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Abstract: Objective To conduct a comprehensive review on application status and future development prospects of proton therapy
for pediatric medulloblastoma. Methods A total of 218 literatures were retrieved from PubMed and CNKI database using the search
terms "pediatric medulloblastoma, proton therapy, radiotherapy" (English) and "L & #% £ 40 L%, Ji-T 7677, 437 77" (Chinese),
with a publication timeframe from January 1, 2004, to June 1, 2025. Inclusion criteria were as follow: (1) proton therapy for
pediatric medulloblastoma; (2) radiotherapy for pediatric medulloblastoma; (3) proton therapy for pediatric brain tumors; (4)
development and applications of proton therapy. Exclusion criteria were as follow: (1) outdated literatures; (2) redundant or highly
similar studies. After screening, 89 literatures met the inclusion criteria. Results Compared with conventional treatments such
as surgery, photon therapy, and chemotherapy, proton therapy for pediatric medulloblastoma significantly reduced acute toxicity
and long-term side effects including cognitive dysfunction, endocrine disorders, and hearing loss. Additionally, proton therapy
exhibited favorable cost-effectiveness. In the future, the therapeutic outcomes would be further enhanced through the optimization
of proton therapy techniques, treatment planning, and equipment. Conclusion With ongoing technological advancements and
growing clinical experience, proton therapy is expected to become one of the standard treatment modalities for pediatric
medulloblastoma.
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2518 T 10 BT F R 77 A= 1) Bragg peak #8745, 7 il i
il o B AN A8 Y9 2 WA, LLSE
A MBI X X R i 7 S GO in MB i
D7 W IE R A2z & R, TR 6 MB
DX 422 52 2 005 i B R0 e %) () R T vk /0N ] L O
HAFFZW WM E, BARESENZ2EmME
B

FFIRIT . AT
HLIC KA "pediatric medulloblastomas
proton therapy. radiotherapy

B PR 2R E SCBR R B (n=218)
1.5% H CNKI(n=97)
2.5 H PubMed(n=121)

MRSk B (n=101)
1.NAEE (n=38)
2 AH AR (n=40)
3. TSR B R (n=23)

TR SOk 2 (n=117)

—>|  MHBER20044F il & 2R 9 ST 2 (n=28)

Y
BN AR BU(n=89)

HCSCEk(n=10)
HEICCHR(n=79)

E1 XEANRIZE

Figure 1 Flowchart of literature inclusion
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FHF MB BRI BOR F 2445 = 4EiE P i
& V6 J7¥ (Three Dimensional-Conformal Radiation
Therapy, 3D-CRT) . ¥4 3 i 4F I8 J7 (Intensity
Modulated Radiation Therapy, IMRT) | ¥ FH g #% 1 5tk
i J7 (Volumetric Modulated Arc Therapy, VMAT) Fl
W2 TiE W7 )2 BTG J7 (Tomotherapy, TOMO) , iX #6H;
AREA RIS H T ARG RGO, 3D-CRT FH
3~5 AR () & 43 A 35 T2 T MB L IX P
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(Pencil-Beam Scanning Proton Beam Therapy, PBS-
PBT) BE7E — 4 25 8] A B ) 77 o SR A 02 B L RB
Fsi 2 A i T MB. 838 BT F-A Y7 (Intensity-
Modulated Proton Therapy, IMPT ) j&3&F PBS-PBT &
Jr 11 Sk () T IR T T, JE R PR OG BT b £ 2 4
BN E o Z RS S YR SRR Be S
38 N 41 U (8] 1Y MB 5 S5 40 A8 4k, A 20T 8 IR
SEIFEI A9 H . 205 $s A THOL BT,
PBS-PBT I IMPT 7 [ fIk SMN &9 % Jy i H ATt 3
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If B 1697 % MB S8 LIS 0 - Y 3 O 3R
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3.2%, MR B Y 30 5 AR 4.1 Gy , HPA T S (A R
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Table 1 Comparison of radiation doses to organs—at-risk for proton therapy and photon therapy
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Ruggi 47,2022 4F ok i zi L‘E 43 (1L MB i % 2 Welch & iF 0 4010 e R (e
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S R N R A1 i 11 5 0 N =10 G E S N K3 2
AR N B Z FUE YT T 8K 2 i
BRI M SRBIFIE 3 Y, BT T-R 7 A0 9 1 i A 3
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[ 352 22 J2 A3 IR IR 22 T B0 CTV 284k, 3 1T E 3K
DX A 7 B 7 35 RN AL B OARSs 7l BB AN, AH SRR 5
W ¥ 4D-CBCT N HF I FiRY7 , 3R A ) 2544
(R BN AR AL K W s | e R BR B /Bl A8 AR 4k
X3 A s e o BF S R, 3D-CBCT A4
FEIF AT 1 min, 177 4D-CBCT B4 B3 175 3~4 min,
L AT 8~10 min, H LG =5 w1, R
(RT3 B 3 o A TR A B R RIS Hg
13 s 110 D 70% LA L, I 08 A% 500 [ AR 85%
PA e,

4.1 BRFBITERMKL

4.1.1 PBS-PBT PBS-PBT i X3 T MC 5 ik (1) 7] it
AL RN R G A . X A 56 g , PBS-PBT %
JFH A S Ak A R A — BRIE S AR A
THEIX, - HH AT AR A 6l ) BRI 12 1~3
FOE G A S I F R SEATIR T o 2T RIPEAG B B,
PBS-PBT & | 3 mm “F-#% 15 25 25 BR F1 3.0%~3.5% 1Y
SRR 2 7 (Range Uncertainty, RU ) 28 SR E 745
PEHT, 256 VA B X)) 7 55 % A OARSs T 57 2]
(R 5 R A PR, PBS-PBT n] A% £8 B - A I 7
PE B RO B 0 2R REYE RN, o MB LR I
CSURIIE R M IRYT >, FE T MB #4343 B
58, AR N ) 2 PBS-PBT B3 2 1ATT T &, 48
FIRYT BORE WEEE o AR o K W Y B 17, X PBS-
PBT A9 17 5ORT e 309 25 1 s S ATA , £t A 5
FI MG RIAYT SR A B TR A R Al

4.1.2 IMPT A WFREE A% G i 4k sl it o+
1A JT (Passively Scattered Proton Therapy, PSPT)H [t
IMPT ]yl 2> i 5 G | 43 22 Wi A2 S0 A 1) 34 4t 3
i, 38 TR YT RS R A b AR B OARS™Y
IEAEE  IMPT 24 A= th B 51 5 IMPT S5 807 HeR o
ZHORF ] MRIR LAY S2AR05 2 78 CT R b 4
BUIX, S L T EMR 51 5 IMPT 4 CSIT, 7] SE VAT Y
S B W AR R RE |, B 5 0T AT AR A R A7 4
/N MB L K AR Stk B M ORI 9T R T Y XL
Be: sl A, AT 6T CSIL 5 IMPT A 45 4 Y CSI
A RO/ MB AR L I R w5 R N . FEAR R K
2D-3D EHMGELHE R iz T IMPT, 4 B T 32 8L 4 4
IMPT f% B[], 48 5 75 42t 43 A1 i A 7k 73X — 2 1 H
FRUS o 0T B B 5 0T R AR AR I S
B, b g o 0 SRR T U R A L LIS A T
BB FIRYT T BN F R, i MB L e A1k
L AGTIDE S

4.1.3 FIL# AT (Proton Arc Therapy, PAT) PAT

JE—FE S ORI HROR |, FTTE ML AL e & o 72 v
RS, U S T I R IG T o FT R
T SRR A, LS ER A A i X BRI A A T OIOE
5P OB B DX 55, PAT A DRSO AR AL T 9, sk /N ok
TE R ASTERE BE |, RAR CTV Ji] [l 4t 3 41 23 B4 v o7 791
wOV BfE ATURFSE B HE JE , PAT O AT AR BT ROR
I JG 97 (Proton Minibeam Arc Therapy, pMBAT) .
3 & e EJ B 7 9K JE ¥R J7 (Dynamically Collimated
Proton Arc Therapy, DC-PAT) 5 BRI P Hi AR . A%
T i F R B 8 3R 97 (Proton Minibeam Radiation
Therapy, pMBRT ) 1 PAT, pMBAT Jii /> T 4252 5 57 i
Ml LET By IE & L 8UARTR , ik — 20 s Ak X IF 5 41 41
AP AP E T, OF BT 1R 4 4140, pMBAT 5 B[4 5]
pMBRT HL A A [i] 114 751] 2 2 [A] 94 il AP, 0] i 0
FIA ) 1 0] FEAK Z pMBRT 19 10% %', [6] 22 BF IMPT
HH EG . DC-PAT AN/ T8 fili 2 21 B ok 14 % 554 79
I, A HRE TR R SR Y . HRT, PAT A 8 1
W58 R & F T 016 e B B IUE iR U7 (Single
High Energy Arc with Bragg Peak Boost, SHARP) ]
UF 5 A BF R LET, 8035 it 73R 97 JL B MB A9 2 52
X FEARSK R R R AR A &, KRR
SHARP 1 T 5 37 e 2 1R e , -4 2 hE 1 P2 HUE,
AR T4 5 BT 90E i6 J7 (Intensity Modulated
Proton Arc Therapy, IMPAT ) , M\ 1fj 52 ¥ SHARP J{JE
£ A A DL K IMPAT F 18 R4 sl 245 AR A5 B
4.1.4 Flash RFi&7 Flash B FIAY7 i 1 18 2 )
3240 Gy/s) WL 5 ok i R 7= 2E Flash 5400 , 7]
1E 0.2 s WAL S 8 Gy, H.JC 75 7 S i 2% 2o A8 v b
AN I 3l o 3k a7 £ 5 U AT T FEZH 21
HH R AU, AR IS TR A4 L T B, 4t v R (R £t e 2
SUY R 32 P, SR M4 ma e . AR R,
Flash 5T ¥4 97 LA AL T T 40 e bk 0, HL 3 I
g5 /N SR, TEBEAT AR S8 Y Flash BT F-I1RY7 W],
57 T 5 2 o R B 42 1 19 OARSs XE #2332 21 711 1t 5
SFo XFil, A2 TR YT O BT BORE B R 1Y
Bragg peak £k, W & T 3& JE Flash it IR 7 AR o
TZFRTE DR UE 2 771 2 28 0 [ I b g 38 IX LA Ab
1) B SR 7t A 2 R IR, A B T s AR Y TS AL
S AN BFIE IR, DL T 100 Gy/s 1957 1 R X
/NI4T 10 Gy 551 12 FESRE , AN R 5 25 020 /N ke
J AR M3 AR 8 AT LR B 51020 BAE DG 1 i 28 T
G, NI AE RS /N R R 2 N Fn D e . B, Flash
IR T AR S I R A T R B AR AR e AR
ge, It F T R R S ST 0 TPS , #F 1 E 6 TG
I 10 [a) 10 0 53 590 o R DR R A T AR e e H
J5 KB T R T I R R & Im R 5, B
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Flash Jii 13547 B d5c (4 70) B AR i 30 20 4 TR AR ST
LS M) N A b 92 A 58 R 88 R 8 0 A ) ML
S HAEJLZE MBIRYT H )2 I S AR R SRl
42 FRFETiTRRa

J5T ¥~ TPS Ay 71 0 550 00RG B2 I 1R 7 St ) G B
BRI Be iz FH 130 12 50 A SPGB R TR
Ak B RE SRR T, LU S MC BB AU
Yoo Hrh mokE M MCER SR SR, B
i, Ray Search /2 ) fl Varian 23 &) £ 76 H: @Mk TPS
FEAEEE T GPU M A P MC - Hy TP 38 MC W] fif
AL TPS (1 JLfR[3E 35 5 R ok 1~ 138 B iat 42, HL T i 1
TP TR A% P R A ) 4R T A BT O )
Hh S B AZ B 28 B A AP o A, O
P im IR 52 RIARE T . PRI, MC BYAS LI [i] B
T T m R R IR T IL# MB 1697, 78
PRAIE TPS 52 B v kg B2 50 & 0 F 53 1Y [ ), 42 i35
AL

JiT TR 7 A RU 252 0 4 31 0) dE A1 70 O B A
2 HFER T CT UG i AH X 2H ZUA SR o | 57
TR AR AR 5 G B R T A RE B s A
BE MR A B2 . IR FIRY T RY R
AR AT . BT, TPS 4K T CT
A A TT CT {0 P18 2 R HO'G 7 s 2R KL
5N SRR S PR A OGPk , R BOHARE T 7
BT T . e Ah , AKBRY R A2 80 %% B
FAAEZE S o XL IL VR, fE 45 RU 51 2.5%~
3.5% Myl 2E ., LLPSPT i, Attt CTV kb T4t
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