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Fig. 1. Final dose volume histogram
(DVH) analyzer program including
volume at dose (Vx), dose at vol-
ume (Dx), equivalent uniform dose
(EUD), normal tissue complication
probability (NTCP) and organ equi-
valent dose (OED). The reference
was displayed under each EUD,
NTCP and OED calculation panel.
Graphical user interface of devel-
oped DVH analyzer using MATLAB
software.
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Table 1. Statistical Summary for Comparison Results of Developed Program with Pinnacle Radiation Therapy Planning System

No. of calculation Min (%) Max (%) Average (%) Median (%)
Vx (Volume at dose) 50 —0.21 0.16 0.05 0.05
Dx (Dose at volume) 50 —0.11 0.15 —0.03 —0.02
Generalized EUD* 30 0.27 3.62 1.04 0.71
NTCP' 60 -1 0 —0.02 0
*equivalent uniform dose, Tnormal tissue complication probability
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— Abstract

A Dose Volume Histogram Analyzer Program for
External Beam Radiotherapy

Jin Sung Kim, Ph.D.*, Myonggeun Yoon, Ph.D.", Sung Yong Park, Ph.D.T, Jung Suk Shin, M.S.*,
Eunhyuk Shin, M.S.*, Sang-Gyu Ju, Ph.D.*, Youngyih Han, Ph.D.*, and Yong-Chan Ahn, M.D.*

*Department of Radiation Oncology, Samsung Medical Center, Sungkyunkwan University,
College of Medicine, Seoul, TProton Therapy Center, National Cancer Center, llsan, Korea

Purpose: To provide a simple research tool that may be used to analyze a dose volume histogram from different
radiation therapy planning systems for NTCP (Normal Tissue Complication Probability), OED (Organ Equivalent
Dose) and so on.

Materials and Metohds: A high—-level computing language was chosen to implement Niemierko’'s EUD,
Lyman-Kutcher-Burman model’s NTCP, and OED. The requirements for treatment planning analysis were
defined and the procedure, using a developed GUI based program, was described with figures. The calculated
data, including volume at a dose, dose at a volume, EUD, and NTCP were evaluated by a commercial radiation
therapy planning system, Pinnacle (Philips, Madison, WI, USA) for comparison.

Results: The volume at a special dose and a dose absorbed in a volume on a dose volume histogram were
successfully extracted using DVH data of several radiation planning systems. EUD, NTCP and OED were
successfully calculated using DVH data and some required parameters in the literature.

Conclusion: A simple DVH analyzer program was developed and has proven to be a useful research tool for
radiation therapy.

Key Words: Dose volume histogram, Normal tissue complication probability, Organ equivalent dose,
Software
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Appendix

Appendix A

The file directory of computer for dose volume histogram (DVH) data from pinnacle planning machine. The name of each organ
in DVH was marked as a file extension (ex. ‘PTV’ in DVH graph was marked as ‘DVHs.data. PTV’).

7. Pinnacle_D¥H Data g@g‘
-“l‘r

OFNE) mEE) 221V EAFINA) =D ZSTH)
Qv=- O 3 Pea e @
F (D) 2 W hostWShared Folderst¥ Mac XPWPinnacle_DVH Data v| gos
371 &8 ST EM
me Y = Ay _ 5B CORD MY 2008-07-08 12:25
-5 OI7IH M B Ot =9 DVHs, data, Heart 5KB HEART mp& 2008-07-08 12:27
= et =) DVHs. data, LiLung 5KB LTLUNG Op 2008-07-08 12:28
) SOE AH AN =) DV¥Hs.data.Lung 5KB LUMG mh 2008-07-08 12:28
|=) DVHs, data, PTV 5KB PTV I 2008-07-08 12:28
=) DVHs, data, RtLung 5KB RTLUNG OH 2008-07-08 12:29
JIEF AR
& #Mac XP
0 W =M
o 28 eA
9 L 2EH
& WUHEN3 22
v
B 25.8KB ® 2ES

Appendix B

Excel file format for the input of developed program. The excel file has to place labels of organ title in the first row with
accumulated dose volume histogram (DVH) format.

I:‘} B9 -o-Q)° 03_SJH - Microsoft Excel I
~ 8| x2 momaore A4 moE  FE 87 © -
= & |meag  -[(un | |[=ee|E |uw -7 | Emaeai 2 gr lﬁ
L ax -] EEEHA w-% s e Rl S
227 | S . by BB e | o BERHY
- R R a2 s I = - [ A TE - M= |
sy=c & 25 = g8 ~llmamy s Fl By
137 -0 £]
A B 3 D E F G H I

1 |dose Cont ip eso heart PTV cord Totallung
2 0128205 100 100 100 100 100 100 100
3 025641 100 100 100 100 100 100 100
4 | 0384615 100 100 100 100 100 100 100
5 | 0512821 100 100 100 100 100 97.90419 100
6 | 0.641026 100 100 100 100 100 9041916 100
7 | 0769231 100 100 100 100 100 86.82635 100
8 | 0.897436 100 100 100 100 100 8293413 100
9 | 1025641 100 100 100 100 100 79.64072 100
10 1153846 100 99.7006 100 988024 100 742515 99.87702
11 | 1282051 100 991018 100 97.90419 100 7215569 99.63105
12 1410256 991018 9850299 100 96.70659 100 70.35928 98.85583

13 | 1538462 9640719 96.70659 100 93.71257 100 67.36527 96.53017
14 1666667 94.31138 95.80838 100 9191617 100 6556886 94.92629
15 | 1794872 9221557 94.61078 100 90.11976 100 64.37126 93.19942
16 | 1923077 9011976 9371257 991018 8832335 100 6317365 9159554
17 | 2051282 8562874 91.01796 95.20958 85.02994 100 6107784 87.84241

18 | 2179487 83.53293 89.82036 9341317 85.02994 100 59.88024 86.11555
19 | 2307692 8143713 8862275 9191617 85.02994 100 5898204 84.38869
20 | 2435897 77.84431 86.22754 89.22156 8143713 100 57.18563 81.2878
21 2564103 757485 85.02994 8862275 7844311 100 56.58683 79.56094
22 | 2692308 739521 8413174 8742515 77.54491 100 5568862 7813347
23 | 2820513 7245509 83.53293 8562874 76.64671 100 54.79042 77.00541

Sheet3 %3 4 = ——
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Appendix C

Graphical user interface for calculation of volume at dose (Vx), dose at volume (Dx). (A) the program extracted volume
information using interpolation of dose volume histogram (DVH) data for ‘StudyContLung’ organ at points which were irradiated
5, 10, 20, 30, 50, 60, 70 Gy and calculated absorbed dose in 99, 98, 95, 5, 2, 1% of volume. (B) Calculation was repeated for
‘StudyLung’ organ.

Dx (%) | Dose (Gy)

0.5986
0.6906
0.8591
706183

746153
79.4659

338888z
3888883

Appendix D

Graphical user interface for equivalent uniform dose. Calculation for every organ in dose volume histogram was performed
entering total dose and number of fractions.

- 247 -



CHEHBIAFSE S ASHE| K| 2009;27(4):240 ~ 248
Appendix E

Graphical user interface for calculation of normal tissue complication probability for organs in dose volume histogram (DVH).
(A) After selecting ‘StudyLung’ organ first, ‘organ’ should be selected using pop-up menu for m, n, D50. Every parameters for
normal tissue complication probability (NTCP) calculation was listed in developed program according to references. (B) NTCP
calculation for ‘StudyLung’ organ was performed using Hayman lung model.

GetNTCP!

Appendix F

Graphical user interface for organ equivalent dose (OED) calculation, which is a risk factor for carcinogenesis. (A) Like other
calculation, OED calculation is performed by selecting organ type in Fig. 7A. (B) Three different model of OED (linear,
bell-shaped, plateau model) for ‘StudyContLung’ was calculated using given parameters.

Select Organ!
Solid tumors

OEDModel |  OED
Linear Model  15.3751

Bellshaped  1.4357
Plateau Model 3.4071

- 248 -



