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Dosimetric comparison of different preoperative radiotherapy techniques for rectal cancer

YAO Wen-liang, XU Bo, QI Jin-feng, ZHANG Jia-hui, WANG Lei
Department of Radiation Oncology, Zibo Central Hospital, Zibo 255000, China

Abstract: Objective To discuss on the best preoperative radiotherapy plan for rectal cancer by evaluating the dose
distribution of conventional radiotherapy (Con- RT), three- dimensional conformal radiotherapy (3DCRT) and intensity-
modulated radiotherapy (IMRT). Methods Ten preoperative patients with rectal cancer were selected. Five plans were
respectively designed for each patient by using 3D treatment planning system, including 3- field Con-RT plan, 3-field
3DCRT (3DCRT5) plan, 5-field 3DCRT (3DCRTs) plan, 5-field IMRT (IMRT:) plan and 7-field IMRT (IMRT,) plan. The
volume- dose distribution of target volumes and organs at risk in the five plans were evaluated by using dose- volume
histogram. The prescription dose was 50 Gy. Results The minimum dose of gross tumor volume in the Con-RT plan was
(4991.5+69.1) cGy, and some cold spots were found in the target volume. The comparative result of conformity index (CI)
of planning target volume (PTV) was IMRT>IMRTs>3DCRT>Con- RT; the comparative result of homogeneity index of
PTV was Con-RT>3DCRT:>3DCRTs>IMRTs>IMRT-. Compared with 3DCRT plan, IMRT plan reduced the V., Vs 0f small
intestine, bladder and femoral head (P < 0.05). Conclusion The dose distribution of target volume in preoperative Con-RT
plan for rectal cancer has unsatisfactory dose distribution and conformity. Compared with 3DCRT plan, IMRT plan has a
satisfactory dose distribution and a good conformity, obviously reducing the high dose radiation volume of organs at risk.
And IMRT;plan is superior to IMRTs plan in dose distribution and conformity.

Key words: rectal cancer; conventional radiotherapy; three- dimensional conformal radiotherapy; intensity- modulated
radiotherapy; dose-volume histogram
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AHFFEYAE 2011 4F- 2 F 3 2012 4F- 6 H M [RI 7E A4
BE T BT B i AR T CTT 1 A 10 461, AR i 2
WG . AR UICC I IR 23 AR , 10 141 £ 4k
F A, e 3 7 ), 34,
1.2 CTHEEM K EGFRE

CT e, i B AR U EM , R
FHAT FLIE BB AL s+ B e A7 . CT BEELE 67 4
FRTZSIE 3 h, 10 1 h TS BB HE s e A B, SR e
1% 20%7Z 5245 i 15 mL+800 mL 7K , 1 h 547 CT 3%
PRI R ETER KRS 100 mLERSIR s A, R
FH GE AcQsim CT 48U (7 AIL4 4, 48 DA DU Ak
IR BINCTT &, H#)Z)IE 8 0.5 cm, JZEIFE
0.5 cm. 38 i B P R 38 0K CT K15 4% 2 VARIAN
ECLIPSE10.0 =4EiG BRI T I R S, E R T it
IR %G (TPS) Xt EMG AT = 2 st 3% 7 5 FN 7
VARSI A NTHTE U R P e & A =
1.3 X R EREBENAIE

P P9 A2 % R 1) e Y 5 A A TPS — 4 1 4 %]
1% /A m R L X (GTV) Al RHLIX (CTV) . GTV
1)) R AR AR CT 3G 5 5 o B Ah 2 G 1 A2 B R
BE (R )R BE LA K MRI RGO A 2 Mg 1) R/ IR A MR
Fil. MR¥EICRU 62 5445, CTV Y I 5t # M2 5 4K
LHEARZ B, R A g 4 T 3 em, SRR B AL
A1 em, BARGLERE I 5k kb Ay ARG W AR
WEE AL B B SS , A0 5 LI L 4 % D9 B2
SR (B30 B% A1 1A TR AR EL 2 DA B e 43 Js
B s b Lo b R AL ER 4 B EE RN T I BE
7 A HE I 5 B RIS B 5 BE o TR X (PTV) 8
i CTVAMIL L em, X T8 K&, A T4 3R/
W 52 S VPN B /N 8 — ) T A 5 5 EAME 2, A i
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(3DCRT:) .5 ¥ = 435 J¥ (3DCRTs) | 5 % 1 5 i 7

(IMRT:) 1 7 B85 k7 (IMRT,) %131 . Con-RT
PRSI LR FLA 7 14, 548 Con-RT 111l &
SRAERINL T AL, LB LT 0 o kb ot R
FH L5 BF PR K P B — 17 45 v B . Con-RT it
RISR FH CT AL A7, S HF 2 TPS AR PTV H 3y
Az A A 1, R RS G = A SR, AN
¥k 30°K2IE Al . i FH Z it (MLC) % 34~ S HF i
TR, B4 Con-RT -5t 5% 145 s 45 0
IH— . 3DCRT. IR 1 ) B I wa i i = 55 25 rpugs
HESF, A B A S A 8 T AR I RE A ) X IR
P00 SR B 1) £ B, T SR FH A AR Al o AR A0 57 3 4
A4 . 3DCRTs X 5 B £ B2 43731l A 0° . 45° ,95°
265°F11315°, A] AR 48 1) ek 43 A7 815 AR Al %) B 25 A K
HESTHF (AN . IMRTS TR0 5 55 £ B 43931k 0° . 50°
100° . 260°F11310°, IMRT, %1 5 87 £ B 43 51~y 0°
33°.66°,100°,260°,327°F1294°, 3DCRT Fl IMRT f¥
RE 75 LE A 95% PTV 43252 i BE S 57 & IMRT 1
GTV 100%H A FR 152 b Ty 7] 2 R G
1.5 &AFIE

5 Fp -l 4k 75 71 #3454 50 Gy, 50 Gy /25K .
1.6 HHESITRIFNSE

(1)GTV R H e/l (Din) 5 A 2 (Do) 1
S35 550 2t ( Diean) PEAY 5 (2) X PTV 2R FHIE P JE 48 X
(COFIARLIFEEL(HD PN, 45 ICRU 62 54t e
X, CI=Vas/Verv, HI=Dsu/Dess > 5 (3) f& Bt B B PEA
ZH /MBI Vo Va0 Vo Veo, BlE 2 DVH EITEA /)N
3% 20,3040 F150 Gy 45 71l 4t il & r G045 11 /N 1
L B ERY Vao . Vao Vo, BEE K 1 Vo, Vo Veo, ITAE Y
Vs Vsso
1.7 GEit=Enth

K H SPSS17.0 B A A7 Ge 12 43 #r , BT i £ s
K BB AR 2 K B8 BR HE 0=0.05, {RYT 114145 48
i Z IA) ) LR AR AR A 6

2.1 3DCRT:it %l 5 Con-RT.3DCRTs. IMRT it %I 89
GTVHIESTRLLEE

B ARTTYT 5 B G BT A R K2
St A R GTV, Con-RT X1 GTV if 52 #ix
/N5 45 3DCRT THRIAH e A7 I 25 22 5% (P<0.01) , 1
HH 3DCRT . & M 3% T Con-RT 7 & A & (1 BLFE ,
IMRT % 3DCRT #t35 1 it 501, 455 3k 1.
2.2 3DCRT:it %l 5 Con-RT.3DCRTs. IMRT it %I 83
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5 FhitXiI 4 CLATHI 9 EE %2, CL: IMRT> IMRTs >
3DCRT>Con- RT; HI: Con- RT>3DCRT; >3DCRTs>
IMRTs>IMRT,, 453132,
2.3 3DCRT:it %5 Con-RT.3DCRT:. IMRT #t+XI &/
FAFIEH Tk iR

5 3DCRT:31%] Fe#¢ , Con-RT it% #1 3DCRTs 11
I, /N B Vo . Vo Vo Viso 4 ZH AR 4 TC 55 325
X (P>0.05) . 3DCRT:if X5 il IMRT 11X A4 b
B, IMRT [/ Vo Vo 2 35 FEAIK (P<0.05) , 4% B
IMRT 33l ] LAyl v 751) s BRSPS DX /N A4 (]
AR XN B AR FR AR B R 3, IR IMRT 1141
KAHERZRN . /INzZ FBARF A BAREE L3 3,
2.4 3DCRT,it %5 Con-RT.3DCRTs. IMRT 1% i i
Bt BBk AIEFIEN Tt iR

55 3DCRT3 % L5, Con-RT -1l A B B Vao F11
Vo %A W i 2 57 (P>0.05) , 5% b Ve B W T
3DCRT 1141 (P<0.01) , iX JZ& H1 T Con-RT 4 iE B bt Je
B b 0] BN JE T Y 5 Con-RT 311 4 I3k Vo FILIL

1) Vst T 3DCRT, 1151 (P<0.05) . #iff 3SDCRT i}
R I e Sk RN AT A4S ) 37 IR RUR f I8 3 2=
5o AXTTF 3DCRT, iK1, IMRT 351 o i B (1 Vs 22
SEAB I H Voo Fll Vo I 39870 (P<0.05) , B IMRT
AL sk 2 fi Jo %) v 7] i BEHARB ; SDCRT -4 v i
B3 Vao Voo Al Vao I 5 F IMRT 1R, iX 2 B IMRT
AT D b 2 BRI B B =k 19 A2 B3] 4 s SDCRTL Al IMRT
B ATAE Ve 228 . R IMRT 315047 He s, 1%
B B Sk RIS () 32 Rl ek A B 22 57 . HUpR
BUE W 4~ 6,

B AT , i F 0 8 AR s 4
BEFT AL S A 25 B A, DR R 0 /DN 40
MRTRE . AWFI IR Con-RT 31X 47 341 i &
GTV FRIHA R , 7 61155 A8 PN I AE 55 7 i A A AN A2
/NI 2 i i o 3DCRT R el 3 1 8 X 57 43 A
H/NGZ RS . IMRT 81X 36 7 B 50 4 245
FE 40 AR T 3DCRT, H/M JBEE 3k B e BT 4

#1 3DCRT;#t%]5 Con—RT.3DCRT: . IMRT i+ XIH) GTV FI 8 S EL 4 ( % +5, ¢Gy)
Tab.1 Dose comparison of GTV between 3DCRT; and Con—-RT, 3DCRT;, IMRT (Mean+SD, cGy)

Parameter Con-RT 3DCRT; 3DCRT; IMRTs IMRT;
Drin 4991.5+69.1 5083.5+49.7 5139.8+39.1 5039.6+19.7 5033.2+16.3
P=0.003 4 P=0.205 9 P=0.023 7 P=0.0113
Drex 5374.5+161.5 5383.2+137.7  5454.8+128.3 5334.7+16.3 5293.1+15.5
P=0.898 3 P=0.602 0 P=0.296 6 P=0.069 1
Dinean 5226.4+80.5 5232.5+74.1 5391.3+69.8 5159.7+20.3 5105.4+17.8
P=0.862 0 P=0.000 1 P=0.013 0 P=0.000 4

P values are the results of paired-sample t test between each program and 3DCRT..

GTV: Gross tumor volume; Con-RT: Conventional radiotherapy; 3DCRT:: Three-field three-dimensional

conformal radiotherapy; 3DCRTs: Five-field three-dimensional conformal radiotherapy; IMRTs:: Five-

field intensity-modulated radiotherapy; IMRT-: Seven-field intensity-modulated radiotherapy

#2 3DCRT;it%]5 Con—RT.3DCRT: . IMRT i+l PTV 5| & 2 Fa L 4%
Tab.2 Dose comparison of PTV between 3DCRT;and Con-RT, 3DCRT;, IMRT

Item Con-RT 3DCRT; 3DCRT; IMRTs IMRT;

Cl 0.69+0.03 0.75+0.02 0.76+0.02 0.86+0.02 0.89+0.01°
P=0.000 0 P=0.053 6 P=0.000 0 P=0.000 0

HI 1.23+0.02 1.10+0.01 1.09+0.01 1.06+0.01 1.05+0.01°
P=0.000 0 P=0.027 3 P=0.000 0 P=0.000 0

P values are the results of paired-sample t test between each program and 3DCRT;. Compared with
IMRTs, P value of *is 0.000 0, and P value of * is 0.000 0.

PTV: Planning target volume; Cl: Conformity index; HI: Homogeneity index



b

—320- FhE PR

ek $33%

%3 3DCRT,itX|5 Con—RT.3DCRTs. IMRT i1 X3/ Z BIFIE D7 L3 ( % £5, %)
Tab.3 Dose comparison of small intestine between 3DCRT;and Con—RT, 3DCRT;,
IMRT (Mean=SD, %)

Treatment plan V2 Vo Vi Vso
Con-RT 28.88+18.81 20.54+15.92 10.18+6.67 5.38+5.30
P=0.719 9 P=0.378 3 P=0.247 4 P=0.527 8
3DCRT; 32.01+£19.61 26.05+£10.77 14.34+8.72 7.02+4.48
3DCRT; 29.94+18.33 24.45+10.08 15.67+8.56 7.44+4.90
P=0.8101 P=0.7356 P=0.7347 P=0.843 7
IMRT; 37.75£12.37 22.54+10.41 5.44+6.61 3.17+3.08
P=0.4457 P=0.468 2 P=0.019 9 P=0.039 7
IMRT, 37.35+12.16° 20.46+9.92° 4.18+3.35° 2.27+2.09°
P=0.4755 P=0.2431 P=0.005 1 P=0.009 7

P values are the results of paired-sample t test between each program and 3DCRT..
Compared with IMRTs, P values of” are respectively 0.9427, 0.6529, 0.5997, 0.4557.

#4 3DCRT, XI5 Con-RT 3DCRTs IMRT I B BE Rt
FlE LR ( £ +5, %)
Tab.4 Dose comparison of bladder between 3DCRT;and
Con-RT, 3DCRTs, IMRT (Mean=SD, %)

Treatment plan Vi Vo Vso

Con-RT 51.62+10.81  40.29+9.14 9.88+7.02
P=0.295 9 P=0.783 7 P=0.000 4
3DCRT, 45.33+£14.92 38.82+13.91 27.12+10.07
3DCRT; 45.14+14.45 35.49+13.58  23.96+9.93
P=0.977 2 P=0.594 7 P=0.488 9
IMRT; 39.38+8.85  25.95+7.94 9.65+3.15
P=0.295 6 P=0.023 2 P=0.000 3
IMRT; 36.54+8.02" 22.91+8.04°  7.75+2.77°
P=0.123 4 P=0.007 1 P=0.000 1

P values are the results of paired-sample t test between each
program and 3DCRT.. Compared with IMRTs, P values of * are
respectively 0.4619, 0.4061, 0.1695.

ZEHANE . IMRT ARG T IMRT ORI . Bkt
5 ORI SO AE O B IR AR RO B AT
W] IMRT % 3DCRT BEMCEH L X YA B, 275 IMRT
SIEF L iy g AR A NG F PR IR 2
IMRT 5 & 23 A i, (H S PP KT 10405, A&
AR A AL

/NI B T R S U R B . A L
J7 RN R e R BRI AR, N IR R
ZINJ B4 FR S R G U P S Ny B AR S PE Y HL R
R AE 45 Gy DL _E /N IR TS B0 43 10 & A %

# 5 3DCRT;it%l5 Con—RT.3DCRT; IMRT i1 XA B B L5 &
DL % £5, %)
Tab.5 Dose comparison of femoral head between 3DCRT;and
Con-RT, 3DCRT;s, IMRT (Mean+SD, %)

Treatment plan Va Vo Vso
Con-RT 55.81+9.26 16.75+6.61 3.49+3.51
P=0.015 6 P=0.743 4 P=0.5411
3DCRT; 68.36+11.53 18.24+12.46 2.62+2.67
3DCRT; 67.53+10.83 17.97+12.18 2.45+1.98
P=0.870 1 P=0.9615 P=0.873 5
IMRTs 14.62+8.72 4.79+3.69 0.00+0.00
P=0.000 0 P=0.007 8 P=0.012 7
IMRT; 14.93+6.44° 4.66+2.81° 0.00+0.00
P=0.000 0 P=0.007 3 P=0.012 7

P values are the results of paired-sample t test between each
program and 3DCRT,. Compared with IMRTSs, P values of ° are
respectively 0.9290, 0.9304.

BEYIA G, D0 70N i 1 S ) o e G S 1 483 1
1 EZ)rk" Celia%E ] SDCRT AR # ML — 17 Jr
210 R B TR DX A A A /0N B I R G R
HORHE, Engels %™ IMRT 4, 3DCRT, & 35
AT SR K R B A i R DX N R R
W NI D T /N 5495 L% . Urbano 45 fF
FAAFH WAL . BT EME AR T /N
EN NG A S L o LN SN B R E N AR
I HAR T B 9 AR 5 7 28 2 K 3%, AR A0 i
AN I Bl B R AR RO R IS 0T T DA AR
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%6 3DCRT;3t%I5 Con-RT.3DCRT: IMRT X A AL &5
BB % 5, %)
Tab.6 Dose comparison of anal canal between 3DCRT:and
Con—-RT, 3DCRT;, IMRT (Mean+SD, %)

Treatment plan Vso Vss

Con-RT 35.21+10.53 2.07£2.11
P=0.4354 P=0.012 7

3DCRT; 30.75+14.16 0.00+0.00

3DCRT; 29.64+17.13 0.00+0.00
P=0.876 3

IMRT; 31.34+7.86 0.00+0.00
P=0.909 9

IMRT, 30.26+8.12° 0.00+0.00
P=0.9257

P values are the results of paired-sample t test between each
program and 3DCRT.. Compared with IMRTs, P value of " is
0.7660.

IS A . FFCD-9203 35 . German-CAQ/
ARO-94 {55 FIl NSABP R-03 [ HLizk6  #BiF 52 A
R BARJG BAIT AR T /Ma s RIER .
TP E e AT IMRT I PRAF 55 i B) 500, E 7
/NI RIE B T5 ZAE 2 10 R

AW 5% v 3DCRT, 1 % Bt Vo I LU E 43 L
27.12%, 1fif IMRTs 3151 >k 9.65% , W44 AH LA I 3%
Z 5 (P<0.01) . T2 RIVE 5 B GHARB A
FEA G, IS IMRT 76 B AR Aoy frml
FEAR B e B2 RIE I R A2 B Sk o 7 i3 5
Voo IR 6, PR IMRT 19 Vo 2 R A3 1
BRI A3 AT A5 40275 PTV N, IMRT 5 3DCRT A b 4%,
PEHAAW] K, 3DCRT 11X F1 IMRT 1131 i AL 48 Ves 3
2, 1 Con-RT 24 2.07%, i% 15 Con-RT & 71 2 [X 1
i FETHCAT X A A

L5 LBk, Con-RT ARGl IR dt 2 Bk, R i
G o IMRT £ 77 8 43 70 RN 55 5 S 2% B IR
P07 W] AT 3DCRT. IMRT, 1R 7838 1 B2 i)
XA EILT IMRTS
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