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Equivalent uniform dose- based objective function for temporal lobe protection in intensity-
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Abstract: Objective To evaluate the application of equivalent uniform dose (EUD) optimization for temporal lobe protection
in intensity-modulated radiotherapy (IMRT) for nasopharyngeal carcinoma (NPC) in different stages. Methods Forty NPC patients
in T1, T2, T3, and T4 stages (10 in each stage) were randomly selected from the patients receiving IMRT in Guizhou Cancer
Hospital. The patients were divided into two groups and in group A, the plan optimization was completed by applying physical
constraints; in group B, the physical constraints for the temporal lobe were replaced by EUD constraints while the other constraints
remained identical. The dosimetric differences in the target areas, the temporal lobe and other organs-at-risk (OAR) were compared
between the two groups. Results The plans of both groups met the requirements for clinical therapy. Dosimetric comparison
showed that compared with those in group A, the patients in T1 and T2 stages in group B had 5.1% and 7.0% reductions of the
maximum dose and 9.0% and 8.7% reductions in the volume dose of 1cc of the temporal lobe, respectively, when maintaining
an identical dose limit in the target areas and OAR. No significant differences were found in temporal lobe protection in T3 and
T4 patients between the two groups. Conclusion EUD optimization to obtain the EUD achieves the overall transition of the
average dose. While maintaining a constant irradiation dose in the target areas and other OAR, EUD optimization provides better
protection of the temporal lobe than physical optimization in NPC patients in the early stages (T1 and T2), but not in patients
in advanced stages (T3 and T4). EUD optimization can reduce the complications after radiotherapy and improve the quality of
life of patients with early-stage NPC.
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Tab.1 Comparison of temporal lobe dose in different plans in patients with nasopharyngeal cancer (NPC) in different stages (cGy)

Temporal lobe-Diux

Temporal lobe-Duean

Stage P value P value
Physical group EUD group Physical group EUD group

T1 6 314+396 5994+187 0.019 1495+187 1137277 0.017

T2 6 748+276 6 282+376 0.034 15794367 12594361 0.011

T3 7 109+474 7 097+507 0.160 1 626+352 1512+324 0.360

T4 7 747+560 7 544+573 0.190 2 579+325 2 262+406 0.027

EUD: Equivalent uniform dose
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PTV: Planning target volume; PCTV: Planning clinical target volume;
PGTV: Planning gross target volume
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Fig.1 Dose—volume histogram of the temporal lobe between EUD

and physical optimizations for NPC
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Tab.2 Dosimetric comparison of the temporal lobe volume

between EUD and physical optimizations for NPC (cGy)

Stage Physical group-Di.. EUD group-Di.. P value

T1 4 838+491 4 403+236 0.021
T2 5 682+361 5 189+253 0.027
T3 5966+522 5 863+529 0.350
T4 6 910+620 6 560+882 0.150

3 BRETREITXIENFZETIEALER(cGy)
Tab.3 Comparison of organs—at-risk dose between EUD and

physical optimization for NPC (cGy)

Organs-at-risk dose EUD group Physical group P value
Spinal cord-Dix 3 870+405 3 886+410 0.36
Brain stem-D 5100+£600 5200+620 0.45
Optic nerve-Di 4 800+400 4700+350 0.64
Optic chiasm-D,.x 5200+200 5 150+300 0.53
Lens-Dia 600+160 650+150 0.28
Eyes-Dua 3400+300 3200+500 0.87

34 ig

Su A5G & B TLN 5 Do SR T2 VI A C
M I Dy<64 Gy 5 D1.<52 Gy I, 23 & 4 TLN;
M D,u>64 Gy 5% Di>52 Gy B}, 3 - 52 HE 1) 42 g
HAI 1 Gy, TLN &A= 353 5134 0 2.6% F1 2.5% ; 2435
M D,>70 Gy 8% D\>60 Gy i}, TLN & 4= 3% # it
10% . 30 & F HR AT 2 B O i 22 AN (e R
SRR [RRRE BE SRR . BRI T JS , TLN )
KA Z G T B SR A UGR i OC, BEE OT 7
HEAHE N, KA TLN BYFER AR SR ZEHaE |
BT IRERAETRN AR SC A S I AT e B ) K Tt %



5 B, S TSR SO0 Y bR RSO SR A RIS T TR ) D4 - 475 -

F > B N 65.85 Gy, Daen 73 5L 15 N 15.42 Gy,
TLN [ & A= 53R 55 80 11 5 K 37 751 32 ] Do 1 8235
A ST, BRAFIFFUH Dy 1 Donean A F] TU820> TLN )X
W AHIEST 2B EUD Ak BE 55 vk /b B mir i L 1 A
H (TU/T2) 8 Do 2 Dinean » RE#S B 7 H LR AP35, ik
/DTN RS o XFRI 1 ce (RRRAZ BRI, T1 . T2 &
F EUD 417 MR FI 2 L PHAH 52 P AR, e fa 1 2%
B A2 BRI P A AR X R XA Ty R R R —
SERYAS ], H EUD Ak % £ 0 937 1o 300 £ 2% (T3/T4)
BRI AR BA P RS, N SR b
P73 DT S - (4 G B 0 28 Pt

[ &% k]

[1] #A R, R &, AR, F . WBAHDEF (M. LT RT Ak
Ak, 1999: 538-543.

HU Y M, ZHANG H Z, DAIJ R, et al. Radiation oncology physics
[M]. Beijing: Atomic Energy Press, 1999: 538-543.

[2] BRAGG C M, CONWAY J. Dosimetric verification of the anisotropic
analytical algorithm for radiotherapy treatment planning| J ]. Radiother
Oncol, 2006, 81(3): 315-323.

[3] R, SR A2 BA G 7 RHARLT] TRES
B, 2005, 11(2): 9-11.

HU Y M, DAI J R. Three dimensional dose calculation model and
optimization of treatment [J]. China Medical Device Information,
2005, 11(2): 9-11.

[4] ZHU J, SIMON A, HAIGRON P, et al. The benefit of using bladder
sub-volume equivalent uniform dose constraints in prostate intensity-
modulated radiotherapy planning|[ J |. Oncotargets Ther, 2016, 9: 7537-
7544.

[5] wer, &, AU . P B X 0 R BRI B A R )
FGAR N [T]. M E 2 &, 2002, 24(5): 471-473.

TIAN Y, GUO Z R, ZHU M F. Radiation encephalopathy in
nasopharyngeal carcinoma patients in mainland China: a systematic
evaluation[ J ]. Chinese Journal of Oncology, 2002, 24(5): 471-473.

[6] BAUM C, AIRKNER M, NUSSLIN F. Treatment simulation
approaches for the estimation of the distribution uncertain[J]. Phys
Med Boil, 2004, 49(24): 5475-5488.

[7] HSIAO K Y, YEH S A, CHANG C C, et al. Cognitive function
before and after intensity- modulated radiation therapy in patients
with nasopharyngeal carcinoma: a prospective study [J]. Int J
Radiat Oncol Biol Phys, 2010, 77(3): 722-726.

[8] Midk, H =, shEA . Motk M AAT R[], P aeip 2
E 4 &, 2016, 15(9): 965-968.

CHEN W, YUE J L, LIN Z C. Recent advance in brain network in

temporal lobe epilepsy[ J]. Chinese Journal of Neuromedicine, 2016,
15(9): 965-968.

[9] TANGY, LUO D, RONG X, et al. Psychological disorders, cognitive
dysfunction and quality of life in nasopharyngeal carcinoma patients
with radiation-induced brain injury[ J]. PLoS One, 2012, 7(6): €36529.

[10] EBERT M A. Viability of the EUD and TCP concepts as reliable dose
indicators[ J]. Phys Med Biol, 2000, 45(2): 441-457.

[11] MIFTEN M M, DAS S K, SU M, et al. Incorporation of functional
imaging data in the evaluation of dose distributions using the
generalized concept of equivalent uniform dose[J]. Phys Med Biol,
2004, 49(9): 1711-1721.

[12]SU S F, HUANG Y, XIAO W W, et al. Clinical and dosimetric
characteristics of temporal lobe injury following intensity modulated
radiotherapy of nasopharyngeal carcinoma|J]. Radiother Oncol, 2012,
104(3): 312-316.

[13] LEE A W, FOO W, CHAPPELL R, et al. Effect of time, dose, and
fractionation on temporal lobe necrosis following radiotherapy for
nasopharyngeal carcinomal J ]. Int J Radiat Oncol Biol Phys, 1998, 40
(1): 35-42.

[14] THOMAS E, CHAPET O, KESSLER M L, et al. Benefit of using
biologic parameters (EUD and NTCP) in IMRT optimization for
treatment of intrahepatic tumors [J]. Int J Radiat Oncol Biol Phys,
2005, 62(2): 571-578.

[15] QIU W, MOHAN R, NIEMIERKO A. IMRT optimization based on
the generalized equivalent uniform dose[ C]. International Conference
of the IEEE Engineering in Medicine & Biology Society, 2000, 1: 710-
713.

[16] X Z3, FRSUF, 302, 4. Sl iR ik aE RS 97 6 Bt i

B AR A B E oA T]. b s 2 &, 2014, 21(23): 1897-

1901.

WU Y S, CHEN W F, GUO L, et al. Risk factors associated with

temporal lobe necrosis in patients with nasopharyngeal carcinoma

after intensity modulated radiation therapy [J]. Chinese Journal of

Cancer Prevention and Treatment, 2014, 21(23): 1897-1901.

R, BB R, TR FBIEIF %7 Few AT Bt A 2

i [J] FEESHES R E, 2012,29(1): 3111-3113.

WENG X R, CHEN E L, WANG Y H. Temporal lobe's dosimetric

comparison with intensity modulated radiation therapy and routine

—
—_
~

[l

radiotherapy in nasopharyngeal carcinoma|[J]. Chinese Journal of
Medical Physics, 2012, 29(1): 3111-3113.

(18] s A, Mk, . SRBIARAT S50 AR BT ikt
RERR GG PR AP AE R [J]. P 43053 I 9 5 26 &, 2006, 15(6): 484-488.
YUE WY, DAI J R, GAO L. Intensity-modulated radiation therapy for
nasopharyngeal carcinoma parotid sparing with equivalent uniform
dose optimization[J]. Chinese Journal of Radiation Oncology, 2006,
15(6): 484-488.

(%453 1)



