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Delineation and Dose Limitation of Axillary Organ at Risk

During Breast Cancer Postoperative Radiotherapy

YU Chong'?, QIAN Jian-jun®, HU Li-hong', ZHU Ya-qun?, JIN Zhen-jun', TIAN Ye*
(1. Changshu Hospital Affiliated to Soochow University, Changshu No.1 People’s Hospital, Changshu
215500, China; 2. The Second Affiliated Hospital of Soochow University, Suzhou 215004, China)

Abstract: [Objective ] To explore the feasibility of delineating the axillary organ at risk(OAR )
and limiting its dose during breast cancer postoperative radiotherapy in order to provide dosimetric
evidence for reducing the risk of breast cancer-related lymphedema caused by radiotherapy.
[Methods ] Twenty-six patients after modified radical mastectomy for breast cancer were selected
retrospectively. For each patient, delineate the axillary OAR (OARs, OARy) using standard and
modified methods. Four treatment plans were designed for each patient: OAR,, limited and un-
limited 3D-CRT plans(CRT;,., CRT), OAR.u, limited and unlimited IMRT plans(IMRT},;, IMRT).
To evaluate the anatomical position relationship and dosimetric difference between OARs and
OARy obtained by the two methods, as well as the dose benefit of OAR,, after axillary OAR limi-
ted and the dosimetric effect on the target area and other OARs. [Result] The volume of the axillary
OAR(OARg, OAR,) based on the two methods were 20.9 cm® and 23.6 cm*(P=0.000), and CI and
DSC were 0.79, 0.88. Except for D,;, in the CRT plan, there were no dosimetric differences be-
tween the two (P>0.05). In the CRT and IMRT plans, the OAR,, limit significantly reduced its
dose, of which D,;, was reduced by 13.9% and 27.2% , respectively, to 34.0 Gy and 30.3 Gy.
There was no dosimetric difference between the target area and other OARj after the OAR g, limit.
[Conclusion ] It is feasible to delineate and limit the dose of the axillary OAR during breast can-
cer postoperative radiotherapy. D,;,<36.8 Gy can be used as the limited standard of axillary OAR,
and the modified delineation method is recommended.
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AL T TE N O ZR-E IR T IT S0 S T A5 FL IR
P B RS A AF AT B A A 35 T R
LB O 2 iy & s AP I 1 A A SRR VSR
CCAE R, IR C R T R 58 B E X A B
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lated lymphedema, BCRL) B XU # 6l = TR A (1) bf
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irradiation , RNT) £ % 1% = 23 K08 ), 5 M A1

A B AL (axillary-lateral thoracic vessel juncture,

36.8 Gy I} BCRL % A= W] i REAR 'S, A SCHE 2L IR
HRIE ARG BT oo ALTY XS VE R 58 e e F
(organ at risk, OAR gy ) UEAT 20 ], 76 I IR 5 U0 8 S5
AR ok H kA7 B A 5T, LA A R AIGk  9T L
BCRL JXUS: $i2 (551 2 27 GR35

1 #REFZE

11 —BRIGKE#

(o] st M 356 £ 2019 4F 1 A 2 2019 4F 12 A 1E%
T — N R BE B 2 32 0T 1 26 7L IR AR R
Ja B, A bR DLtk F <80 ;@K R IT4r
(Karnofsky performance status,KPS)>80 43; ik K
ARG ; @ FEHR 12 R 1= 08 P 7L ; I >5 em
MBS PR 25 =4 A 80T, s Bk 1 45
1~3 4, HAEARELRER (RS LA HAR<10
A IR R SRR R <35 2 @07
HIJC T bk B K i (b L A b g RO W 28 5 15 em
BN J7 10 em RN A REON A R L O ) R FEL
2=25cm), EHEETHAAER 54 % (40~74 %),
7 M3 b 25 0 F 88 12 A4S (6~24 A4~ ) L A7 BH 1 ik
ELZEH 4.5 A (0~14 ), A 4R I RO IR fiF L
Table 1,

1.2 #wEMEL

A MENT Med-Tech350 FL IR FE 42 17 5
b 1 o e P i L MO Y (1 2. 1 PR ¢ S
H S, CT(GE Light-Speed 64 ) #E 1740 5 7 , 4514
P A 22 b A0 i BE AR JE IR, F9 Y5 B F A 2=
MEF &, J2EHR 5 mm, CT B i 807 U A7t I
W 265 12 4 2% G A% i 22 = 4E3R 7 1180 &2 4t (Ray Station
4.9), TFRIFANGTEERLA Presice ELZINE#8 FRET
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1.3 #EX 7 OAR A&

(1)CTV G245 F8 A e B | ] 00 B0 i b B ok £
SETI K, v i RE M kK L 25 51 R X L RTOG
B v TR AT ) R b 2 5] X LA R
FiE U R ES HEA T A I, il BE PTV 2 CTV R 4b
¥ 7 mm, 5 RELIMT S5 mm, ERCOMBIESKT
Z 580 BT E S SR X PTV (CTV ¥4 4b
S mm) fly—1K

Table 1 Clinical characteristics of the patients

Characteristics N(%)
Age (years old) <60 19(73.1)
=60 7(26.9)
BMI (kg/m?*) <24.99 15(57.7)
=24.99 11(42.3)
Side of tumor Left side 11(42.3)
Right side 15(57.7)
Immunohistochemistry ~ ER positive 18(69.2)
PR positive 13(50.0)
Her-2 strong positive or 1(3.8)
Fish showed amplification
T stage T, 8(30.8)
5 17(65.4)
T, 1(3.8)
N stage No 1(3.8)
N, 11(42.4)
N, 9(34.6)
N, 5(19.2)
Stage A 5(19.2)
B 6(23.2)
mA 9(34.6)
1B 1(3.8)
mc 5(19.2)

(2)OAR 52 i : A7 2] i J7 75 AR Gross
FEBEAY 7L K WS o3 N A A = AN X
Horp i X8 RTOG A e s 11 4 T4, 100
DX i f S i A5 % $E AR (ALTT) , %€ X8 OARs, I
TEVRYTITR) h HEAT BR &, AN X 38 ALTY XAl
X ff I AL 2% 2 S & 1(Table 2, Figure 1), @k
) J7 3 H B RTOG A o ) s T 40, % i af
EIHRZ WA E EAE W, LAk )2 T
T PR EE A B GE L 2 O OARy(Figure 1),

(3)HoAl OAR A48 i O NE IEEk A RE  HIR
[

14 tRIE
BRI A 3T 4 BRI TR (1)OAR yegs
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Table 2 Anatomical boundaries of axillary region
(refer to the method provided by Gross )

Structure Anatomic definition

Level I and Mregion Cranial:One axial slice below lowest contour of humeral head
Caudal; Inferior-most contour of axillary vessels
Anterior; Posterior surface of pectoralis major muscle
Posterior: Anterior surface of the subscapularis muscle and ribs/inter-
costal muscles
Lateral : Lateral border of pectoralis minor muscle
Medial ; Thoracic inlet

ALT]J region(OARy) Cranial ; One axial slice below lowest contour of humeral head
Caudal ; Inferior-most contour of axillary vessels
Anterior: Plane defined by latissimus dorsi and pectoralis musculature
Posterior:; Anterior surface of the subscapularis muscle
Lateral ; Including the axillary vessels
Medial ; Lateral border of the pectoralis minor muscle

Lateral to ALTJ region Cranial:One axial slice below lowest contour of humeral head
Caudal: Inferior-most contour of axillary vessels
Anterior; Skin surface
Posterior: Anterior surface of the subscapularis muscle
Lateral ; Skin surface
Medial ; Lateral to and excluding axillary vessels

A~G:Cross sectional diagram of OAR 1, from top to bottom.

H and I:Coronal and sagittal diagram of OAR ..

J and K:Dose distribution of CRT and IMRT plan(The innermost purple and outermost green filled areas
are 50 Gy and 20 Gy).

L:The DVH of the OAR,, in the IMRT plan (The red and green solid lines are the doses of OARs and
OARy after the OAR i, limit, respectively,and the dashed lines are the doses before the two limits).

The red and green contours indicate OARs and OARy, respectively. The yellow and blue contours indicate
Level I and Il region of axillary and lateral to ALTJ region respectively.

Figure 1 Delineation and dose diagram of OAR .,
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PR 3D-CRT 141 (CRT);
(2)OAR PR & (D,;,<36.8 Gy)
) 3D-CRT 1t %] (CRTyi) 5
(3)OAR 4 AN BR &2 1) IMRT
TR (IMRT) ; (4)OAR 4 BR
i (D,,<36.8 Gy) ) IMRT it
3 (IMR T} o

CRT + % #9% 3t ; Lo ML
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O SRR, 15 205 4
i o CRTy 1R A 2 7
CRT it %l iy 3 mf I PR &2
OARy 5 D,.:<36.8 Gy,

IMRT # %] #9 3% 3t . LA
FLUD 2 B AE Ry 3 B A7
], LA il A4 FR B /N oy 15
JON) e RE SR B 4 9 5
X, BiE XRG4 )5 1
35 BpgE a2, IRk RE
L 2 B R R \HEi
/NG 2R, B AR R
7 9 5 gy 5 A Eﬁﬁnﬂc
R 4l O Ak 25 S 2 46 1 7
E’&*Hfﬁ*ﬂiﬂiﬂl MU, 5
# ) 0 A . IMRTy, 42 7E
IMRT fr S E = i o E
OARy 5 D,.<36.8 Gy,

¥ X 7 % & OAR MRAA .
i R R A B Tk L 5 5
i X Ak A R 50 Gy 43
25 IR FRANIT V0<30% |
AT V=05 ZeMFL BRI L
WE Da5~7 Gy AL BRI
HE Dopai<1~2 Gy, OAR gigs Dyin<
36.8 Gy, I H 3k Dy<25 Gy,
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HHE Dyu<d40Gy,
1.5 EMERR

(1) Z T P02 0 575 1 OAR g 5 790 56 8 AH AL
PEHEE O (a) RFE (em?) 5(b) —BUEFE %X (con-
cordance index,CI),CI=(A NB)/(AUB);(c) LI M4
#(Dice’s similarity coefficient,DSC),DSC=2(A NB)/
(A+B), Hi A FI B A ELE PS5

(2)#0 X 7] 42 38 JE % (conformal index, ci) 5 5|
17 Y2 M F5 %8 (homogeneity index, hi) ,

ci TI‘%: NN Ci:VT,;ef/VTXVT,re[/Vrel'[ll],;H\:':Fl Vi
hy e 32 5] o A5 T R T A O ) R XA A (em®)
Vi B XARAR (em?) 5V, 3552 55 T 80K T4k J7 5
I EA T (em?) o i (HAYIEEE O~1, {8 Kk ]
B DX P i

hi T AN hi=Dsiy/Dos, ™, HH Dy, Doy, 3931
Ay 52 B 70 4t 5 25 14 5% F1 95% 1) PTV o i die /N5
i (Gy) , hi FAME S 1, HBETH R A A Mg K,

(3) HoAth i B2 280, 0 BEF 25 B Dy Voo,
Vao, AW V5. Vig Voo, OAR gy fit K Dy F 2
B = DI % 1 1 == g D NP

1.6 ZEitF4biE

K H SPSS 23.0 #4730, BRI LI
bRl 22 (wes) Rom , SR BT ¢ K 30 bU 5 G 4 3
RIZ B 25, P<0.05 2R A G5,

2 & R

21 EFHAEMAETEN OAR yxff 5 2 5 LL
OARs F1 OARy & F 4351 4 (20.85+5.09) cm?,
(23.60+5.60) cm?®, MCHE 7772 H 19 OAR W& K T 45
771 (P=0.000) , & L3 1) C1 A1 DSC 43518 0.79+
0.03.0.88+0.02,,
22 EFHAEMAEFEN OAR pFIEFLLE
BT CRT %I (8 Dy, LASN , 35 T 15 il ) 1 5
DA BN OAR g FE AW S EOTT T (D Do A1 Dy
BTG 112422 5 (P>0.05) (Table 3),
23 OARg:BREFEHFIEFLE
231 ¥RRAFTFIEK
OAR s SRR, #0 X TCA T L (37 2 25 5
(Table 4), . CRT 3% PTV,y, 9 Vir 24 90.8%
vs 90.1% ,P=0.155, 7£ IMRT 3151 OAR y R &5
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Table 3 Dosimetric comparison of OAR,, based on
two delineation methods(Gy)

Plan Index OARg OARy t P
CRT D 55.7£1.6  55.7x1.5 0.121  0.905
Do 51.4+0.8 51.3+1.1 -1.305 0.204
Di 39.5£3.4  36.7£3.5 -1.771 0.001
IMRT Do 53.4+0.6  53.3+0.9 -0.887 0.383
Diean 51.3+0.3 51.1+0.6 -1.880 0.072
Do 41.6£2.8  40.5£2.9 -1.692 0.103
CRT;i Dy 55.3+x1.4 549+1.7 -1.094 0.284
Diean 50.4+£1.9  50.5+1.0 0.220 0.828
Dy 34.0£2.8 32.842.8 -1.009 0.055
IMRTe Do 53.7£0.6  53.8+0.6 1.931 0.065
Dican 50.7£0.6  50.7+0.8 -0.722 0.477
D, 30.3+2.9  31.4+2.6 1.604 0.121

TH B D, B 55 (54.0 Gy vs 53.8 Gy, P=0.001),MU
B =5 (976 vs 958,P=0.023); 7 CRT 41 " OAR yi
FRAR S Y D BEIK (519 Gy vs 52.0 Gy, P=0.001),
i WA (0.55 vs 0.54,P=0.00), OAR 5 BR AT 5 I
Ewke gy [ ~T4 ) s 2e 22 R e g it 7 XL
2.3.2 OAR # & F %

f£ CRT M1 IMRT 3H4H , OAR yp PR 1 I 25 P
iR 7 HA &, Hrb D, 23 FEAK T 13.9% 01 27.2%,
539124 34.0 Gy vs 39.5 Gy .30.3 Gy vs 41.6 Gy, 7E
CRT A1 IMRT 1%, OAR 5 B 2 517 5 £ 3 1000
R EE A ity 7 7] 2 TC 8 12 25 57 (P>0.05) (Table 4)

3o #

LRI HIT Je b SR K i ) 2 95 TR R A o
Z WESE oK, M K EL 45 49 R RNT JE B ok 2
KB & A N 9% F) 65% A% AL E & £ 1Y
R W~ , T Norman [R5 A0 5 42 0 &= 5 #0112 W7
J7 19 BCRL & 05 2853 511 R 31.7%H1 27.0% , 1EAR
J& 2 AR R IR ZR T DG LASE 1A EE e ik
CLZ5TE 4 T o AR AR R bk L 4508 5
Rfa B #E, Hrioy e &4 BCRL i 2 e
K2, Al filf BCRL & 9% U 38 3.54 £ 13160 AR SC 7
ARG PRAE 2 9 H ity 12— 25 30 an o] B ALK 07 e
# BCRL WX .

JICHT o U B D R A LR IR A BRI A ok
IR EE4 9 [ 37 52 L S 500 L K i 1 T B D PR 07 A
ST, T R R A 0 £ 4L B AR AR RN A3 A 2 & A ik
ELK i b Sy fa s 2L 7 T R LS /s LA
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Table 4 Dosimetric comparison of target volume and other OARs after OAR,, limit

Index CRT CRTjiic t P IMRT IMRTii t P
PTV,
V(%) 90.8+1.9 90.1+1.6 4.147  0.155 95.0+1.9 95.0+1.4 0.000 0.941
D, (Gy) 57.7£1.2 57.7£1.0 -0.104 0.918 53.8+0.6 54.0+0.7 -3.831 0.001
Do Gy) 52.0+0.3 51.9+0.3 3.833  0.001 51.3+0.3 51.2+0.2 1.622  0.117
hi 1.12+0.02 1.12+0.03 0.195 0.847  1.05+0.01 1.05+0.01 1.453  0.159
ci 0.54+0.07 0.55+0.06 -5.771  0.000  0.67+0.04 0.67+0.05 -0.571 0.573
MU 591+63 592+63 0.250  0.805 958+176 976174 -2416 0.023
ALN-T
Dys(Gy) 12.3+£13.5 13.0+14.4 -0.772 0.447 15.2+12.3 14.0+11.2 1.182  0.248
Dyy(Gy) 14.8+13.7 15.9+16.2 -0.965 0.344 16.2+11.7 16.1+11.7 2217  0.056
Vis(%) 58.1£14.5 57.1£14.8 2.407 0.024  56.7+14.0 56.4+13.9 1451  0.159
ALN-TI
Dos(Gy) 45.2+4.8 44.3+5.4 1.652  0.111 49.4+1.8 49.2+1.7 1.132  0.269
Dyy(Gy) 47.3+2.9 47.1+2.8 2217 0.036 50.0£1.0 50.0£1.0 0.536  0.597
Vis(%) 94.7+5.3 94.4+2.7 -0.999 0.327 99.2+1.6 99.2+1.6 -0.895 0.379
ALN-TI
Dos(Gy) 49.6+2.6 49.4+2.6 0.628 0.536 50.1£1.0 50.0+0.9 2.781  0.070
Dyy(Gy) 50.5+1.6 50.5£1.5 -0.369 0.715 50.5+0.6 50.3+0.6 1.886  0.071
V(%) 99.0+2.0 99.1£2.0 -0.548  0.589 99.9+0.3 99.9+0.3 1.273  0.215
OAR ..
D, (Gy) 55.7£1.6 55.3t1.4 2362  0.026 53.4+0.6 53.7+0.6 -3.363  0.002
D, GY) 51.4+0.8 50.4+1.9 2.655 0.014 51.2+0.3 50.7+0.6 5.303  0.000
D,ir(Gy) 39.5+3.4 34.0+2.8 8.353  0.000 41.6+2.8 30.3£2.9 7.657  0.000
Heart,all patient(n=26)
Doean(GY) 3.242.9 3.242.9 1.364 0.185 3.8+2.5 3.8+2.5 -0.433  0.668
Vio(%) 6.2+8.0 6.2+8.0 2.132  0.053 7.4+8.2 7.3£8.2 1.369 0.183
V(%) 4.6+6.2 4.6+6.2 1.000 0.327 4.2+5.2 4.2+5.2 0.413  0.683
Heart, left side patient(n=11)
D, GY) 6.2+2.1 6.2+2.1 1.000 0.341 6.4+1.3 6.4+1.3 3.300 0.508
Vio(%) 14.4+5.6 16.2+3.8 -1.669 0.126 14.4+5.6 16.2+3.9 -1.683 0.123
V(%) 10.7+4.8 9.7£3.0 1.339  0.210 10.7+4.8 9.7£3.0 1.370  0.201
Ipsilateral lung
V(%) 43.8+3.1 43.7+3.1 1.498 0.147 49.5+3.7 49.5+3.7 1.476  0.152
V(%) 34.3+2.6 34.2+2.6 3.149 0.104 39.5+2.9 39.5+2.9 -1.078  0.291
Voo %) 27.3£2.5 27.2+2.5 1.863 0.074 27.7£1.0 27.7£1.0 -2.390  0.065

ZIE A T 2R R s I B 4 AL T M /N L O 14 11 20 e
53 U L 4 B BRI 0 AR L K e Fg KU, PR A
BB B R A W R AR DORIT s T/ 04,7
Rl B ok Bk B 1/3 DL B 5 AR R K B Y
RN 3T % AR E] 7% , HANIE 0 A 42 R 1,
B, FEARMSS A4 32 e J2 AR OT i B0 BCRL KUK FY
mE—F-BL,

Ji 55 3% )k I 2 52 (axillary reverse mapping,
ARM) H A 14 11 AT A5 7 52 3 DX o3 LR A LB Y ik
ELER AR A AT BE 100 ARM (A58 2 B, 3L 05 A -
W R A Z 18] AT REAF RS TR, 2 B bk 2 7K e
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KA ALTY X A] e & TR 513 A9 A i X 48 ol
X TP AT I L 4 DX 3 5 S A 1 SE B X I 2 Beek
L2 107 151 BT I IR B 45 BH I G oNo FLIR 95 B 2 Bl
BLIT AARAERR 55 MR L 4506 F R (axillary lymph node
dissection, ALND) 2 & ARM-ALND 41 , 25 5 s , b5
WE ALND 2H 12 > H 2 24 4> H Ik E K b % 2 R
539°H 19.5% K& 26.7% i ARM-ALND 411X °HN 5.0%
K 6.1% ., Clough 55 7%F FLRR 17 Vi Ik 0 45 AH X T i85
il AR R LR AT B — TUAE 5E & B, 98.2% 11 FL
Ji 5 | A LA A B A Ik I, X TT B J& ALND
ARG RNI G B AL 4G e 1 X Ef A I X 25 FEAIG
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IR EL K i & A= R RN, Byun 45 258 & B RNT
JEFIASALES T 1 DX k2 W S B ARG 3 4 3k L 7K
KA (16.8% vs 24.1%) . Gross ZESHF9E K B,
B 1 DXL BB T DX R T 4 U K e JRUS: 1
B, T ALTY KIS0 TS T Xk e 2 13,
L 2 Sk b LK S 9 OAR, #F— 2 0F 58 &
P, D, BREITE 36.8 Gy LA NI 3 4Rk EL K
i & A R S B AIR (5.7 % vs 37.4%) .

A SO ALT) XIAE A MBS OAR(OAR s ) #E4T
) PG FE I R WL CRT (BF o 85 5 AR ) A M-
RT # AR OARy s BRI 9 P17 &5 5L & B, 7F CRT
A IMRT 3H50 7 O ARy g B 52 1T LA 76 AS o A1 A X551
I FR I HoAl OAR 7= A 1% B0 T 1 35 MR AR L
FI I Dy, 73 B BEAR T 13.9% 1 27.2% , 57 &
¥1<36.8 Gy, 43920 34.0 Gy £130.3 Gy, Al UL ,IMRT,,;,
T 5 BEAIK OAR e 19 Do

DX 531 o0 I il 5 25 5 9 A0 1Y OAR, fiff 51 25
P52 2T e 2o BRI OAR e 15 I AR 1 A 55 0220 1
i F ALTT XS0 F s T X2 13, BAc
SCHE T — i e ) gy B U ] RTOG 4
AR T4, R B A % 2 R s )
G ERY A = Sl S gy S N [ 8 i B 3 VA= WA e
R WoR et i Bz i ) OAR s 58 B 5 Gross 3
P AR A 22 BN ik D7 VA A Y OAR IR
FARfE Tk AW JE ST E R e 2 R, R,
U T A R T OAR 5 75 7L R 988 AR I AR5 0T 1
SULRE RSN AN ST S AT

A RFGE AT 1 BH P T VO EL 4 A i 0 o3 A e R
B, AR EL 25 AR T ALT) X224 [E BR L
P s Bt 5 /N e BRI 07 49 R I YR T e B I A
HD UL, A AR B 1 1.3% 3 AU | 3 (3 A4
DL PR S5 ) 19 5% A5, UL, X1 10
UL R eSS (H A 1~3 A4 BHAE 70k L 25 ) A9 ok £ &%
BF P 8 2 R U ALTT X9 Dy 2R T 7E 55 1
UL, T4 T A RS R A 5 T R R R AT
3

AT GEHI AR SE T A L RIS AR S5 T i
%5 OAR 1720 ) S L BRI (9 m] 45 1 | ol B A0 T i 3
RO EL A e A AR AR AR TR B AR . AR SRR
FRRIER TG ARG BT B W TR Rl
JEHT ISR EL S 1~3 AN B & R, T B Xk
L 25 BEURE, AHL Fl T SCA 77 P bR 28 8 3 A A T e 12 7K
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i 2 A 23 3 s A L 5 T AR S, ALTY X5 o
55 L MR8 A DI T K i e A B O R A Fr it — 2D s
IRIGAIE

gi ERTR, 7L AR IR AR S T R X R S
OAR 19z i LA K 59 2 FR il 52 7l 47 79, D,:,<36.8 Gy
AR IR OAR RYBR AR E, W] R el 7y )
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