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Optimization results of biological equivalent uniform dose in intensity modulated radiotherapy

HU Hai-qin1,2, ZHANG Huai-wen2, QIU Xiao-ping1

1. College of Nuclear Science and Technology, University of South China, Hengyang 421001, China; 2. Centre of Radiotherapy, Jiangxi

Cancer Hospital, Nanchang 330029, China

Toprovide a better experience for theoptimization of intensity modulated radiotherapy (IMRT) plan

design by investigating the protective effect of biological equivalent uniform dose optimization algorithm on the normal

tissue in IMRT. Patients respectively with nasopharyngeal cancer, esophageal cancer and rectal cancer were

randomly selected, 20 patients of each. Two plans were respectively designed for each patient to undergo the intensity

modulated optimization. The condition limit of biological equivalent uniform dose (EUD) optimization for organs at risk

was considered in Plan-EUD group, while the traditional physical optimization was conducted in Plan-noEUD group. The

dose limitations of normal tissue in the two plans were statistically analyzed and compared. After the optimization,

the mean dose, average V30, and average normal tissue complication probability (NTCP) of parotid gland in Plan- EUD

group were respectively 2737 cGy, 39.5%, 0.29, while those in Plan-noEUD group were respectively 3087 cGy, 46.2%, 0.38.

The comparative results showed the mean dose, average V30, and average NTCP of Plan-EUD group respectively decreased

by 350 cGy, 6.7%, 0.09. Biological EUD optimization had a better protective effect on parotid gland. Biological

EUD optimizationalgorithm greatly increases the edge dose of target volume, improves the conformal index and

homogeneity index of target volume, and significantly decreases the dose of normal tissue, creating a better protection for

normal tissue.
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Item

Spinal cord (mean/cGy)

Brain stem (mean/cGy)

Left parotid (mean/cGy)

Right parotid (mean/cGy)

Left TMJ (mean/cGy)

Right TMJ (mean/cGy)

105% dose target volume(CC)

95% dose target volume(CC)

Minimum target dose (cGy)

Plan-
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2300

2725

2750

2540

2620

169

95

6750

Plan-

noEUD
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3054
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2860

205

13

6590

P value

0.046

0.024

0.032

0.028

0.048

0.039

0.029

0.021

0.039

Note: EUD: Equivalent uniform dose; TMJ: Temporo mandibular

joint
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0.039

33



Plan-EUD 95%

105%

Plan-noEUD

Plan_EUD

Plan_noEUD P<0.05

3

EUD

95% 105%

EUD

EUD

EUD
13-14

15

EUD EUD

EUD

EUD

IMRT

V30

3

EUD

EUD

a<0

DVH

EUD

EUD 16

17

1 , , , .

J . , 2015, 22(12): 964-968.

ZHANG H W, DENG Y J, DING S G, et al. Dosimetric

comparison of two common intensity modulated radiotherapy for

left breast cancer receiving post-mastectomy J . Chinese Journal

of Cancer Prevention and Control, 2015, 22(12): 964-968.

2 , , , .

J . , 2015, 32(2): 290-293.

DAI X K, YANG F W, DU L, et al. Application of equivalent

uniform dose in intensity-modulated therapy plan optimization for

cervical cancer J . Chinese Journal of Medical Physics, 2015, 32

(2): 290-293.

3 , , .

J , 2006, 15: 484-488.

LE W Y, DAI J R, GAO L. Protective effect of equivalent dose

optimization method for nasopharyngeal carcinoma with intensity

modulated radiation therapy J . Chinese Journal of Radiation

Oncology, 2006, 15: 484-488.

4 , , , . -

J . 2011, 24(3):

157-164.

YI J L, GAO L, XU G Z, et al. The outline of the target area of

nasopharyngeal carcinoma intensity modulated radiation therapy-a

summary of the experience of the Chinese Academy of Medical

Sciences J . Tumor Prevention and Treatment, 2011, 24(3): 157-

164.

5 , , . J .

, 2005, 11: 13-16.

YANG R J, DAI J R, HU Y M. Optimization of the intensity

modulated radiation therapy J . China Medical Device

Information, 2005, 11: 13-16.

6 NIEMIERKO A. Reporting and analyzing dose distribution: a

concept of equivalent uniform dose J . Med Phys, 1997, 24: 103-

110.

7 NIEMIERKO A. A generalized concept of equivalent uniform dose

(EUD) J . Med Phys, 1999, 26: 1100.

8 EMMA T, OLIVIER C, MARC L K. Benefit of using biologic

parameters (EUD and NTCP) in IMRT optimization for treatement

Item

Bladder (mean/cGy)

Left femoral head (mean/cGy)

Right femoral head (mean/cGy)

>105% dose target volume(CC)

95% dose target volume(CC)

Minimum target dose (cGy)

Plan-EUD

4097

2090

2111

7.6

5.9

5695

Plan-

noEUD

4400

2582

2683

10.3

8.9

5750

P

value

0.042

0.033

0.046

0.019

0.038

0.490

2



of intrahepatic tumors J . Int J Radiat Oncol Biol Phys, 2005, 62:

571-578.

9 . M //.

. , 1999: 487-526.

HU Y M. Three dimensional dose calculation model and

optimization of treatment plan M .Tumor radiation physics.

Beijing: Atomic Energy Press, 1999: 487-526.

10 WU Q, MOHAN R, NIEMIERKO A, et al. Optimization of

intensity modulated radiotherapy plans based on the equivalent

uniform dose J . Int Radiat Oncol Biol Phys, 2002, 52: 224-235.

11 THIEKS C, BORTFELD T NIEMEIERKOA, et al. Form physical

dose constraints to equivalent uniform dose constraints in inverse

radiotherapy planning J . Med Phys, 2003, 30: 2332-2339.

12 , , .

J . , 2013, 25:

472-474.

ZHAO Y L, CHU K Y, WU J T. Study on the equivalent uniform

dose optimization method for the protection of the organs in the

plan of tumor intensity modulated radiotherapy J . Tumor

Research and Clinic, 2013, 25: 472-474.

13 , , , .

J . , 2011, 28: 2601-2608.

YAO S Y, CHEN X M, HU Z K, et al. Effect of equivalent

uniform dose optimization method on improving the uniformity of

target region J . Chinese Journal of Medical Physics, 2011, 28:

2601-2608.

14 MOYED M M, SHIVA K D. Incorporation of functional imaging

data in the equivalent of dose distributions using the generalized

concept of equivalent of uniform dose J . Phys Med Biol, 2004,

49: 1711-1721.

15 , . J .

, 2006, 13: 10-13.

WANG X, HE S Q. Biological problems in the face of accurate

radiotherapy J . Chinese Journal of Cancer Prevention and

Control, 2006, 13: 10-13.

16 GRENMER- SARGISON G, ZAVOGORODNI S. EUD- based

radiotherapy treatment plan equivalent: incorporating physical and

Monte Carlo statistical dose uncertainties J . Phys Med Biol,

2005,50: 4097-4109.

17 ALLEN LX, WANG J Z. Dose escalation in permanent brachy-therapy

for prostate cancer: dosemetric and biological considerations J . Phys

Med Biol, 2003, 48: 2753-2765.

( 161 )

6 HAGIHIRA S, TAKASHINA M, MORI T, et al. Practical issues in

bispectral analysis of electroencephalographic signals J . Anesth

Analg, 2001, 93(4): 966-970.

7 JOHANSEN J W, SEBEL P S. Development and clinical

application of electroencephalographic bispectrum monitoring J .

Anesthesiology, 2000, 93(5): 1336-1344.

8 MORIMOTO Y, HAGIHIRA S, KOIZUMI Y, et al. The

relationship between bispectral index and electroencephalographic

parameters during isoflurane anesthesia[J]. Anesth Analg, 2004, 98

(5): 1336-1340.

9 . J . 2005 6 5-10.

YU B W. Anesthesia depth monitoring progress J . China Medical

Devices Information, 2005(6): 5-10.

10 , J

2009 1 211-215.

GUAN F Y, LI Z Y. Depth of anesthesia monitoring technology

J . Journal of Biomedical Engineering, 2009(1): 211-215.

11 - , M 2

2003.

HU G S. Digital signal processing theory, algorithms and

implementation M . 2nd ed. Beijing: Tsinghua University Press,

2003.

33


