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Abstract

Colony-stimulating factor (CSF) is a cytokine that can prevent or treat chemotherapy-induced neu-
tropenia, primarily in patients receiving chemotherapy or receiving highly hematotoxic treatment
regimens. With the development of modern radiotherapy techniques and supportive care, the
combination of chemoradiotherapy and colony-stimulating factor deserves to be re-evaluated.
Radiation therapy can induce systemic effects mediated by the immune system against cancer
both in vivo and in vitro. This effect is reinforced in preclinical and clinical trials of an innovative
radiotherapy modality in combination with CSF. So far, the combined effect of radiotherapy with
CSF has not been combined with immunotherapy. However, it may play a major role in eliciting an
immune response against cancer cells, which in turn induces the distancing effect. This article re-
views the effectiveness of the combination of colony-stimulating factor, radiotherapy and immu-
notherapy, as well as the latest research on the immunomodulation of radiotherapy combined
with colony-stimulating factor against tumors, and further evaluates the feasibility of combining
colony-stimulating factors with radiotherapy and immunotherapy.
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1. 5|8

TEMPIRIRIT R, Bl T 259057 B R 3G N A o] R TT v R 3N, 5 e i AR R 5 S i
L2 P e D SE AR AR EE B[ 1] [2]. AEVERELIR T (CSF, A4 Hr 20 i 45 V% ) 3 8 7 (G-CSE)ATRL 4 i -
MG 241 P A VR 38 TR 1 (GM-CSF)) A2 [3]—Fh i B (K7, ] AT B YAT7 4 25 VR 07 51 S ¥ w4 i s 2
F B T2 AT B P MR VR T 7 SRR [4] [5] [6]. BEE IAUBEH BT BORFI SRR T I
R, ST 58RI 7 R BCA IR TT A S o7 FIARIT ISR T I SR AE A7 R (08) L
(AR 35 CAS B FRIE B, 3 EIF 4% 3R RIK 5.7%, 5 FEIFIE 4.5%, O ONYR 2 B ioR (ks 16 )7
JFE7]-[12]0 SR1T, L S1%M BB LERIT SRR A 1 4 S et gt S RN . Rk, fEXsEg
HE A CSF AT BLAT R 22 193K 28 [ 13]

e, ] BB G R S e VT O O IR IR YT I — AN DGR I R, R LR AE R DO 2 R R )
WEFLH[14] [15]0 BRI & SOABR T 52 B 1 R bk LLAE - B A2 B B kAR 7= 2 7 46 /N B S
[16]. SR, GM-CSF FHBCTT (1156 FH F 8 2 378 % 250 1) 2 A6 W] BB A 21, X ml g2 dd i 11
PURE TR 240 MR T 40 (Treg 4008) [17]. B, GM-CSF 1] BE A& HUR G 1697 sk 1) 2 K 8% [ 18]

AL B AR RIS T BT RSB IRI T EATVE A U, DA A B R IR kT
PUI R G2 U YT O T BRI S AT SRR, D VA SR T RR T S O B SR iR T R T AT
2. G-CSF 5 GM-CSF: EX5X3

IR G-CSF H1 GM-CSF #B AT LA b MHoR 40 7 A=, (AR ROt e AR AR, e AT A A
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G, B, ARATA AN E BIE RIAE . G-CSF 24K JLF R AE i PRI B F A 40 i | %3k . E4% G-CSF
W, Z 5K R AN RIS 19]. G-CSF w] R Mg o e PRI M s o, JF 1 s JL R A
FGTAMIG A0 ML BE N, 17 B X g TR P 200 P sl v i e A 4 PRV A 2 5

GM-CSF R EMRAIME. T 0. JERANM. EARRAINE . N B0 A 2T 4E 40 73 W6 1) — A 4
M. 5 G-CSF [ it rh Mok 40 Mo 58 FE A BN [R], GM-CSF B IR BV 22 S Y (1 B 22 200 F 16 5,
WEEAHI . FERRTERIANN . B A BRI SR AH M A5 [20] 0 BEAN, EEBRAL T R R . IR kLA
PR 5 00 B (4 e B A0 e Th RE CRE BT A AN TG ) . S8 B (&, GM-CSF 76 JLAMIG K AT 72
R BLRE S T O 15 5B B (PI3K-Akt, ERK1/2, JAK2/STATS, NF-«B)Z 540 RS (35217 [22],
DA AT B R A, Arokr g, et i Ao e MR 4 0 PRV 1 (K U 1 . PRIk, GM-CSF #iA Bk
AR R T, R R AI[23].

B )5, G-CSF 1 GM-CSF X o 14 40 i ) 52 W 8 ASAH [R) . G-CSF e 3k R IR FE IR 7 32 AR A TL-1 %2
AAE PR E E BB, T GM-CSF (2 #EE AR DURTER AR, 5% B4R IR MR, ik IL-1 i/ E
[23] [24] [25]5

3. BT - RERHETF SRR E

KRB FE T A Ei N 28 e 4 PP s R R RIE FEUE B, R T RERE 38 SR e R R SR P B2 IR [26] 0
H KR 32 B AT M T 0B 3n[27], XA ERE T Rk ELAN AR A SR 28], R Sy a4 e R
(1 1 2832 B SV 1 2 A AR (MHC-) )38 [29 R8T B (R TR (301, X it e g ol 57 1 a2 I B g
PN 2 il R a5 A T Oz B RO 1 At JE— B ORI FE R, USRI X IR O B R B 3 G R AR
SN S bR AN B VA G . R S RO AN At T, T BRI R R RS VI B I N R
YA, XA T PR IR SR . SRR, T NK 400 B R BRI AT CDS8+ T 4 A4 S
SR, Bt E RN S N, ot CD8+ T AL A B KR (10GY) UG YT 1 35 BT 30
MR & [31] [32].

3.1. G-CSFs

E— AR N SRR, WF A8 BB T80T 1 G-CSF 45 & e nl . &, MAHE 723
AR 0 IR 2 R 5 R B R PR . AR, JE R SO R R R A R B R R R,
FEAETETEE(ROS) MR VIR &1, X AR G BN B e 2 . WU A 1BE S SR, i 22 RS R 1)
G-CSF K FE(HI (s A 587 42 1) G-CSE)XS N, JFHENIE 25 1 e r maeEs. sE, hATEs st
JEPE G-CSF BEATBUHGE YT B H B Al U6 7 S8 AF B R R o 3% — J7 THI 2 H T30 0 Hh R 20 3
T JEE ROS B4, H— 7 N2 4r i st T A BeEEA[15]. &2, G-CSF MyT a6
YA T PR G S

ARV, EEEEMEIAIE T, G-CSF Al LRt VS8 7 5 HE S5 i I AR 20 A 1) i A= Aah A T 4
My, AR FREPL. EA M T A G EE33].

SR, Cui 5 NHIBFFUHE U A S0 G-CSF 3@ it & =lE /N0 A fiti e 4 L Bz — 1) 78 JsR 4l e A £k
(EMT), {23k NSCLC HIiE R M2 28, 48 515 S/ G-CSF Al 4 G-CSFR i, 3% S H N {5 5 JAK/STAT3
(Janus /M5 5 H F ARG T), Ml NSCLC # EMT F2/7[34].

3.2. GM-CSFs

GM-CSF 1 LU 942 9 PR -5 M G e 1 1 PR 11 G e R 4 P R B A (21 8T, B AE iR TP 4
HRRAFWR . —J7H, OFRKELRIESEELY, GM-CSF nJReA (2R 1ER , 1 Wi e 5ot B2 e
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ANARRSE . RIS . AR . Sl KU AN A 2 FlEbIE AR R I T GM-CSF A H 2 AR ) S i R
1L[20]e 5—7J7T, 2T 774 GM-CSF 1) THE T k40 (siPuleucel-T) B0 2 B A4 1IE SE ] A 808 i
H e B AF TG 2 [35] [36]. BRIk, GM-CSF BRI RE BAMEER, RGN T, exXthuiE %
PEREAMHIER37], WARIER-21]. ARV, GM-CSF MUBT 1 X 3178 b 2508 1 & A8 /]
REAEA R, X AT et ERpTE 4R RN T 008(Treg 4008) [17]. GM-CSF FIJBURA T 1)
G546 TR IBUR S eIt T s i) B K A [ 18]

Chen %5 AT Ji& ) — Tl PR TR 7238 B, GM-CSF REFI45Z p BRI g 4 B R B ) A B TR T AE 4G s
M LR 20 A ) T 2 o A AR AL, s b JE 4 S D RE[38].

— IR 5 R, GM-CSF S5 EIT Biib 7 B G N H iT R 75 ST BB, A2y 7 ik
Ji P 2 % 1 I i A6 5 PR S W BE 32 1 i BRI (45Gy25 1), MBURHATT 88 — T AR BVR Y7 4501,
KIFINHE F GM-CSF Y897, BEERYTE 1 AR 3 AN BT EFERUN[39]. X —A B 45 5t Ik 5)
T ARSI PRARES T . GM-CSF FSUR VA TT A A 1 SR rE 2T GVAX 2 1 1 ARS8 04T T ik
TR YT 1 FH DA R A, 8 — R A B R A R 4H B 2 A GM-CSF, e 440 59 B R 3 1k
WMo HH )R 3 —FRe P e B, it GM-CSF [ A2 T H Rt g 58 [40], HLCAE
1T 470 B 1 JBR e R T AS 31 T A AR I 25 2R (41

Gold 5 N7 17— “MESUEM” RS, DAREBUTH R SRR [42]. 41 #4208 =41
D A R P Ik R e AR B2 T NS RO TBUR BT, AT AN 7 LU T #R(35Gy/10 1K), [EII S vF
HHATACTT , (HAVERN, LRGN 5245 5 8P . GM-CSF Tii7 28 8 KA 22 KAWL T, FIKE
7 AR R R, DUIE BB A U A IT A1 GM-CSF fil & 1 % [N FRIAEE . & HEE 11 &
F(26.8%) I T IR RN, 2B EATT AT GM-CSF AR S5 & 7] LLEE#E R8It SR JioRg oh 51 iz b S8

Liu 28N\ X} 30 44 5685 M i 5 S v g S P 7 — T 78 27, GM-CSF BK-& 07 mT 38 iz je R4
(AR, O R T i A 0 8 S e R B — B R A Ak [43]

Jiang 55 N6 5 R M WG S0 i e i e A TF R 1 — U 1 IR IR REG (44, SBE R TBUAIT RS
GM-CSF 877, 30 BlH2i6 7 & #E R, CR: 1 #1(3.3%), PR: 5 #(16.7%), SD: 9 1(30.0%), PD:
15 51(50.0%), ORR A 20.0%. FEABAFI) F 7% PFS J 88 K, 7% OS N 362 K. @&, X5
AR BTV (45 M E IR T B A . (EfEEINZ, 16 3 43 (10.0%) 5 FER ) T 7 bR 2k v .

4. BT SFERHMEFSRETENGS

JUETIT A CSFs B 175 5 10 528 SN AT BEELAT BT WL FRI B e yed /6 FH (L8 400 P 1 28 106 S AT LAk L
CSFs FRIPUIMBNLHIZ 22132 . B4R CSFs A B T3 ahi@E B G e )N, (H I Ade i AL i) vl B 2 FHLIE
USRI R NI[46]. ST A BRI T G AR AR A ) e A B N, R a2 CTLA4 I PD-1/PD-L1.
EATHIBE IR T YU e R B R R . BRI, T iRox SefEaG il g 7 B A CTLA-4 Hufk[47]H0
PD-1/PDL-1 FifA[48], BH 1k 8E G Eik

76— I 11 #AIE PR S H 5 ipilimumab 5 GM-CSF (454 B3 T II/IV H R O28 BE AR,
FHBEX T ipilimumab IFE1E[49].

TE — TJUEF KT M v 1 R A P S 200 80K A A e A 3 I — B R R 38 R [50], 15 AR E R T
cymplimab JIBUEYT - MBI GM-CSF BERTT, A/ G2/ 1 41(6.7%), BImiz =R 40.0%;
541 SD, 741 PD, 2 BIAGEIEH, Aot RAAE Y 1.8 AN H o SR1, HIT RUHEC T4 PD-1 #5715
—ITEIE RS

FEST I — B R 5 [51], —4 PD-L1 RIKFATE, SetbyT FORE myva 7 i o ik e 1 e i
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W, ERZ 7 3 A PD-1 0I5B & GM-CSF FISLARSE 1714 B BUFHATT (SBRT) I =BEATT A »
H R SR A7 R 5 i A FE SRS 08 7 11 R e A 2 VIR o LRI T R 5 hT PD-1 iR 7 BN B A
Ko I, BTGB IFRE T — 51 PD-1 #I5IEC& 07 A GM-CSF A 77 7 # M S it 58 10 30
WHFC[52], ZIFARNT 54 A4 TR R Y B Sepdi jB 3, B2 7 2/ WA JE ) PraG
T7RIGIT (U7 S5 5 1 8 S BkE PD-1 0EI7 1K, SRJEHK S GM-CSF 200 mg, &4 2
). Z5HEIR ORR ik 16.7%, Bmiah] %k 46.3%, WER] T PD-1 #H7B:S 7807 A1 GM-CSF H ¥ A
ST T 24 SR S IO VR T T 22« PRaG J7 S Y2 397 20T Be JH IR T T80T SR K = B AN R 48 e
PD-1 1l 55 H1 GM-CSF 3t — 1458 7 R Al R 4 i

He 2 A2 T 1 B R HE I H R IR Hirthle 40 i B3553], H PD-L1 KA, EFR. B
BIT ARSI IR MR R . A NIRRT, R 2 A PD-1 #IHIFIBA GM-CSF FISLAARGE 1] 4 £
WS (SBRT)ARYT Ja, BRI bR 22 R 451 Y AT A B4/ . X P PD-1 4076 & GM-CSF
FHT I = Ra T A S 7 5% F% 1 107 ] 6] R R At e [ S4 )RR e VE 48 e [ SS T+, RIS 7RI ALY
T30

BT Ni 2 NTFJE 7 — 30k PD-1 #5750, 07 A1 GM-CSF = 0657 25 5 FH R 303 /I 4 i g 6 2 1)
Lt I REG[56), e aME R TIIE, S LRk SR s R, Hoa A £ e st
— B,

5. &hig

Bt BTG T AR NS RRHAYT VAR, TRALIT 5 CSFs IR ER )T IEAER FOBT PG« HURHAIT 72
PR A AR SNIS T 15 3 o 8 2R G0 S IR 4 B 00, " AT REAE 5 A BT X e 4 I 1 e 3 7 25 b B /R T
BET 5 I R RN o X TP BORAEIR & CSFs BRI 67 B2 i s R A AL s AR I8 Hh 15 21 7 b (45
TEERIE, CSFs (R W FT R B X G e e e T I TP . HAT, U7 CSFs 5 0ucinyr Ek
IR SRR RS 58 2 54 T 55 5 olIa b B, T SRR IISCIR SR E 2 9 S8l it DRI,
MhRe ZHE 2 MMIRHTTL, LABIBATE)T . CSFs 5 S ifyT AU Ay 7R IR A R0 S5 1l R 2 Lo
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