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Predicted risk of radiation-induced malignancy after intensity-modulated radiotherapy for naso-
pharyngeal carcinoma
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Abstract: Objective To compare and analyze the equivalent dose of normal organs in intensity-modulated radiotherapy (IMRT)
and conventional two-dimensional radiotherapy (2DRT) for nasopharyngeal carcinoma (NPC); to predict the risk of radiation-
induced malignancies (RIM) after radiotherapy. Methods Imaging data of 80 NPC patients were selected; both 2DRT and
IMRT plans were designed for each patient in Monaco treatment planning system. The absorbed doses of normal organs in
radiation fields were determined by using Monte Carlo calculations. The treatment plans were transferred into linear
accelerator, and the radiation fields were moved into humanoid phantom. The dispersion doses of normal organs outside the
fields were determined by using thermoluminescent dosimeter measurements. The predicted RIM risks were calculated by
comprehensively analyzing the equivalent dose of normal organs under different radiotherapy conditions and RIM risk
prediction coefficients. Results According to RIM risk prediction coefficients and the mean equivalent dose of normal organs,
the total RIM risks of organs were respectively 10.2%, 5.9% in IMRT and 2DRT for NPC. The total risk of IMRT plan was
1.73 times that of 2DRT. Conclusion The predicted total RIM risk of IMRT for NPC is significantly higher than that of 2DRT,
which should arouse clinical attention.

Key words: nasopharyngeal carcinoma; intensity-modulated radiotherapy; conventional two-dimensional radiotherapy; radiation-
induced malignancy
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4 80 il i35 11 CT K% % A Monaco 3.0(CMS,
Elekta) VA7 I R 40 (TPS) . KAKMEIAFR(GTV) .
Il RFEARFL(CTV) G REEAR R (PTV) B 2 SCGE T
ICRU62 *Z iz &5 , SR FHAS HL IR A T 19 8 X A o, 2
Ll 2 e B 3 v o S MRS SRS P AU T R )
GTVnx 2l MRI 15 CT Kl IRAG 2, 8 SOM I IR
Ko A B AR T UL ) bR X8, ) £ 68 Gy/30F;
GTVnd & XAl ARG 7wk A% 2 L E 3] 1) i I B
45 3 64~66 Gy/30F; CTV1: H1 GTV ARl . | . F .
XU 5 1] 4% 4™ 0.5~1.0 cm & [i] J& 0.2~0.3 cm iy [X.
I, AL S (1) 4 A IR S R 5 0.5 em, | i 60
Gy/30F; CTV2: f CTVL [ i . b . OBUI 5 ) 45 A1
$70.5~1.0 cm [ J5 0.2~0.3 cm () X B8, , f045 2530 itk
B 5] X, 71 2 54 Gy/30F, PTV Jy#H N ) GTV af
CTV e =4t 7 M BI51 M 3 mm., f& K i B A4
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TE Monaco 3.0 TPS iy & 5] (i i1t 2 E 7 it
Rl : Z4E 5 HURT IMRT 1140), >R FH Elekta Synergy FiZk
JnisE 4% 6 MV-X 4k . >k 5 R K 2 (Monte Carlo,
MC) F 3 AT A RINE ST BOR S5 44 B EF 4
BIE R RS EHIGLE Dy (pri, 2DRT) D+ (pri, IMRT) .

2DRT : TH S & B + SiRT P12 8F , 57 5 36 Gy/
18F; THI UK A5 45 BT R G + AT VI 2T, 57 i 14 Gy/
7F 5 25 P TE 290 53 B2 T b L 45 DX Sl ) 50 /N 5
i 16~20 Gy ZAR YA &, rI AR HB 3 1Y HL AR 154 24
JAEE . IMRT < R 9 BP St i34 59 73 A1 [ o 7 BRS04
YN BT e N AN Sl SN Y s R R R L
Jritdl. I bR ES % RTOG #E4£ 1Y IMRT
ZHF (ASTRO, 2009) .
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(1) _F3RIA Y7 4% i % Elekta Synergy £k
TnE s F 5 B RS 4 31 RANDO B E #5544 (The Phan-
tom Laboratory, Salem, NY) , iL&] 1. (2) #B G &
R (TLD-100, Bicron, Solon) il & 7% il : CT 414
TR A s , 1 5 om Sk — NI 2 T, 328 3t Ay S5
L IAM60 em. TLDs Bl 4542 1 0 1A b 48 K H:
55 FF 5 em (I (3) 4l FH & FH G TLD %I — 4
KA HEAT TLD 2B, I A S 52 PR 7 R0 S o o2
K-, (4) 48 TLD 71 & .45 (Littlemore,, SCI) 32 Hi 3
VI 50 B A0 45 1E 8 2% B A9 7 34 808 50 & D (str,
2DRT) .D(str, IMRT ),
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Fig.1 Dosimetric measurement in a RANDO humanoid

verification phantom
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Tab.1 Mean equivalent doses of normal organs after 2DRT and IMRT for NPC

Organ or tissue 2DRT IMRT t value P value
GTVnx 71.89 73.99 -2.259 0.027

GTVnd 67.91 68.53 -1.106 0.272

CTV1 66.35 67.13 -0.630 0.531

CTV2 57.83 57.45 0.384 0.702

Eye 33.12 22.76 -84.723 <0.001
Thyroid gland 27.93 35.46 0.449 0.655

Parotid 59.62 32.69 303.155 <0.001
Tongue 19.60 29.01 -105.894 <0.001
Middle ear 64.38 50.27 158.851 <0.001
Mandible 59.14 50.23 100.266 <0.001
Lung 1.54 3.14 -17.983 <0.001
Esophagus 2.35 3.20 -4.646 <0.001
Liver 0.48 1.59 -18.341 <0.001
Kidney 0.37 1.12 -11.971 <0.001
Stomach 0.39 1.32 -15.366 <0.001
Colon 0.31 1.10 -12.608 <0.001
Bladder 0.11 0.27 -2.582 0.012

Skin 0.37 1.06 -11.40 <0.001
Whole body 1.79 3.38 -17.871 <0.001

Note: NPC: Nasopharyngeal carcinoma; IMRT: Intensity-modulated radiotherapy; 2DRT: Conventional two-dimensional

radiotherapy; RIM: Radiation-induced malignancy; GTV: Gross tumor volume; CTV: Clinical target volume
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HHE ICRP 2005 i i) 5 300 AU T000 22 45,
S B TR AERGR B s (Hy) S IARSE 6, S
IMRT J&97 5 A2 B A48 B RIM BE A US4 10.2%,
T H MU T 5.9%, /&5 #19 1.734%(P=0.007) .
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FEIRITIT AR S, REBURE nT A K IR A7, i
RIM [ %2 95 3R W SR B 22 38 0, EL B M 5% il 6 35 A 77
VA 1% o A EE LR 2R R LM oA Bk A2 B PR = A=
AR



55 13

IR, 5 S ARSI ORI T I TR 5 2 I 988 A A IXURS: F) B 3 A -9-
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