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W% =8 4| #UT (spatially fractionated radiation therapy, SFRT)-2 — f# €1 57 84 A ST 6 T B A, BT ¥ & E 144
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TSGR YY (radiotherapy, RT)— B EFSAEIRYY B £
BFBrz—, JUHRTE R AR i RN 22 A IRy T A 4
FHEEAEH. T EOR A A R T RESA), X T
— S RARBUIRE, AR AN RN B I G S A
(organs at risk, OARS)IPIE, 1LGE R4 5050 & o A1
ARCRAE. SRR RGN, 25 8153 EIUEHRTT 7] BE A
FERTRL. A (1o RTS8 R AR 24 ) 8 D) 5
AT 53 E R AR AR oA, AHXTH BT, SFRT
AN RE A 126 106 B g 91 14 ] e gl 20 X E R 4L 45
F, BRGSO FIZE R AN,
BARRGUIR R Hrh, SR R Y X R A I (Peak),
FIEAR A X IFR N2 (Valley). &2 7)1 H (peak-to-val-
ley dose ratio, PVDR)ZE BB ST 3L KEESEL, HPVDR

AT, PRI, EMARA AR, R AR, fEI6 T A%

0 o A R G I RO S AR ) S AL T RE S
SR E GA
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B LAY SFRT 1 [ 2% % Alban  Koehler!'” 71909
RPN, YR, CHHAYT B TR A R X
FBICHRYY . BT BERIRE I, XS i
Bt 20 B R . A T D B RS, Kohlers | AT
WHEIET T ML, AU GRIDIGY T K 1 mm 4%k 22
ZUA3.0~3.5 mm P 7 JE A, OB A B Ik T,
HESF R B A X T R ST 105 A2 A
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20104F, WusE APHR I T SR DT, 1R AHHSG
ITH) = HEP . I RIS 2 0H, LRTEVRY Y &2 24 i (an
BRI IE) T HAA B RV, JCHEAE I R
SEEAYE (ARG . WG AESE) AR, LRT AT LR
L 0 B s T o | I S 5 Ll o 4 2

2 Ry HEN T BRI ST A

SFRTELFEMHE . Afd& . ZINHRORIROR 45 52 87 2K,
F 1G4 T AFPSFRTIFHA S H SR E A,

2.1 HiHs oY

AR RS A el FH P S5 e (L i ] L AR A
B BT R R BEX S Z 1 TT B Ak Dy — R B ZEBIHT
SR/ N (AN L), FRICXS RS X L 23238 5 50:50,
T I S 2 AR o Jmy 7 1) e ) e O AT HEA TR Y. M
TRYT IR B R 10~20 Gy IR =X, TRY7
Je AT RE S BEAT WL Y, NS A T AR T
(stereotactic radiosurgery, SBRT). [RIZ&tfbyrakshsl

# 1 SFRTUMFBEARSH S RER

Table 1 Four technical parameters and schematic diagrams of SFRT

FARYIBE. M AR 0] LA R dil b, JCHE TRk
T

TEAEGER2D  GRIDES PRI, i 5f) it il
BRI VR R R Y, l R STR EE p
988 PO R KR IR (D o) AR IS TR, A7
S 2 KR i AR o X 2 S5 P s i (B o L5 ) of o]
EIT BRI AL A BRER, B PR AT FHAAS P, i
BRI RT BRI T R . SR, XA AN BRI 43D
Fl oA, B ICEEARYE M 5 e B2 B a9 %S 0] OC R ik
rittk.

T sER2DMHS AR O AR R R, Tt
H#8(multi-leaf collimator, MLC)IMIH&H AN 1z M A=
MLCHHA% AT FH ELZ s 25 EC & AMLC, 3855
ML i P83 B RS A B s AR, NI i 5 4%
e AL we (GRS A A LKA, IRYT
THIAREAS AR i 07 B . TRBE A& S A% B 1 gl
PESEATOLAR, i EL AT USRS A s i S A A, )
Ji] BB I 2H 2R e A R R

TEMLCHIM i St i, RB 3 A Pl 8 B 2
FHAA: B — L BAR (1 58, 38 kA R AR

Fm ARSI g AN (Gy) AR AR REE RER
XHLMV).,

A% nch 2k 1~2 cm 10~15 2~5 ~3 cm 1~6 Gy/min
JEF

Autd XHtgk . BT 1~2 cm 10~15 2~5 ~3 cm 2 Gy/min

IE57

/N XAEMV). 0.3~1 mm 50~100 10~20 ~1 mm 2 Gy/min
¥

fHk X4k 50~100 pm 300~600 >50 100 um 50~1000 Gy/s
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Figure 1 Grid technology diagram

10 mm, FRRIAIEE K20 mm. MEARREE LT R
%i(treatment planning system, TPS)H H sl a5 57 i
X3k, EEfR 7L ST s B T S AU B 1 5
S3AT. SR EANIAYT A RE SRR R i BAA A
(i NI 7S SN OL R i B S (W& A A=A
B G AR TR & .

2.2 SEBOT

VE 2D B AR A9 i, LRT I8 7 g S Rl
A3 = A R R DX (R0 s ) SR TR YT
FRI) e A T e R R O, T T 2 ) g DX I ) £
FEBARAY A, 385 (R T TR )30%.

TELRTHY, 1 JeX KA X (gross tumor volume,
GTV)i#kA 7] Gl F 5 L5007 T 0y SCHTRD). 448
J&, FETMREAOARI . TR 518 K3 B e, A
A R R T (J2). TS AL . KN
2B AT T BOE Y, TR Z 8] 2= /DA 3 emfd Al ff,
HE5GEABERGFEDI comMIEE. XETENES
PR T AR

LRT 38 18 (5 70 28 T00 st 9 25 (1] 43 A7 B8 P2 LA 1 1)
YT, SGEis IR T AR LG, LRTEA 20 A HE,
AT DARR B0 R385 A5 I R AR A 0 i 0 A, 5 Bl
PAFHL R ABIE I G M . (BRI & 4
W ARG IR, F 55340 A4 LL3E (IR TR e s
HARD4,

2.3 BT
ol R HCTY (P AR B 5 R AT HR TR I 58

25~50 um, AHARIE 2 [A] A4 BS 4200~400 um. MRTHY
— A R S R A AE B 19 7 R (300~600 Gy/s)
T, BEGEEE = 50 B (0 =5 1T 351000 Gy). MRTREFEA
B i P v TR, 98/ 1E i R R A R o, DTG
EREIRIT R,

H AT, MRTHYH 24 P EARREX ST ZeoR |, fifi
FHIC AR SR (U 7 AR sk 8 B o)A H L, BRAE
1185 32 3 BRI P 2 ), 5 350R) 1400 AR, C
AR BAR I S A E R . R TR
] EURS B4 ) PO TR, 75 22 FH Se ik v B, 3
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Figure 2 Lattice technology diagram
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TR B S HE BRI R M1, 7 5 2
ORI [e) 25 e S e, AW R AP AR IR, BF5E A B e
L5 NIV KT SRR R XA, (I ANBRINKAE FR Gl 4k
RAEXGFLET

2.4 /MEBYY

N RHCST R B0 i N BB A
0.5~1 mm, H[E]HE K 1~4 mm.

MBRT =20 R AEX SR, {E o n] LA A
A RURLT R, AT, BRES TR . MBRTH I
REXU AT Rt 5 LAY 7 3, 3 (P ) A i A U™
Az, P EANTRERS L HE I 08 1025 (8] 73 B8, I HAEORE
KB B TERMZFEREA R, NREA R0 AR
iR

JRF IR 7R — M H i R SRR B I A Y
BOAST 7. SIS XL T AL, By a1
RFRE A, EATRENS R R E I BE RS B MR E 45
W, B FiA& % (Bragg peak), i 5 MR X S8R 57 &
HGHUT R, SRR RS BT TR YT RE S i o i
JeA, () o e PR b /b oxof o L L i . 2B T
i (pencil beam scanning, PBS)RJ LAl AL T8
290.6~0.9 mmAY BT 5/INf, LA R R IR E L AL
A RE R S I B Al (9 ) B0 Al . PBSEIAR B —A>
FERIHE, ATEE A . PBSEARF IR
PR GE, BB R 2R, B OR A B4R
WK LK, AT LA R e B3 d 0 A8 T
T8 = 4 223 18] ARG B 42 1) 36 28 /N PR B 1 4 AR A AR A,
SN R 7R B RS

BB RAEMBRTH-WAS 2 TR, TRk 12
AR BT AR R, EAEIRTT e e
SR R B (. SR, RS T ARRY T I AR AL
RESRCNE %, HIHGY T IA .

FHEETMRT, MBRT AT Ll S 2 0 XA 2k g et
TP PR B IR AR R L, ]I R AR T Sk 8 U A A
3, X AhUE-22 770 AR 10~20. MBRTAEGRFFIEH Y
[F) RF e X i £ Y ZOR TEAR, T 50 S 3.

2.5 Mgz sy oA

B 1 IR PR, A7 HABSFRTHA. 40, Tu-
bin 5 AR H ST (AR ) (AR R YT E 3 i e e S
) Z 48X A R (stereotactic body radiation therapy
for partial tumor irradiation targeting hypoxic segment of

R8T W N

4

bulky tumors, SBRT-PATHY). %4 A FHF 0 4 4
ZRE L HL T R ST )2 49 4 (positron  emission  tomogra-
phy, PET)FU 38 CT R W4 e 0 o7 5 S A [m] 358
ARG A IR A, S PETHHE, AT LA (o7 ygd
(2 AU DI, X DB L TR R, R
X, st E R (10~12 Gy) RS R B2 R B 5T, ¥
YT A A v T R Y 2 AR A, X BRI O R
IT R SN SR, AN AR LR B S X 5l 1 e 92 4
JEL, 34 R R FH 55 3 280 A3 R A8 g ™ A A M A
FAER.

S7AARE ) H e T flBCTY (stereotactic  central/core
ablative radiation therapy, SCART)UL2&—Fh4l %} A A
TSR (RIS T . 107 1R T SFRT Y I B, i 2ok it
SBRTJ5 i1 Hbr O o SR i mldm 560 &, Rl
Jiil BB E 5 2H 2 30) B DR AE AR BAR B 7K. il PRI
R, SCARTHA RAFHwATHERG R, HiEtk
SR S AR A, SR il O,

3 S5 R B A P02 O DL e 0

i)

KEIEHE R, 855 S 1055 W E %00 (radiation-
induced bystander effect, RIBE), UL RN, LA FR
555 R 1) G2 I R0 S5 A SFRT 14 e 8 S iz ke 5]
TORHER]. X SR U0 5 AN B S AR50 A
YIAHDE, X3t A 2 14 A8 AU AN S il Jiev e 114 4 S8 1k
IRIE, 3 AT RE AR IobeE 1 1 A S R R AR A R, AT
IR A ) SO

3.1 ZE RISy E Y PO

R A T 0 55 WA BN S T8 A R AR A 4N
JiL PRI 5] 16 S5 40 B 1) (55 22 1T 7 A DN A 477 .
RIRIA . dNAEIGsE . AT FIZET- A, xR0 i
HiNagasawaflILittle! "7E 19924 & ¥R, flfiTWigs], &
SR A /D A R ook B IE A, (H R & AR 32 IR
YA H BT G RS AR I LS. Blythe il
Sykes!" X 48 S5 F5 SR I T T RGN, 1R
HB T 25 L A (e L DX B 30 A 32 RS A4 L A 1Y
fES RN I RO (BN TESRE SR 378 A 8007 )
FIVEE AR50, (F5 % G 40 B A6 S 28 S0 30 2 43 AT DX 38N 7Y
AHEAE R RIHEZE.

SFRTIH i JE 34 5) BT HA YT R B 2 ed PN A 35
FREE, HUE MRS | R B E Sae E e 1, AL
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R, el o i S B P o, fhe S e 4
YL S B ),

(CUINEgs ova sy ROl IR NS R ET IO AR O}
MO MAEEE A AR A RO, %
TIREFEEM, SFRT2: SEUMAE RIS . 505 FIJAE
JOEETL o e T LA A B A B 1 S e 1
IR, RO SN bR S AW I, ez
I IE B, MBI KPR T RS T R
DI, BNSFRT 2 7E—E R AL AR HE P i R i 4
T2, MRS B X7 AU R, SR 1 a4
RS SERTHLET A= W AL B E 24

X SEHON HARYE T, AT RERE SR R ], AR
TP LRI T R AL R A I R AR 7.

3.2 WOV

A= W58 N AR A I A s A il A 2 5
B R B AL RO, S X AR B TR iA T
2. B, BURATT I R B0 I A A AE T A T i
PR AN B2 FRAGR . SRIM, ZESFRTHY, G5 s 7E
FirIgg AN R X Sk 2 [ AP AR 25 5, S (AR ] 42800y (AN 55 00
BRI ) B 15 HT nd L

WRIEC AT, SFRTAYIRUNAR RIS ] Lo
=2 ARV | M AR GRS R I BE R
RIS, 20124F, McMahon A ROUF5E HE I 2
Ty FERA IR S A A SN, B 55 (5 5 R R
P—YREE, AT A IR R A AR 202248,
Mahmoudi% A\ 23 FMcMahons A PO RFSY, 554
T0~20 mmfY S UE 1559 HEE .

M55 RGN RIH, Forster: NP2y T —4~
115 2 () AT ) 248 J3E g B ML 2R, A0 e A Ko
H A A . AN A S AR T Bh A, EIRECEL T R
PUAL A 20 A 5 I 4 B AR 1 B, W s 30 B S s
(R 2R g, T A B N FCT T F AR X S e 7
20174F, Merrem®5: A\ W5 1 EAUBIPERS 1 okt
K 7 J2 1E AR A R A R R, Ak TR R A A
A AR 5K B XA S B AG se m, Jai aod SE 98 A5
WUE T BESEL, /R T A 240 S D g 1 A5 4 A4
SPEABY 477 RIS R S A P 1) DS S 5. 20204,
HormuthZe A P4 % (1R 38 245 i S 97 o B s 2
N RN 5 A Ak, 8 T RS X

JPRURPER . 25 SR, A 0 X (T RES
T AR D) ELA O v P S AR, LA R 6 DX 3 (PT
SRy ERAR X ) H T R 4 S PP

20234, Cho%: NPHR S5 TANMIR I 3h 11241
o E TR, TR SFRTHE & S8 VA T B B R 200 .
20254, MisaZs A PO H — it 1 40 A7 AR, 1 R
AT = L0 MR Mi(indirect cell-kill, ICK)HLEI,
B4R 5HA SR 55 WG ROV | BT I ee e s 1 AR 4
i, FRICKHLH SARMELQIETNES &, AIEE T — 181
23 (AR AL E A ZORAL R A Y SFRTHI & 43 A
4 735 HOTEARTIR A N ]

GRIDFILRT 2 FE NG RN H, TMIMBRTHIMRT A
b Tl R AT BFFE BT BE. MBRT S5 MRTYE S 5256
R B ERIEE ALURRE ). filln, ERFEAREK
A IR FRIAY T, MBRT (26 Gy)S23 T 71%H)5¢
SR ERLRSR, HARMEERN TR RN, MRTAE A
Pt Ik A5 R0 v (AN oK BT A4 PRV R )l e A 5 R 4 R Il A
RIS AL, AR T RO LI AR, Al
TESHYTE P R T RAFIIRIT AR,  EIE R AT
Tl — 2 B BRI

S5 GRIDA H, LRTTEAR 20 A0 s B A4
DRI T R A, IEBUCGRID R A I R H i
ZWISFRTEAR.  LRTHY I PR R 1 I 58 i
YA, (HLTG B0 A I X B A R s,

4.1 HRXFRL T

FE I AR AR I, LRT ] {8 58 507 3 Rl i
J5¥k, R 3 1) D0 A SRR T 5 57 5 0 A 614 8 ) R
I X, e R TR A A b, R
X
411 HEHEKX

HAT, A BT RS JESFRT IR
PRELR, Lk A B B H BRI R 5, Fohoe
JSFRT TR IX (A A7 g, R s (il R R Gt i i
B BLAR BN . SRS R BN SR B LA T A,
T THCE BRI N PR, BN, 2021454 B9 10T
KT —FhFohCE TR A, s LA R £
At A R X AR AR R AR A . SR T —
FlOLMTHES B ERIE S0 TR IX O %6 AR X R F
AT FCTREWM, il U] B Z [ I 43.0 em.
T A B B R R B Ay A, AR B AR X & —
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3x3x3 e’ AYHELEEAS ™, FHILIX L AR R A 58 s Ak,
BURAENEF R THEIX AR N 1.5 em, $EIX 8] i a]
#EA6 em. BFGREE SRR, 12T IEAEH UG PR 7 i
| EA R, JFRERE FE>95% PTVHIHE7H %5 AIOARF
SRR A BRI I R DX XA [ 2, X LA
PRUE TR X A B A

EARIUA (R Ll 77 o] DA F-ah e Bk ik, =
FERAARFR g 5 oI TR RN HLI B, 3k — sk 72 7] g
N EERE Y CETH M Wt o 1) G B2 S LN S A= s G ES N
I, AW E T RF AR B shib ik & X k.

20244, Deufel% NP TSR B APk A 8hik
i BLRTERE FHLIX, WER T Ha k. el
2EFRAR T S FSCE AL, R IR
[ FE . PP A B T TAERICR, fEdE T LRTH,
R

ALAPR A AU, S5ACT
BIET B HERE A I I TR X, R8s AR K
AR IE S, BaERKRER IR L. 45 %
B, Zead A R ARR KO iE L s, R A EE 4 em
BAAR4.3 em, W2 G 1.9938 M2 2.32, B4 T 16.6%.

B TR T CTRAZMI X &k, AR
AEYIFR YA TR A Sl E k. Filn, 455G PET-
CTZ A AR5 RIE WA RSP (WPD-L1), $5 555
R DX B i) =2 4 X sk

H i, SFRTH - R 40 34, 1 H k= —EhrifE
TRHE DS R G, B AFS B AR AR B DX A7)
O3 A B AL AL, (F H S DX ) R S ik
IR, BA A S
412 XFHE

FEAEGE R CAYT Y, BRI IS T BB 3 55 i
MARFR, B PR B AR IR N S T B35, [RIET ik
FIRRE IR T 1 fee i . e A I, A
JRAL T B R, ARG AR E IR S,
SFRTA &%t H bw It i A Y 51 (0 & 43 A, ASLE
BEE AN 7 o, B R R TR N

H T, SFRTA BRI = sk, siEass
HRAMNES YT . RPERYT . @O R, AR
MR, SFRTHY ML 7 7l AR eAh, b
MIZEH A0 BT BRI 2 S R R A5
AbJr . BN, 202 VARA B & PR ik i 7 1144
BEM2D KT 10 eI, FEAGIE TLRTIE
R, FER MR XN 247 22702000 Gy FIARAE L

6

BRI, ARSI TIRYT; X FLRTHY i X
B, R £16670 cGy.

42 VHRIGETHE VY

42.1 itXIE&iT

I R HLRTHY, F528 Ak, BIARSE 1A
J7 B AR CAn e (4700 k40 A B SR FIE 5 4 20 (R4 2
ROAIT AT ST R R B e SURYT H
B, QBRI AL R L R e X TR R
IEH AL R AR RS, R5, TRV X H
PRI R RS LA & TEARARE, DA
RN HIRTT R, TR YT v AT 2 RUE A R
T L T R SR R T RN/ B TR A A

P AR, S RGeS R LI fe ik, H
H R AEIR YT i R s &, s/ R, R ATRE
RIESFRTA IR VAT R, Prezados N\ E—SL il
FEH IR, 2500 (R4 S A 1 X k) 5 g 42 o1 0 I
B GURAP 2 [ AR () DI, T e )k (R4 S 4
o P DX ) X 7 S 118 B AR 557
422 XIS

TE 2 [B) 43 B RO B T RIZE R, T ERHAYT
THRIPEA T PEA FEAIE.

PVDRIEHES AL S S, HR4li S PVDRA &
DIMRIETF R, R8s & 8 a0 i 5 238570 B R VR .
A WX PVDRA R FEITHHE Ik, A HPVDR
A {8 B —— 25 1657 & [ (valley-to-peak dose ratio,
VPDR)YE KT 28k, Wuss AB5E L VPDR T
WA TR i SOM AR T o, A T SO AR X
S A5 %0 B X T2 ) i (D (95~100)).  HI T4F
iR R Y XS A5, 20 AT RE i 4 5
#. VPDROO/10WL#E) {2 i f]: Wl LM GTVIY
10%4% 2 W AR FH (D10%), A HHE X HGTVH
90% 4237 1 % 125 F 2 (D90%). 1% 7 15 K RE WA =2 Ikt
LRTHSZPRIIER &, KL % (Rf5PVDR. PradoP* 4
HH VPDR yegian /77, 381 T H AR X AH SR TR S A D 1% 7] £
(B 36 1% 0 PR FR A e /N i R g S o, 11
AR T00 s 22 i) o A 300 ok AT i, AR A X A
RIS AT SR i 1 HR, IR e A RAh X B HR (1)
HIEL. VPDRyegian /715 BRI B2, (Haiad
2 IO S A SE PR ZS 6] B, R G Ml S LR T H )51
O3AR. HRTIER LA IE H e ARG —, S8CT ISR



Z AN ECE FRIME, S5 T 45 SRR I R S e Hp 4 1 .
WAPREARE X, WSEURLLRTIEST SR, 2
M) 1 e 2 o R A 2L A RICR.

IRFAF & Ho(volume dose ratio, VDR)#{E XK
GTV 10%A R 257 14 7] 2 F190% AR R 22 52 31 4 5] £ b
(D10%/D90%), I H & &% TR a1 )7 Kl (dose
and volume histogram, DVH)K IR ). X—F|E845
AL LSRRV SFRT Hh 5 2 43 A 19 34 50 M LA K i A
Jr RN, Ligs NS $23), VDR S HAb #1001 250
WLl LL(PVDRYA B & VIR HR. PVDRAIVDR
H AT LA BESFRTIAYT H (A7) S o k.

e, AR YT TR S 2 F T L A A
(S R A B AR R LR IA T TR B vER
P, 5 X T R XA v R, AT N i 2
HO AT RERZ YA TR, T i sl
Tl A5 45 FTHE, 25 %8 (ion chamber, 1C)4515 45 AT 7 &
IS UE. (HLRTAISBRTX 74 43 A1 A B 2R s, 76 =
F A B DI B 22 XA A IS DL T, ICIRBER R
(BT EAE5~8 mm), XELA GBI b AR i Xk, ek
ST UE = AR o0 Am. Rk, SBRTF Al —HCR
FHIEF H TP T AR B A PSR B0 E, =% (1
M7 SRR B EE(MIEGSnre . TOPAS)H #iit & i%
R, SIRIFITRIR GG RN e, 7 il R v,
T BRI ST MR ) LAV, B ORIA YT TR
R A BEAT BRI TR, SRE AR K PR bl /b X 1E
WL
4.3 IR

AR BIBFTE T, 23 (B4 E T O 76 M e
TRYT IR B 3 AT ROR RS 32 v, LR
SRYT R —LEXE A M IR YT R g ).

20204F, Asur® A\PVE H ) —T0 5 T SFRTHI R 40
ZERAAT T 7 15 3 K bR £ 3 A GRIDIA YT I IR
WEFEEHE, WHFE R 75. 7% B IR B E 16T L
N o W BIRTT IRV R 78%. 16% ) 35 M 5t
IR, 7EskH R E Y, GRIDIAYY SILUT4E SR,
Jiogea 4 T 8 1R K 93%, I kAR PR AE A H6585%.

20224F, SCHR[3614 T LRTYAYTFE NG RIGYT i)
GAPERA R, ol AR R /INFEAR B S SR
LRTH] (& 4/ N AR, 00 R A B o8 . Uik
SIRYT RBE DR AN | VPR DRI X ) 15 58] B I8 2% i
e 79I e DX SR A T 3K 90% L L.

20244F, Prezado®: N\PIiiRds i, A K500
BEHAZ T SFRTIRYY, H69% [ HILRT, 31%f#H
GRIDARYY. SFRTIIE AR FHAE T B BA SR 0E 19 1k 5
PEVRTY, SEIREMRRAES4.5%~100%2 8], X i it
SRS IR AR IR TR YT R TVFEM A, SFRTAE:
i 320 R A, —RECE PN AR R FEE RN
0%~24%, X SR8 SR TR AL AR YT AT BE S BURITT B
PECNFEIE52).

5 AR

SFRT I AAIFGE I 1a] b BT T e >4 i v i (¥ Pk
W%, AR LA 7 T ORISR o .

5.1 Tl iRy i RISRSE

SFRT (1% S it AR T e FERG B 09 3R 7 1R R 52
(TPS), {H HATZE FE T TPSIH- A% ESFRT K&
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Spatially fractionated radiation therapy (SFRT) represents an innovative approach in radiotherapy, delivering highly
heterogeneous dose distributions to tumor regions to exploit biological mechanisms such as immune activation, bystander
effects, and vascular modulation while sparing adjacent normal tissues. Key SFRT techniques include GRID therapy,
lattice radiotherapy (LRT), microbeam radiation therapy (MRT), and minibeam radiation therapy (MBRT). Among these,
GRID and LRT have been clinically adopted for treating bulky or inoperable tumors, whereas MRT and MBRT remain in
preclinical exploration due to technical challenges. SFRT achieves therapeutic efficacy through spatially alternating high-
dose “peaks” and low-dose “valleys”, with the peak-to-valley dose ratio (PVDR) serving as a critical parameter influencing
immune activation and tumor control. GRID therapy employs physical or multileaf collimator (MLC)-based shielding to
generate 2D grid-like dose patterns, while LRT extends this concept into 3D by distributing high-dose vertices within the
tumor volume. Both modalities demonstrate significant palliative benefits, with clinical studies reporting symptom relief in
54.5%—-100% of advanced cancer patients and local control rates exceeding 90%. MRT and MBRT, utilizing ultra-narrow
beams (50-1000 um) at extreme dose rates (up to 600 Gy/s), show preclinical promise in normal tissue sparing, particularly
for radioresistant tumors. However, their clinical translation is hindered by the need for specialized synchrotron sources
and unresolved biological mechanisms. Biological effects underpinning SFRT include radiation-induced bystander effects
(RIBE), immune modulation, and vascular disruption. High-dose peaks directly kill tumor cells, while low-dose valleys
remodel the tumor microenvironment, enhancing immune infiltration and reducing immunosuppressive factors. Recent
models integrating indirect cell-kill mechanisms (e.g., bystander signaling, immune recruitment) with dose optimization
algorithms highlight the potential for personalized SFRT planning. Clinically, SFRT synergizes with immunotherapy and
chemotherapy, exemplified by studies achieving 93% tumor control in head and neck cancers when combined with
chemoradiation. Despite its promise, SFRT faces challenges, including technical complexity, limited clinical data, and the
absence of standardized protocols. Future advancements necessitate upgraded treatment planning systems (TPS) capable of
automating target placement and optimizing PVDR, alongside multi-center trials to validate dosimetric parameters.
Emerging directions include combining SFRT with FLASH radiotherapy to exploit ultra-high dose rates for enhanced
normal tissue protection, as well as leveraging proton/ion beams to capitalize on Bragg peak precision. Additionally,
integrating biomarker-guided strategies (e.g., PET-CT hypoxia mapping) may refine dose delivery to resistant tumor
subregions. In conclusion, SFRT stands at the frontier of precision radiotherapy, bridging physics innovation with
radiobiological insights. Addressing current limitations through technological refinement, biological model integration,
and clinical standardization will unlock its full potential in improving outcomes for patients with complex or advanced
malignancies.

radiotherapy, tumor dose distribution, biological effect model, target area layout, innovations in tumor treatment
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