Advances in Clinical Medicine IREZ2HERE, 2023, 13(7), 10854-10862 Hans Xl
Published Online July 2023 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2023.1371516

BT B P R R R

X E#, B, les

U RSB SR, BRPE P
BRVEA R ER BT, BV BOTIRIT IR IREE R IO, BRPE PG

91
A

Woks H . 20234F6 H6H: FHEM: 20234F7H1H; KAAHM: 202347 10H

HE

HRE AR E RBEME L —, EFERRELLCRARTR. RN, ERERET HRZE R
., &R ZIMBTARIIAF FPBNTERERE T ARG CRAERENAMERT k. £ttt
AR F BT ST RN I B MG I T TR - ASCRBT R BISOT T BT 77 REE . BURIRI T
A BIFEFAREEERE BT BRI AR R SR T GR35 KR 52 8 5% H R ol 7t
REATT REMRNER . AR REG R RERATE AN HALEI YT -

XK ia

Higre, FEBBOT, BEEITRA, BUTEFARERE, BUTARRM

Application and Advances of Neoadjuvant
Radiotherapy in Rectal Cancer

Sichao Liu?, Xiaojiao Chen}, Yiping Yang?*
'Graduate School, Xi’an Medical University, Xi’an Shaanxi

*Shaanxi Clinical Medical Research Center for Radiotherapy, Shaanxi Cancer Hospital, Xi’an Shaanxi

Received: Jun. 6", 2023; accepted: Jul. 1%, 2023; published: Jul. 10", 2023

Abstract

As one of the most common malignant tumors, the incidence and mortality of rectal cancer have
been increasing in recent years. At the same time, the treatment of rectal cancer has been gradu-
ally standardized, and a number of studies have shown that preoperative concurrent chemoradi-
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otherapy combined with radical surgery has become the standard treatment of rectal cancer. The
world is also exploring ways to improve the efficacy of chemoradiotherapy and better individua-
lized treatment. In this paper, the latest research progress on the selection of radiotherapy scheme
in neoadjuvant radiotherapy, radiotherapy technique, surgical interval after radiotherapy, adverse
effects of radiotherapy, and dose-receiving of organs at risk under different radiotherapy tech-
niques are systematically reviewed, in order to look forward to more personalized treatment of
rectal cancer in the future.
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1. 518

b L e A2 thE SV T Y e LB R 2 —, TE 2020 AR tH S TLAR 20 41 E o A S LAE (IARC)
KA EBRIEAE G T R R R, 45 B K ROm AL BB MR R 5 =, HOb TR R, [14E
RE, HTEFAKERIRBEUAES RIS, 88 RmEb 2500 LI ARt RE
(1125 L R B s R A6 T2 2 43 AT BT g 1 26 =0 F0 28 A [2] [3]. 7R L H4E, &R 2 Tt
F AR T R AT A AR VA Ve T ARG YT O B AR VR 9T 7734 [4] [5], H#EE CAO/ARO/
AlO-94 [4]F15:[E MRC CRO7 [6]M IsL I8 A B 1 2 X E B ME A . 8 E 1) CAO/ARO/AIO-94 I R i 46 %
Jei S B U I R R AT AR TR S AT 19T R0 B R B BT UL T B JE AL T 5 T AR, R
AR ZROR JG BB B . TP E ) MRC-CRO7 I PRi5 X Toim b 8 v F ARV BRI B e B, 2R
ARHT 5 x 5 FAEBOT HM BT RE, PHss RRHARNBOTHBREETFARARK T RSER, 5 74
2. BRININRE R 22 (ESMO)ER Y, 78 B IR Jo i S . AT T bk T2 25 73 JH LA S5 e B Y 4 RV R
R(TME)AREIX 2 58 A VIBR B L R AT B BA T [7]. b v U AR A3 4 B 7 7T DA FAARS AT 1) ik g
() S 5 R AR, BRI RE 20 11, D5 R 2 AN e VI BR IR I T UIBR 1%« BT BB T BR80T . AT A
BAIT A, REB PR IRERH R R R, e B AR, (A ZUNAIT 0B mT R M A R
TR YT AN RS, 33 T o) RE 5 (0 B Ak A 35 o 7 A A7 THT S0l [ 7] [8] B4l BhBOTT J AR [ Bl 32 36 LA 2
BT JE AN RS FI00 %F T- Ak B ARG ST SRR TS IO ook . AR ERIA XN H 7T B E i Bk
SWHETT BB T AT R g .

2. FEBNBTRARHESE
2.1, BN IR AT AR IR AT ROE

E T B g 6 BUR A BiR T S AR B 18T (RT), 25 Gy 5 /X, BUBAH B[R K A2 UL 7 (CRT)
50.4 Gy 28 {X + 5-FUIRMENE (5-FU) R HE fhE . X3 T BEHLxT 56 44 [F B CAO/ARO/AIO-94 1%
(Sauer 55 N, 2004 £F) [41M0455R, 2k K LLAL 18 Sl B T A B AL T, R IR BISA T EsE T
FrEbiEl, SRR, (AR R AL . (Saver 2N\, 2004 £F) NSABP R-03 14 [4]18T 7T 1
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BARBEATT 5B BT B B, AR AR B ST B R T OO AR R, SRR R IR
%, (Roh 2N, 2009 4F) NSABP R-04 [9] HARIRIG A 7 R 5 5-Fu Syt 78 8T 4 Bh s s 7 b
MIECRUE T A8 T O FH BV DRI 2 x 2 BRI R R, RIFMIES 5-FU 145 AL, B A
BRI T B, (HRA MGE R E R . R AR AR R . (Allegra %N, 2015) [10]H AT M2 2%
FAPMTUESE, 5 REHHINIGIT AL, KRBT %M. FEVIBRTGE . P =0 R A4
AF I B A AN = AR S B A T TR I IS R SRBSZ GG, AR RYTEI kR V) 4
FHE . PRAER AR R k. PIAE =AM AR TR AE A DU R = AE B AR T A B g5 . mr il
BB TT B AR ST REE RIS B e B R R R E . KB E AT E] . (5 H AT R R
LW o TG B AR R BRI 7 5 IR R Bh AR RP UL ST SO B AR BUGTT A 4+ . Bujko 55 AXT
BBV ERRRUT S 7 RN FAREER G KRBT 347 T BRI, P2 B TCR A7 35 R A R i R %
BRERER. BUTHTREZMGEEN 16.1%, FREBUTHN 0.7%, BT EMIEEZZ 828 4%, FFEK
JTH N 13% (P < 0.0 5).0.5), (HE &I N (IN~1V FA BN &4 %) CRT 4L & T RT 41(4 718 18.2%
A1 3.2%) [10] [11]. K H Radu %5 A [RBIECE . 458 2o, FHEGT INE R F AR (6~8 J&) 5 KIHHL 7 AH
ABR, 73 B 56 4= G2 fif A1 =) e s P AR ABL, PR AEL I B3 EIAE A ARARAR[12] . 2016 4F (1 — I B AL R X566 150
B ~111 5 B e S BN 2 KRR T (CRT) AV 180T (RT)HEAT X E, #3 HTE B AR A7
(OS) EEFHMENL N, CRT i) 3 E LR AETEM(DFS)IE T RT 4l WoZH 2 18] (1) T A0 R0 B - AR 0
FAAA[13]. 2018 4F, —IIZEAHT T KARBAGTT AR AR O R8I DAl P R s o0t B s 238 1)
GARVERE R, SCEEBBERALT R RN T 16 B FL, Stit 2773 Fl B S, YL
MRRIGW T 5 13 2518, R R b TR 0T, KA YT B B 4 005 3 56 42 2% Al (PCR) A i g [ 3 22,
(PR SR R AR Z . FETHRA 1~V RIS B 35a ] S22 R [14]. 2022 4EH)
—IEERE S M) 23 RIS TE PR AE A 4 5 11 7599 44 138 . 23 THALS7E = 4F Wk 5 11 8232 4 3 Al 15
WAL 5 T FAE N 5856 4 1B HEAT 20 M VAl o KRR BT 5 R AR U VR TT 1 A Bh G o7 E4T LU
R, SHEREBEHEIT AL, KRBT TR R A S RIS, RS EE RIS . FHE IR RRE
FEROT B AN L RS KRR T S SR AR R as, (HJE & 1T Re S e KA A7 45 R [15]. Hik, 7E&
BTG BV FAR B A Z By7 BRI, IR AT Wl B A 5 KA AT

2.2. FEBMLITIE-TNT B0

AR B TT (TNT) 20T J5 R 0 B e i — Pk 0732, el IE R B[R B 6 AT 42 5 A0y 7 ARl
BIALTT[16]. BRI 2 MRS R B, 75 B B T TNT A 2iEid & Sy kb7 b 1K
A, IR B AR ZE[17]. TNT 2697 B B8 1 — A e sy ik, REEARER/N, HIEEZ
AT A B2 I PRI 1 C 2T IR R X B FE R B, #5252 TNT 1697 (1 38 ¥ PCR 2274 20% %2 40% [18]
[19]. A, TNT &S50 FIKR WA SCHF FRARERIE 9800 [ Wi 1A 75 22 S ARy ) L 39 56 4
e DA S5 N7 A % il J P W 8 AP S5 A SRS SR8 ML I 48 20 LA R B 26 [20] [21] [22] [23] e 75— 5 i jsi 14 BA %1}
Firp, HhRiE CRT 4UAHEL, KA TNT 7 R0 B e B35 7 F AR M2 S4097 /5 CRT M7 St
RIMLIT R E 4 L K [24]. OPRA HIRF7C K EL, 5 LARC EEMIFRAEIRIT AL, B TNT 974110
7t TME {RIT L 26308 Frig n[25] . FRE ALK 52 IEAE#EAT I — 30 1 #3406 (NCT03840239) 1EAE VAL K 2
BT R HAE IS E AT (CAPOX) & i 2> # i #5 Z LR BE %2 [26] o X WU 7T I 45 SR & N IIAE . 72
2021 EH—IEE R b i E T TNT BPER, 120 Hoehil Iz 2196 44 LARC fE38 1K) 8 T L/ HREAL X
FEARIG HEAT T 9Pl . W5 0T B, TNT V897 I PCR 245 G it 2 X8 (OR = 1.77, 95%Cl: 1.28~2.45,
P = 0.0005). 5 FrifE CRT AHLL, TNT #5797 1) DFS A1 OS 45 . 4 243 (HR = 0.83, 95%Cl: 0.72~0.96, P = 0.03;
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HR = 0.88, 95%Cl: 0.74~1.05, P = 0.15). It4k, TNT 1597 0l 53 PRAGE AL #4555 19 U (HR = 0.81, 95%Cl:
0.68~0.95, P =0.012). TNT £H1#) PCR X tH & T4 Bh AL y7 41 (36% X} 21%)7E LARC #B# 1, TNT St
Wi B CRT AHLL, TNT e B T4 PCR 2, H4)i DFS 1 OS, JfF#{% DM [ XK:[27]. HRT, TNT
R A BT B IR A7 BRI N XS B8 2 3 B A A7 s ) 5 ) LR, AT 75 B R SR O F 5 Hp i — 2D 4R
R TNT X% & R A AR KRR .

3. FHEBIRYT RHYFARE R

%2 TR IR AN 25 R AT B0 -8 B, b R0 S0 4%l 1T 5, 6 A 0T A KA 0T R B [RI[15] [28] [29] - 4R
F AR T 2 18] B 5] B B ) Jo 3 G B R AR AT B e — AN B LR R . BB FAR AT Lok e 1) B4 2
L ZHIREE], FEEFARBIRABOT B A SRIEOKIE . HATA 522008, MRt kAR
7R, AN LE A IR HAIRI[30]. DINA 45347 X6k Jir e 4 i f 52 i 22 B J80T 7 Ja — B T80 A4 g AT 25 _EAREILHY
kK, HLERFARREHE, RO ASZRIE . F, B Ba T R 2w bE 4 e r
B4k s S ERAMAE T, Kk, FARTIEAFII AR, FAR I iR 40 M (0 47 75 3Rt S B [31], X
el TR AR b I i A AR L R A B TR, AN IR 4 B R L2 [32] . B H BT R BhiR
I7JG B AR T ARBI LR A 4+ 13U . H AT 6~8 JE1E AR BT S TR R ALZ 2T B 5 R90-01 A 5 [33],
b SEEG LI T E e R R TG R YT R R TR (AN 2] 2 /) RO () (6~8 J) 4 3. I Il &tk K,
i P EE B B P LU AR o o I LR B AR IR I (ARG, FELWUR B 2 ke . Rltk, JBUiayT
FFARZ ][ 6~8 JH 110 b O oA B (0 Fd: . SR, (EIRTUF 7, 52 7R T8 1R
SRR (13 IR 39 Gy 1 4k), HBAH B2 ARRIALST o 15 5 SR S 58 ik BEAEUF X AW s . Akgan 5 A7E 2018
SEHER T T3-4 F/8% N+E ke B Bl BsUL T 5 8 J& s 4 0 F R A1 b S ki 8 R FARIFBE, RIL
LT IT AT AR [ ) (] Rk 8 I, i VR4S B ss, B s A N R IN[34]. [RIRE, Terzi 55
NKTBACTT FIF AR Z a1 b AN 8 FE ZE K3 12, 4R J5 304756 LUAIE B 1 %K T2 R 8] B Jo 7 B 58 R R R
BT AE[35]. WU S5 ANB—RZAHT[B6] AN T It s, 3L 1244 2 8%, ¥t fi1ie FARE R
I TEAT 204, o R ROT G TR RG<4 JARI>4 |, RIFARLEIR 4 A UL BT BRI =
AP RFNFRL R B 2, EAERTELEE AR S5 I AOE 7 A — € L% . {H GRECCAR-6 I [37]LLEk
THARST FFARIGTT 200 7 FA 11 & M4EiR, RIE B 5E A R R A R 2 57« 2 J5 GRECCAR-6 it
AT TARATI 3 FEAAFEE R, WoRTERR. TAMFR, BUERMER T HHAEE REES.
BURTRE R . [RIREIE KT A B B I TR 7E 32 AR T 2 A RS 4010 H RTECT BT 5 800 i3 240 45
P AL — A A2 Fi T DNA 35473 B 5 55000 e 4 M B 1, JHL w8 20 160 385 (1 90 R LAAR G2 3831 3
REROHE i (a2 38 BE) T e HL AR i 3 7 AR A o EZE IR YT IS E T 2 R P B IR R B e, P DA 2>
AN R R FE 1 S B k493, 0 L E 56 I R G s 4 s o (TR e, BRI T VRIT IR INB R
Bt fE 71[38]. ATLA4IRI BRI AE K S, IEH4A BT A RIEE, ARSI BUA T T K
I BPEA R NRER . Erlandsso 25 A\ FSEE0AIE B 11X 55, S0 45 J /R R 1SR 807 1 U SR,
B RRERBOT SERIFARAL, R R BOT A J5 HE &0 2 2 /> [39]. {2 Dr. Garcia Aguilar 25 A FIHF 7
R, CRT JElAIkG 11 J& B 2 47 44k LRI bR 6 J& A 58 = 85 [27]. GRECCAR-6 Fifi ALx HE a6 1) 45 SR o
T, 57 AMREMHEL, CRT & 11 J& MR IN T A JG H AR Rl = i 52 & AR [37] . X AT RE 2 B T
ARG . AR A AE AR SR N T PR T MR, AN T TME FARMIAERE, MK T RO
PIkRE. 25 LATR, iR T AE A7 SRHE L WUAR S 2 (2 = i R AR BT Bt R B BAR, AR AT AR 0T
AR AT KARBOT F AR R LR T HIEAFER 2 5, A Rk — B 1 IE AR IR 50 E -
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4. ERFEEBITA R R K TR
4.1, FEEBNRIT A RR

TEE s R OT i fE SRS N TR B R Sk 2 L e ST B IR B AN RS
T B (1 M O] R S BR 7R B A — 2N, B S EUA YT I A W BB T RR RIS AT 4k, X AT RES
BRIV IT R . TN SR T 552 b ARRI S48 5 00 /N B B0 A0 ™ I VS R AR 28 2 IR & - A4
TR R [40] [41] [42] [43]. MHATTRIL, FERESZARFIBAST GRS T, FAEEBRIMFIE - BHER, FH
3 Ytk N F R R A . TR SRR AE &R E YT =G R I, BAE. B ARIRE,
WEW D, TR, RAE, PR IRIMIE S /NGRRUR EA575A PRRRERR G R 2 L YR B g 452 45 A
SMEFRIGR A, RAEZN 10%~15% [44]. — B RTEAE, 5 AA(F23 K 50%~60%. SEFx I,
T B P S S A B 8 453493 T A A7 R TR AT S 0T R Y 1/5 [45]. e — AN S R s R B, 5IR
KGR WM BN S, (RSN AT B0 2 XS PR RS R TT R, B2 AR e o
BT HRAT o SNBSS S AR A ) AR 32 BERIUA R ISP B R R o PR B g F R AE 2R,
A AR SR a7 5 30 B BOE SCRR R R 155 D o X I T M i 10 7] 22 R o 1 28 1 3 A AT )
SHAYT AR E 1), AHEA RN TEIRIR S b, AR BRI 5 FE B PR AR 75 B0 I MR e )
5 IO g B B R (B RO ZURR T E0) I, BRI A 1 e 28 B [46] . TBURHEIBE IDE 28 i XU 25 Bl
FRGTIE (60 Gy LA E)\ 5 I HE SR AARRT £ Bl AT I 3G 0 ERSRS TSURA T A DR LI B = i TE
BEPE R R, (R IEAT R BRAG B B I8 —, JCH R IEREKAFTEHI[47] [48]. E4E, 32U
TR IR Y5 S KPR, VAR 2 S LA IR . PR32 B T AR AT UG T I 53
A PR 1R P 43 il 52 SRR ol e o IS 52 A ) SR R B, B S S AR R R MR . R T A2
BN S A T A R OGRS T [49]. XA FERATRE 70 K, IR i - S - MEARE R . gR i)
PR (FSH)RIESE IUSCRRB RS S0 1 R AR JR R 2R B, X FSH (170 W BA 11 R 5 5 [50] X &H
1 AR RR 3 WA BRURSHBEAT 43 AT, W] DAPPAl RS - R AE RIS B D e . A 008 B E0T 5 FSH 7K
AR, RISCRRAEMZ AR [51]. L. de la Mott 552 “ B A I T80T K AR BRUIFI S 7 [52]—3C
TS g5 B 1 2 AT 2 S B T R A SHRERI ORI D Re 2. fEWRIT G 24 AW, W
S5 TNS KT IR E R, P8 ik BIEL KT, AR RE 53 M Lol TRk, B
JEE 6 T R SRR Ty e 1 47 T 52 T (LUORS YR = 40T ) 7 24 S H NI IR E

4.2. FEIMBEHEARRO BT REGHRE

BEIRBUREIT A R RN Z,  (EBEE BRI AR AL B80T BRI & 13 s, U7 TR A R R
W B AR AR AN W B A, 5 A T A DS I EIAE FH T LA Je ik R T v AN R D . 5 IE T U R
J7(CRT)AHEL, TSR G YT (IMRT ) I8 i R 1) % J&] FBl 2% B (0% 56 70 2ok o> e R A 2314 [53] [54]. 5
IMRT #ILtL, HUELIEEE I VMAT HORTE S 5 167 I 8] 3R (3 T SE S 5 7 & 40 A [55]. VMAT 1697 )5
M B e TR R REAE AN T R R 2 2 S L R > N~V R R R
BB IT I R B E R T . HIEA BRI R AR 25 [ HE S 70 AR R DA oG . B AL
2R3, REEBCRNERSER, 255 B0 =W IHAE. A, &2 %% L5 8 WiEmiR5e6]. 2
i B e AR T B M Ay, FER R 7 SR B i I 10 4 MR R S R, IR AT
A IE S B R 2 52 A7) B R i 2 e B R 1 R R R . B R B AT R B OT I, A
5 3 1LV 1 A AL TR B IRV R N, TR T SR — 0 e A R A . A A [46] Eh iR Ay
M, VMAT 5 ZH/NEH VA0 1 V50 BT IMRT, SRz EA EEE L. FEERI, K
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2 VMAT X5 B ) HE SR RRURN P 2 35t B SR /D . MU 205 387 I TR) SR IEAH DG, VMAT 697 I a5
IMRT o 3 i Sk XA Bl T FEAR H T 8738 R I T - SRR S KU o A5 0t 00 AN [E]TBORHR T BV A %
& R 2 AT R, Zhao 258 AFE “VMAT. IMRT M1 3DCRT A 47 J& 3k Jie ) 21 e [F) ) 4 & B s 1y
A [57] X T CRT. IMRT Al VMAT, X =FG 57 & #  30 B e 11 R 2 B AT
CEEHEREN, 4R RRE IMRT F1 VMAT A3 7RI BFrE 5%, (2 IMRT Hi&6 TR IEF AL,
Shih %8 AfE “VMAT 5 IMRT f& B iV A S5 fl BECH va 7t 77 S 25 Lot e [58] ke, 5
SRISHRITAHEL, VMAT 24t 1 SEaF /N R4, Ry INTRI SR, H IMRT XS BE AL VMAT 2>,
XIS AT 2 T ARG R AR . 7E Duman E IR FC[59]H, VMAT fELRG /N AE b 7 AL T IMRT, IMRT
T CRT. VMAT 1 IMRT AT % R, (HX A4 i MR 1ER I T CRT. 4% ERTR, WGk
RIfE LA T2 BT E, IMRT AR EERIER. MRA VAMT SR A0 5 fF i X &, b
Wk D R R IRYE ], 4aRVa T ISR, RO R R . R A Y e R I
B 2 155 A AR BRI

5. R4

B a7 R B PR IER), REZERNIES S, H AR E 48 P T . A
AREARFMST, B8 7 REd. R, TNT 67 Bl 7R a7 R v R 54 S A7 ok ik
ARSI T RENE, [FRINHR S e 22 . HERERN TNT TR UM EESFH IS MREGEE, X
AT DAAE AN SN S8 (K R 7 4 R R O R FRARIA T AR o (B0 T B30T i B0 Ja J8 5 TR I 18] (1
WFF LR B RATIE P XK. B, BUT RS IIA RN — R AR E A, s A
[7] B TS B AR SRl TE 8 B A 7 52 B T DU RO TBUTT Pty SR AN RSOSE o T80T BRI 7R B 2R
JEANFTES T B BPL SR L, HRAE I R S 8 TSRS AT, 635 60 (1 B AR BIDET Rl 0T SR . B
JRs AR AT DA LR i AT SEANMEAL IR T

SE

[1] Siegel, R.L., Miller, K.D. and Jemal, A. (2018) Cancer Statistics, 2018. CA: A Cancer Journal for Clinicians, 68, 7-30.
https://doi.org/10.3322/caac.21442

[21 Tk, FBERAE, TKAD4E, 4. 2015 4o [E 2y DB R AR ASE TS 2 A [3]. o [ R, 2019, 28(1): 1-11.

[3] Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M., Soerjomataram, 1., Jemal, A. and Bray, F. (2021) Global Cancer Sta-
tistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A
Cancer Journal for Clinicians, 71, 209-249. https://doi.org/10.3322/caac.21660

[4] Sauer, R., Becker, H., Hohenberger, W., et al. (2004) Preoperative versus Postoperative Chemoradiotherapy for Rectal
Cancer. The New England Journal of Medicine, 351, 1731-1740. https://doi.org/10.1056/NEJM0a040694

[5] Bosset, J.-F., Collette, L., Calais, G., et al. (2006) Chemotherapy with Preoperative Radiotherapy in Rectal Cancer. The
New England Journal of Medicine, 355, 1114-1123. https://doi.org/10.1056/NEJM0a060829

[6] Sebag-Montefiore, D., Stephens, R.J., Steele, R., et al. (2009) Preoperative Radiotherapy versus Selective Postopera-
tive Chemoradiotherapy in Patients with Rectal Cancer (MRC CRO7 and NCIC-CTG C016): A Multicentre, Rando-
mised Trial. Lancet, 373, 811-820. https://doi.org/10.1016/S0140-6736(09)60484-0

[7] Glynne-Jones, R., Wyrwicz, L., Tiret, E., et al. (2018) Corrections to “Rectal Cancer: ESMO Clinical Practice Guidelines
for Diagnosis, Treatment and Follow-Up”. Annals of Oncology, 29, Article No. 1VV263.
https://doi.org/10.1093/annonc/mdy161

[8] Couwenberg, A.M., Burbach, J.P.M., Van Grevenstein, W.M.U., et al. (2018) Effect of Neoadjuvant Therapy and
Rectal Surgery on Health-Related Quality of Life in Patients with Rectal Cancer during the First 2 Years after Diagno-
sis. Clinical Colorectal Cancer, 17, e499-e512. https://doi.org/10.1016/j.clcc.2018.03.009

[91 Roh, M.S., Colangelo, L.H., O’Connell, M.J., Yothers, G., Deutsch, M., Allegra, C.J., Kahlenberg, M.S., Baez-Diaz, L.,

Ursiny, C.S., Petrelli, N.J. and Wolmark, N. (2009) Preoperative Multimodality Therapy Improves Disease-Free Sur-
vival in Patients with Carcinoma of the Rectum: NSABP R-03. Journal of Clinical Oncology, 27, 5124-5130.

DOI: 10.12677/acm.2023.1371516 10859 Il R 125 23k i


https://doi.org/10.12677/acm.2023.1371516
https://doi.org/10.3322/caac.21442
https://doi.org/10.3322/caac.21660
https://doi.org/10.1056/NEJMoa040694
https://doi.org/10.1056/NEJMoa060829
https://doi.org/10.1016/S0140-6736(09)60484-0
https://doi.org/10.1093/annonc/mdy161
https://doi.org/10.1016/j.clcc.2018.03.009

PUSSLINE

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

https://doi.org/10.1200/JC0.2009.22.0467

Allegra, C.J., Yothers, G., O’Connell, M.J., Beart, R.W., Wozniak, T.F., Pitot, H.C., Shields, A.F., Landry, J.C., Ryan,
D.P., Arora, A., Evans, L.S., Bahary, N., Soori, G., Eakle, J.F., Robertson, J.M., Moore Jr., D.F., Mullane, M.R., Mar-
chello, B.T., Ward, P.J., Sharif, S., Roh, M.S. and Wolmark, N. (2015) Neoadjuvant 5-FU or Capecitabine plus Radia-
tion with or without Oxaliplatin in Rectal Cancer Patients:A Phase |1l Randomized Clinical Trial. JINCI: Journal of the
National Cancer Institute, 107, Article No. djv248. https://doi.org/10.1093/jnci/djv248

Bujko, K., Nowacki, M.P., Kepka, L., Olgdzki, J., Bebenek, M. and Kryj, M. (2005) Postoperative Complications in
Patients Irradiated Pre-Operatively for Rectal Cancer: Report of a Randomised Trial Comparing Short-Term Radiothe-
rapy vs Chemoradiation. Colorectal Disease, 7, 410-416. https://doi.org/10.1111/].1463-1318.2005.00796.x

Radu, C., Berglund, A., Pahiman, L. and Glimelius, B. (2008) Short-Course Preoperative Radiotherapy with Delayed
Surgery in Rectal Cancer—A Retrospective Study. Radiotherapy and Oncology, 87, 343-349.
https://doi.org/10.1016/j.radonc.2007.11.025

Latkauskas, T., Pauzas, H., Kairevice, L., Petrauskas, A., Saladzinskas, Z., Janciauskiene, R., Gudaityte, J., Lizdenis,
P., Svagzdys, S., Tamelis, A. and Pavalkis, D. (2016) Preoperative Conventional Chemoradiotherapy versus
Short-Course Radiotherapy with Delayed Surgery for Rectal Cancer: Results of a Randomized Controlled Trial. BMC
Cancer, 16, Article No. 927. https://doi.org/10.1186/s12885-016-2959-9

Yu, Y., Li, Y., Xu, C., Zhang, Z. and Zhang, X. (2019) Comparison of Long Course and Short Course Preoperative
Radiotherapy in the Treatment of Locally Advanced Rectal Cancer: A Systematic Review and Meta-Analysis. Revista
Espanola de Enfermedades Digestivas, 111, 17-27. https://doi.org/10.17235/reed.2018.5674/2018

Simillis, C., Khatri, A., Dai, N., Afxentiou, T., Jephcott, C., Smith, S., Jadon, R., Papamichael, D., Khan, J., Powar,
M.P., Fearnhead, N.S., Wheeler, J. and Davies, J. (2023) A Systematic Review and Network Meta-Analysis of Ran-
domised Controlled Trials Comparing Neoadjuvant Treatment Strategies for Stage Il and Ill Rectal Cancer. Critical
Reviews in Oncology/Hematology, 183, Article ID: 103927. https://doi.org/10.1016/j.critrevonc.2023.103927

Alawawdeh, A., Krishnan, T., Roy, A, et al. (2021) Curative Therapy for Rectal Cancer. Expert Review of Anticancer
Therapy, 21, 193-203. Https://doi.org/10.1080/14737140.2021.1845145

Glynne-Jones, R., Grainger, J., Harrison, M., Ostler, P. and Makris, A. (2006) Neoadjuvant Chemotherapy Prior to
Preoperative Chemoradiation or Radiation in Rectal Cancer: Should We Be More Cautious? British Journal of Cancer,
94, 363-371. https://doi.org/10.1038/sj.bjc.6602960

Chua, Y.J., Barbachano, Y., Cunningham, D, et al. (2010) Neoadjuvant Capecitabine and Oxaliplatin Before Chemo-
radiotherapy and Total Mesorectal Excision in MRI-Defined Poor-Risk Rectal Cancer: A Phase 2 Trial. The Lancet
Oncology, 11, 241-248. https://doi.org/10.1016/S1470-2045(09)70381-X

Gao, Y.-H., Lin, J.-Z., An, X., et al. (2014) Neoadjuvant Sandwich Treatment with Oxaliplatin and Capecitabine Ad-
ministered Prior to, Concurrently with, and Following Radiation Therapy in Locally Advanced Rectal Cancer: A Pros-
pective Phase 2 Trial. International Journal of Radiation Oncology, Biology, Physics, 90, 1153-1160.
https://doi.org/10.1016/j.ijrobp.2014.07.021

Azin, A., Khorasani, M. and Quereshy, F.A. (2019) Neoadjuvant Chemoradiation in Locally Advanced Rectal Cancer:
The Surgeon’s Perspective. Journal of Clinical Pathology, 72, 133-134. https://doi.org/10.1136/jclinpath-2018-205595

Goodman, K.A. (2018) Total Neoadjuvant Therapy for Rectal Cancer. Cancer/Radiothérapie, 22, 459-465.
https://doi.org/10.1016/j.canrad.2018.01.004

Kim, H.S. and Kim, N.K. (2020) Challenges and Shifting Treatment Strategies in the Surgical Treatment of Locally
Advanced Rectal Cancer. Annals of Gastroenterological Surgery, 4, 379-385. https://doi.org/10.1002/ags3.12349

Gollins, S. and Sebag-Montefiore, D. (2016) Neoadjuvant Treatment Strategies for Locally Advanced Rectal Cancer.
Clinical Oncology, 28, 146-151. https://doi.org/10.1016/j.clon.2015.11.003

Cercek, A., Roxburgh, C.S.D., Strombom, P., et al. (2018) Adoption of Total Neoadjuvant Therapy for Locally Ad-
vanced Rectal Cancer. JAMA Oncology, 4, e180071. https://doi.org/10.1001/jamaoncol.2018.0071

Garcia-Aguilar, J., Patil, S., Kim, J., et al. (2020) Preliminary Results of the Organ Preservation of Rectal Adenocarci-
noma (Opra) Trial. Journal of Clinical Oncology, 38, Article No. 4008.
https://doi.org/10.1200/JC0.2020.38.15_suppl.4008

Xiao, W. (2019) TNT versus Conventional CRT to Increase the Sphincter Preservation Rate for Distal LARC (TESS).
https://www.clinicaltrials.gov/ct2/show/NCT03840239

Liu, S., Jiang, T., Xiao, L., Yang, S., Liu, Q., Gao, Y., Chen, G. and Xiao, W. (2021) Total Neoadjuvant Therapy (TNT)
versus Standard Neoadjuvant Chemoradiotherapy for Locally Advanced Rectal Cancer: A Systematic Review and Me-
ta-Analysis. The Oncologist, 26, e1555-e1566. https://doi.org/10.1002/onco.13824

Ngan, S.Y., Burmeister, B., Fisher, R.J., et al. (2012) Randomized Trial of Short-Course Radiotherapy versus
Long-Course Chemoradiation Comparing Rates of Local Recurrence in Patients with T3 Rectal Cancer: Trans-Tasman

DOI: 10.12677/acm.2023.1371516 10860 Il R 125 23k i


https://doi.org/10.12677/acm.2023.1371516
https://doi.org/10.1200/JCO.2009.22.0467
https://doi.org/10.1093/jnci/djv248
https://doi.org/10.1111/j.1463-1318.2005.00796.x
https://doi.org/10.1016/j.radonc.2007.11.025
https://doi.org/10.1186/s12885-016-2959-9
https://doi.org/10.17235/reed.2018.5674/2018
https://doi.org/10.1016/j.critrevonc.2023.103927
https://doi.org/10.1080/14737140.2021.1845145
https://doi.org/10.1038/sj.bjc.6602960
https://doi.org/10.1016/S1470-2045(09)70381-X
https://doi.org/10.1016/j.ijrobp.2014.07.021
https://doi.org/10.1136/jclinpath-2018-205595
https://doi.org/10.1016/j.canrad.2018.01.004
https://doi.org/10.1002/ags3.12349
https://doi.org/10.1016/j.clon.2015.11.003
https://doi.org/10.1001/jamaoncol.2018.0071
https://doi.org/10.1200/JCO.2020.38.15_suppl.4008
https://www.clinicaltrials.gov/ct2/show/NCT03840239
https://doi.org/10.1002/onco.13824

PUSSTINE

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

Radiation Oncology Group Trial 01.04. Journal of Clinical Oncology, 30, 3827-3833.
https://doi.org/10.1200/JC0.2012.42.9597

Zhou, Z.-R., Liu, S.-X., Zhang, T.-S., et al. (2014) Short-Course Preoperative Radiotherapy with Immediate Surgery
versus Long-Course Chemoradiation with Delayed Surgery in the Treatment of Rectal Cancer: A Systematic Review
and Meta-Analysis. Surgical Oncology, 23, 211-221. https://doi.org/10.1016/j.suronc.2014.10.003

Glimelius, B. (2017) On a Prolonged Interval between Rectal Cancer (Chemo)Radiotherapy and Surgery. Upsala
Journal of Medical Sciences, 122, 1-10. https://doi.org/10.1080/03009734.2016.1274806

de Campos-Lobato, L.F., Geisler, D.P., da Luz Moreira, A., Stocchi, L., Dietz, D. and Kalady, M.F. (2011) Neoadju-
vant Therapy for Rectal Cancer: The Impact of Longer Interval between Chemoradiation and Surgery. Journal of
Gastrointestinal Surgery, 15, 444-450. https://doi.org/10.1007/s11605-010-1197-8

Zorcolo, L., Rosman, A.S., Restivo, A., Pisano, M., Nigri, G.R., Fancellu, A., et al. (2012) Complete Pathologic Re-
sponse after Combined Modality Treatment for Rectal Cancer and Long-Term Survival: A Meta-Analysis. Annals of
Surgical Oncology, 19, 2822-2832. https://doi.org/10.1245/s10434-011-2209-y

Francois, Y., Nemoz, C.J., Baulieux, J., et al. (1999) Influence of the Interval between Preoperative Radiation Therapy
and Surgery on Downstaging and on the Rate of Sphincter-Sparing Surgery for Rectal Cancer: The Lyon R90-01 Ran-
domized Trial. Journal of Clinical Oncology, 17, 2396-2402. 1https://doi.org/10.1200/JC0.1999.17.8.2396

Akgun, E., Caliskan, C., Bozbiyik, O., Yoldas, T., Sezak, M., Ozkok, S., Kose, T., Karabulut, B., Harman, M. and
Ozutemiz, O. (2018) Randomized Clinical Trial of Short or Long Interval between Neoadjuvant Chemoradiotherapy
and Surgery for Rectal Cancer. British Journal of Surgery, 105, 1417-1425. https://doi.org/10.1002/bjs.10984

Terzi, C., Bingul, M., Arslan, N.C., Ozturk, E., Canda, A.E., Isik, O., Yilmazlar, T., Obuz, F., Birkay Gorken, I., Kurt,
M., Unlu, M., Ugras, N., Kanat, O. and Oztop, I. (2020) Randomized Controlled Trial of 8 Weeks’ vs 12 Weeks’ Interval
between Neoadjuvant Chemoradiotherapy and Surgery for Locally Advanced Rectal Cancer. Colorectal Disease, 22,
279-288. https://doi.org/10.1111/codi.14867

Wu, H., Fang, C., Huang, L., Fan, C., Wang, C., Yang, L., Li, Y. and Zhou, Z. (2018) Short-Course Radiotherapy with
Immediate or Delayed Surgery in Rectal Cancer: A Meta-Analysis. International Journal of Surgery, 56, 195-202.
https://doi.org/10.1016/}.ijsu.2018.05.031

Lefévre, J.H., Mineur, L., Cachanado, M., Denost, Q., Rouanet, P., de Chaisemartin, C., Meunier, B., Mehrdad, J.,
Cotte, E., Desrame, J., Karoui, M., Benoist, S., Kirzin, S., Berger, A., Panis, Y., Piessen, G., Saudemont, A., Prud-
homme, M., Peschaud, F., Dubois, A., Loriau, J., Tuech, J.-J., Meurette, G., Lupinacci, R., Goasguen, N., Creavin, B.,
Simon, T. and Parc, Y. (2019) Does a Longer Waiting Period after Neoadjuvant Radio-Chemotherapy Improve the
Oncological Prognosis of Rectal Cancer?: Three Years’ Follow-Up Results of the Greccar-6 Randomized Multicenter
Trial. Annals of Surgery, 270, 747-754. https://doi.org/10.1097/SLA.0000000000003530

Gwynne, S. and Staffurth, J. (2012) Principles of Cancer Treatment by Radiotherapy. Surgery, 30, 191-193.
https://doi.ora/10.1016/j.mpsur.2012.01.012

Erlandsson, J., Holm, T., Pettersson, D., Berglund, A., Cedermark, B., Radu, C., Johansson, H., Machado, M., Hjern,
F., Hallbook, O., Syk, I., Glimelius, B. and Martling, A. (2017) Optimal Fractionation of Preoperative Radiotherapy and
Timing to Surgery for Rectal Cancer (Stockholm 111): A Multicentre, Randomised, Non-Blinded, Phase 3, Non-Inferiority
Trial. The Lancet Oncology, 18, 336-346. https://doi.org/10.1016/S1470-2045(17)30086-4

Baglan, K.L., Frazier, R.C., Yan, D., Huang, R.R., Martinez, A.A. and Robertson, J.M. (2002) The Dose-Volume Rea-
lationship of Acute Small Bowel Toxicity from Concurrent 5-FU-Based Chemotherapy and Radiation Therapy for
Rectal Cancer. International Journal of Radiation Oncology, Biology, Physics, 52, 176-183.
https://doi.org/10.1016/S0360-3016(01)01820-X

Tho, L.M., Glegg, M., Paterson, J., Yap, C., MacLeod, A., McCabe, M. and McDonald, A.C. (2006) Acute Small Bo-
wel Toxicity and Preoperative Chemoradiotherapy for Rectal Cancer: Investigating Dose-Volume Relationships and
Role for Inverse Planning. International Journal of Radiation Oncology, Biology, Physics, 66, 505-513.
https://doi.org/10.1016/j.ijrobp.2006.05.005

Robertson, J.M., Lockman, D., Yan, D. and Wallace, M. (2008) The Dose-Volume Relationship of Small Bowel Irrad-
iation and Acute Grade 3 Diarrhea during Chemoradiotherapy for Rectal Cancer. International Journal of Radiation On-
cology, Biology, Physics, 70, 413-418. https://doi.org/10.1016/j.ijrobp.2007.06.066

Wolff, H.A., Wagner, D.M., Conradi, L.C., Hennies, S., Ghadimi, M., Hess, C.F. and Christiansen, H. (2012) Irradiation
with Protons for the Individualized Treatment of Patients with Locally Advanced Rectal Cancer: A Planning Study with
Clinical Implications. Radiotherapy and Oncology, 102, 30-37. https://doi.org/10.1016/j.radonc.2011.10.018

Polico, C., Capirci, C., Stevanin, C., et al. (1993) Enteropatia da Raggi. Scientifiche Nutricia, Milano, 1-44.

Harling, H. and Balslev, 1. (1988) Long-Term Prognosis of Patients with Severe Radiation Enteritis. The American
Journal of Surgery, 155, 517-519. https://doi.org/10.1016/S0002-9610(88)80126-0

DOI: 10.12677/acm.2023.1371516 10861 Il R 125 23k i


https://doi.org/10.12677/acm.2023.1371516
https://doi.org/10.1200/JCO.2012.42.9597
https://doi.org/10.1016/j.suronc.2014.10.003
https://doi.org/10.1080/03009734.2016.1274806
https://doi.org/10.1007/s11605-010-1197-8
https://doi.org/10.1245/s10434-011-2209-y
https://doi.org/10.1200/JCO.1999.17.8.2396
https://doi.org/10.1002/bjs.10984
https://doi.org/10.1111/codi.14867
https://doi.org/10.1016/j.ijsu.2018.05.031
https://doi.org/10.1097/SLA.0000000000003530
https://doi.org/10.1016/j.mpsur.2012.01.012
https://doi.org/10.1016/S1470-2045(17)30086-4
https://doi.org/10.1016/S0360-3016(01)01820-X
https://doi.org/10.1016/j.ijrobp.2006.05.005
https://doi.org/10.1016/j.ijrobp.2007.06.066
https://doi.org/10.1016/j.radonc.2011.10.018
https://doi.org/10.1016/S0002-9610(88)80126-0

PUSSLINE

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

Pointreau, Y., Atean, I. and Durdux, C. (2010) Dose de tolérance a I’irradiation des tissus sains: La vessie [Normal
Tissue Tolerance to External Beam Radiation Therapy: Bladder]. Cancer/Radiothérapie, 14, 363-368. (In French)
https://doi.org/10.1016/j.canrad.2010.02.007

Li, Y., Wang, J., Ma, X,, Tan, L., Yan, Y., Xue, C,, et al. (2016) A Review of Neoadjuvant Chemoradiotherapy for
Locally Advanced Rectal Cancer. International Journal of Biological Sciences, 12, 1022-1031.
https://doi.org/10.7150/ijbs.15438

Buchli, C., Martling, A., Arver, S. and Holm, T. (2011) Testicular Function after Radiotherapy for Rectal Cancer—A
Review. The Journal of Sexual Medicine, 8, 3220-3226. https://doi.org/10.1111/j.1743-6109.2011.02455.x

De Felice, F., Marchetti, C., Marampon, F., Cascialli, G., Muzii, L. and Tombolini, V. (2019) Radiation Effects on Male
Fertility. Andrology, 7, 2-7. https://doi.org/10.1111/andr.12562

World Health Organization (2010) WHO Laboratory Manual for the Examination and Processing of Human Semen.
5th Edition, World Health Organization, Geneva. https://fctc.who.int/publications/i/item/9789241547789

Hennies, S., Wolff, H., Jung, K., Rave-Frank, M., Gaedcke, J., Ghadimi, M., et al. (2012) Testicular Radiation Dose
after Multimodal Curative Therapy for Locally Advanced Rectal Cancer. Influence on Hormone Levels, Quality of
Life, and Sexual Functioning. Strahlentherapie und Onkologie, 188, 926-932.
https://doi.org/10.1007/s00066-012-0139-7

de la Motte, L., Custovic, S., Tapper, J., Arver, S., Martling, A. and Buchli, C. (2021) Effect of Preoperative Radiothe-
rapy for Rectal Cancer on Spermatogenesis. British Journal of Surgery, 108, 750-753.
https://doi.org/10.1093/bjs/znab019

Eade, T.N., Hanlon, A.L., Horwitz, E.M., Buyyounouski, M.K., Hanks, G.E. and Pollack, A. (2007) What Dose of Ex-
ternal-Beam Radiation Is High Enough for Prostate Cancer? International Journal of Radiation Oncology, Biology,
Physics, 68, 682-689. https://doi.org/10.1016/j.ijrobp.2007.01.008

Viani, G.A., Stefano, E.J. and Afonso, S.L. (2009) Higher-Than-Conventional Radiation Doses in Localized Prostate
Cancer Treatment: A Meta-Analysis of Randomized, Controlled Trials. International Journal of Radiation Oncology,
Biology, Physics, 74, 1405-1418. https://doi.org/10.1016/j.ijrobp.2008.10.091

Mellon, E.A., Javedan, K., Strom, T.J., Moros, E.G., Biagioli, M.C., Fernandez, D.C., et al. (2015) A Dosimetric
Comparison of Volumetric Modulated Arc Therapy with Step-and-Shoot Intensity Modulated Radiation Therapy for
Prostate Cancer. Practical Radiation Oncology, 5, 11-15. https://doi.org/10.1016/j.prro.2014.03.003

Droge, L.H., Weber, H.E., Guhlich, M., Leu, M., Conradi, L.C., Gaedcke, J., et al. (2015) Reduced Toxicity in the
Treatment of Locally Advanced Rectal Cancer: A Comparison of VVolumetric Modulated Arc Therapy and 3D Conformal
Radiotherapy. BMC Cancer, 15, Article No. 750. https://doi.org/10.1186/s12885-015-1812-x

Zhao, J., Hu, W., Cai, G., Wang, J., Xie, J., Peng, J., et al. (2016) Dosimetric Comparisons of VMAT, IMRT and
3DCRT for Locally Advanced Rectal Cancer with Simultaneous Integrated Boost. Oncotarget, 7, 6345-6351.
https://doi.org/10.18632/oncotarget.6401

Shi, J., Yang, F., Ju, X, Huang, Y. and Jiang, F. (2017) Comparative Study on Dosimetry of VMAT and IMRT in As-
sisted Radiotherapy after Radical Resection of Rectal Cancer. Oncology Letters, 13, 2971-2974.
https://doi.org/10.3892/01.2017.5842

Duman, E., Bilek, Y. and Ceyran, G. (2021) A Comparison of Radiotherapy Treatment Planning Techniques in Pa-
tients with Rectal Cancers by Analyzing Testes Doses. Journal of Cancer Research and Therapeutics, 17, 56-61.
https://doi.org/10.4103/jcrt.JCRT_328 19

DOI: 10.12677/acm.2023.1371516 10862 Il R 125 23k i


https://doi.org/10.12677/acm.2023.1371516
https://doi.org/10.1016/j.canrad.2010.02.007
https://doi.org/10.7150/ijbs.15438
https://doi.org/10.1111/j.1743-6109.2011.02455.x
https://doi.org/10.1111/andr.12562
https://fctc.who.int/publications/i/item/9789241547789
https://doi.org/10.1007/s00066-012-0139-7
https://doi.org/10.1093/bjs/znab019
https://doi.org/10.1016/j.ijrobp.2007.01.008
https://doi.org/10.1016/j.ijrobp.2008.10.091
https://doi.org/10.1016/j.prro.2014.03.003
https://doi.org/10.1186/s12885-015-1812-x
https://doi.org/10.18632/oncotarget.6401
https://doi.org/10.3892/ol.2017.5842
https://doi.org/10.4103/jcrt.JCRT_328_19

	新辅助放疗在直肠癌中的应用及研究进展
	摘  要
	关键词
	Application and Advances of Neoadjuvant Radiotherapy in Rectal Cancer
	Abstract
	Keywords
	1. 引言
	2. 新辅助放疗技术的选择
	2.1. 新辅助短程放疗和长程放疗的选择
	2.2. 新辅助化疗模式-TNT模式

	3. 新辅助放疗后的手术间隔
	4. 直肠癌放疗不良反应及预测
	4.1. 新辅助放疗不良反应
	4.2. 不同的放射技术减少放疗不良事件的发生

	5. 总结
	参考文献

