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Effect of Optimization of Cervical Target Volume on Dosimetric Distribu-
tion for the Thyroid During Intensity-Modulated Radiotherapy for Na-

sopharyngeal Carcinoma

JIANG Hai-lan, HUANG Huixian, LIU Xu, ZHU Chao-hua, LIU Pei, DANG Jun-ming, PANG Qiang,
LU He-ming

(People’s Hospital of Guangxi Zhuang Autonomous Region, Nanning 530021, China)

Abstract: [Objective ] To investigate the effect of optimization of cervical clinical target volume on dosimetric distri-
bution of the thyroid during intensity-modulated radiotherapy(IMRT) for nasopharyngeal carcinoma(NPC). [Methods ]
Twenty-nine NPC patients treated with IMRT were enrolled in the study. Targets and organs at risk(including the thy-
roid) were delineated on the simulation CT. Two IMRT plans for each patient were designed. The planl did not opti-
mize clinical volume involving level IV of the neck, which covered the entire area of level IV in accordance with the
International Commission on Radiation Units and Measurements Reports 50 and 62. The plan2 optimized clinical tar-
get volume of level IV of the neck, in which the target area only included the peripheral part of the internal jugular
vein where the thyroid appeared in the simulation CT. The dose constraints for the thyroid were as follows: D,,..<45 Gy,
V3<62.5% and V,5<50%. The target dose coverage should be prioritized when it conflicted with thyroid dose limita-
tion. [Results] No significant differences were found in the percentage of volume of the PTVs receiving 95% of the
prescribed dose(Vgs), conformity index and homogeneity index and in the percentage of the volume of PTV,, and PTV
receiving more than 110% of the prescribed dose (V) between two plans. Both plans met the requirement that the
percentage of the volume of PTV, receiving 93% prescribed dose was <1%, although significant difference of Vg, in
PTV, between the two plans was found (P=0.017). The maximum dose, minimum dose, average dose, Vi, Vi, Vi,
Vis, Vi, Vis, Vso, Vss and Vg were significantly reduced after optimizing the clinical target area of the neck. There
was no significant difference in V5, V5 and V¢ for the thyroid between two plans. The minimum dose, mean dose,
Vi, Vi, Vis, Vi, Vas, Vs, and Vs for the thyroid were significantly reduced after optimization when lymph node
stages were Ny and N, (all P<0.05), and the maximum dose of thyroid was also significantly reduced when lymph
node stages were N, 3(P=0.013). [Conclusion] The radiation dose and volume of the thyroid during IMRT for NPC pa-
tients can be reduced significantly after optimization of clinical target volume of level IV of the neck without compro-
mising adequate dose delivery to the targets and increasing the exposure dose to other organs at risk.
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AJCC 73 R G 64753 W1 (Table 1)
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Table 1 The characteristics of 29 cases with NPC[n(%)]

Characteristic N
T stage
T, 6(20.7)
T, 10(34.5)
T, 9(31.0)
T, 4(13.8)
N stage
No 3(10.3)
N, 6(20.7)
N, 20(69.0)
N, 0(0)
AJCC stage
I 2(6.8)
JI| 6(20.7)
I 16(55.2)
I\ 5(17.3)

diation Oncology Systems, Fitchburg, WI) ¥ Bt 29 {4
NPC B & REAE M E AL CT BME ., 14 1(plan 1)Z M
ICRU 50 1 62 54245 : GTV,, A A% 2 Kl IR A6x 2
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U 1 e N g N i T = e O i =
Ui SE M SE T RE | RS AR ; SR CTV, o 75 21
577 B S P SR AR B LI X, A 200 PN R Tk % 3 B
ik o 1H4 2 (plan 2) 53H40 1 # X504 T 20058 0k B 25
TR IR G X (Figure 1) o T o W88 e B 4K 12 &85 BE AR
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A2 AE S MRBK AR SR H- g R R A
BT AOCHY ) B AT AT R MR SR
B A BRI A . TR 2 CTV, 5 Bl 1
A IR/ T LA SE B i B 52 BRG]t AR R 02D | 18 K
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1.3 itxbhgit 55T

fii 1] Pinnacle 9.2 R G #4730 ) 5 140 5 1
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itk ., PTV, M PTV,:69.96 Gy/33
W ,2.12 Gy/tk ;PTV,:60.06 Gy/33
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Notes: Thered areais CTV,before neck optimization,the yellow line range is CTV, after neck optimization

Figure 1 Comparison of target delineation before and after neck optimization ‘
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Notes: The dotted line is the DVH curve of the target and the thyroid before neck optimiza-
tion,and the solid line is the DVH curve of the target and the thyroid after neck optimization

Figure 2 DVH curve of target and thyroid before and after neck optimization
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L0 o33 B TR R ) 27 o 2R UMK 365, P<0.05 Ky
ERAGA R L,
2 &% R
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PR TR A5 KOO R Y 959 4k T 7
FIPRFR (CT R HI 22 5 3 401t 22 0 X, & 7 a4 X
PTV,, Al PTV,, KF 110%4b J7 7 5 1) A FL 22 S b 6
Giitop 2 L, PIFTHR) PTV, Y Ve 22 54 Siit#
=X (P=0.017) , {5 5 B i3l 3508 2 42 52 <93% b Ty
I AR <19% 1) H R ZE3K (Table 2) .,
2.2 FFTT R EOIR AR M AT R 2 b

PN FCR AR A 5 R L[ (62.432+4811) Gy vs
(60393+3913) Gy ,P=0007]. /N7l [(29.030+
13.149) Gy vs (1995128.178) Gy, P<0001) ], 44 5 &
[(46.56711.687) Gy vs (36.129+7.655) Gy ,P<0.001 ]
ZSEWH G FR S, TR 1T F R R e R
Fil ol 57.58~72.7 Gy, {74 #e32 e KR b id 50 Gy .
60 Gy i1 65 Gy I LBl 53 51 24 100%(29/29) .55.2%
(16/29)F11 27.6%(8/29) ; 113 2 v FR i 5 ) 5
il 54.13~68.27 Gy, 83 23 & K5 & H it 50
Gy .60 Gy #1165 Gy 1Y F 5l 5351128 100%(29/29) \41.4%
(12/29) F1 10.3%(3/29), 11400 1 H AR BR324 550) i ]
9 13.18~69.97 Gy, [ & 4532 V- Y50 i i 30 Gy (40
Gy .45 Gy #1 50 Gy Lk 1] 53 51 2~ 89.7% (26/29)
86.2%(25/29) .79.3%(23/29) Fil 48.3% (14/29); i %1 2
FFPR JI S 24 500 42 Y L 12.20~46.40 Gy, f #3552 5F
5 30 Gy .40 Gy .45 Gy 1 50 Gy Y HL 43
4 89.7%(26/29) .31.0%(9/29) .3.4%(1/29) #10,
2.3 AR FREREF 2K F R T ER LR

p‘jﬁj *’:F‘H‘ jZIJ ':P El,(] Vzo\V26\V30\V35\V40\V45\V50\V55 ;Fn
Vo 25 A G2 L, 35108 92.77%+20.64% vs
91.33%20.55% (P=0.034) ,90.71%+23.03% vs 80.20%
+2150%(P<0.001) .88.86%=+24.69% vs 68.97%=+23.06%
(P<0.001) .84.94% +26.46% vs 54.99T+21.99% (P<
0.001) .78.98%+27.46% vs 40.85%=17.13%(P<0.001)
68.65%+ 26.59% vs 27.80% +12.25% (P<0.001) .
52.67%+23.15% vs 15.64%+7.53% (P<0.001) .24.33%=
13.58% vs 506%+3.59% (P<0.001) .2.02% +4.24% vs
0.47%+0.91% (P=0.044), Vio.Vis Fl Vs 2257 L GE 1T
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2778 X (Figure 3),

B LT H Noy FAIRBRFIEFE 517
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T4 1127 X (Table 3)
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R PR 5 R TR e /N IR S 24950 A 4 I S MR R A

Table 2 Differences in the dosimetric parameters of the

target volumes between the two plans

Parameter Plan 1 Plan 2 t i
PV
CI 0.969+0.014  0.972+0.019 -1.298 0.205
HI 1.062+0.133  1.061+0.013  2.900 0.100
D,..(Gy) 76.586+1.141 76.629+0.912 -0.455 0.653
D,i,(Gy) 64.650+4.031 64.844+4.199 -2.399 0.230
V(%) 0.104+£0.436  0.026+0.087 1.024 0.315
Vos(%) 96.875+1.373 97.233+1.861 -1.658 0.108
Vo (%) 99.854+0.462 99.838+0.549 0.934 0.358
PTVnd-L
CI 0.944+0.182  0.940+0.183 0911 0.370
HI 1.052+0.009  1.054+0.014 -1.364 0.184
D,..(Gy) 73.030+2.657 73.143+2.664 -0.825 0.416
D,i,(Gy) 63.311+£3.983 63.129+3.973  0.835 0.411
V(%) 0.012+0.038  0.067+0.212 -1.000 0.343
Vos(%) 97.714+£1.423 97.404+2.683 0.660 0.515
Vo (%) 99.972+0.067 99.939+0.106  1.158 0.051
PTV,—R
CI 0.973+0.015  0.971+0.028 0.488 0.629
HI 1.056+£0.015  1.057+0.018 -0.697 0.492
D,..(Gy) 73.307+£2.902 73.145+2.813  0.913  0.370
D,i,(Gy) 62.603+4.199 62.783+4.072 -1.615 0.118
V(%) 0 0
Vos(%) 97.494+1.425 97.309+2.825 0.415 0.681
Vo (%) 99.944+0.165 99.951+0.152 -1.549 0.133
PTV1
CI 0.984+0.013  0.983+0.014 1.029 0.312
HI 1.189+0.023 1.189+0.023  0.381 0.706
D,..(Gy) 77.276+£3.949 76.632+0.912 0912 0.370
D,i,(Gy) 53.735+£3.973 53.685+4.533  0.191 0.850
Vos(%) 98.309+1.317 98.287+1.416 0.300 0.767
Vo (%) 99.799+0.593  99.874+0.254 -0.746 0.462
PTV2
Cl 0.955+0.135  0.950+0.017 1.459 0.788
HI 1.336+0.024  1.34320.026 -1.764 0.142
D,..(Gy) 76.683+1.133  76.702+0.904 -0.203 0.841
D.in(Gy) 32.948+7.384 32.086+9.065 1.621 0.116
Vos(%) 95.542+1.339  95.005+1.692  1.889 0.588
Vo (%) 99.303+0.333 99.082+0.423 2.425 0.017
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V26\V30\V35\V40\V45\V50 & V55 ‘@AE
%‘Iﬁzﬁ%,ﬂi& (P i/‘:j<0.05), ﬁﬁ VIO\VIS\
Voo Vo Hl Vs PIFRN TR 8] TE 42 3

80.00 [
225 (Table 4) -
3 i %60.00—
£
C I
RN S NS SN R S

1 VA R W < 1 T R
J5 T3 XF 5 5~T7 #iME, 23 A HER 20001
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100.00 7 P=0.537P=0597 p=0.034 pg 901
T
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P<0.001

P<0.001

P<0.001

P=0.044 p_ o84
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Irradiated volumes of the thyroid at different dose levels

F UG AR R WT kA, FOR AR 04 B S R B
R R/ TE ARG T R X A R [ R
AT B b A TR AR S 1 FEOBR B T BB eGR 1 & E R
ARG R AT LA H, 2 B ICRUS0 F1 62 54 15 it
AT 0 A 9 L DX ) iy, AR B ) o 0 A IR A iR B
S 7] 2 B b v, AR IR R i S P 9 VA £ 45 Vi 0
ik DX A7 % R ML, X S90S 4 X R A e A (FRIR
it B DX S8R ) T 50 N S R R X3 ) 445 2R B
SERTN S B = o P et B o [ S el
SR Vg AR I BR i B o, (ALAE AR B B AL
IR P BRI AR o, DR, TR IR R
M) 30 DX I 48 BOR SJ RS B B 0T, wl A2

Table 3 Dosimetry analysis of thyroid with lymph node
staging Ny,

XoF S WA 95 R S DX AT AL, i — 2D BRI IR
Jit Az BRI o SRR, AT R AR T A DG Ay FE AR B 2y
REVIIR .

JCTT AH G HAR BR D BRI | FHOIR 8P i 45
X £ B AR T BT A ™ E e O H R, R
SEUE ST AH G HAR B T e el 1R 9 & AR 2R 5 HAR AR
(1) 52 HE SR 1 B W AH O€ . Weissler 55 345 H 0T A 56
FHOBR R D REAIR T A & 28 R B e T R B ) 32 R
i S A A DO T SR I A0 S HBR R DX A 5
=50 Gy B, T A OC HUIR IR D RE AR T #0200 & AR
%>50% ., Grande 55 "HHF5E K B, 7E Sk 20058 i 8 1 5im
T, 82 52<60 Gy 19 535 T30CTT AH DG IR 5 T RE ik

Table 4 Dosimetry analysis of thyroid with lymph node
staging N,

Index Plan 1 Plan 2 t P Index Plan 1 Plan 2 t P
V(%) 93.54+21.44  93.50+£21.55 1.000 0.341 V(%) 94.64+15.65  94.65+15.63 -0.533  0.601
Vis(%) 93.10£22.87  92.99+23.12 1.406 0.190 Vis(%) 93.91+17.56  93.94+17.57 -0.425 0.676
V(%) 92.77+20.64 91.33£20.55 1.715 0.117 V(%) 92.82+19.07 91.91+18.86 1413 0.176
V(%) 90.71+23.03  80.20+21.50 3.956 0.003 Vas(%) 90.28+22.67  82.21£20.71 2.663 0.017
V(%) 88.86+25.07  63.24+21.23 5.408 <0.001 V(%) 88.86+25.18  72.47+24.01 3.371 0.004
Vis(%) 83.65+26.45  48.51x17.28 6.179 <0.001 Vis(%) 85.72+27.20  58.94+24.01 4.759 <0.001
V(%) 75.96+£26.29  36.09+13.61 6.811 <0.001 V(%) 80.82+28.75  43.75+18.73  6.344 <0.001
Vis(%) 63.98+24.37  24.88+10.20 6.518 <0.001 Vis(%) 71.50£28.15  29.59+13.30  7.167 <0.001
Vso(%) 47.71£21.03 14.19+5.86 5.878 <0.001 V(%) 55.71+£24.44 16.52+8.43  7.503 <0.001
V(%) 19.08+10.84 4.58+3.33 4.962 <0.001 Vss(%) 27.53+£14.36 5.35+3.80 6.885 <0.001
Ve (%) 0.79+2.06 0.37+0.81 0.901 0.387 Ve (%) 2.77+5.05 0.53+0.97 1.978  0.065
Ves(%) 0.04+0.09 0.04+0.10 -0.539 0.602 Ves(%) 0.65+1.39 0.06+0.21 1.841 0.083
D,.(Gy) 60.76+3.44 60.11+4.14 1.312  0.249 D,..(Gy) 63.45+5.31 60.56+3.88 2.727 0.013
D,ean(Gy) 44.82+11.11 34.75+8.11 7.524  0.004 D Gy) 47.63+£12.21 36.97+7.47 5.906 <0.001
D..l(Gy) 26.73+10.80 18.42+6.47 4.052 <0.001 D,..(Gy) 30.44+14.51 20.89+49.12 4.601 <0.001
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B &R N22.4%, 1B H HZ>60 Gy HUT
EH IR 56% , X S AW A5 AL, W Rl o
JIT A R W e K B T 50 Gy, 5 BES bk L 45
SEEFRTC , HX ST X AR AT 0 A A R A
ARBR A B KA FEICE 50 Gy LR, %815 B &
WNIBUES T B TRCIY TR G, DR R IR XUy DX
BT S 0 ) A 54 Gy, 78 Sk S AR I o
BT H,60 Gy A2 PP Al T A 5 FOIR AR ) g el 1R
HOF = T N TR N LA N Tl WD I LR N B
R, KT 60 Gy B H IR 55.2% , T %t #5138
XA | B R AR R KR i i 60 Gy A9 LL i, B
AT A B K R AFAE L i 24 25 5% (P=0.007 ) , &
B A0 I B B S A AEC FPOBR R 1) e R Az BE R i, AT
A 1] BE RO A G R R T RE IR 1 & Az KU
FEER MR 20 B 08 AR 19 & 2B 38 5 A7 BT 4951 5t A
KOHBIF R #2232 PR KT 30 Gy Y&
FFLR R T BE VR A XU R 1290~27% , 2 %2 F- 2 50
30~45 Gy i & KBS R 40% %19 Zhai 28 51%F 135
B HEAT IMRT F S W 68 A8 R AT T BEPEDR5E, L
BE T 34.1 4~ H ,39 6 B34 (28.9% ) & A= HUR IR D) fig
AR IR AR5 =45 Gy B E & A R R
Ty Re v iR iy KU He 42 52 B AR ST 34 300 £ 1 A e 4.9
3 AR E B UOF R R 205 45 Gy, ARk
B, A R AR ST 38 32 BRI A 9 9 R 13,18~
69.97 Gy, 1AL H AR MR O 35 32 BR5) 4 38 [
12.20~46.40 Gy, # it 40 Gy 45 Gy F1 50 Gy i H 4l
AT B 0P 50 AL 30 Gy HeBiAR TR, SR 4G %
I v S s P e R A3 R ST 1 A2 B
it 30 Gy, HA 330132 B A8 T 30
Gy, % B NZ 3 B B Bk L 4556 %, Lk T
ST, HARIT 3 BRI R, R
BT L 25 B o R AT AL, HUIR AR
¥4y 27 R A AR XEAR 1 7E 30 Gy 9 . EAMIFIE R,
M7 B R R T 45 Gy B, HRR BRI AEGE /Y
SRS i B3, AT AR S 45 Gy B
B 79.3%% 2 3.4% , H.W FpT5) v (14 37 249 55 2 e
TEAE 225 53 B M (46.567+11.687) Gy vs (36.129+
7.655) Gy (P<0.001), i3 B A% 45 ) imi B, R34 S IR
i AT ) R A1 S L DX A R BRSP4 R
PIE A RIAE 45 Gy LLF o X80 X#E A7 pi Ak vl BH G5
RT3 00 4t SF- 35 500 1t S (EAIR T 45 Gy, M i 2>

Mg e 2021 4% 27 5% 11 #

ST FH G 1) HOIR IR T e vk AR 1) & AR R

WFoE 2B, HORBRAS R8T 700 5 T o R 4
FU T30 R G 1 FEAR IR D e D8R 9 BN K5~ . Celia
SEWRIESE LR, Vo S 5 RO AR DG A B RO T e ek
1B A0 ST T R, 24 Va>62.5% s S HOIR R
IHREGE 1 & A2 K Vo <62.5%F B4 il 6 1%, Zhai
ZEBIXE 135 BHEAT IMRT (14 S5 W A 1E 1 7 A s 1 A 9
SEIR R HUIRAR Vis<0.5 Fl V<0.35 1 35 1 F AR ik
J7 A S 1 FEIR AR T RE DR 1) & AR R L SRR AE M-
RT Ji FR R ) g 03B 119 & A5 2R [ of i) 42E 4 1 47 2
BN AR BRI R AT R FUR R Vs B2
0.5, Vs M2 0.35, Sommat %57'%f 102 4] IMRT f £
MR HEA TR R B, B Vaie>85% 1 HIR i Ty BE Uk
B RERE AR EEE T Vo<85%HE#  Zhou 55
3T 206 1 T AT TR T Y S R, B U
Ry R, ST TR A R A A AR AR LA
WU 5 2 45 P kA 1 55 1 R R T i DR AH G 114
TR -, 455 R BUR R Vs>249% 11 585 U
IR R T RE D8R & 2B K 54.55% , FIR IR V0<24%
B R 34.15% , 22 A Ge it 2% & L, Huang 551
X} 345 {645 32 IMRT I8 97 10 S 982 B 2 20 47 [l Josi
WE5E , - IR U7 B[R] 45.2 S H 2 B IMRT i
Je T LT A R CER IR T RETEAS AT HE DR R ) o A
FASHCG O HR IR T e D8R KU i C &R, 45
IR Vis<60% ,Vis<55%H1 Vis<45%Ft , B i
FFOBR R D B IR & A B W AL, AR RS
) B DX 25 (R I 00 K Vs Vias R Vs 5301 B 1 72
60% 55%FN 45% 0 FHN , F 4 5520 28 Hl kAT
IMRT 1 3 35058 Jit 968 9 9% % R, V 10>809% J2& & A= TlUIT
AH G ) HUBR IR T e vl s AU 2R 42 U A BT
I~ IV IE 45 IMRT 9 10 51 8500 98 28 77 F AR BR 57
BRI, 45 5 R 76§ IXORT H At £ B 2 B A0 50 A
FEE BRI Z 5 ma g o0 N, 5 A HEAT HUIR R 7 = B
il % L s EIRTEA ¢5 F%{EE FHOIR iR V. Vs0.Vss . Ve A
R ER S35 R /N, R IMRT fE R I H R
Ji 7 HECRE 7 dt F I BRI R a0 A 38 T 1k 5K )
V3<62.5%F1 V,5<50% 19 IR it A5 o . ASBiF 58, AR
I Vi 04K BT S 18 4 0 h 88.86% £24.69% il
68.97%+23.06% (P<0.001) , £ 4% i Ak i oK ik FR il #5
WAL SS 1 Vi B RS, FRBR Vs ZEAR AT
J& 43 3 A 68.65% +26.59% K 27.80% +12.25% (P<
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0.001), BT UL, andf R AT HR AL X A Ak , 5 H AR AT 5T
GEIRZEL, Vo RFVE S FoB A BRI kAT IX
DAL PTak BRI AR A, DT 8020 0T A DG i) IR AR
rREwkiR i) % R

Zi LA, s w0 JR R B VR T R FE SRR AR
DX A % AT 70 A 5 0T Xk 0 I AR X AR Ak, AT
ef AL FP R i 2 R o A a7 HRACRL DA ik 2 s A
O 118y FECHR R T BB DR 1 R AR
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