
SRV 1 1~1.2 48 o BT S 4 1Tl 5 AR ) A
M5 XEFARR, FrLAUG IR F 57l U2
Z X LT s, HAEY =00 OG5
10%~20% . Joi5- S 2R B Y 32 EAL A e T4 B
AT, e g JE R L R 2H 2R R
i, RenliE T LEME R, BT L
#wAERKAFMEW; did T e 5 A 2 E
W E AR, DRREE e ) B R, o fil
S B T 2% B AT AT A2, DA T 4 v Jie g i) Jeg i
i, HANEE T i 20t A RN g IF
KAE
22 EBTHE

FEHEFHLAUHEAS T, A8, @81,
W B 145, G ak TR AR W 2 A 5 R DR 52 e
M, RS A H TR IRBOT R &+, s
B AT IR FER 52

T 15 - S 2 A AR5 A0 4 33551 A G [
VLLZ iR, HA B 00 A0 i RRAE , 2
“Braggl” B4, FrLARBRCASHo A4 ifeg Jol [l i)
IEFAL, BHA SRR

R APy R W, i B B AR 2
BN R/INEG B I £ P BB A% 3 (linear energy
transfer, LET) AH2¢. LET 248 H &5 515
R, AR A BE AR - DR AR T % AR RE
MIHFERF R, W HkeV/um £oR, 2R
SRR — AR . PR LET i, RBE
Ry, RIS KA B AR 800 B  [W]F OER A%,
RIRAE = S A Y e B . Bk 25 TS i AN
WG, SEmBemEE L TR, B2 LET 7F
B EF . WE TR, 7E Bragg W01 1E 5
217 BIIC LET $F 4 JEGT, X 4l g () 2% A3 %800z
. 1R A2 3] Bragg W5 &= B GT, FLLET &,

T8 B DNA BB RUEE B 4, 0 e 1 2% K%
Ji5%, RBE® (2~3), OERFEML (2447). Jik
S ARG RS R B, Bk 10 A
SRR KRN, FEA LT R O A
RO K A PR X iy e, iR ER
L AN BE . AR AR
151) = A8 A0 R 08 AR FRU 98 B p 53 HE DK 925 1) Jie g
S, DM O X RO @ RKbidE
TR X TR R IRE s () IR T ArL, e T
S REXT X ZAIH AT R A AT, ke
T30S AT S 43 Ml B A b R T A Y S R
Pork

P Al 25 - S 2 AE 3R A S Ak
SIS ERYREAL, R H T BT I R R
FHRE B T4
3 RFEBETFMEMRTHIIR

A B J B i 0 [ POk IR 97 DME 2R
(Particle Therapy Co-Operative Group, PTCOG)
M, #20264F 6 7, SFKIEAFZ BN
HUbA 12840, REENTROMASER, Her
PO 174 (P HARTA . PESA . #E 1
AL BRI 44N o 512024 4E4BRIATT IR A H
FRF35 T4, EE TS IIAE . B, T
KB E 2z 8 1 BT oA LR T T A8 e =
BEAE 94, HEF LA HIN BB 2 B B 5
3, EFEEFHOLA (BT RFES T
BEpe) . MAh, hEFEA LR, hEA
A S LA EE b
4 FBTRFESFER/EBEXZHMEMEERE
FERFEHFHLO
4.1 &I~

v T o R R e/ A2 BRI
2= Bt Jot 2 - Hh Lo v i SR ) A B A
R F TR RBESTILA, T 201545 A
THREETT,
42 RFEEFHAEARGES O

(D) i & FRUT RN . FEET
TR EE AR T EOR . BRI IR
7 RIS 4 B2 P B 1 e B R ST 1
FE EE IR TEA, 345 O Kifr e
EAMAYFIENITE; Q B3t X FLafiaT
v IR IB ST B PE B AR ZE i B T s shil
X A BB AR —Anzai FFI T R R I EEST s @
JTF- B BRG JS RAE R R SR eIE, HESy T
T I BEE WL &SI B AR ZE B4R (positron



(P DEEZ L) 202645365591

817

emission tomography and computed tomography,
PET/CT) Bk A ; & idad A A= 2
FUHCT AR B T 3R B H B E LEM
R 5 H A MKM R 22 5, AR5 H AR 25
FHUT WG IR0 28 T 3kl

(2) i ¥ B T B A I ROR B . B A
TR T MR ARRS, . O Frihoielt
H.BE 6 4T 5 AR T e s () MR HIE Jib 8 A4 5T ik
%5 B 360°EFEIRIT M s @ R T U Bragg 141
PIE (6 mm B ANENAS); @ FFHEEFIA
TR G B RGE M (TIMS); © RS
AR TR R, D BB RO 7E
LIUECT M “BIMESI ST, @ & T K
FBEERIAR”

43 WERETT
43.1  IRIGYTHEN

201545 H—2026 45 H, B ZiHA97 &
FH93176. TERATIISAET, AIRTTIR B E i
TR, XTERIKFEEIM TR R HH
Tk 125 B0 X R/ Jon - B 15 - S & i vy 7 i)
BEE TR 75%.

432  WREFHUT R IRZCR A B

(1) BT JE 2 R B s . REEC & &R
206 151 52 & 1 B W s KB Bk 2 TR0 S AR T A8ORN
ARV EHE BN, B 24 SRR 83.7%,
2 AF JRy i AR ) R A 58.0%., T H L AN KLV &
AR, R N R 16.02%, Hofth ™ 5 Jz
I 2 M R <1.50% T R RN AT 1
PR AT B0 B IS DRFE N S0 H i RS f 3
TR, HEREE A, B ROT =TS R
3R G W TR I IR YT TR —

(2) i Jo By 2R A - HH B BB finidk =5
TS BB AT T 211 61, B 2R
FEFRHR 51.3%, IBITAHRA R RN ZH 1~2 9,
TR AL T Stupp 25 1 HEAE B FEE AR LR X
LROT Y 2 AE AR (27.2%), AU 11k A3
PGS PE R

(3) T WAHE/INH g it 3% (non-small cell lung
cancer, NSCLC): 2015—20254F, fdi i ¥k
BT HRYT 81, Y R A R AR ]
FAREAE 4 TR BB . 34y H45 H = h
91.7%, 34ERAMFRRN75.4%, 3H L BT
AT B K AR 1%, TRk X Ly 28
I, AR RN A ES, LY
A Z KN R

(4) JRy &R g3 I A~B W NSCLC: f FBR B F
HOT IIGI7 181 fl i, 24 BA T R AR i
R0 5 R 66% Fl 64%, FUIT 3 94 g a bR
RSN KA 2R ) 2.8% F110.6%, 3 241 4 215
BN BN R 3500 h 4.4% F11.7%.  BARTIK
7 RCRAN b X 207 e I A e, (R T A
KA RN S ek, JEIHGE A — s O AR
HAERE

(5) 40 A i - A AR B8 7 0 HE3R 7 90 14l
B, HA 23 B FARM R R, 34
JRREE R R 93%, 3FEAEAER A 75%, HAR
JVEERT, RN B T AT TR YT B
e 10

(6) Ja M AN BE TR A A - 7E 104FHp
i R 2 10T BRI HAYT 338 Bl R, po E
TSRS RO HR, T, BT
PSS, SR . Bl I RTRE MG IR 1T HA
I Y, R T ROTBE A LI TIAYT 49 1]
FH, HOEFERE N 241 H (MRIFIT IR
) % 19.6 ™ H ONBUT IR, H X EK
JP 15240 H (OMEIFIF RIS BEER, %
5T 2 B iAol s 5 0 IR 7 R s i A
AREF AR BRI RTIEEIG AR, Bon ke
T TR e X 27 i ik

(7) JR RS iR . Han, NS R BRI
HIH BRI ) BRSO e TR e X iy, Wi
FIATF R B IR S e AE L RS T O R
BIBOTHEAR . K B 7 0T BB 43 AR YT 362
B, SETAME KFHN883%, SIEMAL
ZH97.8%. 2 LM IR RGN KR & AR
R 2.4%, KEA>2 PR REA R R,
AR KA =2 R AGE A R ROV, PR S E 4
(9 X 2Ry 7 CHHIiP /IFZT 1 M4 . KT, e 1
T A BN B /N, CHHIP 5T 19>2 R i 34
WIR RGEA BN K AR 6.6%~11.7%, =2 9%
M AL TE AN R RN R A0 11.3%~13.7%
4.4 FERAFR

HBELIKR, FRBOAEE T U Y B AR 5T
B, WRTEIG R B | TR 2 Rk -5
R FERTSY s [RIBTEE ST T U AR e g =
TR FEY AR E . MEERE . shiyn
T EEREELRE S 2B, Kb, KR
2EA E AR AN A, Bl AR
R BFER SRS . = R OIS
ik ARG, JFRIEHA | a2 i gl



818

BER WENRSEBIHUSHE. WRIEIR

WEFE, FEEESL T RNAMY . R4~ . N5l
2 AR TR IR FR . 1A, BEES TR
WIREA PR, #ZE 20264E6 A, HiHIksE T 7 700
5 5 B TIRYT R 1 19.72 T FEAR
4.5 KRR

A b e 2 S T N IS R RN A i 1) R
W, BT R BRI RI T AR 2 —. B
SABEFNER IR IR T BOR A Ju i, (HJE— ik
IR, TERTHUAEER, TR B IR R
IR E R AR Z — BERE LRI R E
ZRUE B Tl B O SR 3 R TR R X
57, IR . N RNV AR IS R IE
PR, H AR LEME B R k. bE
J B B T A T R BRI S A I R
JE, TR B T AR R R . &
T HETRE IR TR R n, KB aahis
TR, AROR SRR —EEE TR
ST N —E BT A% o
5 RFEBTFMEMTEENLDBNZREN=
51 JRF#7

JOT T S 4 B ST A 2 RO L X R T
=, BRI RO H ) 32 B S P B T
(), 5 XL AR LT 2 s I R I
97550 B s T A €1 i B S N = VA = 1 I
FHIFHEARTEAR AR, I 205 AR

(1) FLASH FESFH A « AR 38 4 i =
FE R ARG, B2 R >40 Gy/s, XA
ELZIN g X LT R 520 200~400 1% o il
HEWE TS B, FLASH A B G5 i iF 4 40 41
RO Az P, AL T e 2 S 7 HR S 0 1 ()
FEME, AL H AU SRR, R A
U F A AR R 0 Z 5, T LA i A X R
/No FIANIBLE] T e e M T E R4S, HET
TEIG IR b FLASH RS (A /D B0 3R g #nfi %
PEReE () ol BRI T HREE , G R R AT SR
FIRR.

) BT FRIUERITEAR,, FUTFIET A
e PR s EURRYY, BT 0T 6 I 4
PR 25 ARUE 2 PRI SR 7 P S B R

(3) Z B TR RS BB LR R
TSRS, 0 DL R e LB O R A
BT S TS U AR S O L BT
o, (RS T R N e S B T
RPEFER (252 LU 34k e T USSR
U e AR L E e E R UV (1 il S e £

ilgeg

SRIRAE P [ Je s ] P B3 0T A T REHUG
XL, HIEREHE BT 0T B ik i R g,
SR e P I A R TR T A SR R BT ]
52 BETHKST

FURTH B 7y v, 20 Bk 8 7 S 2k,
EERBINAIT T 5 Z0IE e, BUET T
HASFIFEE S5 DR e pe . SRS, 8BS 10T
AN EEAF R R AL -

() B T B AR e e A e oy, FE
A bR AN IE H A SURCHR T L (I
. By BiERyIgsE) ; HHARRTY
(err . #LIER YT MREEIR YT AE) B SIS Y
JERRIAN RSO 5 5 85— TCR 007 R e Al 9 A=
WP RE AN S5 s 5 XEOT AR A R0 Y T
BOLATAE RIME

(2) Wi PRI 25 IO v, A bR i e 77
oy BB ECNLETA R 7 5 M AR iR W IE R4
ZURNE B B B 1 O T 5250 B i JC 58— A 5
8 5 O T S AL R T BB 1 I A e 2
AT

(3) EBS THUT B AR B 5t ML AR AR
B EOR R, SEVEEAER, IRIPAXE
DA el BONAS , A R e, 7E—E R
BRI TR EOR BT . SR, S
5 AW RIS I PRS0 2 45 R
N, BE TR AL T XLy, RO
W BATON AV I Wik, #Eer
JBOTY A BRI A PR i 1 40T LR IR RIS AR
Jitl

HETHOTRUR DT . (D GRS R H 1
TR YT ER A RO AR WA BT 5 ) IR L
Bk 1 5 W07+ B8 B O B MR A RO 7 7 55
@ KIRZMEE THLNBYT, k. A, o
8, BUEEORAYE R ORI LET B, RKE
JEBURCH IR BIRE ) R @ F R OB TT
T, i S b R A T T ) A 3 45 R e B AL
2R, A ML ARG/, 5 Z A
AIRLDF HARALIR /s JT R “EALBOTHOR” R
R360° M HERHLE 1 iR AR B —E
JE b AR B O R D R I A

E AT T ULAPRER BRSO O USRS i
AT ERBOR, BRI A (e 2
YO FHIART, FEREE 255 A Mg A e B o



(P DEEZ L) 202645365591

819

F—IEERBREES:

PR, ¥, FAEBEW, L5 s,

E-mail: guoliang.jiang@sphic.org.cn.
EE STk A

P BRAREA, RRSCHR, 1REIESC

(2 % 3 W]

(1]

(2]

(3]

(8]

Brown A, Suit H. The centenary of the discovery of the Bragg
peak[ ] ]. Radiother Oncol, 2004, 73(3): 265-268.
Schulz—Ertner D, Tsujii H. Particle radiation therapy using
proton and heavier ion beams [J1. J Clin Oncol, 2007, 25 (8):
953-964.

Tsujii H. History of charged particle radiotherapy [ M ]//Carbon—
ion radiotherapy: principles, practices, and treatment planning.
Tokyo, Japan: Springer Japan, 2014: 3-10.

TG BB T IR T AT B IR R A e (M. i
A BRI RAT, 2025.

Particle Therapy Co—Operative Group. Home page [EB/OL].
[2026-07-24 ]. https://ptcog.online.

PG D B TR VAT (4 D s AR [/ T
VNS SO D e N ) O gl w2 =N = N ) E
2025: 1-22.

Jiang G L. History and current status of proton and heavy ion
radiotherapy for tumors [M]//Jiang G L, Guo X M. Proton and
heavy ion radiotherapy of tumors. Shanghai: Fudan University
Press, 2025: 1-22.

Hu J Y, Huang Q T, Gao J, et al. Clinical outcomes of carbon—
ion radiotherapy for patients with locoregionally recurrent
nasopharyngeal carcinoma [J]. Cancer, 2020, 126 (23): 5173-
5183.

Stupp R, Hegi M E, Mason W P, et al. Effects of radiotherapy
with concomitant and adjuvant temozolomide versus radiotherapy
alone on survival in glioblastoma in a randomised phase I
study: S—year analysis of the EORTC-NCIC trial [J]. Lancet
Oncol, 2009, 10(5): 459-466.

Ma N Y, Ming X, Chen J, et al. Carbon ion radiation therapy with

[10]

[11]

[12]

[13]

[14]

[15]

pencil beam scanning for stage Il non-small cell lung cancer:
toxicity profiles, survival outcomes, and prognostic indicators
[J]. Int ] Radiat Oncol Biol Phys, 2025, 122(2): 383-391.
Zhang W N, Cai X, Sun J Y, et al. Pencil beam scanning carbon
ion radiotherapy for hepatocellular carcinoma[J]. J Hepatocell
Carcinoma, 2023, 10: 2397-24009.
Zhang G Y, Cai X, Cao H, et al. Prospective phase 2 clinical trial
of carbon ion radiation therapy combined with chemotherapy for
locally advanced pancreatic carcinoma [J]. Int J Radiat Oncol
Biol Phys, 2025, 123(4): 1061-1070.
National Comprehensive Cancer Network. NCCN clinical practice
guidelines in oncology: prostate cancer (version 5.2026)[EB/OL].
(2026-01-23) [ 2026-07-24 |. https://www.nccn.org/guidelines/
guidelines—detail.
Dearnaley D, Syndikus I, Mossop H, et al. Conventional versus
hypofractionated high—dose intensity—modulated radiotherapy
for prostate cancer: 5—year outcomes of the randomised, non—
inferiority, phase 3 CHHiP trial[ ] ]. Lancet Oncol, 2016, 17(8):
1047-1060.
Mok Ae . 5 A BT HOR S e [M ]/ [ B 7 s ATl 2z,
HERLT RS . T R BT SRR T R SRR B
A5 . HE BT R T AL Db 22, 2026: 48-58.
Chen Y H. Development of new proton equipment technology
[M]//China Association for Medical Devices, Huaqing Particle
Industry Development Platform. Blue book on the development
of China's particle medicine and equipment industry. Chengdu:
China Association for Medical Devices, 2026: 48-58.
P It T AT I A PR e B B Y AR A T L B
o3, IR Pl L - . BB BT S Rk AR
WA . [ BT R AT Pp 23, 2026: 41-44.
Jiang G L. Challenges facing the heavy ion industry [ M ]//China
Association for Medical Devices, Huaqing Particle Industry
Development Platform. Blue book on the development of China's
particle medicine and equipment industry. Chengdu: China
Association for Medical Devices, 2026: 41-44.

(SR W 2026-07-24 #2181 FY: 2026-09-09)

(TS 2 %)



