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[(fHE] BH HiTEAw4g CTUDCT) £ £ M LR &% LR S8 %% 55 (IMRT) # # 2 4% %,
Bk SBELAMIMEFEILT KRG IMRT &4 18 4], £ A W R kA TFTHITFNZ4% CTSD-CT)F 4D-CT
PHFREBE . 2D EEREABEOAR) AR LM A SR % F., £ 3D-CT B4 L4 2 i# b IM-
RT # %I, % 3D-CT B4 IMRT 3 X £ 4] %) 4D-CT #) CT,y (CRAK)F= CTy, (*F 2 KB AR E, 148 3D-CT
54D-CT # CToy (A KR) CTyy (FARH RN LR ABRPREHANTFLER, R 3DCT HitXER
(PTV)# Dys . Dyo Dy 55 4D-CT,y, B PTV # Dy; \Dyo Dy W8, Z2 FH £ %+ F EXL(Z=—0.92,P =
0.36;Z=—0.26,P=0.79;:=0.04,P=0.97);3D-CT B PTV # Dy, .Dy, Dy & 4D-CT,,, B PTV # D, .
Do Dyen 68, Z F ¥ A% FEXL(Z=—1.50,P=0.13;Z=—0.43,P=0.67;t=2.02,P=0.06), 3D-CT
B} G 2 RS BERY Vs V1o s Vio \Dinen ¥ 8 T AD-CTyy, B 89 £ MRS RE Vi Vi Vi Dy s L E 3 5031
FEL(P<C0.05), & 4D-CT AR A KETA8 £ 46 AR £ AF B S IR 2,

[R@IA] 4D-CT; LR R ILRE ABAT ;A FTF;RAK; ALK
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Dosimetric study of intensity-modulated radiotherapy after breast

conserving surgery for breast cancer with 4D-CT"
TANG Chenggiong' sCHEN Chunli' ,LIU Hao',CAO Yaofeng' ,LIU Jiangping' Al Xiuging™®
(1. Department of Radiophysics;2. Department of Breast Radiotherapy ,Oncology Hospital ,
Third Clinical Medical College of Xinjiang Medical University -Urumqi , Xinjiang 830011 ,China)

[ Abstract] Objective To investigate the dosimetric advantages of four-dimensional CT (4D-CT) in in-
tensity modulated radiation therapy (IMRT) after breast conserving surgery for left breast cancer. Methods
Eighteen patients with IMRT after breast-conserving surgery for left breast cancer underwent conventional
three-dimensional CT (3D-CT) and 4D-CT scans under free breathing,and the images were collected. The tar-
get area and organs at risk (OAR) were delineated respectively. The left lung and heart were observed. Inverse
IMRT plans were made on 3D-CT images,and the IMRT plans of 3D-CT images were copied to the phases of
CT,y Cend of inspiration) and CT;,, (end of expiration). The dosimetric differences between 3D-CT and 4D-
CT in target area and protective tube were compared. Results There were no significant difference in Dys » Dy »
D, of PTV between 3D-CT and 4D-CT, in Dy , Dy, and D,.., of PTV (Z=—0.92,P=0.36;Z=—0. 26,
P=0.79;t=0.04,P=0.97) ;there were no significant difference in Dy; , Dyy s D,.co. of PTV between 3D-CT and
4D-CT;y5 in Dy; Dy and D, of PTV (Z=—1.50,P=0.13;Z=—0.43,P=0.67;:=2.02,P =0.06). The
V:,Vy,V, and D, of left lung and heart in 3D-CT were higher than those in 4D-CT,y , V5,V , V, and
D, Of left lung and heart in 3D-CT were higher than those in 4D-CT,, ,and the difference was statistically signifi-
cant (P<C0. 05). Conclusion 4D-CT can reduce the dose of left lung and heart at the end of inspiratory phase.

[Key words] 4D-CT;breast cancer;breast conserving surgery;intensity-modulated radiotherapy;dosime-

try;end-inspiratory ; end-expiratory
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FEE R R IEIE S, 5 Al F R A R
ARG BT R P R I SR 4 R A A A
&, H ¥ 3k i J7 Cintensity modulated radiation
therapy , IMRT) 7E f# 7L A J& 7 h AE AL 3 . R
T, 78 IMR'T Ho o A 178 918 X2 2L B 9 0 0 0T v ) 5%
IR L R GE 25| R ) $E DX 7 el A DU 5 i Y
ROR A — K 722 Ml Koot I 22 i 3L 98 O/ 7L AR
Ji IMRT 9 5 BR324 B o 40 o] 76 Of iF 48 X HR S5 551 o5t
R ARFRAN 38t T 114 ) B 8 ALK 22 Jili B o0 B 19 22 it 1% ok F
SR EE I M, P4k CT(AD-CT) BE W% e o i i& i g
Bt M 3z 2 9 23 )38 sh LS . ARFseaE s 4D-CT
WiE X, I 544 3D-CT W&, % it 4D-CT iy
CToy (KA (CTsey (A X FLIR MR IR G
IMRT 5l a 25  MREW T,
1 #R5HE
1.1 — 4

PEEL 2018 4F 11 H 9 HE 2019 4F 6 H 8 H AR
FLAR BT BT 2200 20 RR g DR LR S R 18 B, AR i
35~68 & AL AFEHY 51 &, AR S 2017 48
S FEIE 2 (AJCOY 45 8 bR ™ K [ s bt 9o B
£ (UICC) BEA 6 E M br e, TNM 43818 T 81 H 4%
AARGFT IR 00T B Rk MR TRy
R SRy B R K PIBR AR L HLAR FL AR 5 R PR SR IR
VIE S5 3 IR R N i iR R N G WL o
KPS PF43 K F o455 F 90 43, H 3 DU 1 JiE - 2% A b
T RE B AT, R SV R A 6 i BE KBl B IX . T
BE ARG L2 51 2 (XJZ-1L1.-2019-001) # #% i 13
I BMERES, WABEN—BER L, 25
TGt L (P=>>0.05) , ELA A k.,
1.2 &
1.2.1 B4

B o7 £ A AT IE AT R WU S L R 4 A R
HARRE T AR 500, f8 A BN T 2L AR 46 28
BB A R BT SR LR A S
B 7 FEON B B R TS Ay R R L N IR T O i R
IR TOIRAE ., AW F#EIFIORE T 47 3D-CT
Hii H B & 223 L8ie L X, ERERR
oAb, T RAEFLURFEST 2 cm 40, B1UE X AR K
Wy FLIE LN ZE 0.5 em Ab, A0 50 kB Sk PN, i B
X AR AR AP AR 4 H 2R 3 mm.,
3D-CT H #5455 B3 R PR R R AR 38 5 I 0 Jek =2
e N0 B2 I W S 0y P A0 5 RS L R IR I i 27 R
17 4D-CT 4, H W B A Z JE R 3D-CT., 4D-CT
5 5 DL SE A & 4 B (real-time position man-
agement, RPM) & 4t ,4D-CT TAEu ¥ 128 sh il (5 5
FEWRITIGE S B A #] 4D-CT BG k o 5
ASIEIR JE A0S 24 23 o8 10 AN L 28 4D AT 3l 43 b7 b
HARH 10 DFHL B4R IE R CToy CTgy «CThgy, o
CTyy » Hirp CTo ARFIAA  CT ARFEFAK M I
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HRE G E E Eclipse 11. 0 {87 iHRI R 55
1.2.2 ¥R 45

43 FE 3D-CT . 4D-CT #4910 4B AR L, 76 AH [7] 54
(VA B A N S R VA S 2 v s e s R VSR T A TR
X, ) 7 2 5 F R i 5 4 U Je 25 A R IR I E I )
H 2 X (tumor bed, TB), i1 F AN 10 mm & Al IR
# X (clinical target volume, CTV) , 5 M L. i & .
(R EAER T 5 mm),CTV AR 5 mm L
T XI#0 X (planning target volume, PTV), [6 i, 4]
0 B Ko 00 2L R R ko e L O B A A R A I AR
‘B (organs at risk, OAR),
1.2.3 %%t

i 3 E Varian /A 8 ) Eclipse 11. 0 G971 X1
R G, oK A AR Y508 GE 19 7 & AR B 4R (dose vol-
ume optimizer, DVO) Fl14¢ 1] 55 14 (anisotropic analyt-
ical algorithm, AAA) Bk 73 5 78 B2 I 52 B 20 i i
3D-CT EMg Bk fr it Rt flfb . Mg 7 X 45—
¥ H & B (Varian IEC 601-2-1 Scale: 15°,80°,100°,
120°.310°.330°F1 350°) IMRT , 3 3 %k 4 #L 3k £f #
BUERTTT(PTV MDA 2 cm) B LR 45 5 B 7
MW (beam eye's view, BEV) # [X 43 3% 7£ N » [A] Bt
OAR FESHARBUR /N, SRS — W A FLIRE R 8 3L 5
TR AL AT AL G - A 4 B AS W 97 4% 2 $iat
TR Ak, B2 i 0 DX 5] o 5 50 1, fie R B BE R IR XL
il o0 U 56 bR B0y Jk i i e S R A A 2L B 1Y 32 R R,
FEELRIE B 105 %6 4k I 71 5 119 7= 5 1 X8 [ B 95 %4
5 R B 4k = /D S L 95 Y R XK AR, BT A
TR 35 [A)— 7 4F 8 BE O A A L DLV 2 22 S, R i Ab
TR 50 Gy»2 Gy/IR . RIGIREIRFATHF LA i
F 60 Gy, P3RS BRI H — a5 0 25 R 7 BN
208 3D-CT /) IMRT 41 & #l 2] 4D-CT ) CT,,
FCTooo, BHAH b 5587 1 BE O ) R/ 2 0 o B4R
TE AR FNAL T5 7 ANAE
1.2.4 #Fhtefk

(1) % PTV3D 5 PTV4D-CT,, . PTV4D-
CTsy IR B AE L H 43 b, A (%) = (PTV4D —
PTV3D)/PTV3D, (2)H# 3D-CT 5 4D-CT(CT,,
F1 CTs00 )3 RI PTV 1 Dys \Dgg Dy o (3) HLER 3D-
CT 5 4D-CT(CT,y Al CTs0 ) R A9 OAR: Z2 ] fifi
Vi Vi s Vg Dy W HLE Vs Vi Vi Do o
1.3 %itzam

K SPSS20. 0 G it 24 4 ik A7 0 s R IES 4
AR ETRL o+ R Alm iR ¢ K. £
M) R 7 22 A AR IE RS A A L ZA SR
g C R I SR VA QL DA ST ER I N i ) &
a=0.05,Lk P<C0.05 WERHGHIT¥E XL,
2 2 g
2.1 ¥Rt

3D-CT 5 4D-CT,, () PTV K AL T 43 b N
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(1.3340.97) % .3D-CT 5 4D-CT,, i PTV A& FAR
EE A el (1.08+0. 9D %, 3D-CT 5 4D-CT,y, .
AD-CTsoy WHAHAS R AL 7 F S S50 PTV 1 H 44
R, 2 RS2 L (P>>0.05),
2.2 3DCT 5 4D-CT(CT,y, #= CT.,, )it %] PTV #4
PR = @l

3D-CT 5 4D-CT,,, PTV J Dy; . Dy . Dy HEES,
ERB G L (P>0.05), Wk 1;3DCT 5
AD-CTsy B PTV B Dys \Dyy D AL 22 BB TS
P eEE L (P>0.05), L 2,

®1  ISHEMIABRBRIARSEEZEIDCTS

AD-CT(CT, )PTVHESH (z+5)

T H AD-CTyy (n=18) 3D-CT(n=18) (/Z P

Dys (cGy) 4918.11438.12 4 929.78+£38.38 —0.92  0.36

Dy, (cGy) 5030.67219.99 5031.00£18.98 —0.26 0.79

Dean (cGy) 3 670.50490.29 3 720.06+57. 54 0.04 0.97

2 18 GIEMEBRERIARFEE SDCT 5
AD-CT(CTs )PTV FIB B H (2 L)

WH AD-CTy, (1 =18) 3D-CT(n=18)  ¢/Z P

Dy; (cGy) 4919.17£32.96 4 929.78£38.38 —1.50 0.13

Dy, (cGy) 5033.5620.33 5031.00418.98 —0.43  0.67

Doean (cGy) 3 663.50492.06 3 720.06+57. 54 2.02  0.06

2.3 3D-CT %5 4D-CT(CT,y #2 CTsy ) OAR 48 % #
FHRMRAK TR

3D-CT B M Vo Vi Vy K Dy B8 T
4D-CT,y » HESA ST E X (P<<0.05) ;3D-CT i
MO E Vs Ve Ve X Dy 1 T AD-CT s 22 5 A
Guitefa L (P<<0.05), W3 3;3D-CT B ZEfili Vs o
VieaVie & Dy & F AD-CTo - 2 B A ST 222
X (P <0.05), 3D-CT B} V.., V,,.V, & F 4D-
CTsoy » ZRB LG22 E L (P >>0.05);3D-CT B9
O HE Dy I8 F 4D-CTsp » ZR AL 2EE X (P <
0.05), W# 4,
£3  1SHIAEMIABBERAREEE 3DCT 5 4DCT,,

OAR ZRABSH (+ +5)

AD-CT,, 3D-CT

T H t/Z P
(n=18) n=18)

JElifi V, 52.0142. 08 61.26+2. 36 15.32  <C0.001
el Vi, 32.4741.53 43.1842.25 17.35 <<0.001
el Vy, 15.96+1. 34 23.44+1.09 1.43  0.030
Zifili D, (cGy) 1199.83+33.31 1 452.06+42. 62 1.63  0.010
LIE V; 19. 284, 62 34,690, 94 1.74  0.005
LIE Vy, 13.78+0. 63 18.5140. 53 1.68 0. 007
LIE Vy, 7.0470, 47 11.3940. 64 1.60  0.010

DIE D, (cGy) 657. 7475, 43 769. 47420, 57 1.56 0. 020
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x4 18 Bl EMARERIAREES 3D-CT 5 4D-CT,,
OAR ZBFESH (x+5)

3DCT AD-CTy,y

WiH t/7 P
(n=18) (n=18)

ZEfti Vi, 61.264-2. 36 66. 5242, 01 —8.42 <<0.001
ZEft Vi, 43.1842.25 47.264+1.42  —10.90 <<0.001
el Vy, 23.44+1.09 25.98+1.12 1.89  0.002
Zelifi D, (cGy) 1452.06+42.62 1 542. 0645, 00 1.71  0.006
DE V, 34. 694-0. 94 42.88+1.02 .22 0.100
LJIE VY, 18.51+0. 53 24, 96=+1. 94 1,07 0.200
DIE Vo, 11. 3920. 64 17.3841. 10 1.20  0.110
OIE D, (cGy) 769. 47420, 57 832. 1613, 97 1.75  0.004

3 3t it

LR g 2 Lo A w UL R S ek R X L P R
AT E R BB IMRT 1R 2L IR 9 A FL AR J5 4 7L
J7 A 3 AR R R L R R AR LR S O
AALTT DL & R i R R R K B AR AE R B
2N AR AE B TR R Bh A R B O R
B EERNEZ —,4D-CT W H BT LLXT 8 4 90
P AT EUE L AD-CT T A3 6 iz 3h Bk 15 5 5% e
MR 32 3 {5 BB A ) 4D-CT K% %R b, K 38
RPM it 5 /) - W A5 5 6 4 A PRI 1 1 CT R
B4k 10 ASPEILEE AR, IF 48 T, S R ASOR BEAE LTy,
SRR B A E— 2 S e I R 52 Bl kI XA RS Y
S, B SN N AD-CT 76 8 5 1248 98 L 98
A5 B IR AR R b R AT BIF ST . R 20 I L B 0 R L
RIS T » WP AZ B A9 A8 Ak X 26 il e o JE fg FE S5 A4 AR
T 5% WG BERE W AR /N o B0y o O B B AN L R T i A
B4R R 7R A R 26 B0 DL O WUAE BE 0 56 4R 3h bk ke 7
S5 R UL T L P R S O B B A5 e B N Tk R
B RN ST R O IR S & R i
SO WIS %) B A1) 28 500 S 000 56 2R L o0 ISP 34 A2 B 5 o g
BN 1 Gy 223890 4 % 9 B IR XU 36 hm 7. 4 %
147 58 TR IR B IR AR 56 2 1 A JRURE: 1 L B ] AR A IE 22
LR PR L AR 5 T DX A R R 5] R st U 1 1
T REARZE il B U JE 11 327 8 15 Sk R U i R 1 ]

ABE ST B R A2 M L AR R LR G BB 3, 3l O R
3D-CT 5 4D-CT,, .3D-CT 5 4D-CT.,,, PTV I D.; .
Doy \Dypern HEHR . Z R B G E L (P>0.05), %
B 3D-CT 5 4D-CT My WP R B WA oK 15 Fft I 12 B AH
EPTV R ESE LW R ER, fFEX—aife . it
— W 3D-CT ZEfili D BER Vo Vi Vi \Diewn 3
BT AD-CT,y » ZR B A G # 32 L (P <<0.05), %
W 4D-CT ., 5 A R AR 22 Bl Koo JIE 9 391 o A2 o, O B i
P 2 il KO JUE sk 20 BB 38 K A e 0 O & E 1 XU 5
[l A A B W IE % # . 5 HEPP %577 78
DIBH R 25T AT A5 554 R AR 52 B 32 B Bl 38 5 L DA T
WA T il 1 A2 B A5 — 2 3D-CT B ARl V.V
Voo B Dy 18T 4D-CT5 » Z R B A G FE X
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(P<C0.05), #WAE 3D-CT 7E F&AK 22 il 7] & A F
4D-CTy 3 3D-CT B (9.0 BE D, I8 F 4D-CT,o;
B.ESHESGIE L (P<0.05), £HAE 3D-CT
TEREAR O WE Dy F &8 AR F 4D-CTyy 3 3D-CT 5
AD-CTsoy BHGHE Vi VW Vo R, Z R LG
X (P>0.05), %W 3D-CT fERRMROME V.V, Vs,
it 5 4D-CTy AH L TC I AL

ZE TR HE AN B MR 0 I B AR LR, R
s R B 8 A A A il B o U 7 390 4, B 47 B R AP I AR
o FEWEIRE N B A KE 7 U B R W RS
DA A REBC A R IR 1145 B A b Al B O AR B A R
A B T ARl B0 W B 32 6, [ IR 0 AR W OE R
SE AR B R E AR R, AD-CT 1948 i AH ] w6 2
B A B I I W 3 0y fe ) I DX AR Ak i L, B 3 A X
B FE A B E 5T A N % 06 T 4D-CT # H 4y it
AL TRV 25 A HETE SR CT B W [ 458 o 4 BUHE 45 08 o
() I AR Ak A R K R o, TR AF Hb ORI R AR E 2 it
wah,

2% Uk

[1] CHEN K,PAN Z,ZHU L,et al. Comparison of
breast-conserving surgery and mastectomr in
early breast cancer using observational data re-
visited: a propensity score-matched analysis
[J7. Sci China Life Sci. 2018, 61 (12): 1528-
1536.

(2] B 00H, RO, 5. R FL IR R AR S
A 4 098 DA ) 25 in 55 7 5 v 1 i B 2 i PR F
FELT]. thAR R S BE 22 5 B 7 28 7, 2018, 13(7)
505-509.

[3] B8/ X5k, sk BEM , 3. HEJE R CT 513 A
SR TSR ST AN [ 7L JEE R ) 4 A6 1R 25 K TC HE T
[T P B 2% 45 ,2018,15(11) 1 66-69.

[4] JOSEPH B,FAROOQ N. Breast-conserving ra-
diotherapy with simultaneous integrated boost
field-in-field three-dimensional conformal radio-
therapy versus inverse intensity-modulated ra-
diothera-py a dosimetric comparison: do we

intensity-modulated radiotherapy [ J 1.
South Asian J Cancer,2018,7(3):163-166.

(5] T, T8, 5. & T U4 CT S0
46 Ja I R T b A S 9 43 LR A BECSR PA OR AR i
9o VR R B T Sl B R BRI 1 25 S [T . v 4 T 9
#,2014,36(10) : 766-770.

(61 PN %, TWMGE, B E,5 56 8 M EEKS
ZE0 4o W R GEnl DL N o o b 3 A T1-
2NIMO FLARE s RARIA AR R B FH MBS ]

need

3251

AE R 24 i . 2019.,41(8) :615-622.

[7] DING Y,LIJ,WANG W,et al. Displacement of
the lumpectomy cavity defined by surgical clips
and seroma based on 4D-CT scan for external-
beam partial breast irradiation after breast-con-
serving surgery: a comparative study[]]. Br ]
Radiol,2013,16(4) :1030-1034.

(8] AhHate, o & 5. 5 vk Ml 453 4 i R &= [T ). b
AR 76 A4 7, 2017, 24 (17) 1 1256-1260.

LO1 AR50, AR b il 7 3t o 45 M B A8 i W SFP IR T 0
JUE B2 o0 32 i B AR 3 BT LT ). b A8 g B i Ak
2018,25(5) :340-348.

[10] SIEGEL R L,MILLER K D,JEMAL A. Cancer
Statistics,2017[J ]. CA Cancer J Clin, 2017,67
(1) :7-30.

(117 BRUAREE , m) 5 SCJy AR PR #, S5 s Ik 12 285 B 1k
(19 T2 rhfi 20 g 88 R S O 10 o (8 4R )
[J7]. PR BE£,2016,45(17) : 2352-2354,

[12] S5 %, A B0 20 O 3L AR 5 09 A 140K 1
AT [T . v 38 A0 2 il 500 R 2% & 2018, 25
(2):143-147.

[13] BAEH W, FaZ 55 T =4 CT.
PugE CT MHEIE I CT 8 £ 8 9 I & b g K
P JeE R FR B L 2 [T ). mh A8 5 18 2 5 B 4P
M2.2017,37(6) :430-436.

[14] Bega Ml AR g0, sk 9678, 5. 56T PET-CT i &
{6 5 5L T 4D-C'T PR A B AH 197 20 i =E /) 240 i
Jits i it A 9 A XA DG4 A A LT 1. b A2 i g S
5B 4 245 ,2015,35(8) :590-593.

[15] VUONG W,GARG R,BOURGEOIS D,et al.
Dosimetric comparison of deep-inspiration
breath-hold and free-breathing treatment deliv-
ery techniques for left-sided breast cancer using
3D surface tracking[J]. Med Dosim, 2019, 44
(3):193-198.

[16] ABDEL-QADIR H,AUSTIN P C,LEE D S, et
al. A population-based study of cardiovascular
mortality following early-stage breast cancer
[1].JAMA Cardiol,2017,2(1) :88-93.

[17] HEPP R, AMMERPOHL M, MORGENSTE
RN C, et al. Deep inspiration breath-hold
(DIBH) radiotherapy in left-sided breast canc-
er: dosimetrical comparison and clinical feasi-
bility in 20 patients[J]. Strahlenther Onkol,
2015,191(9):710-716.

(W B 181:2020-02-08 &[] H 191 :2020-04-27)



