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1'AD�A�%�A�FA���EF��A���	��AD����A����4D����������	��A���%�A�����!FA��E��C�

�

�
 E!	�EA�����./�C�)B����B�'F�)	�B��F�B���D�B��

�

AAB�B AE�C��������DC	E��	�DE����	���	�����F�	E�	�������"��C��	

1A�� ���A�	�� FA�� ��	����	A�� FA� �����D� FA�� �EF��A�� ED�� ���� �FAD�� ��A�� �����D�� �A� �������� FA�

�	���A�%��D�AC�.E�	��D�����AD��iA�A����A����A��E����A��EF��A��ED��F�	�A�������A�	�F��-)�.��A���C�	A�

	A�	��AD��A���	��DA� ED���ED�F��ADF�D��FA�����A�	��FA��A����	����	A��A��FA������D����ED��FA��'M�=�

F������AD��P�

� ),,( iii vdparametersFNTCP = � ,��C��"/

1�� �E�!�	���A�%��D�A�L� A��� ��E	�� �������A� ��	� �'AD�A�%�A�F'�DA�%��A�FA�FEDD�A��FA�����AD��C� .E�	�

�����A�����AD��iA��A�����A�	��FA�FE�A�diA�A���A���E���A�����E�����vi��ED��������FA��'M�=�F�  �	AD��A�C��A��
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����E�	���A�F�  �	AD��A��A����	����%�A�AD��DE	�������FA��A��A� �RED���A�����E��A�FA��vi��E�������A�?�

�� A�� ��A� �A�� diA� ��	��� F�����ED� ��	� ��� FE�A� �������A� Di� ?� �'E	��DA� �ED��F�	�A� ��AD�� �DA� ���A�	�

�������A��	E��A�FA��C�-E�ED��dij�A��vij��A������AD���FA���A��A�	��di�A��viA�EY�j�	A�	��AD�A��'�DF��A�FA����

�����A�FA� �'M�=�F�  �	AD��A��F������AD�� iC���D�� �'������ED���!FA��E��A�Ri\����� �A�����AD��i�����%��FA� ���

�E�������A��Ri\8���DEDC�L�A�����E	��F� �D����	�P�

� ( ) ( ) ( )( )� −
−+=
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Ri

i

Ri

i ppvdParametersL
1

1loglog,, � ,��C��$/

1'E%*A��� �A���FED��FA��	E��A	��A�����A�	��FA����	����	A���E�	��A���A��A��������A�	�FA�L�A�����D����AC�

.E�	� �A�  ��	AA� FA�� ����EFA�� F'E���������EDA� F��A�E���A�� AD� �:)1:3� � ,)�A� ����ZE	Q�A� BD�C/� A��

F��	��A����!FA��E��A�ED�������������A�C�

AAB#B 5��D�������	E%D���������DC	

B�� 4� FA��� �	�DFA��  �����A�� F'���E	����A�� F'E���������ED�P� �A�� ���E	����A�� F��A	��D���A�� A�� �A��

���E	����A����E��������A�C�

1A�� ���E	����A�� F��A	��D���A�� DA� 	A�E�AD�� ���� ��	� �'���������ED� FA� ��	��%�A�� �����E�	A�C� .����A�	��

A������ED��F'�DA��C�A�����EFAA�?���	��	�F'�DA��D����������ED��FAD����AA� E�	D�	ED��FED���E�*E�	���A�

�C�A� 	�������C� .�	��� �A�� ����EFA�� �A� �	E��AD�� DE����AD�� �A�� ����EFA�� F�� �����A�A� ,DA�

D��A�����D������FA��������FA�F�	���A�/A�F���	�F�AD��E��F���	�F�AD���ED*�����,	A�E��D����	��A��F�	���A��

��	��A��A�� F'E	F	A� �A� �������A�� �D��4����A�AD�� E�� D���	���A�AD�/A� FA� -A]�EDA� E�� �����!-A]�ED�

,	A�E��D�� ��	� �'A�������ED� FA�� F�	���A�� ��	��A��A�� F�� �A�EDF� E	F	A/C� �A�� ����EFA�� ED�� �E��A�

��	����	������A��F'C�	A�	���FA�������������FA�	����A	�FA��ED�A	�A	��A	���D���D������E���C�5��A���ED��

�F����A��?�FA���	E%���A��EY���� ED���ED�?���D����A	�A����ED�A�AC�

1�� ����EFA� F�� �����A�AA� �	E�E��A� ��	� JAE	�A� ��D�S��� AD� �0"+A�  ���� ��	��A� FA� �A�� ����EFA��

F��A	��D���A�C� 5D� ��%���D�AA� A��A� 	A�E�A� ��	� ��� �ED��F�	���ED� F'�D� �����A�AA� �'A��!?!F�	A� F'�D�

�E�4�F	A� FA� N+1� �E��A��� �E�	� �D� A����A� FA� 	A��A	��A� FA� F��AD��ED� N� ,�D� �	��D��A� AD� ��

F��AD��ED�A��DA��4	���FA�AD���F��AD��ED�A�A��C/C�:������A�����A�FA����	A��A	��AA��D�DE��A����E�D��

A����ED��F�	��F�D��E�������%E	F��F�������A�AC�1�����A�	�FA���� ED���ED�AD��A��E�D��A����E���	�A�?�

�A��A� FA�� �E��A��� F�� �����A�A� A�A� ��D�	��A�AD�A� �D� FA�� �E��A��� A��� 	A������� ��	� �A� DE��A���

�E�D�C�6D�DE��A��������A�A�A�����D���E%�AD�C��A��	E�A�����A��� ���	�� *����'?��A���A� �A�F�����	A�F��

�����A�A��E����D �	�A�	�?��DA��E��	�D�A�FEDD�AC��A��A����	E��A���DE����AD���E��A����D���A�FA�DA�

���� D��A����A	� �A� ������� FA�� F�	���A�� FA� ���  ED���ED� E%*A��� C� .�	� �ED�	AA� ���D�� FEDD�A� ��� D���	A�

F��A	��D���AA�A��A�A����AD��%�A�?��ED��D����������ED�F�D���A�����EY���� ED���ED�E%*A��� �D'A��������ED�A�AC�

:�D��A��E�	��DA��C�A� ED���ED�E%*A��� �DED��ED�A�AA�FA��E���������ED���D��������A��F�  �	A��AD��DA�

�ED�A	�A	ED������ E	���AD���A	���A��C�A�	�������C��

1�� ED���ED�?���D����A	��E�	��FAD�� �A	��A�����A�	��FA����	����	A��FA���EF��A��-)�.�A������ ED���ED�

FA� �E�!�	���A�%��D�AA� ��	� ����A��A� ��� D'4� �� ���� F'EF ���A��� ��'A��A� �E��� �ED�A�AC� 1'���������ED� FA��

����EFA��F'E���������ED�F��A	��D���A�FE���FED��C�	A��	�FAD�AC�6DA�A���	�AD�A��������AD�A��E�	�

�����A	� ��� D���	A� �ED�A�A� FA� ���  ED���ED� FA� �E�!�	���A�%��D�AC� 1A�� FEDD�A�� �ED��F�	�A��

�E		A��EDFAD��?� ��� �E������� 	A����A�FA��	�FA�����	�A�	�E�������?��A���A���D�������FA�$��D�� ,�����FA��

F��������A	ED��FEDD���F�D���A�������	A�BBB/C�

)E���F'�%E	FA� �������EFA�F�������A�A�������A������A�F���  E�����A��FA�� �D����������ED�����A���EDD�A��

�����E�	A�AD�C�1A���%�A������ED�	A��A�	��������FA��F���E���������ED�C��

�

�



� �"

)�$8,�/�,J4/� D� �� 1E�!�	���A�%��D�A� �A����F'A������ED�,�/�

++C0+8"�� 8C8�8��+� 8C��0+� ���C���+� $C�<<�

++C0+8"�� 8C8�8��<� 8C��0+8�� ���C���+� +C;$;�

++C0+8"<� 8C8�8��+� 8C��0+8�� ���C���+� $C"<$�

++C0+8"$� 8C8�8��+� 8C��0+� ���C���+� ;C<"��

++C0+8"<� 8C8�8��+� 8C��0+8�� ���C���+� ;C�0��

++C0+8"�� 8C8�8��<� 8C��0+8�� ���C���+� +C�80�

++C0+8"+� 8C8�8��+� 8C��0+8�� ���C���+� ;C+8��

;+C8""0$� 8C0�$�"�� 8C88�0$<� �;0C8000� �C�0+�

��C<<080� 8C�8�+;$� 8C�0<+��� 0�+C8��<� �C$8$$�

++C0+8""� 8C8�8��<� 8C��0+8�� ���C���+� $C8�;�

 E!	�EA�����0EDE')CD�B�����C�(��B��FAD�	��'F�)	��+,-��C�&E	�ADB�(��E	�B����	E�(F��C�F��F!1��C�(�E�D)B��2�����AC�F�B����	E�'�C�F����A�

B�'�	�����

�

�A���	��������ED��FA� �������EFA�,���<���A�A�� ���0���A/�	�����AD��AD�FA�����A�	��F�  �	AD�A��FA�����	A��

E���������ED�C��A����DF���A��DA�DED!�ED�A�����FA���� ED���ED�E%*A��� A�A��DE����AD������	��AD�A�F'�D�

��D������E�������D��A���FA�����A�	���ED��F�	�A����E�	��A����	����	A�C�.E�	�������	A	��A�����A��A� ���

���A�	� F�� ��	����	A� n� �� ����  ���A� ?� 8C8�� ,���A�	� �FAD�� ��A� ��	� �'E���������ED/� A�� �A�� FA��� ���	A��

��	����	A�A�TD50(1)�A��m�ED�������EF� ��A��FA� �RED�?�%���4A	��A�	�����A�FA���	����EDA��E��A�������	��

��!FA��E��C��A��A� ���	A�BBC���ED�	A���AA����������A�	���D����A�FA�����E�!�	���A�%��D�A��E		A��EDF�?�

�DA�	���ED��	�������AA�FA����D�����E�����D'����	����AD��FA� �RED����FAD�A�P�

�
������������3E	�AD����	E�	F��&DE�B�'!	E�����FAD���((�D��C�B�&E	�ADB����TD50(1)��C�'4�E&����52�2����

�

1�� ���	A�BBC��������	A��A��	E ���FA��E�!�	���A�%��D�A�,	A����ED�AD�	A�������A�	�F'�D���	����	A�A������E�!

�	���A�%��D�A/�F����	����	A�m����E�	�FA� ������A�	��E		A��EDF�D��?�TD50(1)=78.06 A� n=0.02C�5��A�

�ED�	A���'�D���D������E����A����	��AD�����D��A���FA�����A�	��FA m �	E��A��FA�8. 
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����������������������� � ��,�/��������������������������������������������� � � � ���,%/�

��������"���0DF(�	����	F��&DE�B�'!	E�����		ABCDE�C�	E��D�B������6A��'���'A'�	F�E	�7�	E�(��AD���!��'F�CD��A��8FF'�BAD�	E�8F�������D�	������

�E���

�

B�� A��� FED�� �E���%�A� FA� �ED���	A� ��A� ��� �E�!�	���A�%��D�A� A��� DED!�ED�A�AC� 1A�� ���E	����A��

��E��������A��ED��FED�������	����������F�D���A�	A��A�FA��A��	������FA� �RED�?�����	A	��DA��ED�A	�AD�A�

�����D�������E%��C��A�ADF�D�A��ED��F�	�D���A����D�FA��A����F'�DA�E���������ED�FA��4�A������A�AA�

�A��A!����A���C�	A��������A�AD� ��� 	A��DR�D��?���	��	�FA�F�  �	AD�A�� �D����������ED��FA�  �RED�?�����	A	� ���

���A���ED�F����D�������E%��C��A����A	�A���������DA���	� �����ED��	E���A�FA��	���������E%�AD��C�

1A�����E	����A��F'E���������ED���E��������A�	A�E�AD����	��'���������ED�FA���	��%�A�������E�	A��F�D���A�

�	E�A������C�A�F'E���������ED�FA� �RED�?�DA�����	A��A	�%�E�����F�D��FA����D�����E����C��'�D��E�D��

FA� ��A� ����������AA� �	A���A� �E��� �A�� ���E	����A�� ��E��������A�� �A��AD�� C�	A� �ED�A	�AD��C� 1A��

����EFA��FA�	A������������E���A�����E	����A����D�����A���ED��FA��A�A���A��FA��A�����E	����A�C�B���

ED���DA�%EDDA�	E%���A��A�A���ED���	������������AD��	���A�AD��F�����D���A��FA��'����A�A��AD��D�A����AD�A�

�	�� ���A��AC��

1������EFA�F��	A������������A����DA�����EFA�F'E���������ED��	E%�%�����A���D�	���A��F����A�?�FA��

�	E%���A��FA� �E��������ED�F'�DA�%EDDA����	E������ED�FA� �'E���������E%���F'�DA�  ED���ED�FEDD�A�

F�D���D�A����A�FA�	A��A	��A���	�AC�1A�DE��FA��A��A�����EFA���AD��FA��������EFA�F��	A������������A�

AD� �������	��AA� ���� 	A�E�A� ��	� FA�� ����A�� FA� ����  ��A� A�� FA� 	A 	E�F���A�AD�� �ED�	B��A�� F'�D�

����	����� �D�F'����AD�A	� ��� �����A�FA� �A�� �	�������A��FA� 	�F��	A� �A��F� ����C�.�	� �D��E��A� ��A�� �A�

�	E�A�������4����AA�?������A����	���ED�FA��'E���������EDA�����E����ED��E�	�D�A�A���	A������A���	��DA�

�E����ED� �����E�	A� ,��E���A� �����D�� �DA� F���	�%���ED� FA� ��DF�F���A� ��D�	��A�AD�� �ED��	���A� ��	�

�'����D����EDD��A�FA��E����ED���	E��A��FA�����E����ED�����A��A/C�1��DE��A��A��E����ED�A�����E	�����A���A�

��A���DA��	E%�%����������F��ADF�?� ���  E���FA� ���F�  �	AD�A�AD�	A� �A�� ���A�	�� �E		A��EDF�D�A��FA� ���

 ED���ED� ?� E������A	� A�� F'�D� ��	����	A� ��E%��� T ,���A��� ��� �A���	���	A/A� ���� A��� 	�F���A�

�	�F�A��A�AD�� ��� �E�	��FA� �'E���������EDC�:�D��A� ��� ���A���ED�FA� ���DE��A��A� �E����ED�A���������AD��

�����E�	A����DF�������A�	�FA�T�A�����A��AA�������A�	���	E��A�FA�����A���A�	A��E����ED�,�E��A��E�	�

�'���E	����A�FA�FA��AD�A/��E	���A�T��		��A�?�0C�

1'���E	����A���D�����A�A������D��?������DA�����EFA�FA�	A��A	��A�������A	��A�?�����A	��A��	E�A�����

F'��E����ED�D���	A��AC�B������	��AD��?���� �����A��������	�A�FA�����E	����A����E����EDD��	A�C�1'��E����ED�

�E��AD�A� ��D�	��A�AD�� ��	� �DA� �E������ED� F'�DF���F��� ��D�	��� �����E�	A�AD�C� :� �����A�

��D�	���EDA� �'�F������ED� FA� �����A� �DF���F�� ��A�� ��� �E������ED� A��� ������A� A�� �D� AD�A�%�A�

F'�DF���F��� A��� ���A���EDD�� �����E�	A�AD�� ,�����D�� �A�	� �F������ED/� A�� �EF� ��A� ,�����D�� FA��

	A�E�%�D���ED��A����AD��A��A�AD���FA��������ED�������E�	A�/��E�	� E	�A	��DA�DE��A��A��E������EDC�

1��DE��A��A��E������ED�A�����E	���������A�?� �'���	���ED������D�A�FA� �'���E	����AC�1'���E	����A��'�		C�A�
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��D�	��A�AD�� �E	���'�D� DE�%	A� �������� FA� ��D�	���ED�� �� ���� �	EF���A� E�� ��'�D� �	���	A�

F'�E�E��D�����FA�����E������ED����������A�D�C�

�A��FA�������EFA��ED�������������A��F��� E�����	��A���C�A��FEDD�A����A���!FA����A�� �D�FA��E���	A	�

�A�	�� ��	����	������A�C� 1A� ��%�A������ED�	A� �A�� 	���������E%�AD��C� 1������EFA�FA� 	A����� �������A���

������ED�E����	��A�FA��A����FA��������A���A��A������D���'�D����������EDA��ED�A	�A	��A	���D���D�����

�E���C�1'���E	����A���D�����A�A��������	���FA�A��E%��AD��FA��	��������������	A�	EF����%�A�C�
�
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Purpose: To analyze acute esophagitis (AE) in a Chinese population receiving 3D conformal radiotherapy

(3DCRT) for non-small cell lung cancer (NSCLC), combined or not with chemotherapy (CT), using the

Lyman–Kutcher–Burman (LKB) normal tissue complication probability (NTCP) model.

Materials and methods: 157 Chinese patients (pts) presented with NSCLC received 3DCRT: alone (34 pts)

or combined with sequential CT (59 pts) (group 1) or with concomitant CT (64 pts) (group 2). Parameters

(TD50, n, and m) of the LKB NTCP model predicting for > grade 2 AE (RTOG grading) were identified using

maximum likelihood analysis. Univariate and multivariate analyses using a binary regression logistic

model were performed to identify patient, tumor and dosimetric predictors of AE.

Results: Grade 2 or 3 AE occurred in 24% and 52% of pts in group 1 and 2, respectively (p < 0.001). For the

93 group 1 pts, the fitted LKB model parameters were: m = 0.15, n = 0.29 and TD50 = 46 Gy. For the 64

group 2 pts, the parameters were: m = 0.42, n = 0.09 and TD50 = 36 Gy. In multivariate analysis, the only

significant predictors of AE were: NTCP (p < 0.001) and V50, as continuous variable (RR = 1.03, p = 0.03) or

being more than a threshold value of 11% (RR = 3.6, p = 0.009).

Conclusions: A LKB NTCP model has been established to predict AE in a Chinese population, receiving tho-

racic RT, alone or combined with CT. The parameters of the models appear slightly different than the pre-

vious one described in Western countries, with a lower volume effect for Chinese patients.

Ó 2010 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 97 (2010) 449–454

Acute radiation-induced esophagitis (AE) is a dose-limiting

complication for lung cancer irradiation. The major clinical fea-

tures of AE include dysphagia, odynophagia, and substernal pain

[1]. Indeed, several studies show that the interruption of treatment

due to AE and, therefore, prolonged treatment duration decreased

survival of patients irradiated for lung cancer [2–4]. In this context,

the prevention of severe AE may have a direct impact on tumor

control and survival. The prediction of such AE toxicity appears

crucial.

There are very few data allowing predicting AE in case of tho-

racic irradiation, combined or not with chemotherapy (CT), mainly

in Asia where genetic and/or environmental factors may also af-

fect this toxicity. Our recent preliminary analysis shows that con-

current chemo-radiotherapy (CRT), lymphatic status and V55 (the

relative percentage of esophageal volume receivingP 55 Gy)

were strong predictors of grade 2 or worse AE in NSCLC [5]. A

number of models have historically been used for estimating the

dose–volume dependence of normal tissue toxicity in three-

dimensional radiotherapy (RT) [6–8]. The Lyman model assumes

a sigmoid relationship between the dose of a uniform radiation

in a sub-volume of the organ at risk and the risk of a complication

occurring [7]. The Kutcher–Burman (KB) transformation allows

reducing the dose–volume histogram (DVH) in an effective vol-

ume (Veff) in order to use the Lyman normal tissue complication

probability (NTCP) model [9]. If the NTCP model has been widely

tested in clinic, the ability of such model to predict toxicity has

been nevertheless relatively disappointing, probably because of

the poor quality of the data used to estimate the parameters.

However, relationship between dose–volume histogram (DVH)

and toxicity has been much better established in the last few

years, making more efficient NTCP models in their toxicity predic-

tion [10]. This is explained in particular by a more rigorous meth-

odology for reporting the side effects and for the delineation of

the organs at risk and also by the development of sophisticated

radiotherapy techniques. Literature describing the dose–volume

effects relationship for normal tissues has become more abundant,

as illustrated by the ‘‘Quantitative Analysis of Normal Tissue Ef-

fects in the Clinic’’ (QUANTEC) [11] and recent literature reviews

[12].

0167-8140/$ - see front matter Ó 2010 Elsevier Ireland Ltd. All rights reserved.
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The purpose of this study was to use the Lyman–Kutcher–Bur-

man (LKB) NTCP normal to predict AE in Chinese patients receiving

three-dimensional conformal radiotherapy, combined or not with

CT, for non-small-cell lung cancer (NSCLC).

Materials and methods

Patient characteristics

The study included 157 patients having received 3D conformal

radiotherapy for NSCLC in the Radiation Department of the Shan-

dong Cancer Hospital and Institute between January 2002 and Sep-

tember 2006. Ethics committee approval was obtained and all

patients were given informed consent according to the current

revision of the Helsinki Declaration. The data were retrospectively

collected and analyzed. Patient and tumor characteristics are sum-

marized in Table 1.

Treatment

The treatment consisted of RT, combined or not with chemo-

therapy: RT alone for 34 patients (22%), sequential chemo-radio-

therapy (sequential CRT) for 59 patients (37%), concurrent

chemo-radiotherapy (CRT) for 11 patients (7%) and both sequential

and concurrent CRT for 53 patients (34%). Group 1 corresponds to

the 93 patients who did not receive concomitant CRT and group 2

to the 64 patients who received concomitant CRT. Chemotherapy

regimens for patients treated with concurrent CRT are presented

in Table 2.

All the 157 patients underwent 3D-conformal radiotherapy.

Vacuum bags were used to improve reproducibility during daily

treatments. Five millimeter thick CT scan slices were obtained

from the lower end of the cricoid cartilage to the lower edge of

the liver. The CT images were directly transmitted to the 3D plan-

ning system (Pinnacle3 Treatment Planning System, Philips Medi-

cal Systems). Gross tumor volume (GTV) encompassed all

detectable tumors, including primary mass and metastatic regional

lymph nodes observed on CT scans. Planning target volume (PTV)

included GTV and 5–15 mm margins for lymph nodes, 10–20 mm

for primary tumor. The prescription dose had to cover at least

95% of the PTV volume. Dose distribution was calculated with tis-

sue heterogeneity correction. Radiotherapy was delivered with lin-

ear accelerators using 6-MV or 15-MV X-rays. Treatment

techniques typically included anterior-posterior beams followed

by oblique beams excluding the spinal cord. Most plans employed

4–6 fields. Active Breathing Coordinator (ABC) technique was used

for 36 patients (23%). Electronic Portal Imaging Device (EPID) was

used for 65 patients (41%) to verify and correct the set-up of the

patient, using large orthogonal fields (18 cm � 18 cm) with 18

monitor units. For 22 patients (14%), Cone-beam CT (CBCT) images

were used to correct setup position before the first three treat-

ments and once a week after that.

Two RT fractionations were used. RT was delivered either by a

standard fractionation (1.8–2 Gy/fraction; 5 fractions/week) for

129 patients (82%), including 80 patients (51%) receiving sequen-

tial CRT and 49 patients (31%) concurrent CRT or by a Late-course

hyperfractionation (LHFRT) was used for the other 28 patients,

including 13 patients (8%) receiving sequential CRT and 15 patients

(10%) concurrent CRT. In the conventional fractionation scheme

group, fractional doses were: 1.8 Gy for 15 patients, 1.9 Gy for 10

patients and 2.0 Gy for 104 patients. In the LHFRT group, patients

experienced a treatment course of 36–40 Gy in 20 fractions in

4 weeks. This sequence was followed by a b.i.d. RT (2 daily frac-

tions of 1.2 Gy, 5 days a week, with a 6-h minimal interval between

2 fractions). The median total tumor dose was 61 Gy, ranging from

40 to 76.5 Gy.

Esophagus DVH parameters

The same physician contoured the external wall of esophagus,

from the inferior border of the cricoid cartilage to the gastroesoph-

ageal junction. Normal esophagus DVHs were obtained for all 157

patients. When fractionation was different from 2 Gy/fraction, the

physical dose was converted into biologic effective dose (BED)

using the linear-quadratic (LQ) cell survival model, with a a/b ratio

of 10 Gy [13,14]. The median BED to the PTV was, therefore,

73.5 Gy, ranging from 45.7 to 89.3 Gy.

Because uniform dose–volume distributions are required in the

Lyman NTCP model, the Kutcher and Burman DVH reduction

scheme was used [9]. The non-uniform DVH was reduced for each

patient to a uniform one with an effective volume (Veff) and a dose

equal to the maximum dose to the organ. Veff corresponded, there-

fore, to the esophagus volume, which, if irradiated uniformly to the

maximum dose, would be associated with the same complication

probability than the non-uniform actually delivered dose.

Scoring of acute radiation-induced esophagitis (AE)

The patients were examined once a week by the radiation

oncologist during their radiation treatment. At baseline and during

the irradiation treatment, the patient’s weight was measured

weekly. After completion of radiotherapy, patients were followed

every month for the first 3 months and every 3 months thereafter.

AE, assessed by a review of the referring physicians’ notes, was

graded using the Radiation Therapy Oncology Group (RTOG) and

European Organization for Research and Treatment (EORTC) of

Cancer toxicity grading scale (Table 3).

Lyman NTCP model

Data were fit to the empiric Lyman NTCP model which describes

the probability of a complication after uniform radiation of a frac-

tional volume of normal tissue (m) to a dose (D), assuming a sig-

moid dose–response relationship, as follows [15]:

NTCP ¼ UðtÞ ¼ 1
ffiffiffiffiffiffiffi

2p
p

Z t

ÿ1
exp

ÿx2

2

� �

dx

where

t ¼ ðDÿ TD50ðmÞÞ=ðm � TD50ðmÞÞ

TD50(m) represents the tolerances doses associated with a 50% risk

of complications for a uniform partial esophageal irradiation.

Table 1

Patient and tumor characteristics.

Characteristics Number of patients n = 157 (%)

Gender

Male 123 (78)

Female 34 (22)

Age (median, range) 61 years (26–78)

Karnofsky Performance score

(median, range)

90% (60–100)

Histology

Squamous cell carcinoma 92 (59)

Adenocarcinoma 60 (38)

Adeno-squamous carcinoma 5 (3)

Stage

I 17 (11)

II 8 (5)

IIIA 59 (38)

IIIB 55 (35)

IV 18 (11)
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TD50(m) is related to the whole esophagus (m = 1) tolerance through

the power law relationship:

TD50ðmÞ ¼ TD50ð1Þmÿn

TD50(1) represents the tolerance of the whole organ to irradiation,

m characterizes the steepness of the dose response at TD50(1), and

n represents the volume effect, which relates the tolerance doses

of a uniform whole organ irradiation to a uniform partial organ irra-

diation. When n is near 1, the volume effect is large and when it is

near 0, the volume effect is small.

Normal esophageal DVH and the occurrence or lack of occur-

rence of AE from the 157 patients comprised the input data for

the determination of the LKB model parameters, using a maximal

likelihood analysis. The NTCP model parameters TD50(1), m and n

were adjusted to maximize the probability of predicting complica-

tions for those patients who experienced complications and mini-

mize the probability of predicting no complications for those

patients who were complication free.

For each patient i, let the vectors di and mi be the normalized

dose–volume histogram, when the components of mi summed to

1 and the components of di were divided by the uniform dose Di,

so that the largest component of di equals, or is very close to 1.

Let the components of di and mi be dij and mij, respectively, where

‘‘j’’ represents the number of dose–volume bins for each patient’s

DVH (range of j approximately 50–150). Let Ri = 1 if the patient i

experienced AE and Ri = 0 otherwise. Using the LKB NTCP model,

the effective volume (Veff) of the esophagus is

V effi ¼
X

j

v ijd
1=n
ij

where n represents the volume effect parameter relating the toler-

ance dose of uniform whole organ irradiation to uniform partial or-

gan irradiation[16]. The dose associated with a 50% risk of

complication (D50i), related to Veff for patient i is then as follows:

D50i ¼ TD50ð1Þ � Vÿn
effi

A probit model was assumed for the probability of AE of patient

i:

pi ¼ piðm; n; TD50ð1Þ; Di; di; v iÞ ¼ U
Di ÿ D50i

m � D50i

� �

The log-likelihood for the entire data set,

Lðm; n; TD50ð1ÞÞ ¼
X

i

ðlogðpiÞRi þ logð1ÿ piÞ1ÿRiÞ

was then maximized over all feasible values of TD50(1), m and n

using Quasi–Newton and line-search algorithm implemented in

Matlab software (The MathWorks, Inc.) [17].

The uncertainty in the fitted parameters was assessed by the

profile likelihood method. We varied each parameter separately

around its optimum value and determined the lower and upper

bound value of the parameter at which the natural log of the like-

lihood function dropped by 3.84/2. The parameter value was varied

while the likelihood function was maximized with the two other

parameters. The value of 3.84 corresponds to a confidence level

of 95% with 1 degree of freedom for a v2 distribution [18]. To study

the goodness of NTCP fit, v2 and p values were calculated. The devi-

ance of a given set of parameters has an approximate v2 distribu-

tion, where values closer to 0 indicate a significant lack of fit. [16].

Function ‘‘lillietest’’ from software ‘‘Matlab’’ was also used to test

the goodness of fit to a normal distribution.

Because our preliminary multivariate analysis showed that con-

current CRT was a strong predictor of grade 2 or worse AE [5], the

patients were divided into two groups, having received (group 2)

or not concurrent CRT (group 1), to identify the parameters

(TD50, n, and m) of the LKB NTCP model.

Univariate and multivariate analyses

Patients experiencing grade 2 or higher esophagitis were

counted as events. Patient and tumor analyzed parameters were:

age, gender, Karnofsky Performance score, T stage and localization

of the tumor (right, left, mediastinum). Therapeutic factors ana-

lyzed included: chemotherapy given either sequentially or con-

comitantly to radiotherapy, total dose of radiotherapy,

fractionation (LHFRT), esophagus maximum dose, mean dose,

V15–V60 (for the percentage of esophageal volumes receiving P15

to P60 Gy), and the NTCP values.

When studying the univariate association between AE and sev-

eral clinical or therapeutic factors, a v2 test was used to compare

the frequencies. A Mann–Whitney U test and univariate binary lo-

gistic regression were used to analyze the impact of continuous

variables on this toxicity. Multivariate analysis was performed

using the forward stepwise procedure of the binary logistic regres-

sion model containing all statistically significant variables in uni-

variate analysis (p 6 0.05). Receiver operating characteristic

(ROC) curves have been used to identify discriminate threshold.

Results

Among the 157 patients, 35 patients (22%) developed Grade 2

AE and 20 patients (13%) grade 3 AE. No grade 4 or 5 AE were,

therefore, observed. Grade 2 or 3 AE was reported in 24% of group

1 patients (receiving RT alone or sequential CRT) and in 52% of

group 2 patients (RT combined with concomitant chemotherapy).

Using the maximum likelihood method, significant LKB NTCP

model parameters predicting forP grade 2 AE have been identified

for each group of treatment, receiving (group 2) or not (group 1)

concurrent CRT. They are shown in Table 4. The NTCP curves of

the two groups of treatment are presented in Fig. 1. NTCP values

for the group 2 patients were strongly increased by concurrent

CRT. Fig. 2 represents the predicted and observed NTCP values

for AE in the 93 group 1 patients (who did not receive concomitant

CRT), using the identified LKB NTCP model parameters (m = 0.15,

n = 0.29, TD50 = 46 Gy and Veff = 0.24). Seven observation points

were calculated from patients grouped with different dose thresh-

olds and distributed around the NTCP curve. Both the two methods

(v2 and ‘‘lillietest’’ function) to estimate results indicated that

these 7 observations followed normal distribution and the fitted

parameters described the NTCP results (v2 = 5.61 and p < 0.1).

Univariate analysis shows a significant impact of the following

parameters on grade 2 or 3 AE: chemotherapy (given either con-

comitantly or sequentially), late-course hyperfractionation, mean

and maximum dose in the esophagus, V15, V20, V25, V30, . . ., V60

and NTCP values (Table 5). Using a ROC analysis, V50 being < or

P11% increased dramatically the risk of toxicity (RR = 8.1 (95%

CI: 3.5–18.8), p < 0.001). In multivariate analysis, the only signifi-

cant factors of AE were: NTCP (p < 0.001) and V50, as continuous

variable (RR = 1.03 (95% CI: 1.01–1.6), p = 0.035) or being more

than a threshold value of 11% as (RR = 3.6 (95% CI: 1.4–9.6),

p = 0.009).

Discussion

Radiotherapy is an important part of the comprehensive ther-

apy of NSCLC. A meta-analysis reported that 64% of all NSCLC cases

require radiotherapy, with 46% as their initial treatment [19]. AE is

a common dose-limiting complication in lung cancer radiotherapy.

Therefore, prediction of AE is an issue at the treatment planning

time to limit treatment interruption and therefore improve local

control. DVH and NTCP models have been therefore tested in this

objective. However, uncertainties are presented in NTCP models

and some authors have challenged their utility [20]. Thus, clinical
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studies are strongly needed to confirm the ability of NTCP model to

predict toxicity. In this study, we were able to identify parameters

of the NTCP model predicting AE in 3DCRT for NSCLC. If the univar-

iate analysis shows a high number of significant dosimetric predic-

tors of toxicity, NTCP values and V50 remain the only significant

predicting factors of this toxicity, demonstrating the interest of

the NTCP model. Indeed, the use of this model in our daily practice

allows comparing different radiation planning for a given patient

and chose therefore the most appropriate patient to minimize

AE. In addition, NTCP model can also be used at the inverse optimi-

zation step in case of intensity modulated RT (IMRT).

We confirmed the results of our preliminary study demonstrat-

ing that concurrent CRT increases dramatically (by >100%) the

riskP grade 2 AE [5]. This result has also been reported in several

other studies [21–28]. Based on this finding, we divided our series

of 157 patients into two groups and fitted their NTCP model

parameters, respectively. Fig. 1 shows that concurrent CRT pro-

vides much more AE risk than that without concurrent CRT reflect-

ing the proper toxicity and the radio-sensitization effect of such

drugs on esophageal mucosa. For patients without concurrent

CRT, almost no AE appears when dose 6 40 Gy is distributed uni-

formly on esophagus. However, for the group with concurrent

CRT, AE appears at a low dose of radiotherapy. Rodriguez et al. also

reported that lung cancer patients receiving concurrent CRT expe-

rienced esophagitis grade 2 after only a total dose of 20 Gy

[29].Several studies have shown that concurrent hyperfractionated

CRT increases the incidence of AE. Bradly et al. reported a rate of

34% ofP grade 3 with concurrent hyperfractionated CRT [22]. This

rate was only 6% for patients treated with induction chemotherapy

and standard RT and only 1.3% in patients receiving concurrent CRT

and sequential CRT. The three-arm phase RTOG 94-10 III trial ad-

dressed both the critical issue of chemo-radiation sequencing

and hyperfractionation in non-operable advanced NSCLC. The inci-

dence of grade 3 to 4 esophageal toxicity was significantly higher

in both concurrent once-daily (25%) and hyperfractionated (47%)

arms, compared with the sequential arm (4%) [30].

Table 4

Estimation of the LKB model parameters by treatment group (RT with or without concurrent CT) for acute esophagitis.

Treatment group Total nb of patients Nb of patients experiencedP grade 2 AE (%) m (95% CI) n (95% CI) TD50 (Gy) (95% CI)

RT without concomitant CT (group 1) 93 22 (24) 0.15

(0.08–0.32)

0.29

(0.20–0.41)

46

(42–50)

RT with concomitant CT (group 2) 64 33 (52) 0.42

(0.36–0.56)

0.09

(0.07–0.63)

36

(34–56)

LKB model: Lyman Kutcher and Burman model, nb: number, RT: radiotherapy, CT: chemotherapy, AE: acute radiation-induced esophagitis (RTOG).

Fig. 1. NTCP curves of two treatment groups of patients (receiving or not

concomitant chemo-radiotherapy) for acute esophagitis. NTCP: normal tissue

complication probability model; RT: 3D conformal radiotherapy only; Seq CRT’:

sequential chemo-radiotherapy; Con CRT: concurrent chemo-radiotherapy.

Fig. 2. Predicted and observed NTCP for acute esophagitis in the group 2 (no

concomitant chemo-radiotherapy) with the following LKB model parameters:

m = 0.15, n = 0.29, TD50 = 46 Gy and Veff = 0.24. NTCP: normal tissue complication

probability model; LKB model: Lyman Kutcher and Burman model, con CRT:

concurrent chemo-radiotherapy.

Table 5

Prognostic value of therapeutic factors associated with acute esophagitis (AE) in

univariate analysis.

Parameters E < grade 2 AEP grade 2 p value

Sequential CRTa No 36 10 0.025

Yes 66 45

Concurrent CRTa No 71 22 <0.001

Yes 31 33

LHFRTa No 90 39 0.007

Yes 12 16

Total dose (Gy) (mean, SD) 59.9 ± 8.2 61.8 ± 5.9 0.169

Dmax (Gy) (mean, SD) 54.2 ± 18.2 66.3 ± 10.7 0.001

Dmean (Gy) (mean, SD) 18.0 ± 11.6 27.1 ± 11.8 0.001

V15 39.7 ± 22.0 52.6 ± 18.1 0.001

V20 34.2 ± 21.6 48.4 ± 19.0 <0.001

V25 29.0 ± 21.2 44.2 ± 19.5 <0.001

V30 25.1 ± 20.9 41.5 ± 20.1 <0.001

V35 22.3 ± 20.4 38.7 ± 20.0 <0.001

V40 19.7 ± 19.0 36.1 ± 19.8 <0.001

V45 16.3 ± 17.9 33.3 ± 20.2 <0.001

V50 14.4 ± 17.0 30.8 ± 19.9 <0.001

V55 12.0 ± 15.7 27.7 ± 19.0 <0.001

V60 9.0 ± 13.8 21.5 ± 16.3 <0.001

NTCP (mean, standard deviation) 0.29 ± 0.29 0.71 ± 0.23 <0.001

LHFRT: Late-course hyperfractionation, Vx: corresponds to the mean value of the

volume of esophagus (in%) receiving more than a given ‘‘x’’ dose ± standard

deviation.
a Number of patients.
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The primary objective of the present study was to evaluate the

ability of the LKB NTCP model to describe radiation-induced acute

esophagitis following lung tumor irradiation, by determining up-

dated model parameters. To our knowledge, this is the first study

providing specific values of the parametersm, n, TD50 for AE in Chi-

nese population (m = 0.15, n = 0.29, TD50 = 46 Gy). Fig. 3 allows the

comparison from the literature of different NTCP for AE in case of

radiotherapy alone or combined with sequential CT: the original

LKB model estimated by Burman et al. from the US in 1991

(m = 0.11, n = 0.06, TD50 = 68 Gy) [31], the model estimated by Bel-

derbos et al. from Netherland in 2005 (m = 0.36, n = 0.69,

TD50 = 47 Gy) [21], the model estimated by Chapet et al. from the

US in 2005 (m = 0.32, n = 0.44, TD50 = 51 Gy) [32] and finally our

model. The solid curve representing our model has almost the

same sigmoid aspect as Burman’s curve. Most complications of

these two groups appeared at 45–95 Gy. However, Burman curve

lies entirely to the right of the solid one likely, because Burman re-

ported parameters for clinical structure/perforation, which consti-

tutes a grade 4 event according to the RTOG scale.

The value of ‘m’ found in the current study (=0.15) for AE is

lower than the values found by Belderbos et al. (=0.36) and Chapet

et al. (=0.32). Following the definition of ‘‘m’’, complications in our

current study could be expected to appear in a relatively narrow

range of dose around TD50 (or alternately, that the distribution of

complications versus dose for uniform partial volume esophagus

irradiation in a population of patients would have a narrow

spread). Our clinical experience also shows that chemotherapy of-

ten induces the complications that appear concentrically at a nar-

row prescription dose area.

The low value ‘‘n’’ (=0.06) found by Burman indicates a serial

tissue model for late esophagitis. The ‘‘n’’ value of 0.29 obtained

in our series indicates a stronger volume effect for acute esophagi-

tis than for late esophageal toxicity. However, the ‘‘n’’ value calcu-

lated for acute esophagitis by Belderbos et al. (=0.69) and Chapet

et al. (=0.44) appears even superior to our value. Moreover, the re-

sults presented either in Table 6 of our previous publication [5] or

found in this paper demonstrate that the volume of esophagus irra-

diated in the 40–60 Gy dose range was significantly larger for pa-

tients experiencing higher grade acute esophageal complications

(grade 2–3 vs. grade 0–1). It is also interesting to note that the

same difference was found by Chapet et al., however much smal-

ler[32]. These results suggest a lower volume effect for Chinese pa-

tients. According to this conclusion, radiation oncology physician

and physicist in China, or even in Asia, may pay attention to high

doses on small esophageal volumes or even hot spots for patients

with NSCLC.

The ‘‘TD50’’ value for acute esophagitis in the current study

(=46 Gy) appears relatively comparable with the other values pub-

lished by Belderbos et al. (=47 Gy) and Chapet et al. (=51 Gy), in

accordance with clinical symptoms observed during treatment.

According to our clinical experience, complications often appear

during the third or fourth week of treatment while patients, at

doses corresponding to 24–28 Gy. Suzuki et al. [33] also show that

77% patients began to present esophageal symptoms after

30.2 ± 3 Gy of radiation, analyzing a series 65 cases of radiation

esophagitis occurring in the treatment for lung cancer. This conclu-

sion may suggest a lower radiation dose tolerance of esophagus ap-

pears in Chinese population.

Fig. 4 presents NTCP curves for different effective volumes (Veff).

It predicts that NTCP value will be smaller than 5% even when dose

less than 35 Gy is delivered on the whole esophageal volume

(Veff = 1), while NTCP value will raise significantly at large effective

volumes when dose increases more than 35 Gy. As the same dose is

delivered to partial esophageal tissue, different Veff will predict

much different NTCP values. Even for the small effective volume

(Veff = 0.1) irradiation, if dose on esophagus is high enough

(>60 Gy), NTCP will also increase sharply, which suggest a small

volume effect for AE in NSCLC. Usually, relative percentage of

esophageal volume like V20, V35, V45, V50, V60 has been found to pre-

dict the risk of AE [1,22–24]. Fig. 4 also shows that irradiated effec-

tive volumes would play a key role when predicting AE at a given

prescription dose.

Literature and clinical experiences show different characteris-

tics in esophageal carcinoma between Asian and Western patients

[5,21,34,35]. Indeed, for the Asian patients esophageal carcinoma

often appear at the superior-middle segments of the esophagus

and are mostly squamous cell carcinoma. For the Western patients,

they are more frequently located at the lower segment of the

esophagus and are mostly adenocarcinoma. By extrapolation of

this different natural history of esophagus carcinoma, AE may be

different between these two populations due to ethnic diversity

or different eating habits, explaining different NTCP parameters.

Such conclusions and our results must, however, be moderated

by several limitations in our study: the limited number of patients,

the heterogeneity of the treatment and the retrospective collection

of the data. These limitations may impact on the accuracy of the

values of our NTCP parameters, keeping nevertheless the fact that

our NTCP model predicts significantly AE in multivariate analysis.

In conclusion, we identified a NTCP model to predict AE in case

of thoracic irradiation, combined or not with chemotherapy, in a

Chinese population. However, if AE is clearly related to the dose

distribution, other clinical risk factors and patient genetic factors

may also affect this AE and need to be clarified in further prospec-

tive studies.
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CRPC by patient subgroups (ClinicalTrials.gov; NCT00286091; Sponsored
by Amgen Inc).
Methods: Men with non-metastatic CRPC at high-risk for bone metastasis
(PSA value ¾8.0 ng/mL and/or PSA doubling time ¶10.0 months) were
randomized 1:1 to receive either monthly subcutaneous denosumab
120mg or placebo. Calcium and vitamin D supplements were encouraged.
Enrollment began February 2006; primary analysis cut-off was July 2010,
when >660 men had bone metastasis or died. The primary endpoint was
time to first bone metastasis or death from any cause, i.e. bone metastasis-
free survival. Here we assessed time to bone metastasis-free survival by
patient subgroup including baseline PSA risk group (a) dual risk factors:
PSA ¾8.0 ng/mL + PSA doubling time ¶10.0 months vs (b) single risk
factor: PSA <8.0 ng/mL + ¶10.0 months or ¾8.0 ng/mL + >10.0 months,
Gleason score (2−7 or 8−10), age (<75 years old or ¾75 years), ethnicity
(white or other), and geographic location (North America, Europe, or rest
of world).
Results: 1432 men were enrolled; 716 in each arm. Denosumab
significantly increased median bone metastasis-free survival by 4.2 months
compared with placebo (29.5 and 25.2 months, respectively; Hazard Ratio
[HR] 0.85 [0.73–0.98], P = 0.03). This benefit on bone metastasis-free
survival was consistently observed among all patient subgroups (range
of HRs 0.79–0.95). Denosumab also delayed time to symptomatic bone
metastasis (0.67 [0.49–0.92]; P = 0.01). Primary results including efficacy
and safety have been presented previously (Smith et al, AUA 2011).
Conclusion: Denosumab significantly prolonged bone metastasis-free
survival compared with placebo among all men, with consistent results
observed among subgroups of disease and demographic variables. This
is the first large, clinical trial to demonstrate that targeting of the bone
microenvironment significantly delays onset of bone metastases.

7004 ORAL

Pain Outcomes in a Randomized Phase 3 Clinical Trial of Denosumab
Vs Zoledronic Acid (ZA) in Patients With Solid Tumours and Bone
Metastases

L. Fallowfield1, R. von Moos2, D. Patrick3, C.S. Cleeland4, D.H. Henry5,

V. Hirsh6, K. Zarogoulidis7, W. Ying8, Z. Cong9, H. Yeh10. 1University of

Sussex, Cancer Research UK, Brighton, United Kingdom; 2Kantonsspital

Graubünden, Oncology, Chur, Switzerland; 3University of Washington,

Health Services, Seattle, USA; 4University of Texas, Symptom Research

Division of Internal Medicine, Texas, USA; 5Pennsylvania Hospital, Joan

Karnell Cancer Center, Philadelphia, USA; 6McGill University Health

Centre, Oncology, Montreal, Canada; 7 Aristotle University of Thessaloniki
G. Papanikolaou Hospital, Pulmonary Department, Thessaloniki, Greece;
8Amgen Inc., Biostatistics, Thousand Oaks, USA; 9Amgen Inc., Health

Economics, Thousand Oaks, USA; 10Amgen Inc., Clinical Research,
Thousand Oaks, USA

Background: Bone metastases in patients with advanced cancer
commonly cause pain and can lead to skeletal-related events (SREs).
Denosumab is a fully human monoclonal antibody against RANK Ligand
that delayed or prevented SREs more effectively than ZA in patients with
solid tumours and bone metastases in a randomized phase 3 clinical trial
(Henry D et al, J Clin Oncol. 2010. Abstr 9133). We present here the
pain outcomes for patients with solid tumours. Patients with breast or
prostate tumours were not enrolled in the trial (sponsored by Amgen Inc.,
ClinicalTrials.gov identifier NCT00330759).
Methods: Eligible patients received 120mg of denosumab SC or 4mg
of ZA IV every 4 weeks in a randomized, multinational, double-blind,
double-dummy trial. Patient-reported pain was assessed with the Brief Pain
Inventory (0: no pain-10: pain as bad as can be imagined) at baseline (BL),
day 8, and before each monthly visit. Analgesic use was assessed by
the 8-point Analgesic Quantification Algorithm (AQA). Analyses included
time to moderate/severe pain (>4 points), proportion of patients with
no/mild pain (0−4) at BL reporting moderate/severe pain by visit, time to
clinically significant worsening of pain (¾2-point increase from BL), time to
clinically significant improvement in pain (¾2 point decrease from BL), and
proportion of patients shifting from no or low analgesic use (AQA¶ 2) at
BL to strong opioid use (AQA¾ 3) by visit.
Results: At BL, mean worst pain scores were 4.9 points (SD=2.8) for
the denosumab group (N = 799) and 5.2 points (SD=2.9) for the ZA group
(N = 797). Patients with no/mild pain at BL (n = 596) experienced a delay
in median time to moderate/severe pain with denosumab treatment (144
days) compared with ZA treatment (112 days) (HR 0.81, CI: 0.66−1.0,
P = 0.0499). The proportion of patients with no/mild pain at BL reporting
moderate/severe pain on study was lower at each visit with denosumab
treatment than with ZA treatment. Denosumab-treated patients also
experienced a delay in clinically significant worsening of pain compared
with ZA-treated patients (median: denosumab 143 days, ZA 119 days;
HR 0.86, CI: 0.74–0.99, P = 0.0392). The time to clinically significant

improvement in pain was similar between treatment groups. Compared
with ZA, a lower proportion of patients receiving denosumab shifted from
low or no analgesic use to strong opioid use at each visit.
Conclusion: In patients with solid tumours, denosumab delayed the time
to increased pain severity compared with ZA. Also, a lower proportion of
patients receiving denosumab required increased analgesic use over time.
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PSA Measurement at the Fifth Week of Radiotherapy Is an
Independent Predictor of Failure in Intermediate Risk Prostate
Cancer Patients

R. de Crevoisier1, T. Messai2, P. Wibault2, A. Bridier2, P. Blanchard2,
J.D. Ospina3, M. Bakkour2, A. Bossi2. 1Centre Eugène Marquis

INSERM642, Ille et vilaine, Rennes, France; 2Gustave-Roussy, Ile de

France, Villejuif, France; 3 INSERM 642, Ile et Vilaine, Rennes, France

Background: The objective was to identify early predictor of recurrence
during exclusive radiotherapy for intermediate risk prostate cancer patients.
Material and Methods: A total of 240 patients of median age 71
years (range: 50−83 years) received exclusive external beam radiotherapy
(EBRT) for intermediate prognostic group prostate cancer (D’Amico
classification). T stages were: stage 1 (45%) and stage 2 (55%). Gleason
scores were: scores ¶6 (57%) and score 7 (43%). Mean pre-treatment
PSA (PSA0) value was 11 ng (range: 1.4−20). All the patients received a
total dose of 70 Gy in 7 weeks, either in 2.0 Gy/fraction, 5 fr/week (n = 53) or
2.5 Gy/fr, 2.0 Gy/ week (n = 187). PSA was also measured at the fifth week
after treatment started (PSA5). Cox regression and log-rank test were used
to analyze the impact of the following variables on biochemical failure (BF:
nadir + 2 ng/ml) and clinical failure (CF) (metastases): T stage, Gleason
score, PSA0, PSA5, PSA ratio (PSA5/PSA0) and dose/fraction.
Results: Median follow-up was: 58 months (range: 6–235). Five year BF
and CF rates were 28% (95%CI: 23%-33%) and 5.5% (95%CI: 2%-9%
), respectively. Median PSA5 was 8 ng (range: 0.8−30) and median PSA
ratio was 0.72 (range: 0.14−3.7).
In univariate analysis, PSA5 was found significant on BF (p < 0.01; odds
ratio =1.13). Neither the PSA0, PSA ratio as continuous variable, T stage,
the Gleason score and the dose/fr were found as predictors for BF. PSA
ratio >0.8 increased significantly the risk of BF(p = 0.01; odds ratio =2.0).
In multivariate analysis, PSA ratio >0.8 remained the only predictor of BF
(p = 0.03; odds ratio =2.3).
As there are only 13 events of CF, multivariate analysis was not feasible.
In univariate analysis, neither the PSA0, PSA ratio as continuous variable,
T stage nor the Gleason score were found as predictors for CF. However,
PSA5 (p = 0.01; odds ratio =1.13) as well as PSA ratio >0.8 had a significant
impact on CF (logrank test: p = 0.04).

Conclusions: PSA measured at 5th week of radiotherapy and PSA ratio
(PSA5/PSA0) can be use as simple early predictor of recurrence among
intermediate risk prostate cancer patients receiving exclusive radiotherapy.
“Bad responders“ (PSA ratio >0.8) could receive “intensified” treatment like
androgen deprivation combined with high dose radiotherapy.
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Predictive Models of Rectum Toxicity in Prostate Cancer
Radiotherapy

R. De Crevoisier1, J. Zhu2, J.D. Ospina2, E. Le Prisé3, A. Bossi4,

T. Messai4, K. Gnep3, V. Beckendorf5, F. Polet5, A. Simon2. 1Centre
Eugène Marquis Inserm U642, Département de Radiothérapie,

Rennes, France; 2 Inserm U642, Laboratoire Traitement du Signal et

de l’Image, Rennes, France; 3Centre Eugène Marquis, Département de

Radiothérapie, Rennes, France; 4 Institut Gustave Roussy, Département

de Radiothérapie, Villejuif, France; 5Centre Alexis Vautrin, Département
de Radiothérapie, Nancy, France

Background: In case of prostate 3D conformal radiotherapy (3DCRT): - To
identify patients and treatment predictors of rectal toxicity; - To compare the
performance of different Normal Tissue Complication Probability (NTCP)
models for predicting rectal toxicity.
Materials and Methods: A total of 439 patients (pts) received 3DCRT
for localized prostate cancer to a median total dose of 78 Gy (range:
70 to 80Gy), 2 Gy/fraction. Pts were selected based on the availabilityof
dose-volume histograms (DVH). Median age was 67 years (45−78).
History of abdominal or pelvic surgery, anticoagulant therapy (ACT) and
diabetes were observed in 30%, 15% and 6% of pts, respectively. Tumour
prognostic groups (D’Amico classification) were: good (7%),medium (65%)
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and bad (28%). The data were collected prospectively for 42% of patients.
Rectal toxicity was analyzed according to the SOMALENT classification
(>Grade 2) and rectal bleeding (at least once episode) at 2, 3, 4 and 5
years. The effects of pts characteristics, DVH (including mean dose) and
NTCP models on rectal toxicity at the different follow-ups were assessed
using logistic regression (univariate and multivariate analysis). A total of
6 NTCP models were tested: Lyman Kutcher Burman (LKB), logit EUD,
Poisson EUD, Kallman, Schultheiss and Parallel models. The parameters
of the models were identified using the MATLAB Genetic Algorithm Toolbox
and constrained optimization. The performance for predicting toxicity of the
models was performed using Efron’s pseudo R squared.
Results: Median follow-up was 60 months (range: 6 to 154). Two-, 3-,
4- and 5-year grade >2 toxicity rates were: 15%, 21%, 25% and 30%,
respectively. Two-, 3-, 4- and 5-year rectal bleeding rates were: 21%,
28%, 32% and 38%, respectively. Univariate analysis shown following
parameters as significant predictor of 4-year grade >2 toxicity: total
prescription dose, V71 to V73 and maximal rectal dose. In multivariate
analysis, the remaining factors were total dose, V72 and V73. The table
shows the parameters of the NTCP models. The NTCP models which
probability values are significantly related with bladder toxicities are:
LKB, Logit EUD and Poisson EUD models. The model having the better
predictive capability is Poisson EUD model.
Conclusions: Both, some DVH parameters and three NTCP models
(Poisson EUD model being the most predictive) are useful to assess rectal
toxicity and could be used as constrains in IMRT planning.

Table: NTCP of 4 Year rectal toxicity (grade ¾2)

Model TD50 (Gy) Volume Effective Factor Slope Factor Log-Likelihood
(p value)

LKB 79.14 n=0.0025 m=0.2705 159.05
(0.0022)

LogitEUD 80.57 n=0.0063 k = 9.5959 159.08
(0.0022)

PoissonEUD 81.50 n=0.0063 g=2.1618 158.95
(0.0018)
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Predictive Models of Bladder Toxicity in Prostate Cancer
Radiotherapy

J. Zhu1, A. Simon2, J.D. Ospina2, E. Le Prisé3, A. Bossi4, C. Chira3,

K. Gnep3, V. Beckendorf5, V. Polet5, R. De Crevoisier6. 1Southeast
University, Laboratory of Image Science and Technology, Nanjing,

China; 2 INSERM U642, Laboratoire Traitement du Signal et de

l’Image, Rennes, France; 3Centre Eugène Marquis, Département de

Radiothérapie, Rennes, France; 4 Institut Gustave Roussy, Département

de Radiothérapie, Villejuif, France; 5Centre Alexis Vautrin, Département

de Radiothérapie, Nancy, France; 6Centre Eugène Marquis INSERM
U642, Département de Radiothérapie, Rennes, France

Background: In case of prostate 3D conformal radiotherapy (3DCRT), the
objectives were:
– To identify patients and treatment predictors of bladder toxicity;
– To compare the performance of different Normal Tissue Complication
Probability (NTCP) models for predicting bladder toxicity.

Materials and Methods: A total of 436 patients (pts) received 3DCRT
for localized prostate cancer to a median total dose of 78 Gy (range:
70 to 80Gy), 2 Gy/fraction. Pts were selected based on the availability
of dose-volume histogram (DVH). Median age was 67 years (45−78).
History of abdominal or pelvic surgery, anticoagulant therapy (ACT) and
diabetes were observed in 30%, 15% and 6% of pts, respectively. Tumour
prognostic groups (D’Amico classification) were: good (7%), medium (65%)
and bad (28%). The data were collected prospectively for 42% of patients.
Bladder toxicity was analyzed according to the SOMALENT classification
(¾ Grade 2) and bladder bleeding (at least once episode) at 2, 3, 4 and 5
years. The effects of pts characteristics, DVH (including mean dose) and
NTCP models on bladder toxicity at the different follow-ups were assessed
using logistic regression (univariate and multivariate analysis). A total of
6 NTCP models were tested: Lyman Kutcher Burman (LKB), logit EUD,
Poisson EUD, Kallman, Schultheiss and Parallel models. The parameters
of the models were using the MATLAB Genetic Algorithm Toolbox and
constrained optimization. The performance for predicting toxicity of the
models was performed using Efron’s pseudo R squared.
Results: Median follow-up was 60 months (range: 6 to 154). Two-, 3-,
4- and 5-year grade ¾2 toxicity rates were: 15%, 19%, 24% and 30%,
respectively. Two-, 3-, 4- and 5-year bladder bleeding rates were: 6%,
9%, 11% and 16%, respectively. Univariate analysis shown following
parameters as significant predictor of 4-year grade ¾2 toxicity: diabetes,
total prescription dose and maximal bladder dose (none of the DVH values).
In multivariate analysis, the remaining factor was the total dose. The table
shows the parameters of the significant NTCP models.

The NTCP models which probability values are significantly related with
rectal toxicities are: LKB, Logit EUD, Poisson EUD and Schultheiss models.
The model having the better predictive capability is LKB model.
Conclusions: NTCP models (LKB model being the most predictive) are
useful to assess bladder toxicity and could be used as constrains in IMRT
planning.

NTCP of 4 Year bladder toxicity (grade ¾2)

Model TD50 (Gy) Volume Effective Factor Slope Factor Log-Likelihood
(p value)

LKB 80.56 n=0.0920 m=0.3641 158.12
(0.0038)

LogitEUD 81.00 n=0.0431 k = 7.6206 157.91
(0.0049)

PoissonEUD 82.19 n=0.0409 g=1.7510 157.88
(0.0045)

Schultheiss 71.38 − k = 8.2548 160.69
(0.0089)
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Twenty-four-month Safety Data From Phase II Studies of Radium-223
Chloride, a First-in-class Alpha-pharmaceutical With a Highly
Favorable Safety Profile for Patients With Castration-resistant
Prostate Cancer (CRPC) and Bone Metastases

S. Nilsson1, I. Haugen1, A. Aksnes1, C.G. O’Bryan-Tear1, C. Parker2.
1Algeta ASA, Clinical Department, Oslo, Norway; 2The Royal Marsden
Hospital, Academic Urology Unit, Sutton, United Kingdom

Background: Radium-223 chloride (223Ra; Alpharadin™) is a first-in-class
alpha-pharmaceutical with a potent, highly targeted antitumour effect on

bone metastases. Phase II trials assessed the safety and efficacy of 223Ra
in patients (pts) with CRPC and bone metastases. Here we report long-
term safety data from the end of the treatment period until 24 months after

the first injection of 223Ra.
Methods: Two double-blind, dose-response phase II trials (BC1−03
[NCT00667199], BC1−04 [NCT00337155]) and 1 double-blind, placebo-

controlled phase II trial (BC1−02 [NCT00459654]) of 223Ra were conducted

in 286 pts with CRPC and bone metastases (255 pts received 223Ra;100,
122, and 33 pts in BC1−03, BC1−04 and BC1−02, respectively). Doses
varied from 5 to 100 kBq/kg (single [BC1−03] and repeated injections
[BC1−02 and BC1−04]). Follow-up safety assessments were performed
at months 6, 9, 12, 18, and 24 and included treatment-related adverse
events (AEs), hematology, clinical chemistry, potential long-term toxicity,
and death. Twenty-four month safety data are available for all 3 studies.
Results: A total of 159 pts were included in this analysis. No pts reported
any treatment-related serious AEs during follow-up to 24 months. One
patient had mild diarrhea 2 days after receiving an optional second injection

of 50 kBq/kg 223Ra at the start of follow-up; it was reported as probably

related to the last 223Ra injection. One patient reported lumbar pain after
24 weeks (only treatment-related AEs were reported during follow-up).
CTC grade 4 hematologic toxicity was seen in 1 patient each for platelets,
neutrophils, WBC, and hemoglobin. Across all studies, 7 pts experienced
CTC grade 3 anemia, 5 pts grade 3 thrombocytopenia, and 3 pts grade
3 neutropenia. The BC1−02 study showed no statistically significant

difference in hematologic parameters between the 223Ra and placebo
groups during follow-up. No patient reported a secondary diagnosis of
acute myelogenous leukemia, myelodysplastic syndrome, aplastic anemia,
or primary bone cancer. No signs of renal or hepatic toxicity were observed.
The frequency and cause of death during follow-up were as anticipated for
pts with metastatic CRPC.
Conclusion: Safety data from the 24-month follow-up period support

previous findings of the highly favorable safety profile of 223Ra in pts with
CRPC and bone metastases. A randomized phase III study, ALSYMPCA,
is ongoing worldwide with overall survival as the primary endpoint.
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Sensitivity and Specifity to Detect Local Recurrent Prostate Cancer
Using Dynamic Contrast Enhanced (DCE) MRI Without Endorectal
Coil and MRI Patterns of Post-prostatectomy Recurrence and of Its
Response to Salvage Radiotherapy

H.C. Rischke1, U. Nestle1, N. Volegova-Neher1, K. Henne1, S. Kirste1,

S. Knippen1, W. Schultze-Seemann2, A.L. Grosu1. 1Universitätsklinikum

Freiburg, Radiation Oncology, Freiburg, Germany; 2Universitätsklinikum
Freiburg, Urology, Freiburg, Germany

Purpose: To determine sensitivity and specifity of dynamic contrast
enhanced magnetic resonance imaging (DCE-MRI) without endorectal coil
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Objectifs.– L’objectif de cette étude était d’évaluer, pour des patients
traités pour un cancer de la prostate, si les critères dosimétriques
classiques issus des histogrammes dose–volume, peuvent prédire
la toxicité tardive dans le contexte d’une radiothérapie conforma-
tionnelle avec modulation d’intensité (RCMI).
Patients et méthodes.– Au total, 170 hommes ont été traités par
irradiation conformationnelle avec modulation d’intensité, avec
repositionnement quotidien par échographie tridimensionnelle,
pour la prise en charge d’un cancer de la prostate localisé. La
médiane de dose prescrite était de 78 Gy [74–78]. Après délinéation
des organes à risque in toto (rectum, vessie, bulbe) sur la scano-
graphie de planification, les critères dosimétriques suivants ont
été recueillis : D98 (dose reçue par 98 % du volume), Dmoyenne
(Dmoy), V60, V70 et V75 (volumes recevant 60, 70 et 75 Gy. La
toxicité tardive (≥ 6 mois) a été évaluée selon la CTCAE (Common
Terminology Criteria for Adverse Events) V3.0. La corrélation entre
cette toxicité et les paramètres dose/volumes a été analysée selon
le modèle de Cox.
Résultats.– La durée médiane de suivi était de 38,3 mois [5,25–87,3].
Les taux de toxicité urinaire de grades 1 et 2 étaient respectivement
de 34,7 % et 6,6 %, et ceux de toxicité gastro-intestinale de 20,4 % et
2,4 %. Un seul patient a souffert d’une toxicité urinaire de grade
3. Au plan sexuel, une toxicité de grades 1, 2 et 3 ont été notées
respectivement pour 25,8 %, 29,3 % et 4,8 % des patients. Aucun cas
de toxicité de grade 4 ou 5 n’a été observé. Les Dmoy et D98 n’ont
pu prédire la toxicité tardive de grade ≥ 2 que ce soit pour la ves-
sie (p = 0,84 et p = 0,62), le rectum (p = 0,18 et p = 0,37) ou le bulbe
pénien (p = 0,98 et p = 0,89). Aucune corrélation n’a pu être mise en
évidence entre les différents paramètres dose/volumes et la toxicité
tardive de grade 2.
Conclusion.– Une RCMI de 78 Gy pour le traitement d’un cancer de la
prostate entraîne peu de toxicité. Les contraintes des histogrammes
dose–volume validées en radiothérapie conformationnelle trid-
mensionnelles semblent être inadaptées pour prédire une toxicité
tardive significative après RCMI. De nouveaux outils cherchant à
évaluer l’aire sous la courbe et les pentes pour les doses intermé-
diaires (40–60 Gy) et les doses plus élevées (> 60 Gy) sont en cours
d’évaluation dans notre service.

doi:10.1016/j.canrad.2011.07.014
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Identification et comparaison de modèles
prédictifs de toxicité rectale et vésicale en cas
d’irradiation prostatique
K. Gnep a,∗, J. Zhu b, C. Chira a, T. Messai c, A. Bossi c,
V. Beckendorf d, E. Le Prisé a, A. Simon b, J.-D. Ospina Arango b,
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d Centre Alexis-Vautrin, Nancy, France
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Objectifs.– Identifier et comparer des modèles prédictifs de toxi-
cité rectale et vésicale en cas de radiothérapie conformationnelle
prostatique.
Patientes et méthodes.– Au total 439 patients ont reçu une radio-
thérapie conformationnelle pour un adénocarcinome localisé de
la prostate de dose médiane de 78 Gy (70–80), sans irradiation
des aires ganglionnaires. Les patients ont été sélectionnés sur la
disponibilité des histogrammes dose–volume. Les recommanda-
tions du Groupe d’études des tumeurs urogénitales (Gétug) ont été
appliquées. Les caractéristiques des patients étaient : âge médian
de 67 ans, antécédent de chirurgie abdominopelvienne dans 30 %

des cas, traitement anticoagulant dans 15 % et diabète dans 6 %.
La toxicité rectale et vésicale a été rapportée selon la classifi-
cation SOMA-LENT (Subjective-Objective-Management-Analytic -
Late Effects of Normal Tissues). Des corrélations ont été recher-
chées entre les caractéristiques des patients et les histogrammes
dose–volume, d’une part, et la toxicité, d’autre part, (test de
régression logistique). Six modèles de « Normal Tissue Complica-
tion Probability » (NTCP) ont été testés (Lyman-Kutcher-Burman
[LKB], Logit equivalent uniform dose (EUD), Poisson EUD, Kallman,
Schultheiss et parallèles) et les constantes des modèles identifiées.
Les performances des modèles ont été ensuite comparées (Efron’s
pseudo R squared test).
Résultats.– Le suivi médian était de 60 mois (6–154). En ce qui
concerne le risque de toxicité rectale de grade 2 ou plus, seules
étaient prédictives à quatre ans en analyse multifactorielles les
V72 et la V73 (volumes recevant 72 et 73 Gy). Trois modèles étaient
significativement prédictifs pour la toxicité rectale (LKB, Logit EUD
et Poisson EUD), le modèle de Poisson EUD (TD50 [median toxic
dose] = 81,5 ; n = 0,006 et 
 = 2,2) étant le plus prédictif. Pour le
risque de toxicité vésicale de grade 2 ou plus, quatre modèles
étaient significativement prédictifs à quatre ans (LKB, Logit EUD,
Poisson EUD et Schultheiss), le modèle LKB étant le plus prédictif
(TD50 = 80,6 ; n = 0,09 et m = 0,36).
Conclusion.– Des modèles prédictifs de toxicité rectale et vésicale
ont été identifiés (à notre connaissance, aucun modèle n’avait été
identifié préalablement pour la toxicité vésicale). Une diminution
de toxicité pourrait être obtenue en utilisant ces modèles dans
l’étape de planification inverse de la radiothérapie par modulation
d’intensité (certains logiciels de planification inverse pouvant en
effet intégrer ces modèles).

doi:10.1016/j.canrad.2011.07.015
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Suppression androgénique courte et
radiothérapie de haute dose (80 Gy) pour cancer
prostatique de risque intermédiaire : analyse
intérimaire de l’essai randomisé 14 du Groupe
d’études des tumeurs urogénitales (Gétug)
B. Dubray a,∗, V. Beckendorf b, S. Guérif c, E. Le Prisé d,
A. Reynaud-Bougnoux e, J.-M. Hannoun Lévi f, T.-D. Nguyen g,
C. Hennequin h, J. Cretin i, V. Harter b

a CRLCC Henri-Becquerel, Rouen, France
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∗Auteur correspondant.
E-mail: bernard.dubray@rouen.fnclcc.fr (B. Dubray).

Objectifs.– Analyse intérimaire planifiée d’un essai randomisé
évaluant l’apport d’une suppression androgénique courte à une
irradiation à haute dose chez des patients atteints de cancer localisé
de la prostate de risque intermédiaire.
Patients et méthodes.– Les patients inclus ont été randomisés entre
une radiothérapie de 80 Gy dans la prostate et 46 Gy dans les
vésicules séminales, exclusive ou avec quatre mois de suppres-
sion androgénique par flutamide et triptoreline, débutant deux
mois avant la radiothérapie. Un curage ganglionnaire était requis
si le risque d’envahissement était supérieur à 10 % selon les tables
de Partin. Le critère de jugement principal était le contrôle bio-
chimique selon la définition de Phœnix et clinique. Les critères
secondaires incluaient la survie, la toxicité selon la CTCAE (Common
Terminology Criteria for Adverse Events) v3 et la qualité de vie.
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Conclusions: This study confirms nephrotoxicity in patients treated 
with post-operative CRT for gastric cancer at long term, even in 
patients treated with IMRT. Nevertheless, IMRT treatment planning 
reduces the dose to both kidneys compared to non-IMRT treatment 
planning and reduced nephrotoxicity after post-operative CRT for 
gastric cancer. 
 
OC-0476   
SEVER RADIATION PNEUMONITIS IN LOCALLY ADVANCED NSCLC WHEN 
MOVING FROM 3D-CRT TO IMRT: A QUESTION OF CONSTRAINTS  
A.A. Khalil1, M.M. Knap1 
1Aarhus University Hospital, Department of Oncology, Aarhus C, 
Denmark  
 
Purpose/Objective: Applying Intensity-Modulated Radiotherapy (IMRT) 
techniques to patients with stage III NSCLC allowed treating patients 
with large tumour volumes and bulky mediastinal lymph nodes while 
respecting the usual normal tissue constraints to the lungs and organs 
at risks. This analysis was performed to test whether the introduction 
of IMRT was associated with increased incidence of severe radiation 
pneumonitis (RP) as compared to three-dimensional conformal 
radiotherapy (3D-CRT) as a result of irradiating larger lung volumes 
with small doses (lung bath). 
Materials and Methods: Patients with pathologically confirmed 
inoperable stage III NSCLC receiving IMRT radiotherapy with doses of 
at least 60 Gy were included. A total of 34 patients (22 male and 12 
female) with median age of 66 years were examined weekly under the 
course of radiotherapy. Follow up visits started 1 month after the 
radiotherapy and every three months afterwards. RP was scored using 
Common Terminology Criteria for Adverse Events 3.0 (CTC3). Data was 
compared to a matching group of patients treated between 2007 and 
2009 at the same department (103). The clinical and dosimetric 
parameters related to RP were analysed using SPSS. 
Results: All patients received IMRT using 4 to 7 beam arrangements 
(median= 5 beams). The median follow up time was 7.9 months. The 
incidence of grade 3 or more RP was 23.5% (8 patients). This was 
significantly higher than the 16.3% incidence in the matching group 
patients receiving 3D-CRT. Sever RP developed on average 10 weeks 
from the start of radiotherapy (range: 7-23 weeks) (Figure 1) . RP was 
attribute cause of death in 4 cases (11.8 %) in the IMRT group as 
compared to 2 patients (2%) in the 3D-CRT group. Neither the Mean 
Lung Dose nor the volume receiving 20 Gy (V20) values were 
significantly different in the 2 groups (Table1). The majority of cases 
in the IMRT group (28 patients) received concomitant chemotherapy 
as compared to only 15 patients (14%) in the 3D-CRT group. Using 
IMRT the volume receiving 5 Gy (V5) in patients with severe RP ranged 
from 48 to 92 % with a mean of 74%.  
 
 

 
3D-CRT  IMRT  

PTV,cm3  
Mean (SE) 

586 (28) 546 (48) 

MLD, Gy 
Mean (SE) 

17.3 (0.6) 16 (0.9) 

V20 % 
Mean (SE) 

30.5 (1.2) 27 (1.5) 

 
Conclusions: Irradiating large lung volumes with radiation doeses of 5 
Gy or more is associated with higher incidence of severe pneumonitis 
that is potentially lethal despite respecting the V20 and MLD 
constraints. Using IMRT in patients with large tumours especially if 
receiving concurrent chemotherapy should be performed with 
cautious. The cut level of V5 of 60% is currently applied in our 
department and was found feasible. 
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RANDOM FOREST VERSUS PUBLISHED NTCP MODELS FOR RECTAL 
TOXICITY PREDICTION 
J.D. Ospina1, J. Zhu1, E. Le Prisé2, A. Bossi3, T. Messai3, K. Gnep2, V. 
Beckendorf4, O. Acosta1, A. Simon1, R. de Crevoisier2 
1Université de Rennes 1, Inserm U642 Laboratoire Traitement du 
Signal et de l'Image, Rennes, France  
2Centre Eugène Marquis, Département de Radiothérapie, Rennes, 
France  
3Institut Gustave Roussy, Département de Radiothérapie, Villejuif, 
France  
4Centre Alexis Vautrin, Département de Radiothérapie, Nancy, France  
 
Purpose/Objective: In case of prostate 3D conformal radiotherapy 
(3DCRT) the objectives were: to assess the predictive capabilities of 
random forest (RF) to predict late rectal toxicity; to compare the 
performance of RF with respect to the classical NTCP models. 
Materials and Methods: A total of 437 patients (pts) received 3DCRT 
for prostate cancer to a median total dose of 78 Gy (range: 70 to 80 
Gy), 2Gy/fraction. Pts were selected based on the availability of the 
dose-volume histograms (DVHs). Median age was 67 years (45-78). 
History of abdominal or pelvic surgery, anticoagulant therapy (ACT) 
and diabetes were observed in 30%, 15% and 6% of pts, respectively. 
The data were collected prospectively for 42% of patients. Rectal 
toxicity was analyzed according to the SOMALENT classification (> 
Grade 2) and rectal bleeding (at least once episode) at 2, 3, 4 and 5 
years. The analysis were done with RF, a classification methodology 
based on CART and bootstrap, using the mentioned variables. For each 
follow up endpoint, the data was split into training (75%) and 
validation (25%) data sets. Then, a RF was trained on each training 
data set. The same procedure was followed using six published NTCP 
models: Lyman-Kutcher-Burman (LKB), Logit EUD, Poisson EUD, 
Källman (IJROBP1992), Schultheiss (Medical Physics 1983) and Parallel 
(Medical Physics 1993) models. The model parameters were identified 
by maximum likelihood. To compare the models, the predictive 
capabilities were assessed using ROC analysis and binary logistic 
regression with the actual patient outcome as the dependent variable 
and the estimated NTCP value as the input. 
Results: Median follow-up was 62 months (range: 6 to 155). Two-, 3-, 
4- and 5-year grade > 2 toxicity rates were: 12% (95% CI: 9-15), 17% 
(95% CI: 13-20), 19% (95% CI: 15-23) and 21% (95% CI: 17-25), 
respectively. The two years toxicity relevant predictors according to 
mean decreasing accuracy index were: age, V14, V21 and V70. The RF 
and classical NTCP models fit was assessed using ROC analysis. The 
figure shows that the AUC for the RF was superior to those ones from 
the other models. The AUC for RF was 0.68. For LKB, Logit EUD, 
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Poisson EUD, Källman, Shultheiss and Parallel models, the AUC were: 
0.57, 0.57, 0.57, 0.57, 0.57 and 0.59 respectively. 
Using the validation data, the associated p-value to the RF-NTCP 
value in the logistic regression was <0.01. The corresponding ones for 
LKB, Logit EUD, Poisson EUD, Källman, Shultheiss and Parallel models 
were: 0.04, 0.05, 0.05, 0.05, 0.05 and 0.06, respectively.
  

 
 
Conclusions: RF models appear to be strong competitors of published 
NTCP models to predict rectal toxicity, with a high potential in IMRT 
planning. 
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SWALLOWING-SPARING IMRT FOR HEAD AND NECK CANCER: 
TREATMENT PLANNING OPTIMISATION AND CLINICAL INTRODUCTION 
H.P. van der Laan1, R.J.H.M. Steenbakkers1, M.E.M.C. Christianen1, 
E.W. Korevaar1, O. Chouvalova1, K. Wopken1, A. Gawryszuk1, H.P. 
Bijl1, J.A. Langendijk1 
1University Medical Center Groningen / University of Groningen, 
Department of Radiation Oncology, Groningen, The Netherlands  
 
Purpose/Objective: To report on the potential benefits of swallowing-
sparing intensity-modulated radiation therapy (SW-IMRT) in the first 
100 SW-IMRT treated patients, as well as on the factors that influence 
the potential benefit of SW-IMRT relative to standard (ST)-IMRT. 
Materials and Methods: One hundred consecutive head and neck 
cancer patients, scheduled for primary radiotherapy, were included in 
this prospective cohort study. For each patient, ST-IMRT and SW-IMRT 
treatment plans were created. All patients were eventually treated 
with SW-IMRT. ST-IMRT treatment plan optimisation aimed at 
adequate coverage of the planning target volume (PTV) and parotid 
glands sparing. Objectives for SW-IMRT were identical, with additional 
objectives to spare the organs at risk related to swallowing 
dysfunction (SWOARs) that were identified in our previous study. 
Patient and treatment characteristics, dose-volume data and 
predicted normal tissue complication probabilities with ST-IMRT and 
SW-IMRT were collected and analysed. After 20 patients, interim 
results were evaluated by a multidisciplinary committee. 
Results: The mean gain of SW-IMRT relative to ST-IMRT in the first 20 
patients was less than expected on the basis of our previous planning 
comparative study. A critical review of the SW-IMRT and ST-IMRT 
plans revealed three main explanations: 1) In some cases a local lower 
dose in the PTV was not accepted by the responsible radiation-
oncologist (RO) even when (according to protocol) >98% of the PTV 
received 95% of the prescribed dose; 2) In some cases a moderate 
shift of dose to unspecified tissues, such as the oral cavity, was not 
accepted by the RO; and 3) The dosimetrist did not always use 
sufficient additional optimisation sequences with adjusted objective 
values and weights to minimise dose in the SWOARs due to lack of 
time and/or to less experience. These issues were discussed and taken 
into account and results with SW-IMRT improved significantly. In the 
additional 80 patients, the mean dose to the various SWOARs was 
further reduced significantly compared to ST-IMRT. However, absolute 
dose values and dose reductions with SW-IMRT differed widely per 
patient and per SWOAR. Reductions with SW-IMRT depended 
significantly on the administration of neck radiotherapy (higher 
reductions with neck irradiation) and the overlap between SWOARs 
and PTVs (higher reductions when the overlap was <75%). The mean 

absolute reduction in predicted physician-rated RTOG grade 2-4 
swallowing dysfunction for patients numbered 21-100 was 6.1%, 
ranging from 0.0 to 17.2%. 
Conclusions: The benefit of SW-IMRT varies widely between individual 
patients and depends significantly on neck radiotherapy and the 
overlap between the SWOARs and the PTVs. Optimal clinical 
introduction requires a detailed evaluation and comparison between 
the old (ST-IMRT) and new technique (SW-IMRT) in order to fully 
exploit the potential benefit of SW-IMRT. 
  
OC-0479   
IMPACT OF DOSE TO THE PCMS, PGS AND SMGS ON QOL IN HEAD AND 
NECK RT: A DOSIMETRIC ANALYSIS 
M. Leech1, M. Coffey1, D. Hollywood1 
1TCD Discipline of Radiation Therapy, Radiation Therapy, Dublin, 
Ireland Republic of  
 
Purpose/Objective: This study was conducted to determine whether 
dose to the pharyngeal constrictor muscles, parotid glands and 
submandibular glands in head and neck radiotherapy impacts on 
patient quality of life. 
Materials and Methods: 33 patients who had been treated with 
radiotherapy for a histologically proven malignancy in the head and 
neck between the years 2005 and 2007 were identified. Treatment 
plans of these patients were retrieved and the pharyngeal constrictor 
muscles and submandibular glands were delineated. Parotid glands 
were delineated in cases where they had not previously been 
outlined. Calculation of dose to these structures was based on the 
initial plan delivered. Patient quality of life data were collected by 
chart review and by patient questionnaire using the M.D. Anderson 
Dysphagia Inventory and a questionnaire developed by the lead 
investigator, based on the Common Toxicity for Adverse Events 
v.4.02. Statistical analysis was performed using SPSS v.16.0 (SPSS, Inc, 
Chicago, IL). 
Results: Significant correlations were seen between early dysphagia, 
as reported in the patient chart and all dosimetric parameters for the 
pharyngeal constrictor muscles (p<0.05). The same trend was not 
observed for late dysphagia. However, M.D.Anderson Dysphagia 
Inventory scores, measuring current status of dysphagia, were 
correlated with minimum dose to the pharyngeal constrictor muscles 
(p<0.05).  
Significant correlations were observed between early xerostomia and 
dosimetric endpoints of the ipsilateral parotid gland (p<0.05) and both 
submandibular glands (p<0.05). No correlations were found between 
salivary gland dosimetric parameters and late xerostomia. 
Correlations between xerostomia, dysphagia and other toxicities such 
as dysgeusia, speech function and trismus were also observed.  
T stage was the only clinical variable seen to correlate with late 
patient function (p<0.05). 
Conclusions: Limiting dose to the pharyngeal constrictor muscles, 
parotid glands and submandibular glands is advisable, but 
considerable clinical experience and care is required to ensure that 
risk of toxicity is balanced with the potential of geographical miss. 
Measures of late quality of life may be influenced by a ‘response shift 
‘in patients.  
 
OC-0480   
THE SIMULTANEOUS INTEGRATED BOOST (SIB) TECHNIQUE IN BREAST 
CANCER: ADVANTAGES AND A LIMITED LEARNING CURVE 
N. Groenendaal1, S. Hol1, M. Essers1, W. Smits1, P. Poortmans1 
1Dr. Bernard Verbeeten Instituut, Radiation oncology, Tilburg, The 
Netherlands  
 
Purpose/Objective: In 2007, we substituted the sequential photon 
and electron boost techniques in the framework of breast conserving 
therapy by the SIB technique. Apart from the logistical advantage for 
treatment delivery and a slightly reduced number of fractions, the 
volume of tissue irradiated to the higher (boost) dose was claimed to 
be smaller as well. We were interested to test whether 4 years of 
experience further improved the dose/volume characteristics of the 
SIB technique and to evaluate the influence on the dose to the OAR. 
Materials and Methods: We selected 2 series of 12 left-sided breast 
cancer patients, one treated in September 2007 and one in March 
2011. Apart from the original SIB plan, a sequential optimised 
tangential photon and photon or electron boost plan was generated 
and combined for all patients. All plans were compared for volume 
included in the boost dose (conformity index CI = volume irradiated to 
the boost dose/PTV boost) and for dose to the heart and the lungs. A 



planning. The goal of the study was to assess the relationships between

side effects and 3D dose distribution using voxel wise statistics.

Materials/Methods: One hundred sixteen patients (pts) received a dose of

80 Gy in the prostate by IMRT. Rectal and bladder toxicities were

analyzed: for acute toxicity using the CTCAE.V3 and for 2 year toxicity

using the SOMALENT classification or bleeding scoring (at least 1

episode). The individual 3D CT scans and planned dose were non-rigidly

registered towards a template in a 2 step process: (i) CT scans were rigidly

registered towards the template; (ii) a non-rigid hybrid registration based

on the demons algorithm was implemented to align the organs. Dice scores

were computed for each pt organ. The statistical analysis was performed

only for pts being properly registered (Dice score > 0.7). A two-sampled t-

test was performed at a voxel-basis leading to the computation of 3D maps

for both, dose differences and False Discovery Rate corrected p values

between the mean dose of pts having or not toxicity. Voxels having

significant p values in the dose difference were characterized in terms of

absolute volume, mean dose difference and localization in the OAR, which

was defined as the distance to the prostate and the seminal vesicles

surfaces.

Results: Median follow-up was 31 months (6 to 64). Grade 1 and 2 rectal

acute toxicity rates were 26% and 4% respectively. Two year rectal toxicity

(> grade 2) and bleeding rates were 9% (95% CI: 3-14) and 20% (95% CI:

12-27). Two year bladder toxicity (> grade 2) and bleeding rates were:

19% (95% CI: 11-26) and 5% (95% CI: 1-9). Median Dice score were 0.75

(SD:0.12) for the rectum and 0.92 (SD:0.13) for the bladder, leading to the

inclusion of 74 pts and 107 pts for the rectal and bladder toxicity analysis,

respectively. 1) For the rectum: significant difference of dose was found in

large regions (Table). More than 90% of them were within the 1rst cm

(anterior wall). 2) For the bladder: no voxel was found significant.

Conclusions: Our voxel-wise method allows the highlighting of rectal

regions that may be involved in rectal toxicity and was not informative for

the bladder. This promising approach should be more investigated by

increasing both the number of pts and testing different registration

methods.

Author Disclosure: G. Drean: None. O. Acosta: None. J. Ospina Arango:

None. A. Simon: None. G. Cazoulat: None. P. Haigron: None. K. Gnep:

None. J. Zhu: None. O. Henry: None. R. de Crevoisier: None.
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Random Forest are Strong Competitors of Published NTCP Models
for Rectal and Bladder Toxicity Prediction
J. Ospina,1,2 J. Zhu,1,3 E. Le Prisé,4 A. Bossi,5 P. Haigron,1 K. Gnep,4

V. Beckendorf,6 O. Acosta,1 A. Simon,1 and R. de Crevoisier4; 1INSERM

U1099, Laboratoire Traitement du Signal et de l’Image, Université de

Rennes 1, Rennes, France, 2Universidad Nacional de Colombia - Sede

Medellı́n, Escuela de Estadı́stica, Colombia, 3Laboratory of Image Science

and Technology, Southest University, Nanjing, China,
4
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Marquis, Départment de Radiothèrapie, Rennes, France,
5
Institut Gustave

Roussy, Villejuif, France, 6Centre Alexis Vautrin, Départment de

Radiothérapie, Nancy, France

Purpose/Objective(s): In case of prostate 3D conformal radiation therapy

(3DCRT) the objectives were: *to assess the predictive capabilities of

random forest (RF) to predict late rectal and bladder toxicity; *to compare

the performance of RF with respect to the classical normal tissue

complication probability (NTCP) models.

Materials/Methods: Four hundred thirty-seven patients (pts) received

3DCRT for prostate cancer to a median total dose of 78 Gy (70 to 80 Gy),

2 Gy/fraction. Pts were selected based on the availability of the dose-

volume histograms. Median age was 67 years (45-78). History of

abdominal or pelvic surgery, anticoagulant therapy and diabetes were

observed in 30%, 15% and 6% of pts, respectively. The data were collected

prospectively for 42% of pts. Rectal and bladder toxicities were analyzed

according to the SOMALENT classification (> Grade 2). The analyses

were done with RF, a classification methodology based on CART and

bootstrap, to generate a RF NTCP model, using the mentioned variables.

For each follow up endpoint, the data was split into training (75%) and

validation (25%) data sets. Then, a RF was trained on each training data

set. The same procedure was followed using 6 published NTCP models:

Lyman-Kutcher-Burman (LKB), Logit EUD, Poisson EUD, Källman,

Schultheiss and Parallel models. The model parameters were identified by

maximum likelihood. To compare the models, the predictive capabilities

were assessed using ROC analysis and binary logistic regression with the

actual patient outcome as the dependent variable and the estimated NTCP

value as the input.

Results: Median follow-up was 62 months (6 to 155). Two-, 3-, 4- and 5-

year grade  2 rectum toxicity rates were: 12% (95% CI: 9-15), 17% (95%

CI: 13-20), 19% (95% CI: 15-23) and 21% (95% CI: 17-25), respectively.

For the bladder 2-, 3-, 4- and 5-year grade  2 toxicity rates were: 13%

(95% CI: 6-16), 15% (95% CI: 12-19), 17% (95% CI: 13-21) and 21%

(95% CI: 16-25), respectively. The table shows that ROC AUC for the RF

were superior to the best one among the 6 published NTCP models in

almost all cases. Using the validation data, the associated p value to the RF

NTCP value in the logistic regression was < 0.01 for 2- and 3-years rectal

toxicity, whereas none NTCP value from traditional NTCP models resulted

significant.

Conclusions: RF NTCP models appear to be strong competitors of pub-

lished NTCP models in predicting rectal toxicity and they seem to be

promising in predicting bladder toxicity, with a high potential in IMRT

planning.

Author Disclosure: J. Ospina: None. J. Zhu: None. E. Le Prisé: None. A.

Bossi: None. P. Haigron: None. K. Gnep: None. V. Beckendorf: None. O.

Acosta: None. A. Simon: None. R. de Crevoisier: None.
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Critical Utility of Ultrasensitive PSA for High-Risk Patients Eligible
for Adjuvant Radiation Therapy Following Radical Prostatectomy
C.R. King, R.E. Reiter, J. deKernion, M.L. Steinberg, and D.S. Finley;

University of California Los Angeles, Los Angeles, CA

Purpose/Objectives: To critically assess the utility of ultrasensitive PSA

(uPSA) following radical prostatectomy (RP) in the management of high-

risk patients (pT3 or + margin) eligible for adjuvant radiation therapy

(ART).

Materials/Methods: Between 2000 and 2010, 72 men who underwent RP

with either pT3 (21 pts, 29%) or + surgical margins (51 pts, 71%) were

Poster Viewing Abstract 2446; Table

Significant (p < 0.01) voxel

characteristics

2 years  rectal

bleeding

2 years  grade

2 rectal toxicity

Absolute volume (mm3) 2259 4233

Dose difference (Gy, mean) 8.1 10.2

Distribution (%) of the voxel

by distance of the voxel

from the prostate and

seminal vesicles

5 mm 16% 49%

10 mm 97% 94%

15 mm 100% 95%

20 mm 100% 95%

30 mm 100% 95%

Poster Viewing Abstract 2447; Table AUC for late rectal and bladder

toxicity prediction using RF and classic NTCP models

Rectum Bladder

Random

forest

Best published

NTCP model

Random

forest

Best published

NTCP model

2-years 0.73 0.63 (Parallel) 0.72 0.67 (LKB)

3-years 0.65 0.58 (Källman) 0.79 0.66 (Källman)

4-years 0.71 0.60 (Källman) 0.73 0.70 (Parallel)

5-years 0.76 0.62 (Källman) 0.69 0.69 (Källman)
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experimental rat model of radiation proctitis, and to assess the severity
of microangiopathy.
Materials and Methods: A total of 57 Wistar rats were used. 45 of the rats
were exposed to selective rectal irradiation with a single fraction of 25 Gy.
These rats were sacrificed at the 4th, 12th, 24th, and 37th week following
the irradiation. The remaining 12 rats comprised the control group without
irradiation. The microangiopathy was examined pathologically regarding
the rectum in 20mm from the anus of each rat. The absolute number of
vessels was counted by microscopy. In addition, the diameter stenosis of
stenosed vessel was evaluated and graded the degree from 0 to 4. The
specimens of the rats, which had been sacrificed at the 10th day following
irradiation in the previous study, were also examined pathologically to
compare the differences between acute changes and chronic changes
following irradiation.
Results: The sequential changes of radiation-induced microangiopathy
were examined well. The microangiopathy was observed selectively in the
arteries. The vascular endothelial damage was observed mainly due to
nuclear bulging in the rats on the 10th day following irradiation. Whereas,
the thickening that accompanied the fibrinoid necrosis after 4th week,
and the thickening of endothelial lining was significant later. The absolute
number of vessels per individual was 289.7 (±63.5), 385.8 (±60.6), 256.6
(±70.0), 282.1 (±57.1), and 141.4 (±47.5) at 4th week, 12th week, 24th
week, and the 37th week following irradiation, respectively. The number of
vessels was significantly smaller in the rats without irradiation than the
irradiated rats and was significantly greater at the 12 weeks following
irradiation than the other groups (P < 0.05). The degree of stenosis was
evaluated in the microvessels microscopically. No significant differences
were found among the groups in terms of the proportions of severe vascular
stenosis. The proportions of the stenosed vessels that occupied a portion
of the absolute number of the vessels were 16.0%, 10.6%, 13.3%, and
14.6% at 4th week, 12th week, 24th week, and the 37th week following
irradiation, respectively.
Conclusions: We examined the sequential changes of radiation-induced
microangiopathy. Our assessment strategy of microangiopathy seems to
be useful to evaluate the severity of late radiation proctitis.
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Radiation-induced Rectal Toxicity in Rats on Low-dose Aspirin
Therapy

H. Doi1, N. Kamikonya1, Y. Takada1, M. Fujiwara1, H. Miura1, H. Inoue1,

M. Tanooka1, T. Nakamura2, T. Tsujimura3, S. Hirota1. 1Hyogo College
of Medicine, Department of Radiology, Nishinomiya Hyogo, Japan;
2The Hospital of Hyogo College of Medicine, Department of Pharmacy,

Nishinomiya Hyogo, Japan; 3Hyogo College of Medicine, Department
of Pathology, Nishinomiya Hyogo, Japan

Background: The purpose of the present study was to establish an
animal experimental model of radiation proctitis in rats receiving antiplatelet
therapy, and to examine the correlation between the administration of
aspirin and the severity of radiation proctitis.
Materials and Methods: A total of 34 female Wistar rats were used. The
rats were divided into five groups: aspirin 5mg/kg/day group (ASA5; n = 10),
aspirin 10mg/kg/day group (ASA10; n = 10), aspirin 20mg/kg/day (ASA20;
n = 7), and saline group (Saline; n = 7). The rats were administered with
aspirin at dose of 5, 10, 20mg/kg or saline orally, day by day before and
after irradiation. On the fifth day following the start of administration, all
rats were irradiated and the tail transection bleeding time was measured.
A single fraction of 25 Gy was delivered selectively for the rectum without
any surgical procedures. The administration of aspirin or saline continued

daily following irradiation. All rats were sacrificed at the 10th day following
irradiation.
The rectal mucosal changes of each rat were evaluated macroscopically
and pathologically. In the pathological examination, the severity of proctitis
was described the morphological mucosal damage and the degree of
inflammation in each specimen.
Results: The bleeding time was prolonged in rats receiving aspirin.
The proportion of the severe changes in macroscopic findings was 100.0%,
50.0%, 66.7% and 66.7% in the ASA5 group, the ASA10 group, the ASA20
group, and the Saline group, respectively. In the morphological mucosal
damage, the propotion of the severe changes was 70.0%, 71.4%, 50.0%
and 80.0% in the ASA5 group, the ASA10 group, the ASA20 group, and
the Saline group, respectively.
There were no apparent correlation between the administration of aspirin
and the severity of radiation proctitis in the macroscopic findings, and the
morphological mucosal damage in the pathological examination.
The proportion of the severe degrees of inflammation was 90.0%, 100.0%,
16.7% and 100.0% in the ASA5 group, the ASA10 group, the ASA20 group,
and the Saline group, respectively. The ASA20 group showed significantly
milder inflammation than the other groups (P < 0.05).

Conclusions: We established an animal experimental model of radiation
proctitis in rats receiving antiplatelet therapy with the use of low-dose
aspirin. There were no apparent correlations between the administration
of aspirin and the severity of radiation proctitis.
The influence of low-dose aspirin on radiation proctitis is presently under
investigation in more detail.
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Evaluation of Two Registration Strategies for Inter-patient Dose
Mapping in Prostate Radiotherapy

G. Dréan1, O. Acosta1, J.J. Bellanger1, A. Simon1, G. Cazoulat1,

J.D. Ospina1, J.I.A.N. Zhu1, P. Haigron1, R. De Crevoisier1. 1LTSI,
Laboratoire du Traitement du Signal et de l’Image − INSERM U 642,
Rennes, France

Purpose: Compare dose distributions from different patients is necessary
to assess correlations between toxicity and organ at risk dose distribution.
This comparison implies mappings in a common template. Registration
methods are classically validated with spatial overlap metrics (DiceScore
(DS)), which are not designed to validate dose mapping (DoM). The
objective of the work was to evaluate 2 elastic registration methods by
using usual and new metrics.
Methods: The study included 24 patients (pts) receiving 3D conformal
radiotherapy for prostate cancer.
Registration Methods: The planning data (CT scan images, contours,
dose distribution) of 23 pts were registered on the planning data of

the 24th chosen as template (the most representative pt according to
mutual information results). Two registration strategies initialized by CT-
Scan intensity based affine registration (AR) were used:
• Iconic: a CT-Scan intensity based non-rigid FFD registration was applied
to the AR results,

• Hybrid: After AR, distance maps (DiM) were computed for each
delineated organ (prostate, bladder, rectum) of each pt and of the
template. The CT-Scans images were then combined with the 3 organs
DiMs, and an intensity based non-rigid demons registration was applied.

Eventually the elastic transformations were applied to the delineated organs
and dose distribution to propagate them in the template.
3 Metrics to validate registration Methods:
• DS between two structures A and B:
DS(A,B) = 2AnB /( A + B ).

• Relative Difference of Areas (RDA): The DVH is assumed to be con-
served before (time1) and after (time2) deformation. This conservation
can be evaluate by computing the distance (RDA) between normalized
DVH1 and DVH2, defined on 0,Dmax
RDA = (int[0,Dmax](DVH1 −DVH2) dx)/
max{int[0,Dmax] DVH1 dx, int[0,Dmax] DVH2 dx}.

• Dose and Organs Overlaps (DOO): The DOO compares the propagated
dose D received by the template organ A and the propagated organ B:
DOO(D,A,B) = (intAnBD(x) dx)/(intAuB D(x) dx).

Results: In heterogeneous dose areas, different RDA/DOO values were
found for a same DS, showing the interest of the new proposed metrics.
The hybrid registration method provided significantly more accurate results
than the iconic one, for each organ and with each metric (t-test, p < 0.05).

Median DS Median RDA Median DOO

Iconic 0.69 0.56 0.11

Hybrid 0.75 0.70 0.09

Conclusion: The hybrid registration method using both organs delineations
and intensity provides better results than the iconic one and should be used
to analyze dose distributions and toxicity from different patients.
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Early Mortality After 40,670 Courses of External Beam Radiotherapy
in Unselected Patients

G. Hall1, A. Crellin1, R. Turner1, K. Franks1, C. Johnson1,
D. Sebag-Montefiore1. 1St James’s Institute of Oncology, Oncology,
Leeds, United Kingdom

Background: The UK Government have recently published their strategy
for cancer, aimed at improving outcomes for patients. In this, they have
recommended the measurement of 30 and 90 day mortality after palliative
and radical/adjuvant radiotherapy respectively. We are unaware of any
published data regarding these end-points in unselected patients and
hence feel this outcome measure is poorly defined.
Material and Methods: St James’s Institute of Oncology (SJIO) is a
regional cancer centre providing radiotherapy for the 2.7 million population
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Étude de phase I sur l’ajout d’une radiothérapie
ablative dans le cancer bronchique non à petites
cellules de stade III : résultats préliminaires
J. Doyen a,∗, M. Poudenx a, P. Eriksson a, J. Otto a, N. Venissac b,
G. Angellier a, J. Hérault a, P.-Y. Bondiau a

a Radiothérapie, centre Antoine-Lacassagne, Nice, France
b Chirurgie thoracique, centre hospitalier universitaire de Nice, Nice,
France
∗Auteur correspondant.
Adresse e-mail : doyen@unice.fr (J. Doyen)

Objectifs.– Étude d’une escalade de dose par radiothérapie sté-
réotaxique ablative robotisée dans les cancers bronchiques non à
petites cellules localement évoluées.
Patients et méthodes.– Les patients inclus dans cette étude étaient
atteints d’un cancer bronchique non à petites cellules de stade IIIA-
IIIB dont le traitement a été une chimioradiothérapie concomitante
avec cisplatine et docetaxel. Après arrêt à 46 Gy, la radiothérapie
stéréotaxique ablative robotisée a été délivrée à hauteur de trois
séances de 7 Gy pour le premier palier, après pose de clips. Quatre
paliers ont déjà été réalisés avec augmentation d’1 Gy par fraction
à chaque palier. L’escalade de dose s’est faite selon le schéma TITE-
CRM [1]. La toxicité limitante était celle de grades 3–5. Les données
du modèle TITE-CRM étaient les suivantes : taux de 35 % de toxi-
cité « a priori » au palier 3 (trois séances de 7 Gy), durée maximale
d’apparition de la toxicité de six mois. La toxicité a été évaluée selon
la Common Terminology Criteria for Adverse Events (CTC) version
3.0.
Résultats.– Douze patients ont été traités entre juin 2010 et janvier
2012. Le nombre des patients était respectivement pour les paliers
1, 2, 3 et 4 de 3, 4, 2, et 3. L’âge médian était de 69 ans (46,7–81,2)
avec six femmes et six hommes, atteints de huit cancers de stade
IIIA et quatre de stades IIIB. Aucune toxicité limitante n’a pour
l’instant été observée avec un suivi médian de 12 mois (1–20). Les
principaux effets de la toxicité observés étaient les suivants : six cas
d’alvéolite, trois de grade 1 et trois de grade 2, six d’asthénie, quatre
de grade 1, deux de grade 2, trois de douleur, deux de grade1 et un
de grade 2, et une insuffisance cardiaque de grade 2. Six tumeurs
ont récidivé, deux en territoire irradié, quatre locorégionalement
et quatre à distance.
Conclusion.– Le protocole ne présente pour l’instant aucune toxicité
limitante au quatrième palier à la dose de 46 Gy plus trois séances
de 10 Gy et l’escalade se poursuit.
Références
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stéréotaxique ablative dans les cancers
bronchiques pulmonaires non à petites cellules en
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Objectifs.– Quelques études ont rapporté la faisabilité et l’efficacité
d’une réirradiation stéréotaxique dans le cadre des récidives locales
limitées des cancers bronchiques pulmonaires non à petites cellules
[1]. La présente étude avait pour objectif l’analyse les résultats d’une
réirradiation stéréotaxique ablative robotisée dans cette même
population.

Patients et méthodes.– Les patients ayant reçu une réirradiation
stéréotaxique ablative robotisée dans le cadre de carcinomes bron-
chiques non à petites cellules en rechute locale limitée unique et
ayant déjà reçu une irradiation conventionnelle ont été inclus dans
l’étude. Les facteurs prédictifs de réponse tumorale et les facteurs
pronostiques de survie globale, ont été analysés par Chi2 et Log-
Rank.
Résultats.– Vingt-huit patients ont été répertoriés dans nos
archives. Ils ont été traités entre décembre 2006 et mai 2010. Le
suivi médian était de 16 mois (1,8–36,3), les taux de survie globale
à un et deux ans étaient respectivement de 67 % et 27 %, ceux de
contrôle local à un et deux ans de respectivement 75 % et 65 %. La
majorité des patients ont auparavant été irradiés pour un carci-
nome bronchique non à petites cellules localement évolué (75 %) à
une dose médiane de 66 Gy. La dose médiane de réirradiation était
de 105 Gy (équivalents biologiques) avec une prescription de cinq
fractions de 15 Gy, 5 de 12 Gy et 5 de 10 Gy en fonction des doses
pour les tumeurs centrales. Il n’y avait aucune toxicité de grade 3-
5 excepté une hémoptysie fatale. Les facteurs prédictifs de réponse
et les facteurs pronostiques de survie globale étaient la rechute en
territoire irradié, une dose de réirradiation de plus de 110 Gy et un
intervalle entre les irradiations de plus d’un an (p < 0,05).
Conclusion.– Cette étude montre une bonne efficacité locale des
réirradiations stéréotaxiques ablatives robotisées pour des car-
cinomes bronchiques non à petites cellules avec un éventuel
effet-dose à confirmer dans d’autres études.
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Objectifs.– Les modèles prédictifs de toxicité sont généralement
basés sur les histogrammes dose-volume. Ils n’exploitent pas
l’information tridimensionnelle de la dose et sont de ce fait inappro-
priés pour identifier les régions rectales impliquées dans la toxicité.
L’objectif de cette étude était d’identifier ces régions en menant des
analyses dosimétriques par voxel après recalage de la distribution
de dose.
Patients et méthodes.– Au total, 116 patients ont reçu une dose de
80 Gy dans la prostate par radiothérapie conformationnelle avec
modulation d’intensité (RCMI). La toxicité rectale a été définie soit
en utilisant la classification Subjective-Objective-Management-
Analytic - Late Effects of Normal Tissues (SOMALENT), soit en
rapportant l’existence d’au moins un saignement. Les images scan-
nographiques et les distributions de dose ont été recalées sur un
« atlas » de référence en utilisant un recalage rigide puis non-rigide
(demons). La qualité du recalage a été évaluée en calculant le score
de dice pour les organes de chaque patient. Les analyses ont porté
exclusivement sur les patients correctement recalés (dice de plus
de 0,7). Les différences de dose entre patients ayant souffert ou non
d’une toxicité dans chaque voxel ont été calculées. Des t-tests éva-
luant cette différence ont permis de générer des cartes de p-values,
corrigées par le taux de faux positifs. Les voxels présentant une p
significative ont été caractérisés en termes de volume, de différence
de dose moyenne et de localisation.
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Résultats.– Le suivi médian était de 31 mois (6–64). Les taux de
toxicité rectale (de grade 2 ou plus) et de saignement à deux ans
étaient de 9 % et 20 %. Le dice médian était de 0,75 ± 0,12 pour
le rectum, conduisant à inclure 74 patients pour l’analyse. Des
différences de dose significatives (entre patients ayant ou non
souffert d’une toxicité) ont été identifiées dans les voxels cor-
respondant à la paroi rectale : plus de 90 % d’entre eux se
situant dans le premier centimètre de la paroi antérieure, les
patients ayant souffert de toxicité avaient reçu en moyenne
8,1 Gy de plus.
Conclusion.– Notre étude montre que la paroi rectale anté-
rieure est impliquée dans la toxicité rectale tardive. L’utilisation
de contraintes dans ce sous-volume spécifique à l’étape
de planification inverse de la RCMI pourrait diminuer la
toxicité.
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Tomothérapie hélicoïdale dans le traitement du
mésothéliome pleural malin : impact des faibles
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Objectifs.– Évaluer les résultats de la tomothérapie hélicoïdale pour
des mésothéliomes pleuraux malins et l’impact des faibles doses
sur la toxicité pulmonaire et œsophagienne.
Patients et méthodes.– De juin 2007 à mai 2011, 29 patients
atteints de mésothéliome pleural malin ont reçu une tomothéra-
pie hélicoïdale adjuvante. L’âge médian était de 63 ans (34–72).
Histologiquement, 83 % des patients étaient atteints de méso-
théliome pleural malin. Cliniquement, 45 % des tumeurs étaient
de stade T3 et 55 % N0. Tous les patients ont été opérés par
pleuro-pneumonectomie extrapleurale et 35 % ont reçu une chi-
miothérapie néoadjuvante par platine et pemetrexed. La dose
médiane dans la cavité de pneumonectomie était de 50 Gy en
25 fractions.
Résultats.– Le suivi moyen était de 13 mois après la tomothéra-
pie hélicoïdale. Les probabilités de survie globale à un et deux
ans étaient respectivement de 65 et 36 %. La durée moyenne de
survie moyenne à partir du diagnostic était de 16,1 mois. Les
volumes pulmonaires médians recevant 2, 5, 10, 13, 15 et 20 Gy
étaient respectivement de 100, 98, 52, 36, 19 et 5 %. La médiane
de la dose moyenne au poumon controlatéral était de 11 Gy. Deux
patients sont décédés de complications pulmonaires, trois ont
souffert d’une pneumopathie de grade 3 tandis qu’une toxicité œso-
phagienne de grade 3-4 a été observée chez trois. Aucun impact
significatif des caractéristiques cliniques et des paramètres dosimé-
triques relevés n’est trouvé sur la toxicité pulmonaire, cependant
un V10 (volume recevant 10 Gy) de plus de 50 %, un V15 (volume
recevant 15 Gy) de plus de15 % et une dose moyenne au pou-
mon controlatéral de plus de 10 Gy auraient une tendance à être
prédictifs de toxicité pulmonaire (p < 0,01). La dose moyenne au
poumon controlatéral semblait de plus avoir un impact signi-
ficatif sur la toxicité œsophagienne (p = 0,03), ainsi que le V10
(p = 0,03).
Conclusion.– La tomothérapie hélicoïdale est une technique pro-
metteuse dans le traitement des mésothéliomes pleuraux malins.
Les faibles doses reçues par le poumon controlatéral semblent être

le facteur limitant. Il serait intéressant de les comparer à d’autres
techniques d’arcthérapie volumétrique.

http://dx.doi.org/10.1016/j.canrad.2012.07.054
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Validation clinique d’une marge de 3 mm entre les
volumes cibles anatomoclinique et prévisionnel
pour la tomothérapie des carcinomes du col utérin
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Objectifs.– L’expansion entre les volumes cibles anatomoclinique
(CTV) et prévisionnel (PTV) est un sujet à l’étude dans la prise en
charge des cancers du col utérin par radiothérapie conformation-
nelle avec modulation d’intensité (RCMI). L’objectif de ce travail
était de valider cliniquement un concept de RCMI à faibles marges
déjà proposé par une étude théorique du Princess Margaret Hospi-
tal.
Patients et méthodes.– De janvier 2009 à décembre 2011,
97 patientes âgées de 51 ± 16 ans et atteintes de cancer du col utérin
de stade IB2 à IVB ont été reçu une chimiotomothérapie concomi-
tante dans le cadre d’une étude prospective enregistrée, de type
observatoire. En 28 fractions de 1,8 Gy, 50,4 Gy ont été délivrés
dans un premier volume cible prévisionnel (PTV1) comprenant
le volume cible anatomoclinique centro-pelvien et ganglionnaire
et 59,4 Gy en 28 fractions de 2,14 Gy en concomitance dans un
deuxième volume cible prévisionnel (PTV2) comprenant le volume
tumoral macroscopique (GTV) centro-pelvien. L’expansion entre
les volumes cibles anatomoclinique et prévisionnel était de 3 mm.
Ce traitement était suivi d’une curiethérapie de débit pulsé de
15 Gy. Des contraintes de doses ont été fixées pour ne pas dépasser
40 Gy et 45 Gy dans 200 cm3 et 50 cm3 d’intestin grêle, 45 Gy dans
20 % de la vessie, du rectum et du sigmoïde. Des consignes permet-
tant un contrôle des volumes vésicaux et rectaux ont été données
aux patientes et une surveillance quotidienne de ces volumes a été
effectuée par tomographie conique avec correction possible avant
traitement.
Résultats.– Le suivi était de 12 ± 6,5 mois. À la fin de la tomo-
thérapie et avant la curiethérapie, le diamètre tumoral initial de
5,3 ± 1,8 cm mesuré sur l’IRM est passé à 1,5 ± 1,4 cm. Vingt-sept
récidives ont été observées, majoritairement dans les 14 premiers
mois, dont 12 (12 %) locales, tous stades et situations confondus.
Seules 13 patientes ont souffert de diarrhées de grade 1 ou 2 et une
de grade 3. Six patientes ont souffert d’une cystite de grade I ou II.
Aucune toxicité tardive de grade supérieur à 3 n’a été observée.
Conclusion.– Avec un suivi de 12 mois et l’absence de toxicité tardive
sévère, le taux de contrôle pelvien était encourageant, les récidives
dans la littérature étant précoces. Sous réserve d’un suivi plus long,
ces résultats semblent valider en RCMI le concept de faibles marges
pour les cancers du col utérin.
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Évaluation de la dose à l’entrée délivrée par le
système d’imagerie du cyclotron
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Results: Median follow-up was 23 months. Two-year freedom from

biochemical failure was 67% in the WPRT group versus 89% for POPT (p

Z 0.046). There was no difference in 2-year overall survival (95% WPRT

vs. 98% POPT). There were no significant differences between the two

treatment groups for bowel-related QOL, including bowel summary after 6

(94.6 WPRT vs. 94.6 POPT), 12 (94.6 WPRT vs. 91.1 POPT), or 24 (93.5

WPRT vs. 93.5 POPT) months of follow up or for bowel function or bowel

bother at those same time points. No patient experienced a grade 3 or

higher GI toxicity. Acute grade 2 GI toxicities occurred in 12% of WPRT

patients versus 1% of POPT patients (p Z 0.002) and were due to

hydrocortisone (HC) suppository use. Late grade 2 GI toxicities occurred

in 7% of the WPRT patients versus 15% of the POPT patients (pZ 0.139),

including 7 POPT and 2 WPRT patients requiring cautery, 15 POPT and

0 WPRT patients requiring HC suppositories; 1 WPRT patient experienced

grade 2 proctitis and 1 POPT patient experienced grade 2 incontinence. On

univariate analysis, age  70 years, pretreatment statin use, and pretreat-

ment blood thinner use significantly predicted for grade 2 GI toxicity.

Conclusions: WPRT resulted in higher acute grade 2 GI toxicity than

POPT. However, WPRT did not result in worse EPIC bowel summary,

bowel function, or bowel bother at 6, 12, or 24 months and there was no

difference in late GI toxicity. Longer follow up is needed to confirm these

results.
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Nine-year Outcome and Toxicity in Patients Treated With IMRT for
Clinically Localized Prostate Cancer
S. Vora, W.W. Wong, S. Schild, and G. Ezzell; Mayo Clinic Arizona,

Phoenix, AZ

Purpose/Objective(s): To evaluate long term results and chronic toxic-

ities observed in patients treated with intensity-modulated radiation

therapy (IMRT) for clinically localized prostate cancer.

Methods/Materials: Three hundred two patients with localized prostate

cancer treated with image guided (BAT ultrasound) IMRT between 7/2000

and 5/2005 were retrospectively analyzed. All patients had >12 months

follow-up except for early deaths. Risk groups were designated based on

NCCN guidelines for low risk, intermediate risk and high risk (including

T3b). Biochemical control was based on the ASTRO (Phoenix) consensus

definition. Chronic toxicity was measured both at peak symptoms and at

last visit. Toxicity was scored based on CTCAE v.4.

Results: The median dose delivered was 75.6 Gy (range, 70.2-77.4 Gy). A

total of 35.4% of patients received androgen deprivation therapy (ADT).

With a median follow-up of 84.4 months (range, 4.5-136.4), local and

distant recurrence rates were 5% and 8.6%, respectively. The 5-year

biochemical control rates were 91.7% for low risk, 86.1% for intermediate

risk, and 79.3% for high risk patients. At 9-years, biochemical control rates

decreased to 77.3% for low risk, 69.4% for intermediate risk, and 52.7%

for high risk patients (p Z 0.054). ADT did not improve biochemical

control in the intermediate risk group with 9-year biochemical control of

81.4% vs. 66.7% (p Z 0.52). Univariate analysis found that clinical T-

stage, Gleason score, and PSA group was prognostic for biochemical

control. Peak chronic GU toxicity was Grade 1: 27.8%, Grade 2: 20.9%,

Grade 3: 3.0% Grade 4: .3%. Peak chronic GI toxicity was Grade 1:

28.1%, Grade 2: 11.3%, Grade 3: 1%. At last follow-up, GU toxicity grade

decreased to Grade 0: 76.8%, Grade 1: 16.2%, Grade 2: 6.3%, Grade 3:

0.7%. GI toxicity decreased to Grade 0: 88.4%, Grade 1: 9.6%, Grade 2:

1.7%, Grade 3: 0.3%. High risk group was associated with higher distant

metastasis rate (p Z 0.02) and death from prostate cancer.(p Z 0.0012).

Conclusions: This study represents one of the longest reported experiences
regarding the use of IMRT for prostate cancer. IMRT was well tolerated

with low late toxicity observed. Despite excellent biochemical control at 5

years, additional patients failed with longer follow-up. Subsequently, we

started using image guided IMRT with implanted fiducials delivering 77.4

Gy/43 fractions with an MRI directed concurrent boost to 83 Gy in order to

potentially further improve the outcome.
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Demographics and Comparative Effectiveness of Surgery and
Radiation Therapy in Men With Gleason Pattern 5 Prostate Cancer
J.D. Tward, W.T. Lowrance, and D.C. Shrieve; Huntsman Cancer Institute,

Salt Lake City, UT

Purpose: A primary or secondary Gleason pattern of 5 (GP5) has been

correlated with poor biochemical control after definitive therapy. We

evaluated disease specific (DSS) and overall survival (OS) in men with this

feature.

Methods: Subjects diagnosed between the years 2004 and 2008 with

biopsy GS5, N0M0 prostate cancer were identified from the NCI SEER

database and staged according to AJCC 7th edition criteria. Subjects with

combined Gleason score of <8 and survival times of <3 months from

diagnosis were excluded from the analysis. Kaplan Meier and Cox

regression analysis was used to estimate survival and the influence of

surgery, radiation therapy (RT), clinical T-stage, age, PSA, and overall

Gleason score. Details important to prognosis, such as margin status, RT

field design, RT dose, PSA doubling time, # of cores positives, post-

treatment PSA were not evaluable and limit our analysis.

Results: A total of 13,340 subjects were identified with a median follow-

up of 27 months (range, 3-59 months). The median age was 70 (range, 20-

104) and median PSA was 11.4 ng/mL. Gleason pattern of 3+5, 4+5, 5+3,

5+4 and 5+5 was observed in 15.7%, 54.0%, 5.4%, 17.9%, and 7.0% of

subjects. The most common clinical T stage was T1c (38.1%) and cT3-T4

disease accounted for only 9.8% of subjects. Surgery, RT, surgery and

adjuvant RT, and no definitive therapy was performed in 34%, 33.7%,

7.1% and 23.5% of subjects. The 5-year OS and DSS was 71.6% and

88.1% respectively. Surgery, EBRT, EBRT+brachytherapy and surgery

plus adjuvant RT had statistically equivalent OS (Hazard Ratios 1.1, 1.1,

0.8 and 0.9; p > 0.05) and DSS (HR Z 2.0, 1.3, 1.3, 1.9; p > 0.05).

Surgery as monotherapy trended toward adverse DSS (p Z 0.09). No

definitive therapy was correlated with statistically worse OS and DSS (HR

Z 2.1 and 3.3; p < 0.01). Increasing log(PSA) had significantly worse OS

and DSS (HR Z 1.6 and 2.1; p < 0.01). Clinical T-stage of <T4 and

Gleason score <5+5 had statistically better OS and DSS than the baseline

hazard.

Conclusions: Gleason pattern 5 prostate cancer has a poor prognosis. No

statistically significant differences between definitive therapies were

observed for overall or disease-specific survival. Performing a definitive

therapy is correlated with clinically and statistically significant improve-

ment in OS and DSS. The number needed to treat with definitive therapy to

prevent one prostate cancer death is 7 persons. Amongst the 5086 persons

in this study with occult disease (cT1c) found by PSA screening, 732

deaths are predicted to be preventable by definitive treatment.
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Voxel-based Analysis of Dose for Toxicity Prediction in Prostate
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1LTSI - Université de Rennes 1, RENNES, France, 2INSERM U1099,

Rennes, France, 3Centre Eugene Marquis - Departement de Radiotherapie,

RENNES, France,
4
Centre Eugene Marquis - Departement de

Radiotherapie, Rennes, France

Purpose: Toxicity predictive models in prostate radiation therapy are

traditionally based on dose volume histograms, wasting 3D dose distri-

bution information. They are then inappropriate to localize regions of the

organs at risk (OAR) involved in toxicity, which is crucial in IMRT inverse
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planning. The goal of the study was to assess the relationships between

side effects and 3D dose distribution using voxel wise statistics.

Materials/Methods: One hundred sixteen patients (pts) received a dose of

80 Gy in the prostate by IMRT. Rectal and bladder toxicities were

analyzed: for acute toxicity using the CTCAE.V3 and for 2 year toxicity

using the SOMALENT classification or bleeding scoring (at least 1

episode). The individual 3D CT scans and planned dose were non-rigidly

registered towards a template in a 2 step process: (i) CT scans were rigidly

registered towards the template; (ii) a non-rigid hybrid registration based

on the demons algorithm was implemented to align the organs. Dice scores

were computed for each pt organ. The statistical analysis was performed

only for pts being properly registered (Dice score > 0.7). A two-sampled t-

test was performed at a voxel-basis leading to the computation of 3D maps

for both, dose differences and False Discovery Rate corrected p values

between the mean dose of pts having or not toxicity. Voxels having

significant p values in the dose difference were characterized in terms of

absolute volume, mean dose difference and localization in the OAR, which

was defined as the distance to the prostate and the seminal vesicles

surfaces.

Results: Median follow-up was 31 months (6 to 64). Grade 1 and 2 rectal

acute toxicity rates were 26% and 4% respectively. Two year rectal toxicity

(> grade 2) and bleeding rates were 9% (95% CI: 3-14) and 20% (95% CI:

12-27). Two year bladder toxicity (> grade 2) and bleeding rates were:

19% (95% CI: 11-26) and 5% (95% CI: 1-9). Median Dice score were 0.75

(SD:0.12) for the rectum and 0.92 (SD:0.13) for the bladder, leading to the

inclusion of 74 pts and 107 pts for the rectal and bladder toxicity analysis,

respectively. 1) For the rectum: significant difference of dose was found in

large regions (Table). More than 90% of them were within the 1rst cm

(anterior wall). 2) For the bladder: no voxel was found significant.

Conclusions: Our voxel-wise method allows the highlighting of rectal

regions that may be involved in rectal toxicity and was not informative for

the bladder. This promising approach should be more investigated by

increasing both the number of pts and testing different registration

methods.
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Random Forest are Strong Competitors of Published NTCP Models
for Rectal and Bladder Toxicity Prediction
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Purpose/Objective(s): In case of prostate 3D conformal radiation therapy

(3DCRT) the objectives were: *to assess the predictive capabilities of

random forest (RF) to predict late rectal and bladder toxicity; *to compare

the performance of RF with respect to the classical normal tissue

complication probability (NTCP) models.

Materials/Methods: Four hundred thirty-seven patients (pts) received

3DCRT for prostate cancer to a median total dose of 78 Gy (70 to 80 Gy),

2 Gy/fraction. Pts were selected based on the availability of the dose-

volume histograms. Median age was 67 years (45-78). History of

abdominal or pelvic surgery, anticoagulant therapy and diabetes were

observed in 30%, 15% and 6% of pts, respectively. The data were collected

prospectively for 42% of pts. Rectal and bladder toxicities were analyzed

according to the SOMALENT classification (> Grade 2). The analyses

were done with RF, a classification methodology based on CART and

bootstrap, to generate a RF NTCP model, using the mentioned variables.

For each follow up endpoint, the data was split into training (75%) and

validation (25%) data sets. Then, a RF was trained on each training data

set. The same procedure was followed using 6 published NTCP models:

Lyman-Kutcher-Burman (LKB), Logit EUD, Poisson EUD, Källman,

Schultheiss and Parallel models. The model parameters were identified by

maximum likelihood. To compare the models, the predictive capabilities

were assessed using ROC analysis and binary logistic regression with the

actual patient outcome as the dependent variable and the estimated NTCP

value as the input.

Results: Median follow-up was 62 months (6 to 155). Two-, 3-, 4- and 5-

year grade  2 rectum toxicity rates were: 12% (95% CI: 9-15), 17% (95%

CI: 13-20), 19% (95% CI: 15-23) and 21% (95% CI: 17-25), respectively.

For the bladder 2-, 3-, 4- and 5-year grade  2 toxicity rates were: 13%

(95% CI: 6-16), 15% (95% CI: 12-19), 17% (95% CI: 13-21) and 21%

(95% CI: 16-25), respectively. The table shows that ROC AUC for the RF

were superior to the best one among the 6 published NTCP models in

almost all cases. Using the validation data, the associated p value to the RF

NTCP value in the logistic regression was < 0.01 for 2- and 3-years rectal

toxicity, whereas none NTCP value from traditional NTCP models resulted

significant.

Conclusions: RF NTCP models appear to be strong competitors of pub-

lished NTCP models in predicting rectal toxicity and they seem to be

promising in predicting bladder toxicity, with a high potential in IMRT

planning.

Author Disclosure: J. Ospina: None. J. Zhu: None. E. Le Prisé: None. A.

Bossi: None. P. Haigron: None. K. Gnep: None. V. Beckendorf: None. O.

Acosta: None. A. Simon: None. R. de Crevoisier: None.
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Critical Utility of Ultrasensitive PSA for High-Risk Patients Eligible
for Adjuvant Radiation Therapy Following Radical Prostatectomy
C.R. King, R.E. Reiter, J. deKernion, M.L. Steinberg, and D.S. Finley;

University of California Los Angeles, Los Angeles, CA

Purpose/Objectives: To critically assess the utility of ultrasensitive PSA

(uPSA) following radical prostatectomy (RP) in the management of high-

risk patients (pT3 or + margin) eligible for adjuvant radiation therapy

(ART).

Materials/Methods: Between 2000 and 2010, 72 men who underwent RP

with either pT3 (21 pts, 29%) or + surgical margins (51 pts, 71%) were

Poster Viewing Abstract 2446; Table

Significant (p < 0.01) voxel

characteristics

2 years  rectal

bleeding

2 years  grade

2 rectal toxicity

Absolute volume (mm3) 2259 4233

Dose difference (Gy, mean) 8.1 10.2

Distribution (%) of the voxel

by distance of the voxel

from the prostate and

seminal vesicles

5 mm 16% 49%

10 mm 97% 94%

15 mm 100% 95%

20 mm 100% 95%

30 mm 100% 95%

Poster Viewing Abstract 2447; Table AUC for late rectal and bladder

toxicity prediction using RF and classic NTCP models

Rectum Bladder

Random

forest

Best published

NTCP model

Random

forest

Best published

NTCP model

2-years 0.73 0.63 (Parallel) 0.72 0.67 (LKB)

3-years 0.65 0.58 (Källman) 0.79 0.66 (Källman)

4-years 0.71 0.60 (Källman) 0.73 0.70 (Parallel)

5-years 0.76 0.62 (Källman) 0.69 0.69 (Källman)
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ABSTRACT 

ABSTRACT 
 

 As a local treatment method, radiotherapy aims to raise the tumor local control 

probability by increasing dose on tumor target and decreasing the irradiation induced 

complications of normal tissue, in order to improve the survival rate and life quality 

for the patients. 

  By setting the dose distribution objectives for both tumor target and organ at risk 

(OAR), intensity modulated radiation therapy (IMRT) achieves the best dose 

irradiation fluence for each beam. And then, a large number of sub-fields are shaped 

by multi-leaf collimators in order to get more accurate irradiation and release normal 

tissues.  

 However, the tumor is normally surrounded with normal tissues, which are 

inevitable to be irradiated by X ray and its scattering. Even the most accurate 

radiotherapy techniques can not avoid dose on normal tissue and the presentation of 

irradiation toxicity. Some acute complication, which appear during the treatment and 

prolong or even block the course, will reduce the cure rate and survival rate. Some 

late toxicity, that appears from 3
rd

 month to 5
th

 year after treatment, reduce patients! 

life quality and bring them more pain. 

 Therefore, a kind of complication predictive technique is needed, which can 

predict the toxicity rate before treatment and can be used to compare treatment 

schemes quantitatively. Further more, this predictive factor should better be used in 

the IMRT optimization process by constraining dose on normal tissue, and finally 

decrease the complication probabilities. 

 The objective of this thesis is to study the complication predictive models, to 

summarize, fit and compare the existing predictive models at predicting different 

normal tissue complications. And based on them, the next step is to convert different 

predictive factors into IMRT optimization objective functions, which can reduce the 

dose on normal tissue in IMRT radiotherapy. Finally, an improvement is proposed for 

the traditional normal tissue complication probability (NTCP) model. 

 Research achievements and contributions are summarized as follows: 

 First, based on the complications from prostate and nun-small-cell lung cancer 

radiotherapy, different NTCP models were identified and compared, including: the 
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existing 6 NTCP models from literatures were summarized and their structures, 

parameters and relationships were analyzed; the parameters for all the 6 NTCP 

models at predicting late rectal and bladder toxicities at 2~5 years follow-up times 

after prostate cancer radiotherapy were identified, and their predictive capabilities and 

characteristics were compared; the parameters for one NTCP model at predicting 

nun-small-cell lung cancer radiotherapy induced acute esophagitis were identified, 

and the affects of chemotherapy to irradiation toxicity were analyzed using this NTCP 

model.  

 Second, the application of equivalent uniform dose (EUD) model in prostate 

cancer IMRT was studied, including: the structure characteristic and different 

parameter meanings were analyzed for EUD model; a strategy was proposed 

originally: to separate bladder wall into two different parts according to the relative 

position with prostate tumor target, and to set different parameter values for them, and 

then the effectiveness at decreasing dose on OAR on commercial IMRT platform was 

tested.  

 Third, the application of biological predictive models was studied in IMRT 

optimization, including: constrain functions and construct optimization objective 

functions were established for 4 physical criterions and 3 biological criterions; the 

feasibility and the effectiveness of biological criterion application were tested in 

IMRT. 

 Fourth, the traditional NTCP model was improved with biological effective dose 

(BED), including: the BED model, which describes the transform relationship 

between physical and biological dose, was derived from linear-quadratic model; based 

on this model, the traditional NTCP model was improved to be able to predict 

different toxicity probabilities after different fractionation treatment separately; the 

predictive capability, the theory and the clinical significance of this improvement 

were tested. 

 

Keywords: tumor, intensity modulated radiation therapy, complication, predictive 

model, equivalent uniform dose, biological effective dose, normal tissue complication 

probability, tumor complication probability.
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 麝ゕŀ憩ヮこ゚異聡甞狢寧ケ异沛邉姨̂68′Intensity Modulated Radiation 

Therapy＄IMRT″肄麸35晶尹棙●┚圈鑾鑷鞘抄券覇̂68艮郊猜日┚內日Ο罕𪆐

穀35⌇┞屋ホ◆Ⅵ醸奧麝佬錮εこ゚せヽ35邉姨̂68殃𪆐35橫曰埴親梏晶p抄券㎤

83龥I︸繁府麝コ佬┚肉献勿せヽxせ嬉妒職異聡＄蒸隸蠖梗Y倦せヽ螞Χ35鑄

嶧佳┛鵝醸郊梗麝錮35εこ゚せヽ縟┹声䡄問印抄傑錮35献埃埴親嚏蛬┛ 

1.1甞狢寧ケ异沛邉姨̂68 

1.1.1邉68肄麸35晶尹 

 藥週ナ璡晶斷35 2009 桿Ο肉gn渼葦83悲č膊陣顆学校法人＄甞狢寧ケ35渼葦83

攸誕乑棙濕ʜ0n┚盟ʜ0n＄縟δ朗覇肉以ナ性35鵝Η紞35gnφヘ

[1]
┛藥ヮ

01週ナ埴親悲č＄O艮甞狢寧ケ35̂砒83穴δ 55%＄券Ο＄邉姨̂6835䡄問楾梫

40%
[2]
＄姿レ穴 65%35甞狢寧ケ痼歲覇券gn35ュ蒸橊竑綳こ゚蜥消邉姨̂68

[3]
┛ 

 鬘 1895桿澎肉89コ喃垤駅問′Röntgen″覇圈MV嗇晶xх剣鶫ェ歬察35 X姨

舜＄齧 1902桿 X姨舜くホэ̂6877程日＄AA35ホ桿掮＄嚶縟х緯晶x穀豪ホ

X姨舜35攘弥渉湿┛覇痁醸35ヘ29ヘ守桿掮＄痁ヌ若ホロ啀U舜殺氊殿声若喃淅

叫糦磓僲模35埤ナ＄寧ケ翁勿邉姨̂68′external beam radiation therapy″誕出х

メ尞紞弥35肄麸蠛鑄◇ 

 衛悲翁勿邉姨̂68′conventional external beam radiation therapy″＄十ы翼邉

姨̂68′2DXRT″＄毚棙衛悲35 X掲︸艾圀押肄麸＄澋沼痼歲艮醸声攀醤鑷埴モ

35ы翼歬⁂虹叫＄₇18圀押寧ケ35押鵈＄梏毚棙誕テ⁇壟35鑷®覇痼歲翁ś痔日

ヮ収35せ姨慼軟＄毚棙ы翼̂68č行O悲′treatment planning system＄TPS″蜚

腰若ホU舜殺氊殿毹暎ы健御U殿′collimator″濤縟ヮ収35¤鉱縻ュ¤鉱w濤

𥿠＄奧痼歲翁献寧ケ圈鑾せ姨＄洛虹 1.1′a″罕学校法人┛榺ヘ肄麸35埤ナ＄恵紅豪ホ

х若喃淅叫肄麸暎│35渉蠛＄胥寧ケ̂68暎激х梵τモ35#淅叫殃奸邉姨̂68

′Image Guided Radiation Therapy＄IGRT″$隸鰯＄禾 X舜墾𥿔35脣姨鶫х霽問

35裠O餌┛Ⅵ姿＄衛悲翁勿邉68虹叫顆学校法人鑷歡収ヘ＄寧ケ裠翁⌇声趨軟住抄殿囮

35詔⁂狢暒攴＄墾𥿔脣姨鑷歡印ヮ収35鑷𥿠δε＄墾𥿔紅斷35櫳濤楾抄賠示狢暒

攴＄裠錫趨軟橫曰埴親П蜥消'03墾𥿔35せ姨＄邉68梏晶p梗x㎤83'03＄緯姿淅箭

х鴦'03面鑷墾𥿔35脣姨┛ 

 痁ヌx鰯čゝ黝肄麸声若喃淅叫肄麸35晶尹＄寧ケ35邉姨̂68槀激хメ翼櫳

濤邉68′ 3D-conformal radiation therapy＄ 3D-CRT″隸鰯＄券Ο CT︸艾
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′CT-simulation″声メ翼č行′3D-radiation therapy treatment planning＄3D-RTP″

韋圈xメ翼櫳濤邉6835倦匑橳11声倦匑肄麸┛CT︸艾韋妍痼歲覇̂68翁押ャ槀

≳CT耙蠑＄胥CT虹叫衛激メ翼č行擺屋い＄毚棙覇鐺寐虹叫モ痔日寧ケ裠錫声

趨軟橫曰殿囮梏槀≳メ翼鈑啗紞櫻滕穀磬健倓錫35虹叫顆学校法人鑷歡◆メ翼č行韋覇

︸艾メ翼虹叫35府コモ＄毚棙メ翼TPS僲鵈せ姨シΟ濕┚姨𥿠㆛楾＄梏覇姨𥿠鑷

埴⁇′beam!s eye view＄BEV″01螞异鉉籾鐘御U殿′multileaf collimator＄MLC″

印櫳濤裠錫35濤せ渉湿＄洛虹 1.1′b″＄梏异ホメ翼墾𥿔čゝ︸繁︸艾X姨舜覇

以翁Ο35ア掮墾𥿔紅斷＄鵝遂毚棙墾𥿔-翁⌇U鑷虹′dose-volume histogram＄

DVH″兗羽寧ケ抄情橫曰埴親消せ姨墾𥿔
[4, 5]
┛メ翼č行ユы翼č行35鵝弥攴麹

覇э翁⌇㎤燻35殃激◇メ翼č行奧寧ケ裠錫声住抄殿囮35圀τ辞苺х鉉Μ寧ケ裠

翁⌇声住抄殿囮翁⌇◆姨𥿠喉鴬小鈑声姨𥿠弥婀濤せ35僲č彩熳奧鉉Μ裠翁⌇35

せ姨◆墾𥿔čゝ︸繁δメ翼︸繁＄彩熳姨槇覇情Μ鑷埴35釐姨┚埴親ュ賠示狢慧

橫シ◆メ翼č行糦ホ鵜碆紘螞ы翼墾𥿔紅斷虹┚メ翼墾𥿔紅斷虹┚DVH虹傑螞

兗羽裠翁⌇35墾𥿔紅斷┚̂ 68翁⌇ユč行裠錫35メ翼櫳濤楾印抄住抄殿囮35翁⌇

墾𥿔┛3D-CRT禾裠錫消穀問紘35櫳濤35'03墾𥿔せ姨35蒸隸＄禾趨軟橫曰埴親35

消せ姨墾𥿔弥弥醐婉＄緯姿δ裠錫35膨𥿔鋼氎х瑤烏

[6]
┛弥𥿔Χ椦せヽś霽＄榺

鼏鑄肄麸ュ汚蠖'03х寧ケ寉璡蜚腰83＄醐婉х邉姨捷棗声醸湏p＄姿レ券剣鶫暒

裸35縟麝鄂e′cost effectiveness″
[7-10]
┛ 

 异沛邉68＄傑❀δ#沛楾异腰邉姨̂68′intensity modulated radiation therapy＄

IMRT″$＄韋分 3D-CRT醸邉68肄麸35彰ヘ尞蠛鑄
[11]
┛IMRT恵紅豪ホTPS声殺氊

殿御UO悲＄毚棙妍せ姨𥿠紅縟彐档婀啀𥿠′sub fields″35鑷歡异鉉せ姨𥿠献杝

梗墾𥿔35沛楾紅斷＄滕穀'03楾櫳濤35裠錫メ翼墾𥿔＄緯姿覇ュ膨殺タ齧醐婉趨軟

橫曰埴親消せ墾𥿔35艮蠖ャ＄梫穀膨殺裠錫墾𥿔＄蠖'03̂68膨e訒35O35┛IMRT

嬋券櫳ホэ寧ケ裠錫濤せ盲黹縻歲ユ趨軟橫曰殿囮押鵈{狳35發胡＄洛虹 1.1

′c″＄寧ケ裠錫w庭桝58訊酒任濤紅斷＄意禾ホ 3D-CRT肄麸覇BEV鑷埴印弥𥿠

濤歡櫳濤寧ケ旔樔陌®澋櫳濤楾'03┚賠示狢裸35墾𥿔鴆舜紅斷＄姿レ陌®𤄃桂奧

住抄殿囮′桝58″35宓せ◆姿异沛邉68肄麸詔印毚棙妍薰Μせ姨㆛楾モ35弥𥿠紅

砦縟彐档Μ婀啀𥿠35濤歡异鉉せ姨𥿠脣姨沛楾35紅斷＄奧寧ケ裠錫圈鑾賠示35墾

𥿔脣姨＄蒸隸覇籾Μ㆛楾𤄃桂婀啀𥿠奧桝5835U蜥せ姨＄鶫鄂沬旺х住抄殿囮35

消せ墾𥿔┛ 
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            ′a″                    ′b″                        ′c″ 

虹 1.1 メ△寧ケ翁勿邉姨̂68肄麸 ′a″駛毚勿せ姨 ′b″櫳濤邉68 ′c″异沛邉68 

1.1.2 IMRTč行僲č 

 异沛邉68毚棙异鉉せ姨𥿠献35せ姨沛楾紅斷＄禾滕裠錫メ翼櫳濤楾蠖'03＄覇

醐婉橫曰埴親消せ墾𥿔35蒸隸蠖'03裠錫墾𥿔＄蠖'03寧ケ邉姨̂6835膨e訒┛榺茜

永仕35沼滕＄韋印ɚ問č行δ艮蠖35┛IMRTč行僲č35府麝棙●辞苺洛ャ結Μ

鑷螞◇ 

1.1.2.1奸激痼歲Μ以革甃声圀押虹叫 

 痼歲35Μ以革甃辞苺累譲┚横澷障抄寧ケ晶n璡押シ┛圀押虹叫韋緯︸艾圀

押淅叫僲模澋沼35痼歲 CT鐺寐虹叫声券井札忘淅叫喃革甃＄辞苺㌵件蒭′MRI″

縻歲橫ロ啀晶姨鐺寐′Positron emission tomography＄PET-CT″虹叫シ┛妍榺茜

革甃毚棙㌵s茴踣縻歲躑輩衛杝35鑷歡奸激穀 TPS＄屋δ腰圀邉68č行35府コ声

会藥┛ 

1.1.2.2虹叫紞櫻声𥐮御 

奧奸激 TPS35鐺寐 CT虹叫槀≳メ翼紞櫻＄櫻ヰヘ埴虹叫寐掮押鵈倦O＄┡

縟以翁旔樔声翁献情脈殿35メ翼紅斷ア掮┛虹叫𥐮御韋櫻ヰΖ埴ュ蒸淅叫棧郊φ

掮35ア掮押鵈倦O35棙●＄辞苺欸黝𥐮御声蒸黝𥐮御Ζ△◇洛奧э𠃵献寧ケ＄詔

慣晒㌵件蒭虹叫奧㫖埴親顆叫鴦ボ駘35ⓔ7/12＄妍 CT ユ MRI 槀≳欸黝𥐮御＄緯

姿暭晒凊麹𠃵献寧ケ声橫曰埴親聴┡◆洛奧э鶫槑し斿▪縻歲⋛査聴┡ュボ駘35

寧ケ＄詔慣晒 PET-CT 奧寧ケn4/9'03鰯昳緯姿誥沼顆叫墾忘察沛35ⓔ7/12＄妍 CT

ユ PET 虹叫槀≳蒸黝𥐮御＄暭晒勖鐺寧ケ聴┡＄暾晒問圀声〟聽寧ケ35ɚ問押

鵈┛ 

1.1.2.3痔日寧ケ裠錫抄橫曰埴親聴┡┚逃圀面鑷墾𥿔 

覇澋沼メ翼紞櫻醸以翁虹叫ア掮35府コモ＄屢藥 ICRU′ International 

Commission on Radiation Units″50障膊陣声 62障膊陣
[12, 13]

＄綳こ゚圀τ35裠錫辞

苺弥翁寧ケ′gross tumor volume＄GTV″┚Χ椦裠錫′clinical tumor volume＄CTV″
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声č行裠錫′planning tumor volume＄PTV″┛若ナ屢藥奸激TPS35痼歲虹叫抄券

井Χ椦勖鐺革甃＄嚶縟奧GTV声CTV35痔日┛PTV傅浄х寧ケ献裠錫′internal 

tumor volume＄ITV″声č行裠錫＄覇彩熳穀寧ケせ姨棙●Ο梗x35殿囮▪皿声

誚押宓攴Ζ鑷螞35發胡ャ＄奧寧ケ梘01僲圀ヘΜ勿邉錫掮′margin″＄毚曰ラTPS

鬘皿耒尹扱ナ＄券弥婀沼袴э殿囮㮍皿朸楾ユ誚押宓攴弥婀┛鵝遂＄ラ若ナ逃圀

面鑷墾𥿔声裠錫趨軟住抄殿囮諮消墾𥿔┛ 

1.1.2.4糦ホ欏埴鑷歡問圀せ姨𥿠小鈑 

 豪ホ籾鐘御U殿′Multi-Leaf Collimator＄MLC″ナ縟欏埴异沛邉68č行35棙

●＄綳こ゚89コ旌羃皿問圀せ姨𥿠鑷埴声姨舜忘𥿔＄Ⅵ醸圀τヘΜ鈑喃モ35鵝永湿

捓佳＄ホ捓佳35O餌洪鈑声′縻″穴槇瑤烏蠑橎Χ椦面鑷墾𥿔こ゚&′訒洛ホO餌

洪鈑蠑橎裠錫35面鑷墾𥿔＄ホ穴槇瑤烏蠑橎裠錫墾𥿔賠示楾こ゚&声橫曰埴親35諮

消墾𥿔こ゚&″┛Ⅵ醸ラTPS&⋛鵝永湿捓佳＄逃梗ヘ埴鵝永35姨𥿠小鈑声Y棗35

墾𥿔紅斷

[14]
┛覇橆府コモ＄ラTPS覇薰Μせ姨𥿠鑷埴ナ縟彐档婀啀𥿠棧郊＄妍永

湿滕穀35せ姨𥿠献情7/12ュ蒸35脣姨沛楾翁xδュ蒸35脣姨墾𥿔┛啀𥿠ナ縟鑷歡辞

苺蜢燠异沛′step&shoot″声皿燠异沛′sliding window″Ζ△＄艮歲韋妍姨𥿠こ゚

&35沛楾紅斷槀≳紅健＄豪ホMLC濤縟35籾Μ啀𥿠槀≳紅斷せ姨＄券ⓔ渫韋薰

Μ啀𥿠せ姨嚶訷醸＄せ姨紘鐺＄MLC异穀紹ヘΜ啀𥿠押鵈＄賢分蔽せ姨＄U穀

罕鶫啀𥿠せ姨嚶訷＄罕鶫啀𥿠35?沛Y殺＄濤縟こ゚&35沛楾紅斷

[15-17]
◆醸歲鉱豪

ホ籾鐘掲𨳝Y奧棗35ヘ奧鐘5535Y奧㮍皿＄圈x奧姨𥿠沛楾35异圴＄券ⓔ渫韋鐘

55㮍皿棙●Ο＄姨舜ヘU面э#BEAM ON$35押鵈＄墾𥿔83ュ渉
[16]
┛ 

1.1.2.5邉68č行兗奄 

  奧э欏埴异沛邉68č行＄毚曰緯印ャΖΜ鑷螞槀≳兗奄◇ 

  ŀ憩＄号鐺̂68č行韋心詔印鼔豪耄≳＄洛┹č行小鈑乑梗х殺氊殿35型佟

慼軟＄十妋č行ュ忘鼔豪圈鑾＄鉱濔鼛奧券嬉梗割邂◆券尞＄兗羽̂68č行韋

心Ẽ僇Χ椦面鑷墾𥿔こ゚&＄辞苺裠錫翁⌇く面鑷墾𥿔辞庭發胡┚裠錫墾𥿔櫳濤

楾莢鈑′conformal index＄CI″┚賠示狢莢鈑′homogeneous index＄HI″印抄住

抄殿囮韋心乑棙浡腰墾𥿔＄洛┹鶫鵜鴬ヘ鑷螞ュ忘Ẽ僇＄鉱濔鼛奧永湿小鈑嬉

梗异鉉＄ш沼Ẽ僇Χ椦こ゚&┛ 

1.1.2.6奸梗̂68č行膊陣声衛杝姨𥿠鈑藥 

  覇若ナ声89コ旌蒸隸問đヘΜč行φ醸＄ラ89コ旌奸梗č行膊陣＄辞苺姨𥿠

小鈑郊ś┚裠錫墾𥿔紅斷┚紅尞墾𥿔圈鑾č行印抄裠錫声住抄殿囮35 DVH虹┛

Ⅵ醸＄妍č行毚棙㌵s縻躑輩鑷歡衛杝齧若ホU舜殺氊殿蜚腰鶤薩殿＄印模耄

≳č行隸异ホ┛ 
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1.1.3 IMRTč行永湿 

  异沛邉68č行僲č35O35韋梫穀寧ケ̂68Χ椦こ゚&＄辞苺問圀姨舜△ū┚姨

舜忘𥿔┚姨𥿠鑷埴抄鈑O┚啀𥿠濤せ声黻紞シ小鈑┛邉姨̂68韋毚棙89コ羃竑

圈xナ89喃O35＄頓橆č行永湿隸＄毚曰妍Χ椦O餌斿湿δ89コO餌縻ナ89喃

O餌＄梏印鈑喃︸繁35濤歡ś梫＄毚棙89コ永湿縻ナ89永湿│圈x

[18]
┛ 

1.1.3.189コ永湿 

  89コ永湿韋O艮覇尊ヲTPSΟ梵¹棗ホ35永湿鑷®＄噪訒ナ89永湿鴦δU⁇

[19]
＄奧э鶫誕MV35邉68⇨若ナ声89コ旌＄詔印鶫𩸕奧狢芭圀τ寧ケ裠錫抄住抄

殿囮覇ヘ圀翁⌇ャ蜥消35せ姨墾𥿔＄榺△府э墾𥿔-翁⌇O餌洪鈑35永湿㎤燻剣

鶫霽問35邉姨89コ喃碆τ＄棗ホ2/99

[20]
＄韋č行永湿Ο鵝圈ホ35O餌洪鈑

[21]
┛

Ⅵ姿＄89コ永湿唸覇35εこ゚捓佳韋Χ椦莢圀35墾𥿔-翁⌇O餌縻歲穴槇瑤烏毚曰

ュ韋忘門圈x35鵝永還＄頓橆詔忘梗x永湿捓佳¢鶫詔≳⋛縻歲聽穀35詔≳⋛

螌鵝永35發胡┛ラэΜ麹寧ケ縻橫曰埴親35墾𥿔-翁⌇鄂棗倦O梏ュ嚶傑霽問＄

訒洛艮郊猜日邉68Ο氎縟35㾱抱薔疫＄毚棙奧Χ椦⁇壟鈑藥35紅┭＄鶫せヽđ

δ妋薔疫ユ㾱抱消穀35'03墾𥿔せ姨翁⌇塢紘Y倦＄śx梗Υ繁殿囮ⓔ渫

[22-29]
＄

紹鶫せヽđδユ㾱抱消穀35旺墾𥿔せ姨翁⌇塢紘Y倦＄śx梗梏繁殿囮ⓔ狢

[30, 

31]
＄П鶫せヽđδモ橎Ζ△ⓔ渫建姿鶫φ＄śx梗Υ-梏繁ⓔ渫

[31]
＄頓橆綳こ゚若

ナ声89コ旌槀ヘ橳蜿v鑄35O餌洪鈑縻禾ホナ89永湿︸繁┛ 

1.1.3.2ナ89永湿 

 寧ケ邉姨̂6835府麝初鉱＄韋覇宸𥿔沬旺橫曰埴親消せ姨墾𥿔35發胡ャ蠖'03

奧寧ケ裠錫35せ姨墾𥿔＄э橆Y奧棗35ナ89喃兗羽莢餌韋#橫曰埴親梏晶p㎤83$

十 NTCP′Normal Tissue Complication Probability″声#寧ケ蜚腰㎤83$十 TCP

′Tumor Control Probability″┛頓橆＄曰ホ35ナ89永湿︸繁辞苺陌梏晶p35寧ケ

蜚腰㎤83︸繁┚NTCP┚TCP抄券殺黻︸繁┛紹勿＄ラэ覇︸繁濤歡抄鈑喃永湿

鑷螞35永7/12＄#シ鄂賠示墾𥿔︸繁$十 EUD ︸繁殃𪆐х峐籾せヽ歲35健倓┛ユ墾

𥿔-翁⌇頓啀Y訒＄EUDユナ89鄂棗鶫鴦裸35Y倦狢＄姿レ覇鈑喃濤歡モ詔印ユ

NTCP声 TCPY唖斿薇┛府эモ橎ナ89喃頓啀鬱尹35 IMRTナ89永湿＄券聴┹ユ

Χ椦鄂┹U蜥Y倦＄奧э寧ケ邉68鄂┹35兗羽П鴦鶫𩸕奧狢┛Ⅵ姿＄O艮ナ89永

湿唸覇ヌΖ鑷螞εこ゚捓佳＄辞苺︸繁小鈑35ュ問圀狢声ナ89頓啀小ユč行永湿35

詔蹉屋狢＄艮歲こ゚&禾ホ35ナ89︸繁小鈑│鬘э奧Χ椦圾鸚⁇壟聴┹35ナ89鄂棗

艾浄＄醸歲こ゚&覇滕穀橫問︸繁小鈑35發胡ャ豪ホ鈑喃抄čゝ黝擺剣圈xO餌鵝

永湿＄姿榺茜擺屋畐榰唸覇ヌ峐籾捓佳鶫湃蜿ř＄韋O艮せヽ35487/12┛  
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1.1.4艮郊猜日IMRT 

1.1.4.1艮郊猜日?≳n喃 

 艮郊猜日韋﨑花肉垤鵝曰◓35甞狢寧ケφヘ┛覇花肉＄艮郊猜日35晶n83'03

э內日＄寢ゔヘ押＄渼葦83意尞э內日寢ゔы押┛覇く゚﨑情肉＄券晶n83声渼葦

83賠寢甞狢寧ケ35ゔы押┛艮郊猜日35晶n83楆桿│覇情肉賠訊モ種35亼仕＄縉

肉Χ椦艮郊猜日35晶n83δ﨑花肉垤35 1/30~1/20＄姿埴親喃艮郊猜日35晶n83

声艮郊猜膨ナ羃麸餌麝35埴親喃艮郊猜日晶n83穴δ﨑花35 1/2
[32]
┛ユ艮郊猜日

晶n鶫倦35住烖頓t辞苺

[33]
◇ 

 桿汏◇'03汏韋艮郊猜日鵝εこ゚35住烖頓t＄50嵌印醸艮郊猜日35晶n83痁桿

汏膨殺姿棅氊モ種┛藥悲č＄39嵌印ャ薰 10ミヰ狢以章鶫 1貨梗x艮郊猜日＄

40~59嵌薰 103譲ヰ狢梗x 1貨艮郊猜日＄60~79嵌薰 8Μヰ狢Ο梗x 1貨艮郊

猜日┛ 

 △闊◇艮郊猜日35晶n83鶫霽顆35△闊攴欸＄Ο肉麝能艮郊猜日35晶n83δ

花肉35 1/30＄姿花肉擪以35晶n83彰訒28以'03┛ 

 湏衛◇覇花肉穴 9%35艮郊猜日U蜥ラ湏衛殃𪆐＄汚韋覇 55嵌印ャ35艮郊猜

日Ο＄榺ヘ訒貨'03梫 43%┛紹藥殺茯弥35悲č閎鏖＄艮郊猜日痼歲35ゔヘ鰯UO

安屮35晶n83訒陌垤闊賞歲'03 2.62乾 

 釡椽◇'03冒釡椽歲艮郊猜日35晶n83モ種 1.6~1.9 乾＄姿旺冒途┚'03均翼釡

椽詔印沬旺艮郊猜日35晶n83┛藥せヽ＄Ο肉以▪鍗花肉醸艮郊猜日35晶n83モ

種ユ歵ょ蜥消く゚鑷釡椽鶫倦┛縉肉喃歲せヽś霽＄艮郊猜日35晶n83ユ釡椽Ο35

獪冒途┚負璘拾t┚フ┚籾声冒途稕声皿89冒途誥激𥿔鶫ヘ圀35墾𥿔捷棗倦O┛ 

 Ît◇Ît鰀桷奧艮郊猜日晶n8335淅箭嫂ュボ僊┛墜金湿n以埴親喃艮郊

猜日35晶ナ83旺э駛毚以寒晶n83＄滷w16秂ユ艮郊猜日晶n8335Y倦狢嫂唸覇

暒籾ш佬┛ 

 艮郊猜膨ナ◇艮郊猜膨ナユ艮郊猜日35晶ナφ掮35倦Oュ忘唐圀＄䚮Ⅵ穴

80%35艮郊猜日掩鶫艮郊猜膨ナ＄汚韋艮郊猜膨ナ羃麸餌麝晶x35埴親喃艮郊猜

日蕉鶫穴 10%┛紹勿＄艮郊猜日ユ艮郊猜膨ナ裸晶э艮郊猜35ュ蒸璡押＄艮郊猜

日裸晶э勿趨錫姿艮郊猜膨ナ裸晶э▪≳錫┛賢歲＄覇乑澁聴┡モ＄艮郊猜日35

猜翁職婦鶫霽問35聴┡邂渉＄姿艮郊猜膨ナ35猜翁職婦蕉鶫𥿔35渉湿┛ 

 券井◇28喧⇨喃垤晶x寽翁迮𥿔莢鈑′body mass index＄BMI″ユ艮郊猜日

35晶n83鶫倦┛紹勿＄辞77w紘麸┚杝ɚ0聴羌麸声亻ヲ頓t奧艮郊猜日晶n83
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35淅箭ュ忘唐圀┛陞麝初啀沁六5/12梔唸歲艮郊猜日35晶n83¢鶫モ種┛ 

1.1.4.2艮郊猜日35̂68抄邉6835芭押 

 ラэY奧拏窿35ナ圾鑷歡＄殺モ勖鐺隸弥璡紅n以桿汏 60 嵌印モ＄禾滕弥

璡紅寉浡狢艮郊猜日痼歲ュ韋渼э艮郊猜日姿韋暎日渼葦┛罕印覇𣠽苒寉浡狢艮

郊猜日35̂68鑷®隸＄棗傅浄彩熳痼歲35桿汏┚龥鸚佞性┚寧ケ紅鸚┚nコ紅健

印抄ʜボ艮郊猜ⓔ欸狢腋初′prostate-specific antigen＄PSA″鰀桷シ┛Χ椦悲č

鈑藥顆学校法人＄邉68奧э̂68陲┚餬鸚艮郊猜日賠鶫顆砵68鄂＄姿レ邉68陌鋼疫陌J

彘鴦櫳圄'03汏痼歲＄頓橆邉68覇艮郊猜日̂68Ο剣鶫紞こ゚35屋ホ┛ 

 寉浡陲鸚艮郊猜日35屢̂狢̂68羃竑辞苺屢̂狢艮郊猜紘瀠麸┚邉姨̂68声

邉姨狢蒸押t鸙ο狢蠢｛̂68┛屢藥x鶫閎鏖＄覇龥醸頓tY猿35痼歲Ο＄メ△

̂68羃竑罕澋滕35陌PSA 盲晶ナ唸83声陌nナ唸8335攴欸陌悲č喃碆τ

[34-36]
┛肉勿奧э桿汏覇 79嵌印モ＄龥鸚佞性婀э 12桿＄寧ケ開抄艮郊猜媚璡＄

羃麸砷印嚶傑紘瀠35痼歲＄曰曰永憩彩熳≳邉姨̂68┛券尞＄奧э艮郊猜辞翆開

き,紘晟鶫寧ケ燁8, Gleason紅健梫穀 7紅縻鴦'03,ɚ篤消開,縻鶫a孶ﾃ效聴斿▪

35痼歲,覇艮郊猜日屢̂狢紘瀠麸醸,艮郊猜せ姨縻傑a孶せ姨詔印槀ヘ橳蠖'03寧

ケ寉璡35蜚腰83声陌nナ唸83

[37]
┛橆勿,邉姨̂68覇餬鸚艮郊猜日痼歲斿▪n4/9

35塁甃̂68Ο斡終鶫紞こ゚芭押┛瀠х勿せ姨φ勿＄埴親掮蠢｛せ姨П棗ホэ陲鸚

艮郊猜日35̂68Ο┛獪φ＄邉姨̂68覇艮郊猜日35傅浄̂68Ο剣鶫紞こ゚35屋ホ┛ 

 异沛邉68詔印毚棙僲鵈永湿O餌洪鈑＄禾墾𥿔覇メ翼ア掮35紅斷忘茣せこ゚&

槀≳异圴＄緯姿沬旺趨軟橫曰殿囮洛U坪声㾱抱35消せ姨墾𥿔＄槀ヘ橳蠖'03寧ケ

35̂68面鑷墾𥿔＄蠖'03寧ケ35寉璡蜚腰83＄醐婉槑し斿▪83＄蠖'03ナ唸83＄恵紅

翁xхIMRT肄麸覇̂68艮郊猜日墾𥿔喃モ35顆砵永仕┛花肉MSKCC寧ケΟ濕膊

湈х 772貨寉浡鸚艮郊猜日誕'03墾𥿔异沛邉6835聴┹
[38]
＄券Ο 698貨せ姨 81Gy＄

74貨せ姨 86Gy＄聴┹ 35貨晶ナRTOG′Radiation Therapy Oncology Group″邉

68蠇狢紅健兗羽餌御Ο35ы健狎狢U坪捷棗＄陌弥эシэメ健歲＄31 貨晶ナы

健狎狢寇吨捷棗＄1 貨晶ナメ健狎狢寇吨捷棗＄3 桿弥эシэы健35痼歲餬鸚U

坪声寇吨捷棗紅麹韋 4%声 15%┛詔◓异沛邉68覇蠖'03寧ケ蜚腰8335蒸隸麕膨殺

梏晶p＄MSKCCシ籾鈑花肉若68黝┡攸誕妍异沛邉68屋δ̂68寉浡鸚艮郊猜日

35餌御68®┛ 

1.1.4.3艮郊猜日邉姨̂68ΟΧ椦擺屋螞Χ35捓佳 

′1″"艮郊猜日35邉姨ナ89喃ⓔ渫 

 艮郊猜日35邉姨ナ89喃ⓔ渫ユ佟籾券井甞狢寧ケュ蒸＄śx覇艮郊猜日35職

婦趨鸚Ο＄蜢樰職婦終籾鈑＄覇邉姨̂68モ＄ū猿э餬捷棗埴親┛洛┹ホ舜狢ы
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尞︸繁′linear-quadratic model, L-Q model″│ś梫＄鉱śxδ旺g/く還[39]
＄榺ヘ

邉姨ナ89喃ⓔ狢覇Χ椦邉68Ο剣鶫紞こ゚35碆τ┛ラэ艮郊猜日35膨珒職婦訒貨

旺＄l覇乾膨隸掮圾＄罕印邉68棙●Ο35賢膨還声殺氊賢膨還ュ霽顆＄邉68隸掮

3518澁櫟圾ュ洩淅箭寧ケ蜚腰＄榺韋O艮曰¤紅砦┚墾𥿔殁膨邉6835コ佬府コφ

ヘ＄頓δ覇紅砦墾𥿔ュ渉35艮蠖ャ＄獪墾𥿔35膨殺濔Ⅵ奸𪘚̂68隸掮35櫟圾┛紹

勿ヘΜ圾鸚麕殃𪆐僇門紞⁂35捓佳韋紅砦墾𥿔＄ラэ艮郊猜日剣鶫ū猿餬捷棗埴

親35旺g/く還＄罕印沬旺紅砦墾𥿔35乑紅砦声殺氊乑紅砦鑷鞘梏ュ忘澋滕̂68膨
e◆Y捷＄覇較茗Y蒸35寧ケ蜚腰83声餬鸚梏晶p35艮蠖ャ＄蠖'03収尞せ姨墾𥿔

詔印醐𣇵橫曰殿囮狎狢捷棗┛ 

′2″"艮郊猜日邉68ΟU坪声㾱抱35墾𥿔-翁⌇倦O 

 艮郊猜日邉68棙●ΟU坪声㾱抱梗x35梏晶p韋浡腰蠖種面鑷墾𥿔35U蜥

頓t┛艮郊猜ユU坪声㾱抱枚覇⋛査ア掮モ璡紅紞礁＄梏彩熳穀U坪声㾱抱鬘寽

35恵c┚▪皿声誚押宓攴シ頓t＄衛悲邉68声櫳濤邉68せ姨𥿠湫湫暒弥＄十禾异

沛邉68肄麸毚棙永湿薰Μせ姨𥿠35墾𥿔沛楾蠖'03х裠錫櫳濤楾┚沬旺х趨軟橫曰

殿囮35消𥿔＄П陌®嚶傑𤄃桂邉68梏晶p35梗x┛Χ椦邉姨ナ89喃せヽś霽＄寧

ケ声橫曰埴親35邉姨墾𥿔-捷棗倦O訊#S$濤＄覇ヘ圀35墾𥿔慼軟献＄橫曰埴親梏

晶p35晶ナ83痁せ姨墾𥿔35種'03訊U舜モ種＄汚ュ蒸35殿囮śx梏晶p35發胡ユ

せ姨翁⌇П鶫ヘ圀35倦O┛Χ椦せヽ聴┹毚曰đδ＄U坪śx梗婀翁⌇鄂棗＄奧

婀翁⌇慼軟献35'03墾𥿔7/12酘磬＄姿奧э㾱抱35翁⌇鄂棗嫂唸覇шĴ＄鶫錮問đδ

㾱抱蒸珊śx梗婀翁⌇鄂棗＄П鶫錮問đδ㾱抱鶫ヘ圀35梏繁狢＄暒弥翁⌇35旺

墾𥿔錫蒸珊ユ㾱抱35邉68梏晶p顆砵Y倦┛𩸕奧榺ヘ捓佳＄麝錮П妍鬱尹Y倦圈

MV梏奧聴┹嬉梗紅┭┛ 

1.1.5內日IMRT 

1.1.5.1 內日?≳n喃 

 內日韋Η紞住垓以ū棋槓35甞狢寧ケφヘ＄П韋傑ヮ01O艮晶n83声渼葦83

鵝'0335日p┛1996 桿覇傑ヮ01晶ナ35內日n貨奄č鶫 130 ミ＄終傑璡鑄晶ナ日

p35 12.18%┛楆桿│＄ヮ01モヘ茜肉垤ⓔ麹韋晶梫肉垤＄內日晶n83訊歵ょ膨

'0335亼仕＄嬋券韋慾狢內日晶n83膨'0335朸楾鴦δ霽顆

[40]
┛覇花肉＄內日寢日

p35ŀ押＄穴終傑璡日p渼葦35 28.6%＄傑渼頓渼葦35 7%
[41]
┛緯縉肉楆桿│桧

С艮 10 押甞狢寧ケ┡縟│つ＄內日攸誕沼鰯墜日縟δ縉肉ŀ押甞狢寧ケ渼葦初

頓＄終傑璡甞狢寧ケ渼葦35 22.7%＄レ晶n83声渼葦83維覇棅氊モ種┛O艮縉肉

內日晶n83薰桿膨圾 26.9%＄洛ュ抄隸糦沼鶫鄂蜚腰蝸鑾＄龥č穀 2025 桿＄縉

肉內日n以妍梫穀 100 ミ＄縟δヮ01ゔヘ內日弥肉
[42]
┛ユ內日晶n鶫倦35住烖
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頓t辞苺

[33]
◇ 

 親34◇肉氄腋日せヽΟ濕′LARC″遶磓楆桿│ヮ01情芭罕屋35?≳n喃异

〟聴┹＄槀≳х傑螞妒宸35兗羽＄攸問圀34枲δ唐圀𪘚日89┛內日晶n35住烖ユ

親34𥿔抄親34賞鶫倦＄紞楾親34歲′薰厄 40 遉印モ″35內日晶n83δュ親34歲

35 20乾攀醤◆Ο楾親34歲′薰厄 10~20遉″35內日晶n83δ紞楾親34歲35ヘ酒

攀醤┛親34賞35圾A奧內日晶n8335淅箭鴦δ顆砵┛ 

 ア鏞E㌃◇桧斫ア鏞E㌃εこ゚│┧э黝皿敺暱棆鏞┚糦體抄擺ヲ㈩42棆89シ＄

緯E㌃弥鏞Ο＄攸〟霽35𪘚日89鶫籾w孁7┚冒途闊攵府湿浄89声ヘ茜唅湿浄89

シ┛嗇献寉璡E㌃εこ゚莢35韋w蓬34枲34綑┚嗇献ホナ9㈩鏖声60异隸¿34罕𪘚

35E㌃

[43]
┛ 

 ロ✂𣏒姨◇28喧槀≳35ヘ鼏せヽ蠖学校法人＄痁ヌ嗇献ア鏞Ο靍森𥿔35種'03＄痼內

日35住烖狢П覇モ種┛异〟晶x＄靍声親34覇𪘚日モ鶫寿蒸屋ホ＄'03靍魍臞親34

歲痼內日35𢿫烖韋旺靍魍臞ュ親34歲35 25~30乾＄訒妍親34声靍魍臞35住烖狢ヮ

収Y殺'03滕籾┛ 

 亻ヲ頓t◇ナ扱鶵SG35S擺內日'03晶攸縟δΗ紞35亻ヲ狢住垓┛覇厺氎┚

犄殿腰氎┚Sヲ声糦Gヲ寒翁Ο唸覇ソ媾魍臞＄异〟顆学校法人ソ魍臞歲內日35晶n83

種'03＄蠖学校法人ソ魍臞ユ內日唸覇Y倦狢┛亻ヲ狢魍臞陌黝ア35以寒內日'03晶┛陌黝

ア韋菰0棙●35采扱撰＄梏レくホ屋金湿墾┛覇齓菰0ヲ擺以Ο槀≳35弥繁豚鼪

狢せヽś霽＄內日渼葦83ユア魍臞φ掮唸覇𥿔鄂倦O┛ 

 券井

[40]
◇黝翁桂88忘察旺ャ＄以翁橫曰職婦Ο35初日府頓声胯日府頓欸曰邂

渉＄薮唱奧職婦异蜚35桷Ś忘察＄十詔晶ナ內日┛洛28喧喃歲Asklingシ
[44]
晶x

ū誕ケn声內日晶ナ鶫倦┛瓈嫌ュ噏┚聳А蟫燓鰀┹

[45]
┚內璡陋湫n賞┚內日

垤闊賞

[46]
シ賠詔忘ユ內日35晶ナ鶫ヘ圀倦O┛濕コ┚ɚ‘頓t奧內日晶ナ35淅

箭斡橫覇㐬│㐬く以淫紞⁂┛ 

1.1.5.2 內日35̂68抄邉6835芭押 

 O艮＄內日35̂68辞苺羃麸紘瀠┚邉姨̂68┚湿68┚ナ89̂68┚府頓̂68┚

奧p遉茗̂68縻辞苺榺茜̂68鑷®35傅浄̂68┛̂ 68鑷鞘35𣠽苒沼袴э寧ケ職婦

ū繁┚紅鸚┚痼歲35ヘ倻發胡抄pせシ┛勿⇨羃麸̂68韋螌婀職婦內日痼歲鵝ε

こ゚35̂68羃竑＄奧詔嚶傑紘瀠声鶫̂砒詔忘35班弥籾鈑I鸚縻II鸚声璡紅IIIA鸚痼

歲畐棗彩熳≳勿⇨羃麸̂68＄IIIB鸚縻IV鸚痼歲意覇寧舶詔紘瀠シⓔ𠘑發胡ャ羇

彩熳勿⇨̂68┛螌婀職婦內日′nun-small-cell lung cancer＄NSCLC″穴終內日獪

鈑35 75%~80%＄Χ椦モ弥籾鈑痼歲問勖隸屮эΟ餬鸚＄薮唱羃麸紘瀠黝洩＄頓

橆邉68韋̂68螌婀職婦內日35紞こ゚羃竑┛錮問膊湈＄穴 64.3%痼歲覇券̂6835ュ
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蒸隸鸚綳こ゚蜥消邉68

[47]
┛ 

 陌佬韋趨軟繁榰韋Ο濕繁內日痼歲＄券寧ケ裠錫趨軟畐韋橫曰內埴親縻歲椽

0┚濕脈シ紞こ゚住抄殿囮＄姿异沛邉68肄麸詔印蠖'03裠錫櫳濤楾┚墾𥿔賠示狢＄

覇蠖種裠錫墾𥿔35蒸隸鴦裸芭較膈趨軟橫曰埴親＄頓橆IMRT覇̂68內日鑷螞П

śx梗х顆砵35永仕┛Rosenzweigシ
[48]
膊陣х寉璡餬鸚NSCLC麸醸IMRT̂68奧

訒ы翼声 3D-CRT肄麸35墾𥿔喃せヽ聴┹＄IMRT詔印顆砵沬旺濕脈声內埴親35

翁⌇墾𥿔抄桷賠墾𥿔＄梏レ鶫鴦裸35裠錫墾𥿔紅斷◆Yomシ
[49]
糦ホIMRT̂68 59

貨NSCLC痼歲＄榺茜痼歲紅麹ラэ寧ケ裠錫{狳紞こ゚聴┡┚印艮蜥消棙邉姨̂

68印抄內札忘初頓こ゚&廒狛35墾𥿔-翁⌇浡腰シ頓t姿ュ忘糦ホ曰¤肄麸＄Ο押

墾𥿔 63Gy＄84.8%痼歲茣č行嚶縟̂68＄6Μ鶇獪ナ唸83声寉璡蜚腰83紅麹δ 82%

声 47%＄đδ覇榺珊ヘΜ̂68砷楾暒'0335以寒Ο＄IMRT韋ュ凘35𣠽苒┛M. D. 

Anderson寧ケΟ濕攸誕鬱臨槀≳IMRT̂68NSCLC35艮77狢Χ椦嗎MV
[50]
┛IMRT

奧璡紅𣠽苒狢35NSCLC痼歲忘門翁x墾𥿔喃モ35永仕＄汚ュ韋罕鶫痼歲＄罕印

洛鴬𣠽苒浄櫳35n貨孛顆滕螌曰紞こ゚┛Grillシ
[51]
奧 18貨I~IIIB鸚NSCLC痼歲槀≳

35墾𥿔喃せヽ＄聴┹顆学校法人IMRT奧э鶫罪痡ﾃ效聴寧弥35痼歲抄寧ケ裠錫鄢楆椽

035痼歲鶫豪＄心鉱陌e┛緯M. D. Anderson35墾𥿔喃せヽ晶x
[52]
＄IMRT膨殺х

橫曰內埴親蜥消旺墾𥿔邉6835翁⌇洛V5┛ 

1.1.5.3內日邉姨̂68ΟΧ椦擺屋螞Χ35捓佳 

 IMRT肄麸覇δ̂68內日暎│墾𥿔喃永仕35蒸隸＄П綳こ゚若ナ声89コ旌奧̂

68蠖駕鴦ɚ問35鑾せ棙●┛ラэIMRT妍覇情せ姨鑷埴濤縟х彐档婀啀𥿠＄頓橆

奧э內日35̂68＄征親㮍皿35蜚腰齧倦紞こ゚┛醐婉征親㮍皿押▪35鑷®詔毚棙征

親拴蜚肄麸┚蜚腰征親㮍皿声征親蒸橳櫝嚨肄麸⋛袴

[53-55]
┛ 

 覇內日35̂68𣠽苒Ο＄湿68ュ忘屋δヘ△屢̂狢̂68蝸鑾＄汚痁ヌ鑄樕8935

ュ鐺晶尹＄屋δ內日傅浄̂6835ヘ璡紅＄屋ホ砒│砒ォ梗＄汚湿6835蠇狢屋ホ嬋

券韋覇邉湿68棧郅縻蒸橳棗ホ隸＄棗殃𪆐僇門紞⁂┛麝錮П妍聴浄Χ椦痁僐鈑藥＄

慣晒橫曰殿囮薔疫㎤83︸繁δ擺剣＄奧榺ヘ發胡鬱尹圈MV抄鈑藥紅┭┛ 

 內日邉68Ο扱ナ35梏晶pεこ゚辞苺邉姨狢椽01/2┚邉姨狢內薔疫┚邉姨狢桝

581/2┚邉姨狢濕辞1/2声濕置1/2シ＄噪淫35梗xユ邉68č行35僲č┚面鑷墾𥿔35圈

鑾畐塢紘Y倦┛券Ο＄狎狢邉姨狢椽01/235梗x洩奧痼歲氎縟ュ蒸●楾35尻尖縄

砷┚尻尖eJ┚邦15醸eJ＄淅箭槀椽＄艤櫟х邉6868●＄沬旺х痼歲35ナ唸迮

𥿔＄鴦鶫籾鑷膊湈❀券梗x詔沬旺內日痼歲ナ唸83

[56-58]
┛𩸕奧榺ヘ捓佳＄麝錮П

妍聴浄Χ椦痁僐鈑藥＄紅┭邉姨墾𥿔-翁⌇小鈑シ奧狎狢邉姨狢椽01/2扱ナ35顆

砵淅箭頓t＄櫻ヰ奧狎狢邉姨狢椽01/235龥I︸繁┛ 
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1.2 邉68梏晶p龥I︸繁 

 痁ヌ邉68肄麸緯衛悲35ы翼邉姨̂68晶尹穀ラ CT淅叫殃奸35櫳濤声异沛邉68＄せ姨ɚ

楾歵橳蠖'03＄ヘ鑷螞翁xδ裠錫墾𥿔紅斷35櫳濤楾声賠示狢鶫х顆砵蠖'03＄紹ヘ鑷螞П翁x

δ裠錫趨軟35橫曰埴親┚住抄殿囮消穀35宓せ姨墾𥿔顆砵沬旺＄緯姿δ蠖種̂68面鑷墾𥿔蠖

駕х邂鐸ア掮┛Ⅵ姿＄邉68肄麸35府麝コ佬韋豪ホロ✂𣏒姨奧寧ケ職婦35ゑ剥屋ホ黶4/7日職

婦＄姿姨舜覇せ姨寧ケ35蒸隸＄ヘ鑷螞緯せ姨𥿠鑷埴ェ棙以翁埴親濔Ⅵ氎縟璡紅橫曰埴親35

宓せ姨＄紹ヘ鑷螞陌®𤄃桂姨舜35懐埴釐姨淅箭裠錫趨軟橫曰殿囮＄頓橆＄ロ✂𣏒姨忘𥿔覇

m⌇э寧ケ裠錫35蒸隸＄Пュ詔𤄃桂芭m⌇э裠錫趨軟橫曰埴親┛痁ヌ面鑷墾𥿔35蠖'03＄趨

軟橫曰埴親消穀35𣏒姨𥿔ПY棗膨殺＄奸𪘚邉68梏晶p35梗x┛ 

1.2.1淅箭邉68梏晶p35頓t 

 橫曰埴親邉姨梏晶p韋莢誕棙せ姨醸氎縟殿囮縻埴親35㍍△薔疫＄橫曰埴親

梏晶p35梗x韋寧ケ35邉姨̂68棙●Οśx梗35采捷棗＄韋邉68蠇狢35翁x┛ュ

蒸璡押寧ケ邉68殃𪆐35采捷棗攴欸暒弥＄棗紅麹せヽř佬┛獪翁モĝ＄淅箭邉68

梏晶p35頓tεこ゚辞苺印ャ喉Μ鑷螞◇ 

1.2.1.1殿囮鬘寽ナ89喃頓t 

 以翁橫曰埴親消鬘縉こ圀黝腰异蜚＄覇橫曰發胡ャ＄職婦35鈑𥿔面эこ圀せ

燠＄職婦35ナ渼翼茗ヌɚ問35桷Ś┛洽㍍△頓t氎縟職婦Δ薮＄梏禾寒翁薮唱桷

Ś隸＄橫曰埴親妍覇鬘縉异蜚黝腰屋ホャ＄殺氊賢寒翁湿＄印棅氊Ż恵聳薔┛屢

藥橫曰埴親35ュ蒸ナ89喃ⓔ狢抄奧せ姨35ュ蒸捷棗狢＄詔妍橫曰埴親紅δ陲捷棗

埴親′early or acute responding normal tissues″声餬捷棗埴親′slow responding or 

late effect tissues″Ζ弥ū┛陲捷棗埴親35ⓔ7/12韋┡縟陲捷棗埴親35職婦鴦鑄渤焙＄

頓姿せ姨印醸薔疫渤焙śx梗│＄毚曰覇̂68鬱臨醸 90 厄献晶ナ＄誕棙櫳洽35

̂68縻叡甃＄詔印覇鈑趨タ齧 3Μ鶇φ献í櫱＄ヘ倻蕉驃隸狢淅箭札忘＄δ詔盲

狢捷棗┛榺ū埴親35 g/く訒′剣翁碆τ小◓麝錮ゔ阿ゕ″毚曰暒'03＄消薔疫醸印
9㒼膨珒│翼茗埴親Ο職婦鈑𥿔こ圀梏槀姿禾埴親薔疫滕穀割盲┛餬捷棗埴親35

ⓔ7/12韋＄職婦寒翁35膨珒渤窿＄膨珒寐35職婦覇鈑趨タ齧ヘ桿縻歲鴦圾隸掮Пュ

槀≳鬘縉鴦鑄′洛‘誕埴親″＄頓姿薔疫渤餬羇洩śx梗│＄毚曰覇邉姨̂68鬱

臨 90厄φ醸晶ナ縻δ狎狢邉姨蠇采屋ホ茗蔽乑棙 90厄φ醸┛餬捷棗埴親 g/く訒
暒旺＄鵝ォ梗35ⓔ渫φヘ韋n渉35槀≳狢┛圈MVせヽ聴┹顆学校法人＄以翁埴親Ο＄陲

捷棗埴親声餬捷棗埴親奧蒸珊瑤烏ャせ姨35捷棗情ュY蒸┛ 

1.2.1.2𣏒姨墾𥿔頓t 

 邉姨̂68ュ佬韋屢̂狢邉68＄榰韋塁甃狢邉68＄券屢麝O35覇э逃寧ケ錫描
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渤'0335̂砒墾𥿔姿券趨軟埴親声殿囮消穀35墾𥿔鵝婉┛噪陋詔印毚棙蠖'03寧ケ35

̂砒墾𥿔声蠖'03寧ケ35邉姨酘磬狢＄П詔印毚棙醐婉橫曰埴親薔疫35擦®│蠖'03

邉姨̂6835̂68膨e訒′頓㍍△̂68肄麸𪘚縟35寧ケ蜚腰83ユ趨軟橫曰埴親薔疫

83φ訒＄妋還橫訒эΖ歲罕消35墾𥿔φ訒″┛皿89圈MV声Χ椦邉姨̂6835圈咠儃

霽＄寧ケ35蜚腰㎤83声橫曰埴親35邉姨捷棗′梏晶p″㎤83痁墾𥿔35渉湿姿渉湿＄

洛虹 1.2罕学校法人┛ 

 

虹 1.2 寧ケ蜚腰㎤83声橫曰埴親梏晶p㎤83ユ𣏒姨墾𥿔35倦O 

 情△ュ蒸埴親35寧ケ＄鴆舜35鏥83┚押鵈詔忘鶫錫麹＄汚鴆舜濤せュ痁寧ケ

35剣翁小鈑′洛寧ケ35鸚麹┚△ūシ″姿渉湿┛縟札35邉姨̂68＄棗覇ュ梗x橫

曰埴親梏晶p十覇橫曰埴親諮消墾𥿔慼軟献＄宸察蠖'03寧ケ錫描35̂68墾𥿔┛圈

MV儃霽＄寧ケ̂68墾𥿔彐鶫楆 10%35膨殺＄寧ケ蜚腰㎤83′TCP″喉ω鶫 5乾35

膨殺′緯 15%膨殺穀 75%″┛ヘΜ裸35̂68č行棗覇較儃ュ梗x橫曰埴親薔疫35

發胡ャ＄三察蠖'03寧ケ35̂68墾𥿔┛汚奧э̂68訒′橫曰埴親諮消墾𥿔声寧ケ𪘚

渼墾𥿔φ訒＄ュ消̂68肄麸35淅箭″楆猿シэ 135寧ケ′虹 1.2ΟΖ瑤鴆舜螗楆″＄

寧ケ̂68墾𥿔ュ詔忘逃滕渤'03＄心鉱洩扱ナΗ紞35邉姨薔疫┛虹 1.2Ο35鴆舜岏

霽＄橫問𣠽苒寧ケ35̂68墾𥿔＄梏較儃梫穀ヘ圀35墾𥿔ɚ問狢＄奧蜚腰寧ケ声醐

婉橫曰埴親梏晶p鶫渤弥淅箭┛錮問

[59, 60]
逃梗х情△ū繁┚ュ蒸鸚麹35寧ケ35

𪘚渼墾𥿔声情△橫曰埴親35諮消墾𥿔′奧棗ュ蒸薔疫″＄Marksシ
[61]
傅浄彩熳х

x鰯邉68肄麸奧櫳濤声异沛35梵¹棗ホ＄э 2010 桿奧情△橫曰埴親35諮消墾𥿔

逃梗х割橫┛ 

1.2.1.3墾𥿔-翁⌇頓t 

 瀠х𣏒姨墾𥿔＄橫曰殿囮消せ姨35翁⌇頓啀韋淅箭ナ89鄂棗35紹ヘΜ┞券紞

こ゚35頓t＄頓δ＄ヘ鑷螞＄ラэ寧ケ翁⌇35膨殺＄寧ケ敬瓤初職婦鈑膨籾＄奧逃

圀35墾𥿔鰀桷＄̂砒83妍痁翁⌇35膨殺姿醐婉◆紹ヘ鑷螞＄せ姨慼軟35膨殺＄鶫

詔忘禾紞こ゚殿囮縻埴親汁激せ姨𥿠35翁⌇膨弥＄邉姨梏晶p㎤83膨殺┛晶ナ橫曰
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埴親邉姨梏晶p35㎤83会顖э埴親35邉姨ナ89喃ū繁◇#梏繁$埴親縻#Υ繁$埴

親┛#梏繁$埴親35邉姨梏晶p㎤83εこ゚消せ姨翁⌇声桷賠墾𥿔35淅箭◆#Υ繁$埴

親35邉姨梏晶p㎤83εこ゚袴圀э鵝弥墾𥿔┛花肉若喃89コ旌寿洩′AAPM″声花

肉邉姨寧ケ寿洩′ASTRO″晶𪆐х譲δQUANTEC (QUAntitative Normal TissuE 

models in the Clinic)35せヽ鼏O
[61]
＄遂浄 75譲若喃修務┚邉姨89コ旌声悲č喃ル

垤出誕メ桿隸掮＄獪聴х 18 △以翁橫曰殿囮覇寧ケ邉姨̂68Ο梗x邉68梏晶p

35墾𥿔-翁⌇倦O＄δΧ椦若ナ声89コ旌僲č浄コ┚永迮35邉68鑷鞘蠖駕х小彩

会藥┛ 

1.2.1.4墾𥿔-隸掮頓t 

 陲覇 1988 桿＄Withersシ
[62]
孛晶x陲捷棗埴親声餬捷棗埴親覇紅尞邉68鄂棗

モ35攴麹┛ホシ鄂獪墾𥿔声紅尞墾𥿔嬉虹＄顆学校法人餬捷棗埴親35鴆舜訒陲捷棗埴親

35澮＄岏霽餬捷棗埴親訒陲捷棗埴親奧紅尞墾𥿔35渉湿鴦酘磬┛殺弥紅尞墾𥿔＄

餬捷棗埴親薔疫殺紞′ユ餬捷棗埴親Y訒＄陲捷棗埴親奧紅尞墾𥿔35邂渉ュ役酘

磬″┛洽薰紅尞墾𥿔弥э 2Gy隸＄餬鸚梏晶p顆砵膨殺┛奧э寧ケ邉姨̂68＄ⓔ

麹韋奧膨珒83暒'03┚鄂棗焙歲＄禾ホ薰尞暒婀墾𥿔詔印沼滕暒弥35̂68訒┛紅尞

墾𥿔歵橳ャ沬＄禾餬捷棗埴親35諮消墾𥿔歵橳モ種＄緯姿忘門覇Y蒸35餬捷棗埴

親薔垓鰀桷發胡ャ澋滕暒嫁35寧ケ寉璡蜚腰83┛ 

1.2.1.5邉姨酘磬狢頓t 

 ュ蒸殿囮十禾蜥消хY蒸墾𥿔35せ姨＄覇梗x梏晶p35●楾声隸掮モ鶫ヌ顆

砵35錫麹＄券εこ゚初頓ヘ鑷螞│鬘эロ✂𣏒姨奧橫曰埴親職婦 DNA薔疫35割盲

ユ殿囮邉姨酘磬狢35攴欸┛DNA韋𣏒姨黶疫35εこ゚裠紅啀＄姨舜詔殃𪆐 DNAぃ

28迮梓遂┚収倌鐺て′SSB″声掌倌鐺て′DSB″＄緯姿氎縟職婦35薔疫◆紹ヘ

鑷螞＄埴親薔疫隸＄ュ意こ゚彩熳職婦渼葦麝寽＄姿レこ゚彩熳ラ職婦渼葦暎│35埴

親𣙇偢捷棗＄榺孛綳こ゚ラ埴親35聴┡声皿察喃ΖΜ小鈑│⋛紃δ夷σラ剣鶫Y蒸

邉姨酘磬狢職婦埴縟35Ζ△埴親覇捷棗隸掮声Η紞狢鑷螞唸覇ヌ紞こ゚攴麹┛ 

1.2.1.6痼歲n賞抄nコⓔ渫頓t 

 緯?≳n喃声Χ椦悲č喃㆛楾紅┭＄邉68殃𪆐35梏晶pユ痼歲鬘寽35n賞抄

nコⓔ渫П鶫顆砵Y倦狢┛頓橆＄覇紅┭痼歲寒翁梗x邉68梏晶p隸＄ュ意こ゚倦

Ê墾𥿔-翁⌇頓t＄П棗洽彩熳痼歲35n賞抄nコⓔ渫＄訒洛痼歲35狢麹┚桿汏┚

KPS′Karnofsky performance status″兗紅┚寧ケ35Χ椦紅鸚┚ﾃ效聴紅鸚┚翁紞

渉湿┚Y倦n賞洛韋心痼鶫*寇n┚內1/2┚韋心嬉棙羃麸シ┛ 
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1.2.1.7傅浄̂68鑷鞘頓t 

 唳1醫蚯シ鵆誕逃傅浄̂68ャх洛ャ35圀τ

[116]
◇#屢藥n以35黝翁せ胡┚寧

ケ35nコū繁┚開き慼軟′n鸚″声晶尹亼仕＄鶫č行芭┚浄コ芭棗ホx鶫35̂

68羃竑＄印鸚暒弥朸楾芭蠖'03̂砒83抄ナ唸迮𥿔┛$覇邉姨̂68晶尹35降鸚＄衛

悲35⁇燻榰韋羃麸縻邉6835収ヘ︸歡┛痁ヌ奧寧ケ麝迮đ凊35歵橳ゲ激＄籾鈑寧

ケ35̂68︸歡晶ナх屢麝狢35渉湿＄十ラ収ヘ̂68︸歡斿薇δ籾△̂68︸歡35鶫

黝聴浄┛邉姨̂68ユ湿6835遂浄紅δ#屮奸湿68$┚#蒸橳邉湿68$┚声#棧郅邉湿

68$┛邉68ユ湿68樕89Y聴浄̂68寧ケ肄麸沼滕х顆砵3568鄂＄汚蒸隸П膨殺х

痼歲梗x邉68梏晶p35㎤83┛孛湿68膨殺邉6835狎狢声餬鸚蠇狢捷棗│岏＄湿68

樕89声邉姨̂6835掮痡鸚㐬圾＄蠇狢捷棗鶇旺＄邉湿68蒸隸槀≳35蠇狢捷棗鵝弥┛ 

1.2.2邉68梏晶p′蠇狢″35兗羽紅健 

 邉6835屢麝O35韋屢瀠裠翁⌇献35寧ケ職婦35蒸隸宸詔忘較膈裠錫趨軟35

橫曰埴親┛宸0洛橆＄十禾禾ホ鵝憩槀35邉68肄麸＄П陌®𤄃桂籾△狎狢縻餬鸚

梏晶p35梗x＄券Ο鶫茜梏晶pタ齧韋住抄痼歲ナ性35┛榺孛綳こ゚鶫ヘ△悲ヘレ

く梵¹đ詔35餌御＄奧ュ蒸殿囮梗x35ュ蒸梏晶p槀≳𥿔湿紅健＄洛蒸僲圀ヘ△

毚ホ35梓?桷詳＄印圈x奧ュ蒸̂68鑷鞘扱ナ35邉姨蠇狢35奧訒┚兗奄┛楆茜桿＄

肉氄モュ蒸35埴親憩醸蠖梗х洛ャ喉△邉68梏晶p′蠇狢″兗羽紅健餌御◇ 

1.2.2.1 RTOG/EORTC梏晶p健麹兗羽餌御 

 覇 1983桿梗5635RTOG′Radiation Therapy Oncology Group″ 8115障寿Ĵ35

府コモ＄Coxシ
[63]
豪ホ悲č喃鑷®蠖梗х誕隸掮慧橫′time-adjusted″棙35餬鸚

梏晶p兗紅鑷®＄く屋δ蠑橎餬鸚薔疫㎤8335兗羽餌御◆1985 桿＄奧狎狢邉姨

梏晶p35兗健餌御′the Acute Radiation Morbidity Scoring Criteria″く蠖梗＄1990

桿花肉肉垤日pΟ濕′National Cancer Institute＄NCI″齚斷х狎狢邉姨梏晶p35

紅健餌御

[64]
┛毹洙AΟ逃梗х𩸕奧椽035x≳RTOG狎狢邉姨狢梏晶p兗健餌御

′the RTOG Acute Radiation Morbidity Scoring Criteria″声𩸕奧U坪┚㾱抱35

RTOG/EORTC′European Organization for Research and Treatment of Cancer″餬鸚

梏晶p兗健餌御′the RTOG/EORTC Late Radiation Morbidity Scoring Scheme″＄

券Ο 0ś学校法人陌邉68梏晶p＄5ś学校法人ラ妋邉68梏晶p𪘚渼┛痁ヌ痁僐隸掮35櫟圾＄

餬鸚蠇狢捷棗梗x㎤83洩膨殺┛ 

1.2.2.2 LENT/SOMA梏晶p健麹兗羽餌御 

 屋δ覇﨑0声漆花0鵝弥35ΖΜ寿异籾Ο濕寿屋35埴親＄RTOG声EORTC埴

櫻擺屋埴│鴦鑄初鶫35邉68餬鸚蠇狢捷棗紅健兗羽餌御＄榺孛韋LENT/SOMA
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′late effects of normal tissues/subjective objective management analytic″35ラ│┛

LENT/SOMA韋𩸕奧邉68殃𪆐35餬鸚蠇狢捷棗僲圀35紅健兗羽餌御＄券嚶鉉献埃

э 1995桿 3鶇掮覇Radiotherapy and Oncology ′獲❀#𠤎77$″黹瀰声International 

Journal of Radiation Oncology ' Biology ' Physics′獲❀#軌77$″黹瀰蒸隸耕梗＄

印鸚沼鰯辞苺#RTOG/EORTC$シx鶫35餬鸚蠇狢捷棗紅健餌御
[65-69]
┛薰Μ橫曰埴

親詔忘梗x35梏晶p賠く紅δε⁇pせ′subjective symptoms″＄團⁇翁渫

′objective signs″┛奧эU坪梏晶p35pせ＄ε⁇モ辞苺紒狎醸紞′Tenesmus″┚

₈翆率癯′Mucosal loss″┚苺穴置蜚腰′Sphincter control″┚�器蛬概′Stool 

frequency″┚eJ′Pain″＄團⁇モ辞苺梗ʜ′Bleeding″┚┚78′Ulceration″┚坪

湈㋤カ′Stricture″┛奧э㾱抱梏晶p35pせ＄ε⁇モ辞苺蛬寇縄砷′Dysuria″┚

寇�′Frequency″┚ʜ寇′Hematuria″┚寇薮\\′Incontinence″声寇?𥿔醐婀

′Decreased stream″＄團⁇モ辞苺顆澁嗓ャ⁇壟穀35ʜ寇′Hematuria 

microscopic″┚慣晒献ナ嗓⁇壟穀35pせ′Endoscopy″┚㾱抱鵝弥翁⌇′Maximum 

volume″印抄燁8翁⌇′Residual volume″┛奧薰ヘ△pせ＄賠茣せ券梗x35�

83声●楾ュ蒸＄圀τх緯Grade1~Grade4惇Μ健麹┛Χ椦擺屋誕MVđδ＄弥эシ

эы健′Grade2″35邉68梏晶ppせ韋綳こ゚殃𪆐若膈以炊Ê碆梏綳こ゚毚棙若68羃

竑档龥35┛紹勿П逃梗х奧棗薰△pせ声pせ健麹棗糦沼35翁渫0コ

′management of signs and symptoms″声Y棗棗糦沼35Χ椦勖鐺肄麸′the findings 

of special analytical investigation″┛毹洙B逃梗хLENT/SOMA餌御奧U坪声㾱抱

餬鸚蠇狢35紅健餌御┛ 

1.2.2.3 CTCAE梏晶p健麹兗羽餌御 

 CTCAE′Common Terminology Criteria for Adverse Events″П❀δCTC

′Common Toxicity Criteria″＄韋ヘ△兗羽日p̂68Ο樕89采捷棗35兗羽餌御＄x

≳鵝鑄56麝 4.0ラ花肉肉垤日pせヽ澷′NCI″э 2009桿蠖梗
[70]
┛花肉声忩肉35

籾鈑樕89嗎MV澯滷榺ヘ兗羽O悲＄辞苺阿Μ健麹＄紅麹δ𣇵楾′mild″┚Ο楾

′moderate″┚紞楾′severe″┚住抄ナ性′life threatening″抄𪘚渼′death″┛ 

1.2.2.4奧RTOG/EORTC声LENT/SOMAΖ△餬鸚蠇狢紅健餌御35奧訒 

 痁ヌLENT/SOMA餌御э 1995桿く蠖梗＄鶫弥𥿔錮ゕ𩸕奧邉68棙●Ο梗x35

㍍△餬鸚梏晶p＄妍LENT/SOMAユ鴦陲35RTOG/EORTC餌御槀≳訒暒┛Hoeller

シ

[71]
奧訒хRTOG/EORTC声LENT/SOMA覇兗奄邉68殃𪆐3577程薔疫紅健Ο35

聴┹＄圈MV聴┹ś霽Ζ△餌御覇兗羽蒸ヘ痼歲35Y蒸pせ隸詔忘逃梗ュ蒸35紅健

聴┹＄聴佬đδユRTOG/EORTC餌御Y訒＄LENT/SOMA韋ヘ△鴦裸35餬鸚邉68

蠇狢兗羽餌御＄噪奧RTOG/EORTC餌御嬉梗х鴦鑄◆Anacakシ
[72]
奧訒х

RTOG/EORTC声LENT/SOMA覇兗奄址𧵳日声啀址献翆日邉68ΟU坪声㾱抱梗
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x梏晶p35蠇狢紅健聴┹＄聴佬đδLENT/SOMA餌御韋餬鸚蠇狢捷棗兗健餌御

ャヘ橳35晶尹鑷埴′future step″＄洽ⅥП綳こ゚籾Ο濕浄屋せヽ奧券御問狢ч印邂

槀┛ 

 麝錮擺屋ß抄穀內日邉68Ο狎狢椽0薔疫声艮郊猜日邉68Ο35U坪声㾱抱

餬鸚薔疫＄頓橆縉淫𩸕奧Ζ璡紅献埃紅麹糦沼хRTOG餌御声LENT/SOMA餌御

紅麹奧狎狢声餬鸚蠇狢薔疫槀≳紅健兗奄＄榺ヘ嬉®П滕穀券井錮問遉茗

[73]
┛

覇兗奄U坪餬鸚薔疫隸＄縉淫П妍ホ鬘收35Χ椦⁇壟声︸繁鈑藥奧訒

RTOG/EORTC声LENT/SOMAΖ△餬鸚薔疫紅健兗羽餌御奧艾浄NTCP︸繁小鈑

35淅箭┛ 

1.2.3邉姨̂68梏晶p龥I︸繁せヽxせ 

 痁ヌ寧ケ邉姨̂68肄麸35ュ鐺晶尹┚Χ椦誕MV抄痁僐⁇壟鈑藥35~⌇＄せヽ

以炊獪聴хユ邉68梏晶p35梗xY倦35峐籾頓t＄券εこ゚頓t韋橫曰埴親覇邉68

棙●Ο蜥消穀35𣏒姨墾𥿔ユ消せ姨翁⌇φ掮35倦O＄券井頓t榰辞苺鑾せ肄麸┚

̂68鑷鞘┚nコ紅鸚シ┛覇橆府コモ＄鬘モヮ檎ホ潔守桿鰯＄せヽ以炊氉蔽蠖梗

х籾△詔印龥I梏晶p梗x35鈑喃︸繁縻紅ū擺剣＄ⓔ麹韋楆桿│＄痁ヌ淅叫殃

奸邉姨̂68′image guided radiotherapy＄IGRT″肄麸35晶尹声梵¹棗ホ＄邉68梏

晶p35龥I肄麸ュ意寉浡覇ы翼鈑喃︸繁＄鴦蠖梗хユ以翁⋛査聴┡U蜥Y倦35

メ翼龥I紅┭肄麸＄δɚ問圀押邉68梏晶p酘磬璡押蠖駕х肄麸会藥┛ 

1.2.3.1邉姨̂68梏晶p龥I︸繁35蠖梗抄券せヽxせ 

′1″"墾𥿔-翁⌇龥I頓啀 

 覇墾𥿔-翁⌇U鑷虹′DVH″肄麸梗x醸＄ⓔ麹韋メ翼邉68č行O悲35梵¹

棗ホ＄δ兗羽橫曰埴親消せ姨墾𥿔蠖駕х圀𥿔紅┭擺剣＄槀姿＄印橫曰埴親蜥消

せ姨35墾𥿔-翁⌇倦O龥I梏晶p梗x㎤83П縟δ鵝ヮ収П鵝梵δ棗ホ35ヘ△兗

羽頓啀┛ 

 曰◓35墾𥿔-翁⌇頓啀辞苺鵝弥墾𥿔 Dmax┚鵝婀墾𥿔 Dmin┚桷賠墾𥿔 Dmean声

29紅翁⌇ Vd┛Dmax 莢傑璡翁⌇Ο消穀鵝弥𣏒姨墾𥿔収形灼35墾𥿔＄榺紒35#7/12$

詔印韋ヘΜčゝ収形灼′dose grid″＄П詔印韋ヘΜⓔ圀35婀翁⌇＄訒洛®肉

Groupe d*Etude des Tumeurs Uro-Génitales′GETUG″埴親悲ヘ妍鵝弥墾𥿔7/1235兗

羽餌御圀δ剣鶫鵝弥墾𥿔35 1.8cc翁⌇消穀35墾𥿔′駻翁┚⁂‘誕シ暒婀殿囮瀠

勿″◆Dmin毚曰𩸕奧寧ケ裠翁⌇姿ㇷ＄莢消穀𣏒姨墾𥿔鵝婀35čゝ収形灼35墾𥿔◆

Dmean 莢㍍翁⌇慼軟献35桷賠墾𥿔＄券čゝ鑷®韋妍妋翁⌇慼軟紅δ彐档婀35収

形灼＄薰Μ収形灼僇門婀印齧э詔印⁂δ消穀賠示墾𥿔せ姨＄Ⅵ醸妍薰Μ収形灼
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消穀35𣏒姨墾𥿔ユ妋収形灼3529紅翁⌇YИ＄Ⅵ醸妍傑璡収形灼35墾𥿔-翁⌇И

⌇Y殺◆29紅翁⌇ Vd韋莢弥эシэ dGy35⌇紅29紅翁⌇″┛ 

 陲鸚鵝δ傑螞35膊湈韋 1991桿Emamiシ
[60]
逃梗35橫曰埴親𣏒姨諮消墾𥿔ś＄

郊梗х 28△殿囮覇 5桿痁僐隸掮Ο梗x 5%声 50%梏晶p㎤8335墾𥿔-翁⌇倦O┛

Ⅵ姿＄榺ヘせヽ聴┹消穀洽隸肄麸瑤烏浡腰＄εこ゚府эΧ椦若ナ35擺屋誕MV声ヮ

収35邉68č行兗奄肄麸＄奧墾𥿔-翁⌇倦O35蠑橎П意意ヮ収芭妍橫曰殿囮紅砦

δメ丑＄逃梗 1/3┚2/3声 3/3翁⌇消穀せ姨梗x 5%声 50%梏晶p紅麹奧棗35𣏒

姨墾𥿔┛ 

 痁ヌメ翼邉68肄麸＄ⓔ麹韋櫳濤声异沛肄麸35梵¹棗ホ＄寧ケ35鑾せ㐬│㐬

ɚ御＄禾滕寧ケ̂68面鑷墾𥿔歵橳蠖種35蒸隸橫曰殿囮滕穀х鶫鄂芭較膈＄賢分

蔽̈ホEmami35墾𥿔-翁⌇龥I頓啀攸誕顆滕ュ門ɚ問┛2007 桿＄花肉若喃89コ

旌寿洩′AAPM″声花肉邉姨寧ケ寿洩′ASTRO″晶𪆐х譲δQUANTEC 

(QUAntitative Normal TissuE models in the Clinic)35せヽ鼏O
[61]
＄遂浄 75譲若喃

修務┚邉姨89コ旌声悲č喃ル垤出誕メ桿隸掮＄毚棙〟撘Y倦錮問梏艾浄小鈑＄

獪聴х 18 △以翁橫曰殿囮覇寧ケ邉姨̂68′翁勿せ姨″Ο梗x邉68梏晶p35墾

𥿔-翁⌇倦O＄δΧ椦若ナ声89コ旌僲č浄コ┚永迮35邉68鑷鞘蠖駕х小彩会藥┛ 

 墾𥿔-翁⌇頓啀詔印屋δ兗奄邉68č行35餌御声 IMRT č行僲čΟ35永湿O

餌＄汚洛┹ホ│屋δ梏晶p35龥I擺剣＄意倦ÊхΜ麹墾𥿔-翁⌇7/12＄燒18х DVH

蠖駕35鉉Μ橫曰埴親35墾𥿔-翁⌇革甃＄陌®圈x奧薰貨痼歲35Μ翁湿龥I┛ 

′2″"シ鄂賠示墾𥿔 

 シ鄂賠示墾𥿔′equivalent uniform dose＄EUD″㎤燻鵝陲韋ラNiemierko
[74]

э 1997桿蠖梗＄ 詔印ホEUD穴歡妍螌賠示墾𥿔せ姨ャ寧ケ埴親35墾𥿔斿湿δシ

鄂35賠示せ姨墾𥿔十EUD＄レΖ歲詔印澋滕Y蒸35寧ケ埴親献職婦黶4/7鄂┹┛痁

醸＄覇 1999 桿＄Niemierko
[75]
彰妍EUD35㎤燻耒尹δgEUD′general EUD″＄禾

券櫳ホэčゝ橫曰埴親献35シ鄂賠示墾𥿔′ラэEUD声gEUD鶫ヌY蒸35聴┡声

ⓔ7/12＄頓橆覇醸錮Ο悲❀δEUD″┛EUD︸繁辞苺ヘΜ小鈑a＄奧эュ蒸35橫曰埴

親＄a還35𣠽沼翁xх妋埴親35墾𥿔-翁⌇鄂棗＄a還シэLKB︸繁Ο翁⌇鄂棗頓

啀#n$35勘鈑＄十a=1/n┛ユ駛毚35墾𥿔-翁⌇龥I頓啀意彩熳㍍ヘ墾𥿔撳還罕コ゚q

35翁⌇慼軟ュ蒸＄EUD妍橫曰埴親翁⌇紅δ彐档Μ翁⌇収形＄奧薰ヘΜ翁⌇収形

35墾𥿔-翁⌇倦O畐郊激čゝ慼軟＄頓橆剣鶫鴦'0335ナ89喃ⓔ狢
[76]
┛鶫錮問ś霽＄

EUDユ橫曰埴親35梏晶p㎤83鶫ヌ顆砵35Y倦狢
[77, 78]

＄頓橆П詔印屋δヘ△梏

晶p𢿫烖兗奄莢餌＄縻歲屋δ永湿O餌洪鈑小ユ穀̂68鑷鞘奧訒声IMRT永湿棙

●Ο＄寿晒若ナ声89コ旌腰圀鵝永35邉68鑷鞘┛ 
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′3″"NTCP龥I︸繁 

 陌佬韋鵝弥墾𥿔┚桷賠墾𥿔榰韋剣翁35墾𥿔-翁⌇奧棗倦O＄ホモ橎墾𥿔-翁

⌇頓啀龥I邉68梏晶p畐蕉韋覇悲čせヽ声Χ椦誕MV35府コモ彩熳穀Μ麹墾𥿔-

翁⌇蠑橎7/12＄ュ忘豪ホ鉉瑤 DVH鴆舜嚶鉉蠑橎㍍橫曰埴親緯ヘΜ翁⌇収形穀傑

璡翁⌇消穀せ姨墾𥿔35渉湿亼仕┛姿 NTCP︸繁35梗x⋛袴х榺ヘ捓佳┛ 

 陲覇 1978 桿＄Dritschilo
[

シ

79]
孛蠖梗хヘ△ヮ収35鈑喃︸繁""CPF

′complication probability factor″︸繁＄胥橫曰埴親翁⌇紅砦縟彐档Μ㋣ヰ35翁

⌇収形＄妍薰Μ翁⌇収形蜥消35ュ蒸35せ姨墾𥿔翁xδュ蒸35黻紞＄Ⅵ醸奧殺黻

醸35情翁⌇収形槀≳ヮ収35Y殺＄印橆屋δ龥I妋橫曰埴親邉68梏晶p35莢餌┛

榺ヘ肄麸鴦叫韋ヘ△兗紅︸歡＄詔ホэ₇18芭奧訒ュ蒸35邉姨̂68鑷鞘┛

Lyman
[80]
莢梗CPF韋ヘ△ヮ収35翁⌇殺黻洪鈑＄唸覇ヌ喉Μ氣7/12′weakness″＄嬋

券韋妋︸繁岸僲梏晶p㎤83覇消せ姨35班奧翁⌇献35膨圾韋陌梘01姿レ舜狢35

′the probability of complications arising is unbounded and linear in absolute volume 

of tissue irradiated″┛覇CPF︸繁35府コモ＄Wolbarstシ
[81, 82]

嬉梗х邂槀＄鵝遂蠖

梗хャ錮蠖穀35Parallel︸繁┛ 

 LKB′Lyman-Kutcher-Burman″︸繁韋鵝δ梵¹ニs声棗ホ35NTCP︸繁＄

Lyman
[83]
ŀ憩蠖梗хS濤墾𥿔鄂棗′sigmoid dose response＄SDR″⌇紅︸繁＄ホ

│蠑橎橫曰埴親傑璡縻璡紅翁⌇消穀賠示墾𥿔せ姨醸35墾𥿔鄂棗＄痁醸Kutcher┚

Burman
[84, 85]

声Lyman
[86]
Y分蠖梗хΖ△DVH湿ヮゝ®奧初鶫SDR︸繁槀≳х邂

槀＄禾φ詔ホэ鵜鴬璡紅翁⌇せ姨ャNTCP還35čゝ┛ユLKB︸繁Y猿＄

Schultheiss┚Källman┚Jacksonシ憩醸蠖梗хLogit-EUD┚Schultheiss┚Poisson-EUD┚

Källman┚Parallelシ阿△ы翼NTCP龥I︸繁＄券件蒸ⓔ7/12韋◇結△︸繁畐妍橫曰

埴親岸僲δ彐档翁⌇収形埴縟＄薰Μ翁⌇収形僇門婀印齧э詔đδ覇邉68Ο蜥消

穀賠示35𣏒姨墾𥿔＄Ⅵ醸印TPS蠖駕35橫曰埴親DVH鴆舜δ府コ＄毚棙券澁紅濤

歡澋沼薰Μ翁⌇収形奧棗35𣏒姨墾𥿔＄賢紅麹印ュ蒸35㎤83塢楾洪鈑蠑橎薰Μ翁

⌇収形梗x梏晶p35㎤83＄鵝遂印ュ蒸35⌇紅濤歡奧鉉Μ殿囮梗x梏晶p35㎤83

槀≳蠑橎┛モ橎結△ы翼NTCP︸繁35剣翁ś梫濤歡┚︸繁小鈑抄Y唖倦O＄妍

覇麝佬錮ゔыゕΟ嬉妒職佬橎┛ 

′4″"券井龥I肄麸 

 覇洽鰯邉68𤸄描＄モ橎Ζ△橫曰埴親梏晶p龥I肄麸くΧ椦若ナ抄邉姨89コ

旌梵δ糦ホ┛瀠橆φ勿＄П鶫弥𥿔せヽ以炊豪ホ革甃面コ𤸄描35鑄肄麸＄蠖梗х

ュ蒸35橫曰埴親梏晶p龥I擺剣┛ 

 1999桿＄Munleyシ
[87]
豪ホ以擺‘誕躑輩′artificial neural network″奧內35墾
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𥿔-翁⌇革甃槀≳Ĥ丈＄櫻ヰх龥I邉姨狢內1/235‘誕躑輩紅ū肄麸┛ 

 2004 桿＄Thamesシ
[88]
蠖梗х覀ū︸繁′cluster model″＄妋︸繁岸僲橫曰埴

親ラ弥𥿔㋣ヰ札忘啀収形′function sub unit＄FSU″埴縟＄FSUくゑ剥35喉83痁

ヌ𣏒姨墾𥿔35膨殺姿膨殺＄汚鉉Μ殿囮梏晶p35梗xュ意沼袴эくゑ剥FSU35鈑

𥿔＄姿レ沼袴эFSU35ア掮紅斷＄蕉鶫洽Y狳35僇門弥35FSU磓槇くゑ剥隸＄妋

殿囮羇śx梗梏晶p┛磓槇︸繁妍ュ蒸35住抄殿囮︸艾縟ュ蒸35翼楾ア掮＄訒洛

桝58韋ヘ翼＄U坪枚シア孶殿囮韋ы翼＄內韋メ翼┛ 

 2006桿＄Naqaシ
[89]
蠖梗х梓承MV儃肄麸′cross-validation technique″龥I橫

曰埴親梏晶p㎤83＄妋肄麸đδ＄梏晶p㎤83ュ意沼袴э墾𥿔紅斷抄紅尞墾𥿔＄

籾△Χ椦勖鐺頓啀畐洩淅箭梏晶p35扱ナ┛妋鑷®妍鈑藥菫蜈′data mining″声

鈑喃櫻︸肄麸Y聴浄＄覇峐籾淅箭頓tΟ聽梗ユ梏晶p鵝塢紘Y倦35彐档頓啀＄

ホ籾頓t槀≳龥I┛ 

 2008桿＄Deasyシ
[90]
蠖梗х府э⋛査聴┡35梏晶p龥I︸繁┛榺ヘコ佬35府

コ韋đδ蒸ヘ殿囮35ュ蒸璡押扱ナ邉68梏晶p35㎤83Пュ蒸┛妋せヽ奧邦璡ы翼

歬⁂虹叫ャ35內埴親槀≳紅錫＄紅δモ′superior″声ャ′inferior″Ζ璡紅＄聴

佬đδャ璡內埴親晶ナ邉68梏晶p35㎤83'03эモ璡內埴親＄攴欸鶫悲č喃碆τ

′p=0.004″┛ 

 2009 桿＄Valdagniシ
[91]
蠖梗хホNomo虹龥I橫曰埴親梏晶p㎤8335鑷®＄

奧薰ヘ△詔忘淅箭邉68梏晶p梗x35頓t槀≳殺黻紅健＄奧薰ヘ貨痼歲＄意綳こ゚

歵鼏奧せ情頓t35淅箭黻還＄čゝ傅浄兗紅＄十詔弥翁龥s梗x妋梏晶p35㎤83┛

妋鑷®蠖梗хヘ△ヮ概靂ホ35梏晶p㎤83龥I擺剣＄詔ホэ̂68鑷鞘奧訒声ヮ収

35𢿫烖兗奄┛ 

 2010桿＄Acostaシ
[92]
妍邉68梏晶pユ虹叫殃奸肄麸Y聴浄＄豪ホ虹叫𥐮御肄

麸櫻ヰ︸├＄覇CT虹叫Ο餌凊梗艮郊猜日邉68棙●ΟU坪声㾱抱枚モ梗x邉68

梏晶p35'03住錫描┛ 

1.2.3.2 NTCP龥I︸繁小鈑35せヽxせ 

 Burman
[93]
э 1991 桿棗ホLyman

[83]
蠖梗35梏晶p㎤83︸繁＄覇Emami

[60]
逃梗

35情殿囮Χ椦諮消墾𥿔35府コモ＄毚棙鴆舜艾浄声⁇壟35鑷®＄逃梗х 27 △橫

曰殿囮覇蜥消傑翁⌇賠示せ姨35發胡ャ梗x 29 △邉68梏晶p35NTCP︸繁小鈑

′TD50(1)＄n＄m″┛榺ヘ聴┹̈ホ齧畏＄くPinnacleシ尊ヲč行O悲35ナ89喃兗

奄︸舶罕殃ホ

[94]
┛Ⅵ姿＄痁ヌɚ問邉68肄麸35晶尹＄籾鈑橫曰殿囮消穀35韋璡

紅翁⌇螌賠示せ姨＄分蔽̈ホBurman逃梗35小鈑│龥I邉68梏晶p縻歲印橆奧

邉68鑷鞘屋梗35圀𥿔奧訒＄券御問狢濔妍消穀淅箭┛榺孛こ゚&縉淫覇Χ椦⁇壟声
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鈑藥紅┭35府コモ＄艾浄鑄35︸繁小鈑＄印恵紅晶萸NTCP︸繁35屋ホ┛ 

 覇艮郊猜日邉68殃𪆐35U坪声㾱抱薔疫鑷螞＄麕悗v穀𩸕奧㾱抱薔疫35せヽ

膊湈＄瀠х Emami覇 1991桿逃梗35 LKB︸繁小鈑勿＄喉ω罕鶫Y倦錮問畐韋

𩸕奧U坪薔疫鬱尹35せヽ┛Fiorinoシ
[115]
獪聴х𩸕奧a孶邉68殃𪆐35U坪餬鸚梗

ʜ声弥概薮\\Ζ△梏晶p鬱尹35 NTCP︸繁小鈑艾浄せヽ◇ 

 奧эU坪餬鸚梗ʜpせ＄Rancatiシ
[96, 97]

憩醸兗羽х 547貨声 1119貨痼歲鉉

ΜU坪埴親′辞苺U坪献埃89″35墾𥿔-翁⌇革甃梏妍梏晶pシ健Grade2声Grade3

35痼歲声意鶫梏晶pGrade3 35痼歲紅δΖ埴紅麹艾浄хLKB︸繁小鈑◆Peeters

シ

[98]
兗羽х 468 貨痼歲U坪枚35墾𥿔-翁⌇革甃梏艾浄хU坪梗ʜ梏晶pGrade3

痼歲奧棗35LKB︸繁小鈑◆Soehnシ
[99]
兗羽х 319貨痼歲U坪枚35墾𥿔-翁⌇革甃

梏艾浄хU坪梗ʜ梏晶pGrade2 声Grade3 痼歲奧棗35LKB︸繁小鈑◆Tuckerシ

[100]
兗羽х 1023 貨痼歲鉉ΜU坪埴親′辞苺U坪献埃89″35墾𥿔-翁⌇革甃梏艾

浄хU坪梗ʜ梏晶pGrade2 声Grade3 痼歲奧棗35LKB︸繁小鈑┛モ橎惇埴せヽ

聴┹顆学校法人＄艾浄滕穀35小鈑n還＄瀠хRancati奧Grade2声Grade3埴痼歲艾浄聴┹

δ 0.24勿＄券沖埴n還駛淟雁婀＄賠婀э 0.15＄蠖学校法人U坪śx梗婀翁⌇鄂棗＄奧

487/12錫描鴦酘磬┛ 

 奧э弥概薮\\梏晶p＄Mavroidis
[101]
声Peeters

[98]
紅麹奧鉉ΜU坪埴親声U坪

枚35墾𥿔-翁⌇革甃艾浄хKällman︸繁声LKB小鈑＄Ⅵ姿Mavroidis激埴35痼歲蕉

鶫 65貨＄頓橆券メΜ小鈑35鵈革錫掮畐暒弥＄Peeters鉱妍小鈑n還迩圀δ 1│艾

浄紹勿ΖΜ小鈑D50声m┛頓橆榺Ζ埴せヽ35聴佬鶫湃槀ヘ橳ř佬┛ 

 覇內日邉68殃𪆐35狎狢椽0薔疫龥I鑷螞＄Chapetシ
[95]
紅┭х 101貨陌®蜥

消羃麸35螌婀職婦內日邉68痼歲35DVH鈑藥＄艾浄хLKB︸繁小鈑┛せヽ聴佬

đδ＄鑄艾浄35︸繁小鈑渤裸芭蠑橎х痼歲寒翁梗x梏晶p35㎤83紅斷發胡┛Ⅵ

姿＄妋せヽ滕梗35︸繁小鈑đδ椽0śx梗暒弥35翁⌇鄂棗＄姿榺ヘ聴佬ユ籾鈑

邉68Χ椦若ナ35誕MVュタYゎ＄椽0毚曰くđδ奧'03墾𥿔7/12酘磬＄śx梗婀翁⌇

鄂棗＄韋暒δ喧繁35Υ繁殿囮＄ⓔ麹韋奧э蜥消邉湿68蒸橳̂6835痼歲＄券翁⌇

鄂棗鴦婀┛Chapet35榺ヘ聴佬ユ券暒婀35激埴n貨鈑′101貨″鶫倦＄罕印艾浄

滕穀35︸繁小鈑鵈革錫掮П暒埓′n=0.44＄68%鵈革錫掮 0.25+0.79＄95% CI 

0.11+1.41)″┛ 

1.2.3.3ナ89喃頓啀小ユIMRT永湿35せヽxせ 

 痁ヌシ鄂賠示墾𥿔′EUD″┚橫曰埴親梏晶p㎤83′NTCP″シ邉姨ナ89喃㎤

燻く梵δđs＄㐬│㐬籾35せヽヌ察э妍券棗ホユ IMRTč行永湿棙●Ο＄覇ュ

淅箭裠錫墾𥿔35艮蠖ャ沬旺梏晶p㎤83＄ヮ湿č行僲č?●＄禾č行永湿棙●鴦

28 

 



ゔヘゕ 粉佬 

鶫𩸕奧狢┛ 

 暒陲ř佬妍EUDホэ异沛č行永湿棙●35擺屋│鬘Wuシ
[102, 103]

＄Y倦せヽ蠖

梗хヘ△府эEUD35永湿O餌洪鈑＄Ⅵ醸妍妋O餌洪鈑ホэ艮郊猜日抄愈𧵳璡寧

ケ35IMRT永湿棙●Ο＄梏ユ89コ御鉱′墾𥿔-翁⌇倦O″僲鵈O餌洪鈑35永湿聴

┹槀≳訒暒┛聴┹đδ＄府эEUD永湿醸35IMRTč行＄覇裠錫墾𥿔ュ渉タ齧鴦

裸35發胡ャ＄詔印鴦鶫鄂芭沬旺橫曰殿囮消𥿔＄汚裠錫賠示狢洩鶫罕沬旺＄𪘚禾

裠錫献梗x487/12′hot spot″┛Wu蒸隸莢梗＄EUD小ユIMRTč行永湿罕澋滕35永

仕＄洛┹意ホ89コ御鉱П詔印圈x＄汚綳こ゚僲鵈弥𥿔35墾𥿔-翁⌇穴槇瑤烏＄梏

レ綳こ゚捷盲异鉉′trial-and-error″弥𥿔小鈑印梫穀O35┛Choiシ
[104]
П奧洛鴬ホ

EUD┡氎IMRT永湿O餌洪鈑槀≳хř佬＄蠖梗◇洽EUD小鈑aœ1 隸EUDδ杭洪

鈑＄洽a□1 隸δ校洪鈑＄綳こ゚奧EUD&捷渉δ杭洪鈑┛Choiシ蠖梗35榺ヘ鑷®

訒Wuシ35鑷®鴦ヮå＄姿レ毚棙情穴槇洪鈑Y殺35鑷®＄詔印鴦裸芭翁x情橫

曰埴親穴槇洪鈑奧O餌洪鈑還35䡄問┛ 

 Thiekeシ
[76]
П嬉х妍EUDホэIMRT35せヽ＄đδホEUD屋δ穴槇瑤烏槀≳

IMRT永湿＄券聴┹剣鶫鴦'0335Χ椦Y倦狢′higher clinical relevance″＄梏蠖梗х

ヘ△妍EUD斿湿δ永湿穴槇瑤烏35POCS′projections onto convex sets″鑷®＄妋

鑷®型佟邉姨89コ旌覇僲čIMRTč行隸詔印覇89コ声ナ89穴槇瑤烏Ο鬘ε𣠽

苒┛ 

 ユ EUD Y訒＄NTCP 韋鴦δU蜥ユ痼歲Χ椦śx声ナ唸迮𥿔Y倦35ナ89喃

兗羽莢餌＄覇洛鴬妍 NTCPホэ邉68č行永湿35擺屋モ＄悗v穀洛ャY倦せヽ◇ 

 Mohan
[105]
声Wang

[106]
ř佬х妍ナ89喃頓啀ホэIMRT永湿35鑷®＄┡氎хY

蒸35紅竑舜狢O餌洪鈑＄Mohanđδ妋O餌洪鈑螌杭′non-convex″＄郤𣠽ホх︸

艾櫱2/7®槀≳永湿＄姿Wangホх蓮楾ャ沬®┛ 

 Hristov
[107]
シホ89コ御鉱┡氎хO餌洪鈑＄梏奧券杭縻螌杭槀≳хř佬＄聴

┹đδラ89コ御鉱┡縟35O餌洪鈑δ杭洪鈑◆Stavrevシ
[108]
ホNTCP┡氎хO餌洪

鈑＄梏ホ螌舜狢¤行ゝ®⋛袴х永湿捓佳＄Ⅵ姿螌舜狢永湿ゝ®氊楾窿＄姿レュ

忘較儃聽穀鵝永⋛┛ 

 Romeijn
[109]
声Hoffmann

[110]
賠ホEUD┚NTCPシナ89喃頓啀┡縟хIMRT永湿

35O餌洪鈑＄梏紅麹儃霽х洛鴬妍榺ヘO餌洪鈑斿薇δ杭洪鈑＄δ禾ホ蓮楾ャ沬

永湿ゝ®羣ャхコ佬府コ┛ 

 Liシ
[111]
獪聴奧訒хホナ89御鉱声89コ御鉱┡氎IMRTO餌洪鈑35情鬘ⓔ7/12＄

梏緯圈氄棗ホ35㆛楾梗晶＄奧訒хMonaco┚Pinnacle声Eclipseメ△尊ヲTPS覇圈

xナ89永湿鑷螞情鬘35ⓔ7/12＄蠖梗х#府эナ89喃35邉姨̂68č行O悲$
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′biological based treatment planning system＄BBTPS″㎤燻┛ 

1.2.3.4ホ紅尞墾𥿔慧橫頓啀邂槀NTCP︸繁35せヽxせ 

 NTCP韋櫻ヰ覇墾𥿔-翁⌇倦Oモ35ヘ△㎤83︸繁＄洛┹胥妋︸繁⁂δヘΜ擪

ぇ＄鉱杝激35韋痼歲橫曰埴親消穀せ姨35墾𥿔-翁⌇革甃声ユ妋埴親奧棗35︸繁

小鈑＄杝梗鉱韋妋橫曰埴親梗xY棗梏晶p35㎤83┛奧э曰¤35 NTCP︸繁＄杝

激35墾𥿔-翁⌇革甃棗妋捷鞁35韋橫曰埴親35親遶墾𥿔┛岸僲螞Χ榺珊ヘΜ痼歲

寒翁＄券Ο璡紅痼歲蜥消衛悲紅砦せ姨＄璡紅痼歲蜥消弥墾𥿔紅砦′薰尞邉68墾

𥿔弥э 2.0Gy″縻乑紅砦′薰尞邉68墾𥿔婀э 2.0Gy＄薰厄せ姨 1尞印モ″̂68＄

洛┹分蔽禾ホ衛悲35 NTCP ︸繁声Y棗︸繁小鈑奧妋痼歲寒翁梗x梏晶p35㎤

83槀≳龥I＄鉱洩梗xュ浄コ35龥I聴┹┛𩸕奧榺ヘ捓佳＄鶫錮問蠖梗хホ紅尞

墾𥿔慧橫頓啀 g/く割橫衛悲 NTCP︸繁35鑷®＄梏𩸕奧ュ蒸埴親35ュ蒸梏晶p槀

≳х g/く頓啀35艾浄┛印艮郊猜日邉68棙●Ο殃𪆐35餬鸚U坪薔疫δ貨◇ 

 Brennerシ
[112]
đδ＄U坪śx梗餬捷棗埴親35ⓔ7/12＄艾浄滕穀35g/く頓啀δ

5.4±1.5Gy＄榺ヘ聴┹П儃霽х乑紅砦邉68詔印蠖'03艮郊猜日̂68膨e訒┛Marzi

シ

[113]
嗎虹毚棙︸繁小鈑艾浄滕穀g/く頓啀＄Ⅵ姿＄ラэ激埴痼歲鈑𥿔鶫浡＄券聴

┹鶫ヌY洽埓35鵈革錫掮＄頓橆彩熳х沬旺艾浄小鈑Μ鈑＄妍NTCP︸繁35小鈑

迩圀δ誕喧35Burman小鈑
[93]
＄意奧g/く頓啀槀≳艾浄＄滕穀хg/く頓啀シэ 2.3Gy

35聴佬┛Tuckerシ
[114]
э 2011桿奧U坪餬鸚薔疫35g/く頓啀槀≳х紞鑄艾浄＄ホg/く

頓啀割橫хNTCP︸繁梏ユNTCP︸繁小鈑ヘ𪆐艾浄滕穀鑄35小鈑＄覇橆府コモ

兗羽ホg/く頓啀割橫NTCP︸繁韋心洩淅箭NTCP︸繁35龥I鄂┹＄Ⅵ姿Tucker澋

滕35g/く頓啀П鶫ヌY洽埓35鵈革錫掮＄辞苺хg/く頓啀罕鶫詔忘沼還35慼軟＄姿
レTuckerđδ¢鶫儃藥ś霽＄誕g/く頓啀慧橫棙35NTCP︸繁顆砵芭邂鐸х奧梏晶

p㎤8335龥I聴┹┛ 

1.3 异沛邉68梏晶p龥I螞Χ35鑄嶧佳 

 棃畏δ樰＄覇奧异沛邉68殃𪆐35梏晶p槀≳龥I35肄麸鑷螞＄印墾𥿔-翁⌇倦

Oδ府コ櫻ヰх籾△龥I︸繁┚鬱晶х籾△紅ū肄麸＄禾滕邉68Χ椦若ナ声邉姨

89コ旌詔印覇̂68č行圈鑾φ艮＄龥I痼歲寒翁梗x邉68梏晶p35㎤83＄𣠽苒鴦

永35̂68鑷鞘＄緯姿覇較儃68鄂35艮蠖ャ宸詔忘較膈裠錫趨軟住抄殿囮＄蠖'03痼

歲ナ唸迮𥿔＄槀姿蠖'03痼歲ナ唸83┛汚韋＄𣠽苒夷σ珊35龥I︸繁┚ュ蒸橫曰埴

親洛鴬𣠽苒︸繁小鈑┚洛鴬妍龥I︸繁殃激邉68č行35永湿棙●梏澋滕鴦焙┚鴦

裸35永湿聴┹┚洛鴬奧ュ蒸紅尞墾𥿔せ姨ャ35痼歲寒翁槀≳紅麹龥I＄畐韋渥湃

せヽ35献埃┛ 
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 剣翁│岏＄覇异沛邉68梏晶p龥I鑷螞螞Χ35鑄嶧佳辞苺◇ 

′1″" 龥I︸繁35𣠽苒 

 毚棙悗v錮問＄獪聴梗х結△府э墾𥿔-翁⌇革甃35橫曰埴親梏晶p㎤83ы翼

鈑喃︸繁┛榺茜︸繁剣鶫件蒸35ⓔ7/12＄ヘ鑷螞畐韋府э橫曰埴親35 DVH鴆舜＄

妍橫曰埴親岸僲δ彐档婀35収形灼埴縟梏妍薰Μ収形灼35墾𥿔-翁⌇革甃屋δ杝

激初臨鈑藥鰯激 NTCP︸繁＄紹ヘ鑷螞畐鶫情鬘35︸繁小鈑＄璡紅小鈑剣鶫情鬘

35ナ89喃碆τ┛Ⅵ姿＄韋心薰Μ︸繁畐櫳浄эホ│龥I情△橫曰埴親梏晶p㎤83＄

情︸繁φ掮覇蒸ヘ△梏晶p35龥I忘察モ韋心唸覇攴麹＄O艮梏麕鶫Y倦せヽ奧

傑璡結△︸繁嬉O悲奧訒┚紅┭＄覇麕│35せヽ擺屋声Χ椦棗ホモ＄洛鴬𣠽苒鵝

鶫鄂声鵝剣鶫𩸕奧狢35龥I︸繁＄韋ヘΜ綳こ゚⋛袴35捓佳┛ 

′2″" ︸繁小鈑35艾浄 

 奧э㍍△𣠽圀35 NTCP︸繁＄覇𩸕奧㍍△橫曰埴親梏晶p槀≳︸繁小鈑艾浄

隸＄ュ蒸35錮問膊湈Ο𣠽ホ棙ュ蒸35永湿ゝ®＄辞苺︸艾櫱2/7┚螌舜狢¤行┚蓮

楾ャ沬®シ＄𣠽ホ措△永湿ゝ®詔印問較滕穀傑寉鵝永⋛＄姿レ氊楾鴦焙＄榰綳

こ゚槀≳鴦δ傑螞35奧訒ř佬◆緯艮鸚擺屋誕MV梗晶＄𩸕奧㍍△ NTCP︸繁声㍍△

橫曰埴親梏晶p槀≳ NTCP小鈑艾浄隸＄激埴痼歲鈑𥿔35弥婀妍袴圀韋心忘澋滕

鶫碆τ35小鈑還＄彐激埴痼歲鈑十珊麝鈑𥿔暒婉＄渤鶫詔忘陌佬ホ鴬△︸繁賠陌

®滕穀鶫碆τ35︸繁小鈑＄縻歲澋滕35小鈑剣鶫Y洽弥35鵈革錫掮緯姿薮唱小彩

羽還◆艾浄滕穀35︸繁小鈑韋心剣鶫駛櫳狢＄П孛韋岏＄印 A 埴痼歲鈑藥艾浄

35㍍殿囮梏晶p㎤83龥I︸繁小鈑＄韋心詔印U蜥ホэ龥I B 埴痼歲梗x妋梏

晶p35㎤83＄榺ヘ捓佳П綳こ゚槀ヘ橳35ゲ激せヽ┛ 

 紹勿＄㾱抱韋艮郊猜日邉68棙●Ο梗x狎窿狢邉68梏晶p35'03住殿囮＄Ⅵ姿

誕錮問悗v＄嫂麕悗v穀鶫Y倦せヽ艾浄㾱抱35 NTCP︸繁小鈑梏印橆紅┭㾱抱

35墾𥿔-翁⌇鄂棗┛δх忘鴦裸芭較膈㾱抱＄沬旺券梗x邉68梏晶p35㎤83＄艾

浄梏紅┭㾱抱35橫曰埴親梏晶p㎤83︸繁小鈑П韋ヘ鼏綳こ゚⋛袴35捓佳┛ 

′3″" 龥I︸繁覇 IMRT永湿Ο35棗ホ 

 ホ辞森鴦籾ナ89喃革甃35 EUD 声 NTCP頓啀┡縟 IMRT永湿35O餌洪鈑＄

攸誕鶫Y倦膊湈ř佬х┡氎O餌洪鈑35鑷®┚妍O餌洪鈑斿薇δ杭洪鈑35鑷®声

永湿ゝ®＄Ⅵ姿＄榺茜膊湈賠懐紞эコ佬蝠奸声鑷®ř佬＄梏¢鶫𩸕奧㍍△殿囮

35㍍△梏晶p＄棗ホ剣鶫𩸕奧狢声ⓔ欸狢35︸繁小鈑│屋δ┡縟O餌洪鈑35ナ89

喃頓啀┛洛鴬恵紅豪ホ攸誕̂6835痼歲鈑藥抄Χ椦痁僐革甃澋沼鶫𩸕奧狢35龥I

︸繁＄梏妍妋︸繁棗ホэ IMRT永湿禾醸蔽痼歲澋e＄綳こ゚縉淫妍艮鸚せヽ域峐

圈氄棗ホ┛ 
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 紹勿＄O艮斫背モ唸覇35メ抦剣鶫ナ89永湿縻歲ナ89兗奄札忘35尊ヲč行O

悲㫖烏＄畐韋﨑花肉垤35尊ヲ湿扱撰＄Μ麹㫖烏П蕉鶫覇鵝鑄3556麝Ο羇剣模х

Y倦札忘＄ュ意㫖烏麝寽羽灼霆鄣＄姿レ㫖烏35種健П韋ヘぼュ婀35釱ホ┛O艮

肉献榰¢鶫羣ゑ榺ヘ板鐺寉螞＄¢鶫剣模ナ89永湿縻歲ナ89兗奄札忘35邉68č行

O悲梗x┛頓橆＄圈xナ89頓啀覇异沛邉68č行永湿声č行兗奄Ο35棗ホ＄槀姿

鬱晶梗ヘ輿鶫鬘εs凊扱黻35ナ89頓啀邉68č行O悲＄韋縉淫渥湃⋛袴35捓佳声

螞Χ35莠縹┛ 

′4″" ホ紅尞墾𥿔慧橫肄麸邂槀x鶫 NTCP︸繁 

衛悲 NTCP ︸繁＄韋櫻ヰ覇橫曰埴親親遶墾𥿔-翁⌇革甃φモ35＄毚棙妍榺

ヘ┧鈑藥鰯激︸繁槀≳čゝ＄龥I㍍痼歲寒翁梗x梏晶p35㎤83＄緯姿印橆δ会

藥𣠽苒鴦永35̂68鑷鞘＄縻糦沼蝸鑾沬旺梏晶p晶ナ83┛Ⅵ姿＄衛悲35 NTCP

︸繁奧墾𥿔-翁⌇┧鈑藥¢鶫ε皿菹麹忘察＄奧э毚棙ュ蒸̂68︸歡澋沼35㍍橫

曰殿囮 DVH鴆舜彐嚶傑Y蒸＄鉱čゝ滕穀35 NTCP還П妍Y蒸＄陌®翁xュ蒸

墾𥿔紅砦̂68︸歡奧橫曰殿囮薔疫暎│35薔e┛頓橆＄綳こ゚奧衛悲 NTCP︸繁槀

≳邂槀＄梏毚棙圈氄̂68澋沼35圈MV鈑藥＄奧榺ヘ邂槀35鄂┹槀≳MV儃＄緯姿蝠

梵榺ヘ肄麸35棗ホ┛ 

1.4 佬錮35εこ゚擺屋 

 屋δΟ-®遂浄布嫌修務せヽナ＄屋歲嚶縟麝佬錮35擺屋εこ゚軟庭モ橎寧ケ异

沛邉姨̂68梏晶p龥I︸繁コ佬ユ棗ホ螞Χ35鑄嶧佳＄印抄屋歲小ユ35Ο®浄屋

鼏O#optimization of Tumor Image Guided RadiothErapy＄TIGRE$′鼏O擲障◇

ANR-09-BLAN-0378-01″┚肉垤鬘Ⅵ府紾肉氄浄屋ユ梓?鼏O#ɚ問邉68Ο35虹

叫殃奸ユナ89永湿捓佳せヽ$′鼏O擲障◇60911130370″声峺ヴく鬘Ⅵ⇨喃府紾

鼏O#棗ホ鈑藥菫蜈肄麸櫻ヰ內日邉68Ο椽0薔疫龥I︸繁$′鼏O擲障◇

ZR2010HQ053″シせヽ鵜薩＄𩸕奧寧ケ异沛邉68殃𪆐35橫曰埴親梏晶p龥I︸

繁35小鈑艾浄┚︸繁奧訒紅┭┚ナ89︸繁覇异沛č行永湿Ο35棗ホ印抄豪ホナ89

︸繁割橫衛悲梏晶p龥I︸繁シ鑷螞＄尹鬱暒δゲ激35せヽ┛ 

 佬錮情ゕ35献埃剣翁嚏蛬洛ャ◇ 

 ゔヘゕδ粉佬┛ 

 ゔыゕ奧 NTCP︸繁槀≳хコ佬声棗ホせヽ┛ŀ憩傅橎х誕錮問悗v獪聴梗

35結△ュ蒸35 NTCP︸繁＄緯︸繁35鈑喃ś梫歡┚唖Y斿薇倦O┚小鈑3589コ声

ナ89喃碆τシ鑷螞槀≳х紅┭◆𩸕奧梏晶p龥I︸繁小鈑艾浄＄獪聴梏奧訒х収

硬濤®′Simplex method″┚︸艾櫱2/7′Simulated Annealing″声湏衛ゝ®′Genetic 
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Algorithm″メ△ュ蒸35永湿ゝ®＄δ鬱尹醸蔽35 NTCP ︸繁小鈑艾浄印抄ナ89

頓啀 IMRT永湿擁圀コ佬府コ◆覇│鬘®肉 10垤邉68Ο濕35 439貨艮郊猜日邉

68痼歲梗x餬鸚U坪声㾱抱薔疫阿桿痁僐鈑藥35府コモ＄艾浄х傑璡結△ NTCP

︸繁Y棗35︸繁小鈑＄梏奧結△︸繁龥I梏晶p35忘察槀≳х奧訒紅┭◆府э│

鬘峺ヴく寧ケ若澷35 157 貨螌婀職婦內日邉68痼歲梗x狎狢邉姨狢椽01/235痁

僐鈑藥＄艾浄х LKB ︸繁Y棗35︸繁小鈑＄梏𩸕奧艾浄聴┹声Χ椦鈑藥悲č紅

┭＄ř佬ュ蒸邉湿68鑷鞘奧梗x邉68梏晶p35淅箭┛ 

 ゔメゕ小彩艮鸚せヽ奧橫曰埴親梏晶p龥I︸繁小鈑35艾浄聴┹＄僲č圈

MV＄妍艮郊猜日邉68Ο㾱抱枚埴親行紅δ楆裠錫描声槑裠錫描＄梏紅麹僲鵈ュ蒸

35 EUD︸繁小鈑禾φ棗ホэ艮郊猜日 IMRTč行永湿棙●┛圈MV𣠽沼 53貨│鬘

®肉35艮郊猜日异沛邉68痼歲35 CT圀押虹叫声裠錫┚橫曰埴親痔日聴┡＄奧薰

貨痼歲僲č#89コ御鉱永湿$声#ナ89御鉱′EUD″永湿$Ζ△ュ蒸35č行僲č鑷鞘＄

毚棙紅┭裠錫声橫曰埴親消せ墾𥿔┚寧ケ蜚腰㎤83′TCP″声橫曰埴親梏晶p㎤

83′NTCP″シ莢餌＄奧訒Ζ△č行僲č鑷鞘情鬘35ⓔ7/12＄翁x艮鸚小鈑艾浄擺

屋35⌇┞碆τ声 EUD覇 IMRT永湿棙●Ο晶萸35顆砵鄂┹┛ 

 ゔ惇ゕ覇艮鸚小鈑艾浄声永湿ゝ®紅┭35府コモ＄ホ NTCP頓啀┡櫻蒸隸辞

森89コ御鉱声邉姨ナ89喃御鉱35 IMRT永湿O餌洪鈑＄圈xナ89頓啀覇 IMRT永

湿棙●Ο35棗ホ＄梏毚棙异鉉永湿瑤烏黻紞＄紅┭ NTCPナ89喃︸繁覇异沛邉68

永湿棙●Ο沬旺橫曰埴親墾𥿔鑷螞晶萸35⌇┞屋ホ┛ 

 ゔ阿ゕ蠖梗х衛悲 NTCP︸繁覇龥I梏晶p㎤83隸唸覇35ュ僇φ面′十陌®

紅麹龥I痼歲寒翁Οュ蒸紅尞墾𥿔せ姨醸梗x邉68梏晶p35ュ蒸㎤83″＄梏奧橆

槀≳邂槀＄豪ホ舜狢-ы尞′linear-quadratic″︸繁Ο35 g/く頓啀奧衛悲 NTCP︸

繁槀≳紅尞墾𥿔慧橫┛毚棙紅┭│鬘®肉 IGR′Institut de cancérologie Gustave 

Roussy″35 213貨蜥消ュ蒸紅尞墾𥿔邉姨̂6835艮郊猜日痼歲鈑藥＄艾浄 g/く頓
啀＄梏覇橆府コモ紅┭圈MV聴┹＄儃霽奧衛悲 NTCP︸繁35割橫韋鶫ヌ顆砵碆τ

35＄緯姿蝠梵 g/く頓啀覇橫曰埴親梏晶p㎤83龥IΟ35梵¹棗ホ┛ 

ゔ結ゕ奧傑錮擺屋槀≳х獪聴＄梏奧醸蔽せヽ擺屋槀≳х尹鷦┛ 
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""ホNTCP︸繁龥I艮郊猜日声螌婀職婦內日邉68殃𪆐35

橫曰埴親梏晶p㎤83 

2.1 殃ㇷ 

 寧ケ邉姨̂68殃𪆐35橫曰殿囮薔疫＄ュ意浡腰х面鑷墾𥿔35蠖種＄姿レ邉68

梏晶p35梗xПU蜥淅箭х痼歲35ナ唸迮𥿔声ナ唸83┛橫曰埴親梏晶p㎤83

′NTCP″︸繁韋櫻ヰ覇墾𥿔-翁⌇倦Oモ35ヘΜ鈑喃︸繁＄詔印毚棙异鉉︸繁小

鈑蠑橎ュ蒸橫曰殿囮覇蜥消ヘ圀せ姨墾𥿔醸梗x邉68梏晶p35㎤83＄奧邉68蠇狢

捷棗槀≳龥I＄П詔会橆奧ュ蒸35̂68鑷鞘槀≳ナ89鄂棗35𥿔湿奧訒┛ 

 Burman
[1]
э 1991 桿棗ホLyman

[2]
蠖梗35梏晶p㎤83︸繁＄覇Emami

[3]
逃梗35

情殿囮Χ椦諮消墾𥿔35府コモ＄毚棙鴆舜艾浄声⁇壟35鑷®＄逃梗х 27 △橫曰

殿囮覇蜥消傑翁⌇賠示せ姨35發胡ャ梗x 29 △邉68梏晶p35NTCP︸繁小鈑

′TD50(1)＄n＄m″┛榺ヘ聴┹̈ホ齧畏＄くPinnacleシ尊ヲč行O悲35ナ89喃兗

奄︸舶罕殃ホ

[4]
┛Ⅵ姿＄痁ヌɚ問邉68肄麸35晶尹＄籾鈑橫曰殿囮消穀35韋璡紅

翁⌇螌賠示せ姨＄分蔽̈ホBurman逃梗35小鈑│龥I邉68梏晶p縻歲印橆奧邉

68鑷鞘屋梗35圀𥿔奧訒＄券御問狢濔妍消穀淅箭┛榺孛こ゚&縉淫覇Χ椦⁇壟声鈑

藥紅┭35府コモ＄艾浄鑄35︸繁小鈑＄印恵紅晶萸NTCP︸繁35屋ホ┛ 

 毚棙悗v錮問＄獪聴х鬘 1983 桿齧畏蠖梗35結△橫曰埴親梏晶p㎤83龥I

︸繁＄榺茜︸繁畐韋櫻ヰ覇橫曰埴親墾𥿔-翁⌇倦O府コモ35ы翼鈑喃ś梫歡＄

汚ュ蒸35︸繁鶫ヌュ蒸35鈑喃聴┡声︸繁小鈑＄䚮Ⅵ鶫錮問奧券Ο璡紅︸繁槀≳

棙小鈑艾浄声奧訒紅┭＄汚嫂陌錮問ホ傑璡結△︸繁龥I蒸ヘ梏晶p㎤83梏奧情

︸繁35龥I忘察槀≳奧訒┛紹勿＄府эヘ埴痼歲艾浄滕穀35︸繁小鈑韋心剣鶫ⓔ

欸狢＄縻歲覇鴬△發胡ャ綳こ゚紞鑄艾浄鑄35︸繁小鈑＄П綳こ゚槀ヘ橳35ř佬┛ 

 痁ヌ革甃面コ肄麸35晶尹＄縉淫鶫籾△ュ蒸ū繁35永湿ゝ®詔印ホ│圈x

NTCP ︸繁小鈑艾浄＄訒洛収硬濤®′simplex method″┚︸艾櫱2/7′simulated 

annealing″声湏衛ゝ®′genetic algorithm″シ┛彩熳穀 NTCP︸繁35盲黹狢＄ヽ

お措ヘ△永湿ゝ®鴦櫳浄э榺ヘū永湿鵜薩姿レ氊楾鴦焙＄П嫂陌Y倦膊湈┛ 
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 覇麝ゕΟ＄縉淫妍ŀ憩異聡結△ NTCP︸繁35聴┡┚Y唖倦O抄情鬘ⓔ7/12＄

Ⅵ醸蜿ř詔ホэ NTCP ︸繁小鈑艾浄35ュ蒸永湿ゝ®梏緯永湿鄂┹声㮍≳氊楾

鑷螞槀≳奧訒┛覇橆府コモ＄ŀ憩ホ傑璡結△ NTCP︸繁紅┭│鬘®肉35ヘ埴艮

郊猜日痼歲蜥消邉68醸殃𪆐35U坪声㾱抱餬鸚薔疫＄痁僐隸掮 2~5桿＄奧薰△︸

繁35小鈑覇ュ蒸梏晶p声ュ蒸痁僐隸掮モ賠槀≳艾浄＄⁇壟情︸繁ⓔ7/12＄梏奧龥

I梏晶p35忘察嬉梗訒暒◆Ⅵ醸＄𣠽苒券Οヘ△︸繁│紅┭│鬘Ο肉35ヘ埴螌婀

職婦內日痼歲蜥消邉68醸殃𪆐35狎狢椽0薔疫鈑藥＄印翁x NTCP︸繁覇Χ椦擺

屋Ο35禾ホ羽還抄碆τ┛ 

2.2 結△NTCP︸繁 

2.2.1 LKB︸繁 

 LKB′Lyman-Kutcher-Burman″︸繁韋鵝δ梵¹ニs声棗ホ35NTCP︸繁＄

Pinnacleč行O悲35#NTCP$︸舶十糦ホ妋︸繁声│鬘Burman
[1]
35︸繁小鈑│č

ゝ梏晶p㎤83

[4]
┛Lyman

[2]
ŀ憩蠖梗хS濤墾𥿔鄂棗′sigmoid dose response, SDR″

⌇紅︸繁＄ホ│蠑橎橫曰埴親傑璡縻璡紅翁⌇消穀賠示墾𥿔Dせ姨醸35墾𥿔鄂

棗＄ś学校法人δ◇ 

Ð ¢/
/? t

x dxeNTCP 22

2

1

r              ′2.1″ 

* +* + * +* +1
1

50

50

TDm
TDD

t ©/?          ′2.2″ 

歡ΟTD50(1)δ傑璡翁⌇消せ姨隸殃𪆐㍍△殿囮梗x 50%梏晶p㎤83罕綳35墾𥿔＄

収押δGy◆mδ墾𥿔箭棗鴆舜鏥83頓啀┛痁ヌ邉68ⓔ麹韋櫳濤声异沛肄麸35晶尹＄

橫曰埴親消𥿔ュ賠示●楾膨殺＄Kutcher┚Burman
[5, 6]
声Lyman

[7]
Y分蠖梗хΖ△

墾𥿔-翁⌇U鑷虹′DVH″湿ヮゝ®奧初鶫SDR︸繁槀≳х邂槀＄十シ鄂翁⌇®

′Effective Volume Reduction Scheme″◇ 

* +* + * +* +vTDm

vTDD
t

i

i i

50

50max ©/?       ′2.3″ 

* + * + n

effi i
VTDvTD

/©? 15050
       ′2.4″ 

Â?
ij

n

ijijeff dvV
i
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i

ij
ij D

D
d
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声シ鄂墾𥿔®′Effective Dose Reduction Scheme″◇ 

* +* + * +* +1
1

50

50

TDm
TDEUD

t i ©/?       ′2.7″ 

n

n
ijij

ij
i DvEUD ÕÖ

ÔÄÅ
ÃÂ? 1

        ′2.8″ 

券Ο＄nδ翁⌇鄂棗頓啀＄翁⌇鄂棗ユn縟橫訒＄n還㐬弥′蜥楆э 1″翁⌇鄂棗

㐬弥＄n還㐬婀′蜥楆э 0″翁⌇鄂棗㐬婀┛弥翁⌇鄂棗碆寸ヌNTCP鴦籾芭会顖

э鉉Μ翁⌇献消せ隸35桷賠墾𥿔＄奧棗э#梏繁$埴親声殿囮＄喧繁35洛內┚墜┚

認◆婀翁⌇鄂棗碆寸ヌNTCP棗妋ホ消せ翁⌇献鵝弥墾𥿔čゝ＄奧棗э#Υ繁$埴

親声殿囮＄喧繁35洛桝58┚⁂‘誕┛vij声Dij韋妍痼歲#i$35⌇紅DVH斿湿δ澁紅

濤歡醸奧棗35ゔ#j$Μ翁⌇収形声妋翁⌇収形蜥消35せ姨墾𥿔＄vijφ声シэ 100＄

dij鉱韋奧薰Μ墾𥿔収形槀≳х洫ヘ湿＄dijφ声シэ 1┛役婉35墾𥿔-翁⌇紅砦収形

′洛 10Gy/収形″ュ僇印御問蠑橎殿囮35墾𥿔-翁⌇革甃＄姿棙職35紅砦′洛 1cGy/

収形″膨殺хčゝ𥿔＄姿レ梏ュ洩奧小鈑艾浄声NTCPčゝ聴┹扱ナ淅箭┛

Dawson
[8]
蝠栱j異э 50声 150φ掮┛′2.1″~′2.8″歡ś橎LKB韋ヘΜ′TD50(1), 

n, m; (Dij,vij)″聴┡35メ小鈑殺墾𥿔-翁⌇革甃35㎤83︸繁┛Moiseenko
[9]
奧訒хシ

鄂翁⌇声シ鄂墾𥿔Ζ△DVH湿ヮ鑷®＄đδY訒эシ鄂翁⌇鑷®＄シ鄂墾𥿔®

奧э殿囮献35墾𥿔紅斷渉湿鴦ュ酘磬′insensitive″＄頓橆＄覇麝錮35醸蔽擺屋Ο＄

賠糦ホシ鄂翁⌇®┛ 

 穴歡′2.8″韋シ鄂賠示墾𥿔′EUD″35ś梫歡＄榺ヘ㎤燻鵝陲韋ラNiemierko
[10]

э 1997桿蠖梗＄詔印ホEUD穴歡妍螌賠示墾𥿔せ姨ャ寧ケ埴親35墾𥿔斿湿δシ

鄂35賠示せ姨墾𥿔十EUD＄レΖ歲詔印澋滕Y蒸35寧ケ埴親献職婦黶4/7鄂┹┛痁

醸＄覇 1999 桿＄Niemierko
[11]
彰妍EUD35㎤燻耒尹δgEUD′general EUD″＄禾

券櫳ホэčゝ橫曰埴親献35シ鄂賠示墾𥿔┛洽a=1/n隸＄П詔印弦縟◇ 

 
a

a

ijij
ij

i DvEUD

1

ÕÖ
ÔÄÅ

ÃÂ?                        ′2.9″ 

榺ヘś梫濤歡概эčゝ＄姿レ橫韋 Pinnalce TPSΟ妍 EUDホэ IMRTč行永湿

35コ佬府コ┛EUD︸繁辞苺ヘΜ小鈑 a＄奧эュ蒸35橫曰埴親＄a還35𣠽沼翁x

х妋埴親35墾𥿔-翁⌇鄂棗┛洽奧Υ繁殿囮′洛桝58┚U坪シ″僲鵈 EUD永湿瑤

烏隸＄a△1＄レ a還㐬弥＄EUD奧癯覇殿囮モ35487/12鴦酘磬◆洽奧梏繁殿囮′洛

內┚墜┚認シ″僲鵈 EUD永湿瑤烏隸＄a□1＄レ a還㐬婀＄EUD奧癯覇殿囮モ

35暒弥翁⌇29紅訒35虎7/12錫描鴦酘磬◆洽 a沼還δ 1隸＄′2.9″孛渉縟хčゝ賠

示墾𥿔 Dmean35鈑喃ś梫歡┛    
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2.2.2 Logit-EUD︸繁声Schultheiss︸繁 

 Schultheissэ 1983桿蠖梗х蠑橎賠示せ姨ャ墾𥿔 Dユ NTCP倦O35浰杍︸

繁◇ 

* + 1

50 )1(
1 ÙÙÚ

×
ÈÈÉ
Ç ÕÖ

ÔÄÅ
Ã-? k

D

TD
DNTCP

/
      ′2.10″ 

TD50(1)声 k韋︸繁小鈑＄艮歲碆τユ LKB︸繁Ο35 TD50(1)Y蒸＄醸歲δ鏥83頓

啀┛彩熳穀螌賠示せ姨ャ35čゝ＄ホ穴歡′2.8″蠑橎35 EUD鵈薇賠示墾𥿔 D＄

印橆殃激翁⌇鄂棗頓啀 n声痼歲#i$35 DVH革甃＄孛濤縟х Logit-EUD︸繁＄詔

ホэ螌賠示せ姨ャ橫曰埴親梏晶p㎤8335čゝ┛ 

 Schultheiss︸繁韋ヘΜ𩸕奧螌賠示せ姨35⌇紅㎤83︸繁＄洛歡′2.11″┛岸僲

痼歲#i$35㍍橫曰殿囮ラ N Μ僇門婀35啀収形┡縟＄薰Μ啀収形蜥消穀35せ姨墾

𥿔詔⁂δ賠示墾𥿔＄ゔヘ橳茣歡′2.10″čゝ啀収形#j$35 NTCP還＄鰯激′2.11″

十詔čゝ鉉Μ殿囮35 NTCP還┛Schultheiss︸繁意鶫ΖΜ小鈑◇TD50(1)声 k┛ 

* + *]ß? //? N
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ii DNTCPvDNTCP
1

11, +_vij
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2.2.3 Poisson-EUD︸繁声Källman︸繁 

 Källman э 1992 桿蠖梗х蠑橎賠示墾𥿔せ姨ャ墾𥿔 D 声 NTCP 倦O35Œ┛
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TD50(1)声 け韋︸繁小鈑＄ユ Logit-EUD︸繁Y猿＄彩熳穀螌賠示せ姨ャ35čゝ＄

ホ穴歡′2.8″蠑橎35 EUD鵈薇賠示墾𥿔 D＄印橆殃激翁⌇鄂棗頓啀 n声痼歲#i$

35 DVH革甃＄孛濤縟х Poisson-EUD︸繁＄詔ホэ螌賠示せ姨ャ橫曰埴親梏晶

p㎤8335čゝ┛ 

 ユ Schultheiss︸繁Y蒸＄Källman︸繁蒸珊韋U蜥𩸕奧螌賠示せ姨發胡ャ＄

岸僲痼歲#i$35㍍橫曰殿囮ラ N Μ僇門婀35啀収形┡縟＄薰Μ啀収形蜥消穀35せ

姨墾𥿔詔⁂δ賠示墾𥿔＄ゔヘ橳茣歡′2.12″čゝ啀収形#j$35NTCP還＄鰯激′2.13″
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2.2.4 Parallel︸繁 

 Parallel︸繁傅浄хWolbarst, Niemierko and Jackson蠖梗35コ佬
[12-14]
＄岸僲橫

曰殿囮韋ラ梏繁聴┡35㋣ヰ札忘啀収形′independent functional subunits＄FSU″

┡縟＄意洽弥𥿔FSUくゑ剥レ乑棙札忘汲模紅斷′functional reserve distribution″

蠑橎35撳還隸＄殿囮羇śx梗梏晶p┛奧э喧繁35Υ繁殿囮＄印妋︸繁35コ佬妍

券岸僲δ意鶫ヘΜFSU埴縟＄蕉こ゚妋FSU消穀ゑ剥＄鉉Μ殿囮孛詔忘śx梗梏晶

p┛Jackson莢梗＄洽FSU鈑𥿔暒弥隸＄鉉Μ殿囮35薔疫鴦楆猿эFSU35桷賠薔疫

[15]
┛頓橆縉淫副IParallel︸繁奧э蠑橎喧繁35Υ繁殿囮詔忘唸覇ヘ圀宓攴縻歲
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Parallel︸繁辞苺惇Μ小鈑◇d1/2ś学校法人奸𪘚 50%FSUくゑ剥35せ姨墾𥿔◆kδ鏥83

頓啀＄翁xх FSU覇 d1/2墾𥿔せ姨ャ梗x薔疫35膨圾83◆V50声 jv紅麹蠑橎札忘

汲模35桷賠還抄券埓楾┛ 

2.2.5︸繁小鈑沼還慼軟ř佬  

 結△ュ蒸35 NTCP︸繁小鈑鶫暒弥錫麹◇  

 LKB︸繁Ο35メΜ小鈑賠鶫券ナ89喃抄鈑喃碆τ＄詔印問圀券沼還慼軟＄訒

洛TD50(1)35森τδ#消穀妋墾𥿔35賠示せ姨醸＄覇阿桿痁僐隸掮ャ＄妋殿囮鶫 50%

35㎤83梗x邉68梏晶p$＄券収押δGy＄頓橆妋沼還慼軟詔印屢藥Χ椦誕MV＄僲

鵈覇 50Gy-200Gyφ掮◆小鈑<n!δ翁⌇鄂棗頓啀＄奧эΥ繁殿囮śx梗婀翁⌇鄂

棗＄券梏晶p奧婀翁⌇慼軟モ35'03墾𥿔7/12酘磬＄券還亼楆э 0＄奧э梏繁殿囮ś

x梗弥翁⌇鄂棗＄券梏晶p奧弥翁⌇慼軟モ35旺墾𥿔錫酘磬＄券還亼楆э 1＄頓

橆券沼還慼軟δ * _1 [
,0 ◆小鈑<m!δ鏥83頓啀＄屢藥栄籾錮問逃梗35LKB︸繁艾浄

聴┹＄詔印đδ沼還慼軟斡δ

1]

* _1,0 ┛ 
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 Logit-EUD声Poisson-EUD︸繁Ο35メΜ小鈑ユLKB鶫ヌY蒸35碆τ声沼還

慼軟＄蕉韋鏥83頓啀紅麹δ<k!声<け!＄券沼還慼軟濔圀δ弥э 0 35橫鈑＄レ鏥83

ュ洩陌浡弥＄頓橆覇圈MV鬱臨橊竑妍券僲鵈δ * _50,0 ┛ 

 奧э Schultheiss声 Källman︸繁＄券小鈑Ο35<TD50(1)!鶫ヌユ券井︸繁Y蒸

35ナ89喃碆τ声沼還慼軟＄券井小鈑碆τ声沼還慼軟賠ュ霽問＄覇圈MV鬱臨橊竑

僲鵈ヘΜ暒弥35覘v錫掮声鴦弥35槀湿鰯鈑┛ 

 Parallel︸繁鶫惇Μ小鈑◇<v50!＄<j!＄<d1/2!声<k!
[15]
┛洛モ錮罕橎＄Parallel︸繁

岸僲橫曰埴親ラ弥𥿔FSU埴縟＄ュ蒸35住抄殿囮唸覇ュ蒸35札忘汲模′functional 

reserve″撳還＄洽消穀ゑ剥35FUS29紅訒乑棙妋殿囮35札忘汲模撳還＄鉱妋殿囮

śx梗梏晶p＄頓橆NTCP還Y洽э𤎼茜札忘汲模還旺эくゑ剥FSU訒貨35痼歲

訒貨＄ś学校法人δ 

* +fNTCP H?  

券Ο＄ δ̂68奸𪘚㍍殿囮札忘薔疫3529紅訒＄f * +fH 覇痼歲寒翁洽Ο札忘汲模

發胡35⌇紅紅斷┛洛┹㍍殿囮璡紅翁⌇ v消穀せ姨＄鉱妋殿囮35梏晶p㎤83ュ洩

乑棙妋殿囮札忘汲模婀э v35痼歲29紅訒┛小鈑 v50声 j鉱紅麹蠑橎х痼歲寒翁
Ο㍍住抄殿囮札忘汲模35桷賠還声妋還35紅斷埓楾＄ラ橆詔s＄v50 沼還慼軟棗

δ * ＄姿 j沼還慼軟П棗洽覇+1,0 * +1,0 レ婀э v50┛小鈑 d1/235森τδ奸𪘚 50%FSU

くゑ剥35桷賠墾𥿔＄収押δ Gy＄頓橆府эΧ椦誕MV＄券詔沼還慼軟棗ū猿э券

井︸繁35 TD50(1)┛小鈑 kδ鏥83頓啀＄券還袴圀х覇墾𥿔 * +dp 面 FSUくゑ剥㎤

8335膨圾氊楾＄ * + * +] _k
ddd 2111 -?p ＄頓橆沼還慼軟濔圀δ弥э 035橫鈑＄レ鏥

83ュ洩陌浡弥＄頓橆覇圈MV鬱臨橊竑妍券僲鵈δ * _50,0 ┛ 

2.3小鈑艾浄35O餌!!鵝弥猿Ⅵ洪鈑 

 鵝弥猿Ⅵ奄č′Maximum Likelihood Estimation″韋ヘ△悲č鑷®＄噪ホ│

&ヘΜ珊麝磓35Y倦㎤83塢楾洪鈑35小鈑┛榺Μ鑷®鵝陲韋湏衛喃垤印抄悲č喃

垤酘降澎·釱簯37務覇 1912桿齧 1922桿掮鬱臨禾ホ35＄券初コ韋◇ 

 逃圀ヘΜ㎤83紅斷 ＄岸圀券㎤83塢楾洪鈑′𣙇蔽紅斷″縻㎤83覀磓洪鈑′✂

釐紅斷″δ ＄印抄ヘΜ紅斷小鈑

D

Df s＄詔印緯榺Μ紅斷Ο臚梗ヘΜ剣鶫 Μ還35n
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糦珊 ＄毚棙豪ホ ＄孛忘čゝ梗券㎤83◇ nXXX ,......,, 21 Df

* +   * +s|,......,......, 121 nD xxfxx nx ?T                  ′2.17″ 

宸0攸s糦珊鈑藥│鬘э紅斷 ＄汚詔忘D s35還麕s┛奄čs還35ヘΜ鬘Ⅵ35瞎
®韋緯榺Μ紅斷Ο臚梗ヘΜ剣鶫 nΜ還35糦珊 ＄Ⅵ醸ホ榺茜糦珊鈑

藥│奄č

nXXX ,......,, 21

s┛ヘ陝澋滕 ＄孛忘緯Ο聽穀ヘΜ倦эnXXX , 21 ,......, s35奄č┛鵝弥猿
Ⅵ奄č洩奩聽倦эs35鵝詔忘35還′十＄覇罕鶫詔忘35s沼還Ο＄奩聽ヘΜ還禾
榺Μ糦珊35#詔忘狢$鵝弥湿″┛榺△鑷®橫裸蒸ヘ茜券井35奄č鑷®ュ蒸＄洛s35
螌雁奄č＄螌雁奄č麕濔洩杝梗ヘΜ鵝詔忘35還＄姿韋洩杝梗ヘΜ陋ュ'03奄Пュ

旺奄35s還┛こ゚覇鈑喃モ圈x鵝弥猿Ⅵ奄č®＄ŀ憩綳こ゚圀τ猿Ⅵ洪鈑◇ 

* + * +ss |,......,1 nxxllh ? Df                      ′2.18″ 

梏レ覇s35罕鶫沼還モ＄禾榺Μ洪鈑鵝弥湿┛榺Μ禾詔忘狢鵝弥35s'還十く❀δ
s35鵝弥猿Ⅵ奄č┛ 

 覇 NTCP︸繁小鈑艾浄35棗ホΟ＄奧э痼歲#i$＄陌佬ホ措△︸繁＄券 NTCP

還賠詔ś橎δ︸繁小鈑声澁紅醸墾𥿔-翁⌇収形洪鈑35濤歡◇ 

),,( iii vdparametersfNTCP ?       ′2.19″ 

鉱奧эホ│艾浄︸繁小鈑35ヘ埴痼歲鈑藥＄券奧鈑猿Ⅵ洪鈑′log-likelihood 

equation″Lś学校法人δ 

* + * + * +* +Â //-
i

Ri

i

Ri

ii NTCPNTCPvdParameters
1

1loglog,;      ′2.20″ ?iL

券Ο＄奧э痼歲i＄洛┹Χ椦⁇壟梗x邉姨梏晶p＄鉱Ri=1＄心鉱Ri=0┛豪ホ永湿

鑷®禾猿Ⅵ洪鈑L沼鵝弥還＄十禾Χ椦⁇壟Ο梗x梏晶p35痼歲㎤83鵝弥湿35蒸

隸＄禾⁇壟麕梗x梏晶p35痼歲㎤83鵝婀湿＄印橆艾浄滕穀情︸繁小鈑

[16]
┛ 

2.4永湿ゝ® 

 鵝永湿捓佳35ヘ倻ś学校法人濤歡δ

[18]
◇ 

* +] _Xfmin  
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       ..ts SX Œ        ′2.21″ 

券Ο X 韋袴ツ渉𥿔＄ 韋O餌洪鈑＄ δ穴槇磓縻詔≳描┛ * +Xf nRS Ł
 獪翁モ鵝永湿鑷®詔印紅δΖ弥ū◇問圀狢35鑷®′deterministic method″

声痁黝35鑷®(stochastic methods)┛問圀狢35鑷®氊楾焙＄汚埃靂狉激寉璡┞婀◆

Y捷＄痁黝35鑷®ュ靂狉激寉璡┞婀＄緯㎤83モ詔印遶醪穀傑寉鵝永＄汚韋遶醪

氊楾訒暒窿┛ 

2.4.1問圀狢鑷® 

 問圀狢鵝永湿鑷®辞苺収硬濤®┚鵝氊ャ沬®┚件旉蓮楾®┚75鼫®┚渉宀

楾®′艾75鼫®″シ┛ 

 洛モ錮罕橎＄問圀狢鑷®唸覇35聳7/12韋埃靂狉激寉璡┞婀還＄頓橆覇禾ホ橆

永湿鑷®隸＄綳こ゚霽問s湈永湿O餌洪鈑δ杭洪鈑＄十覇鬘渉𥿔35沼還慼軟φ献＄

O餌洪鈑蕉鶫ヘΜ傑寉鵝永7/12′傑寉鵝婀還″＄ュ唸覇寉璡鵝永7/12′寉璡鵝婀還″┛

洛┹O餌洪鈑韋心δ杭洪鈑嫂ュ霽問＄鉱綳こ゚毚棙痁黝莢圀鬘渉𥿔圀τ描献ュ蒸

35覘v𪆐臨7/12＄奧問圀狢鑷®槀≳弥𥿔捷盲圈MV◇洛┹弥𥿔圈MV聴┹儃圈薰尞永

湿滕穀35O餌洪鈑還賠Y蒸＄十陌佬覘v𪆐臨7/12覇鴬面＄妋問圀狢鑷®鶫渤裸35

紞盲狢＄薰尞畐忘聽穀Y蒸35鵝永⋛＄鉱彩熳妋O餌洪鈑詔忘δ杭洪鈑＄妋永湿

聴┹詔印彩熳糦降◆洛┹覇捷盲嗎MVΟ＄鶫鵜鴬ヘ尞梗xュ蒸35永湿聴┹＄鉱đ

δ妋O餌洪鈑ア掮唸覇ュ樰ヘΜ鵝婀還7/12＄十妋洪鈑螌杭＄ュ忘U蜥糦ホ妋永湿

聴佬＄綳こ゚彩熳奧問圀狢ゝ®槀≳邂槀＄縻歲𣠽苒禾ホ痁黝永湿鑷®┛ 

 𩸕奧麝錮綳&＄O餌洪鈑δ NTCP︸繁┡縟35鵝弥猿Ⅵ洪鈑＄ラэ誕錮問悗

v麕聽穀倦э券韋心δ杭洪鈑35ř佬┛頓橆＄彩熳穀問圀狢鑷®鶫㮍≳氊楾焙35

永仕＄頓橆ŀ憩嫗嗎ホ妋鑷®永湿猿Ⅵ洪鈑＄艾浄情 NTCP︸繁小鈑┛ラэ収硬

濤鑷®ヮ収靂圈x＄詔印覇 Matlab ⇨喃čゝw蓬蠖駕35永湿擺剣辞Ο聽穀ユ妋

ゝ®奧棗35椄洪鈑 fminsearch＄頓橆縉淫ŀ憩𣠽苒妋鑷®鬱尹圈MV┛ 

2.4.1.1収硬濤鑷® 

 収硬濤®′simplex algorithm″韋&⋛舜狢¤行捓佳35毚ホ鑷®┛収硬濤韋花

肉鈑喃垤 George Dantzigэ 1947桿ŀ憩蠖梗│35┛噪35コ佬屢藥韋◇舜狢¤行

捓佳35詔≳描韋 n翼埴𥿔ア掮 R
n
Ο35籾螞杭磓＄券鵝永還洛┹唸覇濔覇妋杭磓

35㍍黰7/12面梫穀┛黰7/12罕奧棗35詔≳⋛❀δ府麝詔≳⋛┛収硬濤®35府麝犖瞎韋◇

憩聽梗ヘΜ府麝詔≳⋛＄奧噪槀≳菹麹＄つ韋心韋鵝永⋛◆彐ュ韋＄鉱茣せヘ圀

®鉱斿薇穀紹ヘ邂槀35府麝詔≳⋛,賢菹麹◆彐維ュ韋＄鉱賢斿薇,茣橆紞盲槀≳┛
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頓府麝詔≳⋛35Μ鈑鶫浡＄郤誕鶫浡尞斿薇濔忘滕梗捓佳35鵝永⋛┛洛┹捓佳陌

鵝永⋛П詔ホ橆®号麹┛ 

 収硬濤鑷®ŀ憩čゝ梗彐档Μ7/12モ35O餌洪鈑還＄貨洛奧э鶫 nΜ渉𥿔35永

湿捓佳＄ゝ梗 n￥1 Μ7/12′噪淫┡縟収硬濤35情Μ黰7/12″モ35洪鈑還＄Ⅵ醸槀≳

訒暒＄賢毚棙収硬濤®35樿鰯čゝ＄乚唱券Ο鵝剥357/12＄鰯φ印鑄357/12＄┡縟ヘ

Μ鑄35収硬濤＄賢槀≳情7/12洪鈑還訒暒＄榺珊歵橳涀楆┞婀還7/12＄緯姿嚶縟収硬

濤®35鵝永湿覘v┛ 

 Matlab⇨喃čゝw蓬蠖駕35ユ収硬濤®奧棗35椄洪鈑δ fminsearch＄毚曰く

❀δ陌穴槇35螌舜狢永湿′unconstrained nonlinear optimization″＄券异ホ濤歡δ◇ 

] _ * +optionsfun,x0fvalx ,fminsearch, ?  

妋永湿鑷®印 δ永湿O餌洪鈑＄印 δ永湿35𪆐臨7/12＄ 唸汲永湿ゝ

®㮍≳小鈑聴┡┛洪鈑楺豚還Ο35

fun 0x options

xδ永湿聴┹＄ 鉱δ永湿滕穀35O餌洪鈑

還┛ 

fval

2.4.2 痁黝鑷® 

 ユ問圀狢永湿鑷®ュ蒸＄痁黝永湿鑷®ュ埃靂狉激寉璡┞婀┛覇㎤83碆τャ＄

喉ω罕鶫35痁黝ゝ®畐詔印儃霽ょ槀遶醪穀傑寉鵝永⋛＄十榺茜ゝ®較儃印㎤83

1ょ槀遶醪┛痁黝ゝ®35čゝ聴┹ヘ倻永э問圀狢ゝ®35聴┹＄曰ホ35痁黝鑷®

鶫Monte Carlo鑷®′Monte Carlo algorithm″┚湏衛ゝ®′genetic algorithm″┚︸

艾櫱2/7(simulated annealing algorithm)シ＄榺茜鑷®剣鶫渤沛35乣稱狢＄攸梵¹㮍

ホэ埴浄永湿┚虹叫面コ┚革障面コ┚以擺騅忘シ𤸄描┛ 

2.4.2.1︸艾櫱2/7ゝ® 

 ︸艾櫱2/7ゝ®′simulated annealing, SA″35犖瞎鵝陲韋ラMetropolisシ蠖梗

35＄1983桿 Kirkpatrickシ妍券ホэ埴浄永湿┛SAゝ®韋府эMonte Carlo樿鰯

&⋛ツ1835ヘ△痁黝永湿ゝ®＄券梗晶7/12韋屢藥89コΟ迩翁89迮35櫱2/7棙●ユヘ

倻埴浄永湿捓佳φ掮35Y猿狢┛︸艾櫱2/7ゝ®緯㍍ヘ降臨ね楾鬱臨＄掩痁ね楾小

鈑35ュ鐺ャ沬＄聴浄㎤83ォ呬ⓔ狢覇⋛ア掮Ο痁黝奩聽O餌洪鈑35傑寉鵝永⋛＄

十覇寉璡鵝永⋛忘㎤83狢芭呬梗梏鵝遂亼э傑寉鵝永⋛┛︸艾櫱2/7ゝ®韋ヘ△曰

ホ35永湿ゝ®＄O艮覇擺●Ο滕穀梵¹棗ホ┛ 

 89コ櫱2/7棙●声Metropolis御鉱 
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 ヮ姿ㇷφ＄89コ櫱2/7棙●辞苺殺ね棙●┚シね棙●声虎従棙●メΜ璡紅◇ 

 殺ね棙●┛券O35韋膨沛₂啀3548㮍皿＄禾券雁✂桷Śせ燠┛洽ね楾僇門'03

隸＄迩翁妍€湿δｪ翁＄緯姿í瀠O悲初憩詔忘唸覇35螌賠示燠＄禾痁醸槀≳35

虎従棙●印㍍ヘ桷Ś 

燠δ𪆐7/12┛€⋛棙●ユO悲35ワ膨棙●遂O＄O悲忘𥿔П痁ね楾35種'03姿膨弥┛ 

 シね棙●┛奧эユ趨軟w蓬槀≳48梓薇姿ね楾ュ渉35妣捋O悲＄O悲せ燠35

鬘晶渉湿獪韋鷯ヌ鬘ラ忘𥿔醐婉35鑷埴槀≳＄洽鬘ラ忘𥿔梫穀鵝婀隸＄O悲梫穀

桷Ś燠┛ 

 虎従棙●┛券O35韋禾₂啀3548㮍皿醐氣梏ょ亼鶫棧＄O悲忘𥿔歵ょャ沬＄

緯姿滕穀旺忘35駻翁聴┡┛ 

 1953桿Metropolisシ蠖梗х紞こ゚狢糦珊®＄十印㎤83蜥消鑄せ燠┛剣翁芭岏＄

覇ね楾 t＄ラ洽艮せ燠 i扱ナ鑄せ燠 j＄Ζ歲35忘𥿔紅麹δ Ei声 Ej＄彐 Ej□Ei＄鉱

蜥消鑄せ燠 j δ洽艮せ燠◆心鉱＄彐㎤83 * +* +ktEEp jir //? exp 弥э ] 錫掮献

35痁黝鈑＄鉱維蜥消鑄せ燠 j δ洽艮せ燠＄心鉱較8 i δ洽艮せ燠＄券Ο k δ

Boltzmann曰鈑┛榺△紞こ゚狢糦珊棙●覇'03ねャ詔蜥消ユ洽艮せ燠忘𥿔攴暒弥35

鑄せ燠＄姿覇旺ねャ府麝蕉蜥消ユ洽艮忘𥿔攴暒婀35鑄せ燠＄姿洽ね楾亼э糇隸＄

孛ュ忘蜥消訒洽艮せ燠忘𥿔'0335鑄せ燠┛榺△蜥消御鉱毚曰❀δ Metropolis 御

鉱┛ 

_1,0

 ︸艾櫱2/7ゝ®35ヘ倻橳11詔蠑橎洛ャ◇ 

(1)  降臨湿◇降臨ね楾 T′恵紅弥″＄降臨⋛せ燠 S′韋ゝ®樿鰯35𪆐7/12″＄薰Μ

ね楾ャ35樿 鰯尞鈑δ L◆ 

(2)  奧 k=1,@,L紞盲ゔ′3″齧ゔ′6″橳◆ 

(3)  扱ナ鑄⋛ S!◆ 

(4)  čゝ膨𥿔 * + * +SCSCC /|?|F ＄券Ο * +SC δ兗羽洪鈑◆ 

(5)  彐 鉱蜥消 屋δ鑄35洽艮⋛＄心鉱印㎤830>|FC S | * +TC|F/ex 消 S | δ鑄

35洽艮 ⋛┛ 

p 蜥 屋

(6)  洛┹Ẽ僇遂樰瑤烏鉱杝梗洽艮⋛屋δ鵝永⋛＄聴槇●棧┛ 

(7) T歵ょ醐婉＄レ Tå0＄Ⅵ醸斿ゔ′2″橳┛ 
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 遂樰瑤烏十ゝ®Ο樰御鉱＄ホэ袴圀ゝ®鴬隸聴槇┛僲鵈ね楾遂還韋ヘ△ヮ

収35鑷®┛SA ゝ®35遶醪狢コ佬Οこ゚&ね楾遂還亼э糇＄榺顆Ⅵュゎ浄圈氄┛

毚曰35嬉®洛ャ◇ 

 ′a″僲鵈遂樰ね楾35撳還◆ 

 ′b″僲鵈勿滷w35樿鰯尞鈑◆ 

 ′c″ゝ®遶醪穀35⋛𣙇蔽彐档橳較茗ュ渉◆ 

 ′d″悗MVO悲ワ韋心こ圀┛ 

 𩸕奧麝せヽ綳こ゚＄鬘ε擲弦Matlab鰯U圈x SAゝ®┛券Ο永湿渉𥿔35覘v

錫掮十 NTCP︸繁小鈑詔忘沼穀35コ佬還錫掮◆降臨ね楾 T僲δ 100@◆薰尞沬

ね35Ć醐O鈑δ 0.9◆覘v橳圾δ 0.1◆薰Μね楾ャ35樿鰯尞鈑δ 10000尞印問較

呬梗寉璡┞還姿聽穀傑寉鵝永7/12◆●棧35Ο樰瑤烏糦ホ鑷®′c″＄十僲鵈埃攴δ

0.1＄彐艮醸Ζ埴鬘渉𥿔奧棗35O餌洪鈑還φ攴婀э埃攴＄鉱永湿棙●岐樰＄沼

艮ヘ埴渉𥿔還δ永湿聴┹┛ 

2.4.2.2湏衛ゝ® 

 湏衛ゝ®韋︸艾ナ89覇鬘Ⅵw蓬Ο35湏衛声槀湿棙●姿濤縟35ヘ△鬘櫳棗

傑寉永湿㎤83覘v鑷®＄噪鵝陲ラ花肉塢昮屢弥喃35 John Holland醫蚯蠖梗＄𪆐

┧э 20ヮ檎 60桿鰯奧鬘Ⅵ声以擺鬘櫳棗O悲35せヽ┛20ヮ檎 80桿鰯ラGoldberg

槀≳洫降獪聴＄濤縟х湏衛ゝ®35府麝蔣⑧┛湏衛ゝ®35府麝ⓔ渫韋◇覇△寒35

ュ鐺$湿十覇&⋛棙●Ο＄毚棙慣菹ナ890135#89ぉ厄苒＄櫳歲ナ唸$35初鉱＄聽

穀Ẽ碆縻鵝永35⋛┛ 

 湏衛ゝ®ヘ倻辞苺メΜ府麝蹉屋◇𣠽苒┚黹梓声渉欸┛𣠽苒𪆐ヌ埴奸35屋ホ＄

印禾覘v鷯ヌ覘vア掮35鵝永錫描献槀≳◆黹梓韋奧寒翁献梗x35x鶫革甃槀≳

紞埴＄印晶xユw蓬鴦δ櫳棗35Μ翁◆渉欸35屋ホ韋逃寒翁暎│鑄35湏衛府頓＄

印瓔盲ラэ𣠽苒姿薮唱35Μ翁籾珊狢◆П孛韋岏＄黹梓声渉欸35屋ホ韋#枝蜿$

′exploration″覘vア掮│奩聽𤎼茜詔忘鵝永錫描＄印較茗寒翁献35籾珊狢＄𣠽

苒35屋ホ鉱韋#鬱糦$′exploitation″覘vア掮印恵紅豪ホ寒翁献洽艮罕剣鶫35鶫

鄂革甃＄禾覘v35懐紞7/12邉覇𤎼茜剣鶫暒'03櫳棗還35Μ翁モ＄埴鵝永35鑷埴槀≳

$湿

[18]
┛ヘ倻糦ホ茣櫳棗還訒貨𣠽苒┚収7/12黹梓声収7/12渉欸35湏衛ゝ®＄❀δ

ヮ収湏衛ゝ®′simple genetic algorithm, SGA″┛ 

 餌御湏衛ゝ®35蠑橎洛ャ◇ 

′1″"降臨湿┛痁黝降臨湿寒翁¤︸δ N 35寒翁┛寒翁献薰ΜΜ翁濔鼛印㍍△
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擲U濤歡槀≳ś学校法人＄擲U詔印韋ы槀腰擲U＄П詔印韋圈鈑擲U＄縻韋券

噪35擲U鑷歡＄緯姿扱ナヘO郊35Μ翁◇ 

  * + * + * + ] _iiknkk baxxx ,,......, 0

,

0

,2

0

,1 Œ  ni ,......2,1?                  ′2.22″ 

  榺紒 nδ鵝永湿捓佳35渉𥿔Μ鈑＄kδゔ kΜΜ翁◆ 

′2″"櫳棗楾čゝ┛čゝ△寒Ο薰ΜΜ翁35櫳棗楾還＄櫳棗楾還鰯śх槀湿35裸

剥●楾＄δャヘ橳𣠽苒蹉屋蠖駕х鈑藥声鑷埴◆ 

′3″"𣠽苒┛屢藥Μ翁35櫳棗楾洪鈑還緯38鰯Ο𣠽苒ΖΜΜ翁＄櫳棗楾洪鈑還㐬

弥＄く𣠽Ο35㎤83㐬弥◆ 

′4″"梓承┛妍𣠽苒梗35ΖΜΜ翁印ヘ圀35黹梓㎤83 cP槀≳黹梓＄扱ナΖΜ鑄35

Μ翁┛ 

′5″"渉欸┛奧鑄Μ翁茣渉欸㎤83 mP 槀≳渉欸◆ 

′6″"賢ナ┛蜥消鑄Μ翁梏号鐺韋心嚶縟鑄寒翁35ナ縟┛洛┹¢鶫＄鉱楺豚穀′3″ 

′7″"悗MV岐樰$湿35瑤烏＄彐Ẽ僇遶醪瑤烏縻迩圀樿鰯尞鈑鉱岐樰$湿◆彐ュ

Ẽ僇瑤烏鉱斿′2″紞鑄槀≳$湿┛薰ヘ尞槀湿棙●孛扱ナ鑄ヘ鰯35寒翁┛

寒翁献Μ翁罕ś学校法人35⋛＄穀岐樰$湿隸＄孛韋罕&35鵝永⋛┛ 

 湏衛ゝ®韋ヘū詔ホэ盲黹永湿捓佳35こ棋覘vゝ®＄ユ券井ヘ茜永湿鑷®

Y訒＄噪剣鶫印ャⓔ7/12◇ 

′1″"湏衛ゝ®蒸隸槀≳⋛ア掮35籾7/12覘v┛衛悲35永湿鑷®湫湫緯⋛ア掮35ヘ

Μ降臨7/12鬱臨覘v＄榺珊埃靂狉激寉璡┞還7/12┛湏衛ゝ®槀≳寒翁覘v＄

姿レ覇覘v棙●Ο殃激х湏衛ゝ啀＄禾寒翁詔印ュ鐺槀湿┛榺茜韋湏衛ゝ

®罕ⓔ鶫35ヘ△痄森梏≳狢┛ 

′2″"湏衛ゝ®U蜥印O餌洪鈑還屋δ覘v革甃┛衛悲35永湿ゝ®湫湫ュ蕉綳こ゚

O餌洪鈑還＄榰綳こ゚O餌洪鈑35奸鈑シ券井革甃┛榺珊奧佟籾O餌洪鈑陌

®&奸縻渤砷&奸35永湿捓佳＄湏衛ゝ®孛訒暒鑷概┛ 

′3″"湏衛ゝ®鶫┞沛35埃凘忘察┛湏衛ゝ®35降臨⋛磓麝寽孛暎鶫弥𥿔ユ鵝永

⋛タ槑35革甃◆毚棙𣠽苒┚梓承┚渉欸蹉屋忘棅氊蛬瀠ユ鵝永⋛Y攴┞弥

35⋛◆榺韋ヘΜ沛0035ĨÃ棙●◆梏レ韋ヘΜ梏≳ĨÃ黝腰┛頓橆＄湏衛

ゝ®鶫渤'0335埃凘忘察┛ 
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′4″"湏衛ゝ®禾ホ㎤83覘v肄麸┛湏衛ゝ®屮эヘ△鬘櫳棗㎤83覘v肄麸＄券

𣠽苒┚梓承声渉欸畐韋印ヘ△㎤8335鑷歡│槀≳35＄緯姿膨殺х券覘v棙

●352/99狢┛ 

 湏衛ゝ®蠖駕хヘ△&⋛盲黹永湿捓佳35毚ホ蔣⑧＄噪ュ会顖э捓佳35剣翁

𤸄描＄剣鶫渤沛35乣稱狢＄攸梵¹㮍ホэ蜚腰┚¤行┚僲č┚埴浄永湿┚虹叫面

コ┚革障面コ┚黝殿以┚以擺ナ性┚黝殿喃Рシ𤸄描┛ 

 𩸕奧麝せヽ綳こ゚＄詔印异ホ Matlab⇨喃čゝw蓬永湿擺剣辞Ο蠖駕35 ga洪

鈑＄圈x湏衛ゝ®永湿棙●┛券洪鈑濤歡δ 

] _ * optionsnvarsfitnessfungafvalx ,,, ? +               ′2.23″ 

券Ο＄gaδ洪鈑异ホ譲＄fitnessfunδ永湿O餌洪鈑粧Ⅱ＄nvarsδ湃永湿35渉𥿔

Μ鈑＄optionsδ异ホ gaゝ®隸35永湿小鈑＄詔毚棙 gaoptimset性允槀≳洛ャ僲

鵈 

* +,......,**,,** value2param2value1param1gaoptimsetoptions ?    ′2.24″ 

券Ο＄綳こ゚僲鵈35渉𥿔辞苺◇ 

<PopInitRange!＄僲鵈永湿渉𥿔35沼還慼軟┛ 

<Generations!＄僲鵈槀湿鰯鈑┛δ較儃澋滕傑寉鵝永7/12＄覇圈MV鬱臨橊竑唸覇Μ

麹︸繁小鈑沼還慼軟ュ霽問35發胡＄棗僲鵈暒弥35鰯鈑＄洛 20000鰯＄覇圈MV醸

鸚＄府э艮鸚澋滕35誕MV＄đδ 10000鰯十詔較儃永湿O餌洪鈑還遶醪эこ圀35

慼軟＄鵝遂沼滕傑寉鵝婀還┛ 

<StallGenLimit!＄橫鉉鈑＄彐覇誕棙 StallGenLimit鰯永湿醸O餌洪鈑還陌邂槀＄

鉱岐樰永湿棙●＄券攦đ還δ 50＄δ較儃湏衛ゝ®滕穀傑寉鵝永⋛＄麝圈MV妍

妋還僲δ陌ヾ弥<Inf!┛ 

<StallTimeLimit!＄橫餌𥿔＄彐覇誕棙 StallTimeLimit⇧醸永湿O餌洪鈑還陌邂槀＄

鉱岐樰永湿棙●＄券攦đ還δ 20 ⇧＄δ較儃湏衛ゝ®滕穀傑寉鵝永⋛＄麝圈MV

妍妋還П僲δ陌ヾ弥<Inf!┛ 

2.4.3永湿鑷®訒暒 

2.4.3.1圈MV僲č 

 麝せヽ綳こ゚⋛袴35永湿捓佳＄券O35韋艾浄 NTCP︸繁小鈑＄頓橆永湿35O

餌洪鈑十モ錮 2.3 圴穴歡′2.20″罕学校法人35鵝弥猿Ⅵ洪鈑┛誕錮問悗v＄麕晶x奧
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э妋洪鈑韋心δ杭洪鈑35Y倦儃霽＄十ュ問圀妋洪鈑韋心唸覇寉璡鵝婀還┛姿彩

熳穀妋洪鈑35盲黹狢＄奧券韋心δ杭洪鈑35鈑喃儃霽П妍ⓔ麹盲黹┛菹э橆＄縉

淫糦ホ紹ヘ△捷儃®◇ 

 縉淫慣晒問圀狢永湿鑷®35ⓔ7/12緯捷螞儃霽永湿O餌洪鈑35杭縻螌杭狢┛問

圀狢鑷®35ⓔ7/12φヘ＄韋詔忘狉激寉璡鵝永⋛┛洽O餌洪鈑δ杭洪鈑＄十⋛ア掮

Οュ唸覇鵜鴬ヘΜ7/12禾洪鈑狉激寉璡鵝永＄頓橆ュ佬印鴬還δ⋛ア掮𪆐臨7/12＄賠

忘聽穀贈ヘ35ヘΜュ渉35鵝永7/12＄孛韋傑寉鵝永7/12◆洛┹洪鈑δ螌杭洪鈑＄鉱問

圀狢鑷®詔忘覇㍍ヘ尞永湿棙●Ο妍寉璡鵝永7/12屋δ楺豚聴┹＄頓橆＄洛┹縉淫

ホ問圀狢ゝ®覇彐档尞紞盲35永湿Ο滕穀хュ蒸35⋛＄鉱詔印儃霽洪鈑唸覇寉璡

鵝婀還＄十δ螌杭洪鈑┛ 

 δ橆縉淫僲č圈MV鑷鞘洛ャ◇ 

 印艮郊猜日邉68殃𪆐35餬鸚U坪梏晶pΟ35弥эシэы健薔疫

′LENT/SOMA餌御″δ貨＄彩壟阿桿痁僐隸掮ャ痼歲梗x妋梏晶p35發胡┛O

餌洪鈑Ο35 NTCP︸繁印 LKB︸繁δ貨┡縟＄︸繁小鈑声沼還慼軟小せ艮鸚擺

屋＄紅麹僲圀δ ＄* + ] _100,50150 ŒTD * +1,0Œn ＄ * +1,0Œm ┛ 

 ŀ憩＄𣠽苒問圀狢ゝ®Ο35収硬濤®′simplex method″圈鑾永湿＄覇薰尞

永湿鬱臨φ艮畐覇︸繁小鈑35沼還慼軟献δ * +150TD ┚n声 痁黝沼還＄屋δ収硬

濤永湿35𪆐臨7/12┛ 

m

 ゔы橳＄异ホMatlab㮍≳w蓬Ο35 fminsearch洪鈑圈x奧O餌洪鈑35永湿＄

梏紞盲守尞＄Ŭ洙薰尞永湿滕穀35⋛┚O餌洪鈑還声㮍≳隸掮┛ 

 ゔメ橳＄⁇壟永湿聴┹＄彐誕棙守尞永湿醸35聴┹Ο梗xュ蒸35⋛声O餌洪

鈑還＄鉱岐樰＄詔印đδ妋O餌洪鈑δ螌杭洪鈑＄斿ゔ惇橳＄会螗痁黝狢鑷®澋

滕傑寉鵝永⋛◆彐守尞永湿聴┹賠Y蒸＄鉱分蔽妍妋永湿棙●紞盲ヘ29尞＄賢尞

Ŭ洙梏⁇壟㮍≳聴┹┛彐誕棙ヘ29尞永湿畐滕穀Y蒸35永湿聴┹＄詔印彩熳妋O

餌洪鈑詔忘δ杭洪鈑＄斿ゔ惇橳＄毚棙痁黝狢鑷®賢尞MV儃問圀狢鑷®滕穀35永

湿聴┹δ傑寉鵝永┛ 

 ゔ惇橳＄覇Y蒸痼歲鈑藥35府コモ＄奧︸艾櫱2/7声湏衛ゝ®紅麹㮍≳守尞＄

&滕傑寉鵝永⋛＄梏ユ問圀狢ゝ®逃梗35⋛槀≳訒奧┛券Ο＄δ較儃痁黝狢ゝ®

忘澋沼傑寉鵝永⋛＄妍︸艾櫱2/7ゝ®薰Μね楾ャ35樿鰯尞鈑僲δ 10000尞＄湏衛

ゝ®Ο35槀湿鰯鈑′generation″僲δ 10000鰯┛ 
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2.4.3.2圈MV聴┹ 

奧収硬濤ゝ®紞盲守尞レ薰尞畐痁黝𣠽沼永湿𪆐臨7/12＄永湿聴┹Ŭ洙洛ャś 2.1◇ 

ś 2.1 収硬濤ゝ®紞盲守尞㮍≳醸35永湿聴┹ 

㮍≳尞鈑 TD50(1) n m 猿Ⅵ洪鈑還 㮍≳隸掮′収押◇⇧″ 

1 77.97043 0.020127 0.1397 133.1317 5.188 

2 77.97043 0.020128 0.139701 133.1317 7.656 

3 77.97048 0.020127 0.139701 133.1317 5.485 

4 77.97045 0.020127 0.1397 133.1317 6.843 

5 77.97048 0.020127 0.139701 133.1317 6.391 

6 77.97041 0.020128 0.139701 133.1317 7.109 

7 77.97047 0.020127 0.139701 133.1317 6.703 

67.04495 0.935141 0.002958 269.0999 2.297 8 

13.88909 0.202765 0.198722 917.0118 1.5 9 

10 77.97044 0.020128 0.139701 133.1317 5.016 

詔印つ穀＄顆Ⅵ覇ゔ 8尞声ゔ 9尞永湿Ο＄収硬濤®覇永湿35鬱臨橊竑十狉激х

寉璡鵝永⋛＄逃梗хユ券井 8尞永湿繽Ⅵュ蒸35⋛′小鈑艾浄聴┹″声洪鈑還′猿

Ⅵ洪鈑還″┛頓橆＄縉淫詔印đδ＄NTCP ︸繁茣せ鵝弥猿Ⅵ奄č®┡縟35永湿

O餌洪鈑＄韋螌杭35洪鈑＄唸覇寉璡鵝永⋛＄ュ櫳эホ問圀狢永湿鑷®┛ 

 δх鴦U⁇芭顆学校法人妋洪鈑δ螌杭洪鈑＄縉淫妍小鈑 n 迩圀δ 0.02＄彩壟

TD50(1)声 m覇沼還慼軟献渉湿35發胡＄ナ縟虹 2.1罕学校法人宀楾虹′scales image″＄

券Ο𠖱噯鰯ś猿Ⅵ洪鈑還 

 

虹 2.1 小鈑 TD50(1)声 m覇沼還ア掮献渉湿沼滕猿Ⅵ洪鈑還35宀楾虹′𠖱噯鰯ś猿Ⅵ洪鈑還″ 

ラ虹詔◓＄洽小鈑 TD50(1)声 m覇⋛ア掮渉湿隸＄猿Ⅵ洪鈑沼穀鵝婀還35⋛ュ贈

ヘ＄韋ヘΜ錫描′胘噯鵝ゲ35錫描″＄頓橆縉淫綳こ゚分蔽彩壟＄覇 TD50(1)声 m

賠迩圀沼穀永湿聴┹ 77.97声 0.0235蒸隸＄⁇壟小鈑 n沼還渉湿35棙●Ο猿Ⅵ洪

鈑韋心鶫寉璡鵝永7/1235梗x＄聴┹洛虹 2.2罕学校法人 
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                 ′a″                               ′b″ 

虹 2.2 洽小鈑 TD50(1)声 m紅麹沼穀 77.97声 0.02隸＄渉𥿔 nユ猿Ⅵ洪鈑還35倦O＄虹′b″韋奧虹′a″Ο軌噯任忍璡

紅鴆舜35邉弥 

緯虹 2.2′a″Ο＄詔◓洽 n沼 0.14隸＄十聽穀鴆舜35傑寉鵝永7/12′鵝婀還″＄奧

棗35甅韋猿Ⅵ洪鈑還δ 133.13 35傑寉鵝永⋛＄Ⅵ姿＄蒸隸П晶x覇 n 沼 0.003

攀醤隸＄鴆舜唸覇ヘΜ桷詳＄奧券邉弥φ醸＄券奧棗35猿Ⅵ洪鈑還甅δ 270攀醤＄

姿レ唸覇ヘΜ寉璡鵝婀還＄榺橫韋モ橎圈MVΟゔ 8 尞永湿狉激35寉璡鵝婀還錫

描┛ 

 齧橆＄縉淫緯永湿聴┹声虹濤ś梫Ζ鑷螞＄儃圈хラ NTCP┡縟35猿Ⅵ洪鈑

屋δ永湿O餌洪鈑＄韋唸覇寉璡鵝婀還35＄妋猿Ⅵ洪鈑δ螌杭洪鈑＄ュ櫳эホ問

圀狢鑷®&⋛傑寉鵝永⋛┛頓橆＄縉淫妍Ê碆察斿▪穀痁黝狢鑷®＄⁇壟︸艾櫱

2/7声湏衛ゝ®＄つΖ歲韋心詔印沼滕傑寉鵝永⋛＄梏妍妋傑寉鵝永⋛ユ収硬濤®

澋滕35傑寉鵝永⋛槀≳訒奧┛ 

 奧︸艾櫱2/7声湏衛ゝ®圈x35永湿棙●紞盲守尞醸＄永湿聴┹┚猿Ⅵ洪鈑還

声㮍≳永湿í𠮟35隸掮洛ś 2.2罕学校法人 

ś 2.2′a″︸艾櫱2/7ゝ®耄≳守尞醸35永湿聴┹ 

︸艾櫱2/7ゝ® 

TD′Gy″ n m 猿Ⅵ洪鈑還 ね楾 Time′⇧″ 

77.5468 0.0237 0.1407 133.1418 3.82 32517 

78.2823 0.0240 0.1524 133.1803 18.53 16573 

78.8650 0.0128 0.1362 133.2135 7.98 25083 

79.9759 0.0148 0.1494 133.3028 38.74 9356 

79.0280 0.0158 0.1345 133.4274 65.61 4169 

72.7527 0.1119 0.2084 134.6853 90.00 1068 

21.4000 0.8215 0.0967 917.0118 100.00 0.05 

69.1162 0.1394 0.1746 135.2112 90.00 1061 

77.8897 0.0199 0.1390 133.1338 22.88 14905 

76.6587 0.0362 0.1406 133.4733 59.05 5292 

ś 2.2′b″湏衛ゝ®耄≳守尞醸35永湿聴┹ 
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湏衛ゝ® 

TD′Gy″ n m 猿Ⅵ洪鈑還 Time′⇧″ 

77.9644 0.0201 0.1396 133.1317 2336 

77.9555 0.0202 0.1397 133.1317 2314 

77.9478 0.0201 0.1394 133.1317 2321 

77.9370 0.0203 0.1396 133.1317 2323 

78.0121 0.0199 0.1399 133.1317 2307 

78.0125 0.0199 0.1398 133.1318 2316 

77.9861 0.0199 0.1394 133.1318 2327 

77.8987 0.0206 0.1396 133.1319 2322 

78.0590 0.0197 0.1401 133.1319 2309 

77.8768 0.0205 0.1390 133.1319 2326 

ś 2.2′a″声′b″紅麹郊梗х︸艾櫱2/7ゝ®声湏衛ゝ®耄≳守尞永湿醸罕滕穀

35永湿聴┹┚猿Ⅵ洪鈑還声㮍≳í𠮟35隸掮＄Ζ△ゝ®35小鈑僲鵈紅麹小◓

2.4.2.1声 2.4.2.2圴┛ラś 2.2詔s＄︸艾櫱2/7ゝ®㮍≳隸掮鴦圾＄姿レ覇降臨還

𣠽沼ュ浄櫳35發胡ャ＄詔忘狉激寉璡鵝婀還＄ね楾滕ュ穀ャ沬姿渤焙聴槇永湿棙

●◆Y訒︸艾櫱2/7ゝ®＄湏衛ゝ®35永湿聴┹鴦こ圀＄薰尞永湿畐忘聽穀傑寉鵝

永⋛＄姿レ薰尞35㮍≳隸掮П府麝Y蒸┛ 

 δх儃圈湏衛ゝ®逃梗35韋鵝永⋛＄詔印毚棙傑螞覘v′exhaustive search″

ゝ®槀≳MV儃┛妍メΜ小鈑35覘v橳圾賠僲鵈δ 0.01＄čゝ⋛ア掮Ο35薰ヘΜ猿

Ⅵ洪鈑還＄梏Ŭ洙鵝婀還┛榺△鑷®覇橳圾僇門婀35發胡ャ＄詔印問較聽穀傑寉

鵝永⋛＄汚韋čゝ隸掮役圾┛印モ橎永湿Y蒸35痼歲鈑藥δ貨＄傑螞覘včゝヘ

尞猿Ⅵ洪鈑還35隸掮穴δ 0.0236⇧′㮍≳面コ殿δ Intel(R) Core(TM)2 Duo CPU, 

T5670, 1.80GHz＄2G 献唸″＄彐メΜ小鈑35沼還慼軟紅麹δ ＄

＄ ＄レ橳圾賠δ 0.01＄鉱綳こ゚槀≳穴 5×10
8
尞čゝ＄弥穴綳こ゚

13 厄35隸掮＄頓橆榺ヘ鑷®蕉忘ホ屋奧券井永湿ゝ®聴┹35ヘΜ悗MV肄麸＄ュ

櫳ホэ曰¤35小鈑永湿┛ 

* + ] _100,50150 ŒTD

* 1,0Œn + * +1,0Œm

2.4.3.3聴佬 

 獪聴モ橎圈MV聴┹＄詔印滕梗印ャ聴佬◇ 

 ŀ憩＄ホ NTCP︸繁┡縟35鵝弥猿Ⅵ洪鈑韋螌杭35洪鈑＄唸覇寉璡鵝婀還◆ 

 ゔы＄印 Simplex鑷®δ貨＄問圀狢鑷®永湿氊楾訒痁黝狢鑷®焙滕籾＄汚

奧э永湿𪆐臨7/12鴦酘磬＄彐痁黝𣠽沼𪆐臨7/12＄鉱永湿棙●詔忘癯激寉璡鵝永⋛＄

陌®滕穀よ橫35永湿聴┹＄ヘΜ詔≳35擦®韋奧問圀狢永湿鑷®紞盲籾尞＄⁇壟

永湿聴┹声O餌洪鈑還35渉湿＄奩&ヘΜこ圀35鵝永⋛＄賢ホ湏衛ゝ®シ痁黝狢

56 

 



ゔыゕ 橫曰埴親梏晶p㎤83︸繁小鈑艾浄抄︸繁奧訒紅┭ 

ゝ®奧榺ヘ聴┹槀≳MV儃◆ 

 ゔメ＄印︸艾櫱2/7声湏衛ゝ®δ貨＄痁黝狢鑷®永湿氊楾窿＄券Ο＄︸艾櫱

2/7鑷®35永湿聴┹声㮍≳隸掮賠ュこ圀＄鶫詔忘狉激寉璡┞還禾ね楾滕ュ穀ャ沬

姿渤焙聴槇永湿棙●＄姿湏衛ゝ®35永湿聴┹声㮍≳隸掮畐渤こ圀＄姿レ陌ヘ貨

勿芭詔印逃梗傑寉鵝永⋛＄詔印妍榺ヘ聴┹ユ問圀狢鑷®35聴┹槀≳掌悗MV

′double check″＄縻歲ホ傑螞覘v鑷®奧永湿聴┹槀≳MV儃＄印問較滕穀よ橫35

傑寉鵝永⋛┛ 

 菹э橆＄覇麝錮35醸蔽せヽΟ＄奧 NTCP ︸繁小鈑35艾浄棙●畐𥐮浄禾ホ

Simplex鑷®声湏衛ゝ®＄覇こ゚&永湿氊楾鴦焙35發胡ャ禾ホ問圀狢鑷®＄覇こ゚

&聴┹鴦こ圀35發胡ャ禾ホ湏衛ゝ®┛ 

2.5ホNTCP︸繁龥I艮郊猜日邉68殃𪆐35U坪声㾱抱餬鸚薔疫 

2.5.1圈MV異聡 

 痁ヌメ翼櫳濤┚欏埴异沛邉68′IMRT″声楆茜桿鬱臨?≳35埃⌇异沛

′volumetric modulated arc therapy＄VMAT″肄麸35梵¹棗ホ＄艮郊猜日35邉68

攸誕詔印覇較儃ュ膨殺邉68梏晶p35艮蠖ャ妍面鑷墾𥿔蠖種穀 78Gy印モ
[24, 25]

┛

宸0洛橆＄寧ケ邉68若ナ声89コ旌維Ⅵ螞Χヌ莠縹＄𤎼孛韋槀ヘ橳蠖種寧ケ蜚腰

83′tumor control probability＄TCP″35蒸隸毚棙沬旺橫曰埴親梏晶p㎤83′NTCP″

│邂鐸痼歲35ナ唸迮𥿔┛Χ椦擺屋モ＄綳こ゚鶫榺珊ヘ△邉68蠇狢兗羽擺剣＄噪詔

印覇圈鑾̂68艮龥I痼歲寒翁35桷賠梏晶p梗x㎤83┚𥿔湿奧訒ュ蒸35̂68鑷

鞘＄П詔印ホ│屋δIMRTč行永湿35穴槇瑤烏＄緯姿沬旺邉68梏晶p35晶ナ┛

NTCP︸繁橫韋榺珊ヘ△黝腰＄詔印妍邉姨墾𥿔︸歡ユ蠇狢晶ナ㎤83遂O覇ヘ𪆐┛

誕錮問悗v＄縉淫đδ齧婉鶫結△NTCP︸繁詔印妍墾𥿔-翁⌇U鑷虹′DVH″声

梏晶p㎤83遂O𪆐│櫻ヰヘ△#S$濤鴆舜倦O
[2, 12-14, 26-28]

┛麝ゕ 2.2圴郊梗х榺茜

︸繁35鈑喃ś梫歡＄券︸繁小鈑鉱綳こ゚屢藥罕𩸕奧35橫曰埴親＄ホよ圈35痼歲鈑

藥唱艾浄滕穀┛ 

 籾せ錮問膊湈х奧ナ89︸繁小鈑艾浄35Y倦せヽ

[29-31]
┛Ⅵ姿＄︸繁小鈑韋櫻

ヰ覇ュ蒸痼歲Χ椦鈑藥┚邉姨̂68肄麸声ュ蒸墾𥿔-翁⌇倦Oモ35＄頓橆ュ蒸35

錮問膊湈35︸繁小鈑П鶫暒弥攴欸＄頓橆＄彐彩熳妍EUD声NTCP榺ūナ89喃頓

啀殃激IMRT永湿棙●屋δ穴槇瑤烏＄鉱券小鈑35問圀孛顆滕嬋δ紞こ゚┛ 

 U坪声㾱抱韋艮郊猜日邉68Ο鵝紞こ゚35ΖΜ住抄殿囮┛攸鶫彐档せヽ擺屋膊

湈хU坪墾𥿔-翁⌇倦OユΧ椦⁇壟穀35梏晶pφ掮35顆砵Y倦狢
[32-35]

＄Ⅵ姿瀠

хBurman
[1]
覇 991 屢藥Emami

[
1 桿

3]
逃梗35情殿囮諮消墾𥿔艾浄滕穀35情殿囮

57 

 



ヴ宗弥喃修務喃押佬錮 

LKB︸繁小鈑還勿＄嫂麕悗v穀鶫錮問膊湈艾浄㾱抱35NTCP︸繁小鈑┛ 

 麝せヽ擺屋35O35＄韋紅┭声奧訒x鶫NTCP︸繁覇ュ蒸35痁僐隸掮ャ＄龥

IU坪声㾱抱餬鸚梏晶p35忘察＄蒸隸П妍紅┭痼歲Χ椦ⓔ7/12ユ墾𥿔-翁⌇小鈑

ユ梏晶p35倦O┛激埴痼歲傑璡│鬘®肉GETUG′Groupe d!Etude des Tumeurs 

Uro-Génitales″
[36]
埴親35情̂68Ο濕＄梏澯緯Y蒸35墾𥿔喃¤鉱┛ 

2.5.2激埴痼歲發胡 

 激埴 439貨痼歲紅麹│鬘®肉Centre Eugène-Marquis┚Institut de cancérologie 

Gustave Roussyシ 10垤ュ蒸35寧ケ邉68Ο濕┛激埴痼歲δ寉浡鸚陌艮鸚̂6835艮

郊猜猜日痼歲＄券Ο唸覇詔忘朗覇ナ性浄梏p35痼歲ュ激埴

[37]
┛罕鶫痼歲賠収

硬蜥消邉68＄陌ヘ貨痼歲蜥消湿68′chemotherapy″┛Н△發胡く郊δ件唸gn◇

'03ʜ春＄聳ʜ狢濕脈gn＄恵ʜ狢濕脈Ćさ＄墜脈gn＄窿狢內gn＄Ο楾齧紞

楾認札忘gn＄*寇n＄趨軟ʜ0gn＄縻券井窿狢gn┛奧э 70 嵌印ャ35痼

歲＄詔印型佟鶫Ζ△浄梏p＄70-75嵌35痼歲型佟鶫ヘ△浄梏p┛寧ケ紅鸚濔鼛

覇T2穀T3aφ掮′屢藥 1997肉氄腋日遂zUnion for International Cancer Control＄

UICC餌御″┛T1 紅鸚35痼歲覇Ẽ僇Gleason紅鸚齧婉覇VII縻歲PSA鰀桷齧婉覇

10ng/mL隸＄П詔印激埴┛T3b声T4鸚痼歲ュ激埴┛艮鸚悗〟辞苺CT耙蠑┚15耙

蠑┚邦歬＄屢藥Partin nomograms′1997″＄彐ﾃ效聴消~35𢿫烖弥э 10%鉱≳ﾃ

效聴ボ耙麸

[38]
┛罕鶫激埴痼歲賠s發梏蒸碆┛ 

2.5.3邉68肄麸 

2.5.3.1痼歲圀押抄CT耙蠑 

 痼歲縻糦ホ陰襲┚縻糦ホ喝襲翁押＄薰押痼歲賠禾ホΜ翁湿圀押ど鵈┛薰尞

誚押醸ラ紹ヘ肄麸以炊悗〟誚押ɚ楾＄宓攴濔鼛婀э 5mm┛痼歲濔鼛覇≳ CT

耙蠑ヘ婀隸艮蛬アU坪抄㾱抱献埃89┛印蜢槙ůÊ鑷歡Ê姨氎淅墾┛寇湈氎淅

′urethrogram″δ詔𣠽鼏┛ホヘΜ邈35U坪奸0│邂鐸朕035忘◓楾┛CT 耙蠑

慼軟緯2941倦圴穀釣15婀斿啀＄寐巡 3-5mm┛CT耙蠑詔慣晒︸艾黝┛ 

2.5.3.2裠錫抄住抄殿囮痔日 

 CT鐺寐虹叫く奸激メ翼邉68č行O悲梏紞櫻埴親聴┡ア掮┛̂68紅δΖ橳◇

ŀ憩＄せ姨Χ椦裠翁⌇′CTV1″＄辞苺艮郊猜声ɚ篤◆Ⅵ醸＄裠錫瑟婀δ意せ姨

艮郊猜′CTV2″┛洽毚棙職婦nコ喃縻歲叱㌵件蒭縟叫晶x斿▪ﾃ效聴辞翆勿耒

釐隸＄CTV圀τδ艮郊猜抄券Y狳35 1cml覇35住烖錫┛ユCTV1声CTV2奧棗

35č行裠錫韋PTV1声PTV2＄賠覇Y棗CTV35府コモ埴瀠醸鑷勿35券沖情鑷埴勿
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耒 10mm＄埴醸勿耒 5mm＄印較膈U坪埴親┛住抄殿囮35痔日ユ®肉escalation 

study
[39]
餌御Y蒸┛奧э㾱抱＄痔日鉉Μ㾱抱埴親勿枚＄奧эU坪勿枚鉱痔日CTV1

モャ情 2cm35慼軟┛覇㾱抱勿枚声U坪勿枚35府コモ＄紅麹埴献懐鑷埴遶瑟 7mm

声 5mm＄濤縟㾱抱枚声U坪枚埴親┛釣15愈声釣15𧵳埴モ痔日穀釣15婀斿啀35

モ晟┛ 

2.5.3.3メ翼̂68č行抄墾𥿔-翁⌇穴槇瑤烏 

 禾ホ35餌御麸𡢽小彩肉氄𣏒姨収押声I𥿔類炊洩′International Commission 

on Radiation Units and Measurements＄ICRU″50声 62障膊陣┛̂68紅δΖΜ橊

竑＄ゔヘ橊竑＄傑璡痼歲35 PTV1蜥消薰厄 2Gy＄件 46Gy35惇𥿠せ姨◆ゔы橊

竑＄奧 PTV2≳薰厄 2Gy＄件 34Gy35醸●殺𥿔＄鑾せ肄麸辞苺 6𥿠′ΖΜ鰀桷

奧ェ𥿠声惇Μ鏥𥿠″┚5 𥿠′ヘΜ艮𥿠縻醸𥿠殺惇Μ鏥𥿠″縻歲 8 Μ曰¤𥿠┛彐

痼歲薰陞≳剮濤槇 CT′CBCT″誚押MV儃肄麸＄鉱醸●獪墾𥿔δ 32Gy┛奧э獪

墾𥿔せ穀 80Gy35痼歲＄覇̂68醸鸚奧券U坪槀≳潠萍＄潠萍慼軟辞苺璡紅 PTV2

裠錫声U坪枚＄較儃U坪墾𥿔旺э 76Gy＄汚ユ裠錫紞礁璡紅ュ旺э 72Gy┛屢藥

ュ蒸35せ姨獪面鑷墾𥿔＄δU坪枚┚㾱抱枚┚PTV2 声釣15愈僲鵈ュ蒸35 IMRT

永湿穴槇瑤烏┛GETUG蝠栱穴槇瑤烏洛ャ◇ 

 PTV2′艮郊猜″◇Dmin△72Gy＄V76△85% ◆ 

 U坪枚◇Dmax□76Gy＄V72ø25%◆ 

 㾱抱枚◇Dmax78Gy◆ 

 釣15愈◇V55□5%◆ 

鶫せヽś霽＄婀эシэ 2%35墾𥿔喃ュ問圀狢ュ淅箭シ墾𥿔舜＄頓橆墾𥿔-翁⌇U

鑷虹縻歲ナ89喃諮消莢鈑鶫婀эシэ 2%35宓攴詔印蜥消
[40]
┛ 

2.5.3.4誚押MV儃 

 覇薰陞圈鑾せ姨艮ヘ婀隸＄こ゚&痼歲叫糦磓 CT耙蠑圀押虹叫隸ヘ珊＄蛬ア

U坪抄㾱抱献埃89＄印橆│宸詔忘芭沬旺艮郊猜邉68紅尞掮35押▪發胡┛艮郊猜

醸鑷詔忘鶫❖澁35墾𥿔聳薮＄汚印橆δ鰯羽│宸𥿔𤄃桂U坪梏晶p35晶ナ鴦δ紞

こ゚┛覇痼歲ゔヘ尞せ姨φ艮＄緯薰Μせ姨𥿠㆛楾舫誥脣淅虹叫印MV儃誚押宓攴＄

覇ゔы厄声ゔメ厄舫誥橫梓55＄痁醸薰趨舫誥ヘ尞橫梓55┛脣淅虹叫35~⌇墾𥿔

棗洽覇鵝醸ヘ尞せ姨隸醐蛄┛ 

2.5.3.5迮𥿔蜚腰 

 嶧佳埴縟ヰхル拴35翁⌇痔日擺屋埴

[41]
┛遶磓│鬘情Ο濕35蹉屋¤●＄梏奧
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情Ο濕35艮Ζ貨痼歲鈑藥ラ若ナ声89コ旌槀≳圓〟＄辞苺痔日翁⌇35御問狢┚̂

68陞●┚墾𥿔-翁⌇U鑷虹印抄̂68Ο35MV儃虹叫┛緯激埴35薰阿Μ錮烏Ο痁黝

臚沼ヘ烏槀≳圓〟＄U齧傑璡圓〟嚶訷┛薰桿𩸕奧痼歲35痁僐發胡裳鬱Ζ尞异〟

洩Ĵ＄奧訒情Ο濕肄麸梏ř佬唸覇35捓佳┛罕鶫痼歲35發胡膊陣ラ㋣ヰ黝┡槀≳

l例┛ 

2.5.4梏晶p兗羽 

 奧эU坪声㾱抱＄賠紅麹緯ΖΜ鑷螞兗羽邉68梏晶p◇ 

 ヘ鑷螞韋会藥LENT/SOMA兗羽宀楾
[42, 43]

 妍U坪声㾱抱梗x弥эシэы健

餬鸚梏晶ppせ屋δヘΜ邉68蠇狢ъ烏′toxicity œGrade2″┛LENT/SOMA餌御奧

薰△橫曰埴親35薔疫畐緯ε⁇′Subjective″声團⁇′Objective″Ζ鑷螞槀≳紅

ū┛奧эU坪梏晶p35pせ＄ε⁇モ辞苺紒狎醸紞′Tenesmus″┚₈翆率癯′Mucosal 

loss″┚苺穴置蜚腰′Sphincter control″┚�器蛬概′Stool frequency″┚eJ′Pain″＄

團⁇モ辞苺梗ʜ′Bleeding″┚┚78′Ulceration″┚坪湈㋤カ′Stricture″┛奧э㾱

抱梏晶p35pせ＄ε⁇モ辞苺蛬寇縄砷′Dysuria″┚寇�′Frequency″┚ʜ寇

′Hematuria″┚寇薮\\′Incontinence″声寇?𥿔醐婀′Decreased stream″＄團⁇

モ辞苺顆澁嗓ャ⁇壟穀35ʜ寇′Hematuria microscopic″┚慣晒献ナ嗓⁇壟穀35p

せ′Endoscopy″┚㾱抱鵝弥翁⌇′Maximum volume″印抄燁8翁⌇′Residual 

volume″┛奧薰ヘ△pせ＄賠茣せ券梗x35�83声●楾ュ蒸＄圀τх緯

Grade1~Grade4惇Μ健麹┛Χ椦擺屋誕MVđδ＄弥эシэы健′Grade2″35邉68

梏晶ppせ韋綳こ゚殃𪆐若膈以炊Ê碆梏綳こ゚毚棙若68羃竑档龥35┛頓橆＄麝せヽ

妍U坪声㾱抱梗x弥эシэы健梏晶ppせ屋δヘΜ邉68蠇狢ъ烏┛ 

 紹ヘ鑷螞＄妍U坪声㾱抱35梗ʜ′bleeding″収㋣屋δヘΜ梏晶p＄đδ蕉

こ゚U坪声㾱抱鶫ヘ尞梗ʜpせ梗x＄十紅麹đδヘΜU坪梗ʜ声㾱抱梗ʜ邉68蠇

狢ъ烏35晶ナ┛ 

2.5.5小鈑艾浄鑷鞘 

 奧 LKB┚Logit-EUD┚Schultheiss┚Poisson-EUD┚Källman 声 Parallel 結△

NTCP︸繁＄覇奧痼歲痁僐隸掮 2桿┚3桿┚4桿声 5桿惇Μュ蒸35⁇壟隸掮7/12

モ＄紅麹𩸕奧モ橎Ζ△梏晶pъ烏◇梏晶p蠇狢弥эシэ Grade2′LENT/SOMA

兗羽餌御″声梗ʜ′bleeding″＄┡櫻猿Ⅵ洪鈑＄府э鵝弥猿Ⅵ奄č®＄毚棙湏衛

ゝ®′genetic algorithm″艾浄情︸繁小鈑┛ 

 ユ NTCP︸繁ュ蒸＄シ鄂賠示墾𥿔′EUD″韋ヘ△墾𥿔紅斷シ鄂ゝ®＄ュ韋

㎤83龥I︸繁＄汚韋屋δヘ△梵δ蜥消35ナ89喃兗羽莢餌＄毚棙︸繁小鈑 nП翁
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xхュ蒸橫曰埴親奧墾𥿔 -翁⌇倦Oュ蒸35酘磬ⓔ狢┛覇奧 Logit-EUD 声

Poisson-EUD ︸繁槀≳小鈑艾浄隸＄䚮ⅥΖ︸繁小鈑Ο35 n 賠梗x覇ホ EUD 鰯

鵈賠示墾𥿔 D35ś梫歡Ο＄汚彩熳穀 EUDユ NTCP35錫麹＄嶧佳埴奧 EUD35

小鈑П槀≳х艾浄┛ŀ憩＄𩸕奧モ橎潔Μ梏晶p彩壟埴′2Μ梏晶ppせ×4Μ痁

僐隸掮7/12″＄毚棙舜狢浰杍豚洫鑷®′linear logistic regression″奩聽禾梏晶pユ

EUD φ掮鵝塢紘Y倦′p 還鵝婀″35小鈑 n 還◆紹勿＄毚棙 Cox 豚洫︸繁＄奩

聽榺珊ヘΜ EUD傑寉小鈑 n声ヘΜ EUD撳還頓啀 TEUD＄ュ彩熳痁僐隸掮＄奧

薰ヘ貨痼歲賠禾ホ妋 n還čゝ券情鬘 EUD＄Ⅵ醸詔印毚棙妋撳還 TEUD妍痼歲紅

δ邉68梏晶p'03𢿫烖声旺𢿫烖Ζ埴┛ 

2.5.6︸繁奧訒鑷鞘 

 糦ホ蜥遶歲蹉屋ⓔ渫′Receiver Operating Characteristic＄ROC″鑷®＄毚棙

奧薰△ NTCP35龥I聴┹痔日 ROC鴆舜＄兗奄┚奧訒結△ NTCP︸繁覇龥IU

坪声㾱抱邉68梏晶p鑷螞śx梗35狢忘┛ 

 覇革障悗Iコ佬Ο＄蜥遶歲蹉屋ⓔ渫韋ヘ△奧э2/9酘楾槀≳蠑橎35札忘虹

叫┛ROC鴆舜詔印毚棙蠑橎よ榯狢83′Ture Positive Rate＄TPR″声岸榯狢83′False 

Positive Rate＄FPR″│圈x┛ラэ韋毚棙訒暒ΖΜ蹉屋ⓔ渫′TPR声FPR″屋δ

餌御＄ROC鴆舜П衝嬉Y倦蹉屋ⓔ渫鴆舜[44, 45]┛ ROC紅┭逃𣠽苒鵝裸35︸繁

声覇モャ錮縻歲ū紅斷Ο㋣ヰ35腓欷ヘ茜暒攴35︸繁蠖駕х鑷®┛ROC鴆舜ŀ憩

韋ラы縹Ο35ロ啀擺●旌声糓梫擺●旌晶霽35＄井淫韋ホ│悗I縹背Ο35鄰源

35＄П孛韋革障悗Iコ佬┛φ醸渤焙孛く殃激х濕コ喃│槀≳革障35s㆒悗I┛

ROC紅┭x覇攸誕覇Y倦35𤸄描滕穀х渤裸35晶尹＄ⓔ麹韋覇若喃声陌舜ロ𤸄描

Ο＄姿レ鵝楆覇黝殿喃Р声鈑藥菫蜈𤸄描П滕穀х渤裸35晶尹┛券府麝㎤燻洛ャ◇ 

 ヘΜ紅ū︸繁′紅ū殿″韋妍ヘΜ圈貨鞁姨穀ヘΜⓔ圀ū35棙●┛紅ū殿35

＄奧э薰ヘΜ龥I︸繁＄ i35橫曰埴親梏

＄Ⅵ醸妍 ユ 撳還訒暒◇ 

聴┹詔印韋ヘΜ圈鈑′𣙇蔽杝梗″＄榺茜紅ū殿Οū35梘01濔鼛毚棙ヘΜ撳還悗

I┛彩熳ヘΜΖū龥I捓佳′掌紅ū殿″＄券聴┹こ゚σ韋よ′p″こ゚σ韋岸′n″┛

覇掌紅ū殿Ο鶫 4ū詔忘35杝梗┛洛┹杝梗35龥I韋 p姿よ圈35聴┹П韋 p＄𤎼

σ榺孛衝嬉よ榯狢′TP″◆Ⅵ姿洛┹よ圈35聴┹韋 n＄鉱榺孛衝嬉岸榯狢′FP″┛

Y捷35│岏＄ヘΜよ槥狢′TN″晶ナ覇龥I聴┹声圈氄聴┹畐δ n 35隸官＄姿

岸槥狢′FN″韋洽龥I杝梗韋 n姿圈氄還韋 p35隸官┛ 

 𩸕奧э麝錮35せヽO35＄縉淫禾 NTCP撳還覇傑璡詔忘35沼還慼軟献渉湿＄

十

] _1,0Œ
縉淫ŀ憩čゝ薰ヘ貨痼歲

TCP NTCP T

NTCPT

晶p㎤83還

N i i NTCP
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 彐 iNTCP ＄鉱龥I妋痼歲ュ洩梗x邉68梏晶p＄橆\ NTCPT 隸＄彐妋痼歲35Χ椦⁇壟聴

┹Пδ#麕⁇壟穀梏晶p梗x$＄鉱龥I縟札＄δよ槥狢′TN″◆彐Χ椦⁇壟聴┹δ#⁇壟穀

晶 x$＄ δ岸

⁇壟聴┹Пδ#⁇壟穀梏晶p梗x$＄鉱龥I縟札＄δよ榯狢′TP″◆彐Χ椦⁇壟

┹ #麕⁇壟穀梏晶p梗x

梏 p梗 鉱 槥狢′FN″┛ 

 彐 iNTCP > NTCPT ＄鉱龥I妋痼歲洩梗x邉68梏晶p＄橆隸＄彐妋痼歲35Χ椦

聴 δ $＄鉱δ岸榯狢′FP″┛ 

 こ゚ナ縟ヘΜ ROC鴆舜＄綳こ゚čゝよ榯狢83′TPR″声岸榯狢83′FPR″┛TPR

袴圀хヘΜ紅ū殿縻歲ヘΜ勖鐺I嗎覇罕鶫榯狢珊麝Ο忘橫問錫紅35榯狢鞘貨

35狢忘┛姿 FPR袴圀х覇罕鶫槥狢35珊麝Ο鶫籾婉岸榯狢35号鐺┛ 

 よ榯狢83 TPRП衝性Ο83＄ * +FNTPTPPTPTPR -?? // ＄岸榯狢83 FPRП

衝凘宓性Ο83＄ * +TNFPFPNFPFPR -??
 ROCア掮妍 ＄榺

┛ 

FPR声 TPR圀τδ x声 y昡 珊孛蠑橎хよ榯狢′澋豪″声

岸榯狢′縟麝″φ掮35修歃┛姿 TPR孛詔印圀τδ2/9酘楾＄姿 FPR孛圀τδ′1-

声 100%ⓔ欸′¢鶫岸榯狢″┛姿′0,1″7/12く

 

 奧эU坪声㾱抱＄𩸕奧モ橎Ζ△梏晶p＄紅麹覇惇Μュ蒸35痁僐隸掮7/12艾浄

情︸繁小鈑┛Ⅵ醸＄印艾浄滕穀35︸繁小鈑čゝ薰貨激埴痼歲35 NTCP還┚EUD

ⓔ欸楾″＄頓橆 ROC鴆舜鶫隸官П衝嬉#2/9酘楾声 1-ⓔ欸楾$虹叫┛薰ヘΜ龥I聴

┹覇 ROCア掮Ο印ヘΜ7/12鰯ś┛ 

 鵝裸35詔忘龥I鑷歡韋ヘΜ覇攀モ㆛357/12＄覇 ROC ア掮博餌昡(0,1)7/12＄榺

Μ鰯śヌ 100%2/9酘′¢鶫岸槥狢″

❀δ嚶花紅ū殿┛ヘΜ嚶傑痁黝龥I洩滕穀ヘ瑤緯攀ャ穀醤モ奧㆛舜′П衝陌凊

麹83舜″モ35ヘΜ7/12┛榺瑤鏥舜妍 ROCア掮行紅δΖΜ錫描＄覇榺瑤舜35印モ

357/12鰯śхヘΜ裸35紅ū聴┹,姿覇榺瑤舜印ャ357/12鰯śх攴35紅ū聴┹┛ 

 剣翁穀麝せヽ＄奧結△ NTCP ︸繁紅麹痔日 ROC 鴆舜＄鴆舜㐬蜥楆嚶花紅

ū殿＄十㐬蜥楆虹叫ア掮攀モ㆛＄岏霽妋︸繁龥I忘察㐬沛＄鄂┹㐬裸◆㐬蜥楆

э陌凊麹83舜＄岏霽妋︸繁龥I忘察㐬旺＄彐ユ妋舜紞浄＄鉱岏霽禾ホ妋龥I︸

繁ユ禾ホ腓金斟35龥I鑷®陌顆砵攴麹┛ 

 縉淫毚棙čゝ ROC鴆舜ャ鑷ユ博餌昡軟縟35錫掮螞⌇＄圀𥿔蠑橎薰Μ NTCP

︸繁35龥I忘察┛ 

2.5.7 邉68梏晶p龥I頓啀
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還┛齧橆＄詔印妍 NTCP声 EUD屋δΖΜナ89喃龥I頓啀＄ユ券井頓啀◇桿汏┚

n賞′*寇n″┚̂68賞′腋ʜ口̂68┚丬璡羃麸″┚寧ケ莢餌′T紅鸚＄Gleason

77狢せヽ′prospective study″

豚

圀＄せヽ鑷歡龥圀裸＄Y倦35淅箭頓t降激悲č慼軟＄覇榺茜瑤烏ャ＄屢

藥榺茜頓t唱嬉茗蔽35櫝嚨痁僐せヽ＄紅┭号鐺＄鵝醸覇初ęč行35隸掮献嬉梗

68Ο濕＄縻歲印│鬘ュ蒸邉68Ο濕35痼歲紅麹艾浄滕穀35︸繁小鈑韋心鶫顆砵攴

iate regression analysis″Ο＄彩壟栄籾Y倦頓tΟ＄ヽお措茜頓t剣鶫

鴦塢紘35Y倦狢印齧э詔印覇栄籾Y倦頓tΟォ顆梗│＄屋δ梗x邉68梏晶p35

 件鶫 437貨艮郊猜日邉68痼歲鈑藥激埴＄Ο押獪墾𥿔 78Gy′70~80Gy″＄紅

尞墾𥿔賠δ 2.0Gy/尞┛痼歲Ο押桿汏 67嵌′45~78嵌″┛ラэ NTCP︸繁小鈑艾

兗紅声 PSA 莢餌″┚邉68肄麸′3D-CRT┚IMRT┚IGRT″┚墾𥿔喃ⓔ7/12′面鑷墾

𥿔┚墾𥿔-翁⌇U鑷虹″声 EUD撳還ヘ𪆐＄毚棙ヘ形豚洫紅┭′univariate analysis″＄

ユ⁇壟滕穀35邉68梏晶p聴┹槀≳Y倦狢悗I┛ 

 瀠橆φ勿＄П彩壟х鈑藥遶磓隸掮鼔棧声鈑藥│┧ⓔ欸狢奧邉68梏晶p35淅

箭◇ 

 屢藥鈑藥遶磓隸掮鼔棧35ュ蒸＄妍せヽ紅δ艮

声 鼪狢＄せヽ′retrospective study″Ζū┛艮77狢35せヽ孛韋胥せヽ奧澠′n

貨″𣠽

兗奄＄胥ゎ浄初│僲č鑷®35罕鶫貨啀畐こ゚郊激悲č＄榺Μ橊竑＄ュ蕉韋𣠽鶫鄂

35│悲č＄十傑璡聴┹畐こ゚訊x梗┛艮77狢Χ椦せヽ毚曰ユせヽ歲35せヽ鑷®┚

瑤烏┚僲模シ頓t鶫倦┛姿豚鼪狢せヽ印x覇δ聴┹＄緯印湫Χ椦擺屋⌇~35n

貨閎鏖Ο𣠽苒㍍ヘ隸鸚蒸ūΧ椦閎鏖槀≳鉉コ┚紅┭＄印緯Ο獪聴誕MV┚聽梗¤

游┚s湈Χ椦圈咠35せヽ┛豚鼪狢せヽ35奧澠韋屢藥券覇棙唱㍍隸7/1235ⓔ渫縻魍

臞發胡姿激𣠽梏紅埴35＄Ⅵ醸緯攸鶫35Ŭ洙Ο櫝╆緯𤎼隸鬱臨穀券醸㍍ヘ隸7/12縻

U穀せヽ洽隸δ樰榺ヘ鸚掮献＄薰ヘ珊麝35發胡┛ 

 鈑藥│┧ⓔ欸狢35せヽ＄εこ゚𩸕奧麝嶧佳籾Ο濕35ⓔ7/12＄ヘ鑷螞彩壟│鬘ュ

蒸邉68Ο濕35痼歲券梏晶p梗x㎤83ユ罕覇邉68Ο濕韋心鶫顆砵Y倦狢＄紹ヘ鑷

螞彩壟毚棙傑璡激埴痼歲艾浄滕穀35 NTCP ︸繁小鈑韋心駛櫳э罕鶫ュ蒸35邉

欸┛ 

 毚棙ヘ形豚洫紅┭彩壟хモ橎峐頓啀ユ痁僐滕穀35邉68梏晶p晶ナ發胡35

Y倦狢φ醸＄奧э顆砵Y倦35頓啀′p□0.05″＄ヘ𪆐降激蒸ヘΜ籾形豚洫紅┭

′multivar

龥I頓啀┛ 

2.5.8圈MV聴┹""U坪梏晶p 

2.5.8.1梏晶p㎤83抄梏晶p顆砵Y倦頓啀 
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浄35擺屋府コ韋橫曰埴親35墾𥿔-翁⌇倦O＄頓橆傑璡激埴痼歲35 DVH鈑藥賠詔

澋沼┛激埴痼歲Ο＄蜥消棙丬孶縻歲a孶羃麸┚蜥消棙腋ʜ口̂68′anticoagulant 

＄15%声 6%┛寧ケ龥醸埴′梫Ω⇨

ś 2.3 覇 2桿┚3桿┚4桿声 5桿痁僐隸掮7/12＄⁇壟穀35Ζ△U坪梏晶p晶n83 ┾苺障Ο35ΖΜ還ś学校法人覇妋痁僐隸掮7/12

therapy″声鶫*寇n35痼歲訒貨紅麹δ 30%

紅ū D*amico classification″δ◇good′7%″＄medium′65%″声 bad′28%″┛42%

35激埴痼歲δ艮77狢紅┭┛ 

 437 貨痼歲Ο＄Ο押痁僐隸掮δ 60 Μ鶇′6~154 Μ鶇″┛誕痁僐Ŭ洙＄覇 2

桿┚3桿┚4桿声 5桿痁僐隸掮モU坪梗x弥эシэ LENT/SOMA餌御ы健梏晶

p声梗xU坪梗ʜ梏晶p35痼歲訒貨洛ś 2.3罕学校法人＄陌惇健縻鴦'03健麹35梏晶p

n貨梗x┛ 

モ＄痁僐穀 421貨痼歲＄券Ο 53貨梗x妋梏晶p 

 

痁僐隸掮 U坪梏晶p′LENT/SOMAы健声メ健″ U坪梗ʜ 

2桿 13% (53/421) 
┾
 18% (77/421) 

3桿 19% (65/341) 25% (85/341) 

4桿 28% (85/306) 22% (67/306) 

5桿 23% (58/ 257) 3 ) 0% (76/257

 ヘ形豚洫 聴┹顆学校法人＄瀠 CP シナ89喃頓啀φ勿＄面鑷墾𥿔

′獪墾𥿔″┚ T┚V70-74賠δU LENT/SOMA 35顆砵狢

龥I頓啀′p ″,券Ο鵝顆砵35龥I頓啀δ面鑷墾𥿔′ ┛印モ橎

V70~V74δ墾𥿔喃撳還＄奧 5桿痁僐ャU坪梗x弥эシэ LENT/SOMAы健梏晶

p35激埴痼歲槀≳紅埴＄紅δ梏晶pュśx埴′Grade0 śx埴

œ

х EUD 声 NT紅┭

IMR 坪弥эシэ ы健梏晶p

□0.05 p□0.01″

-1″声梏晶p

′ Grade2″＄聴┹洛ś 2.4罕学校法人 

ś 2.4 顆砵狢墾𥿔喃撳還′±餌御攴″ユ 5桿痁僐ャU坪梏晶p′弥эシэ LENT/SOMAы健″35倦O  ┾p還δ binary 

logistic regression test聴┹ 

墾𥿔喃撳還頓啀 Grade 0-1 œGrade 2 p
┾
 

面鑷墾𥿔 73.96±4.89 77.14±4.55 0.001

V  11.38±10.28 16.04±8.90 0.00170

V71 8.44±10.47 13.51±9.32 0.001

V72 7.40±9.75 11.74±8.59 0.001

V73 ±7.65 0.0106.45±8.85 9.51

V74 4.98±7.36 7.18±6.68 0.028

 奧э 5桿痁僐 ʜ梏晶 豚 坪梏晶p′弥э

シэ LENT/SOMA 35聴┹Y蒸＄ - V69┛ 

ャU坪梗 p＄券ヘ形 洫紅┭聴┹ユU

蕉韋覇辞苺х V70 7435蒸隸П辞苺хы健″
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2.5.8.2 NTCP︸繁 艾浄聴┹抄

 ホ鵝弥猿Ⅵ奄č®┡縟х NTC 鈑 ＄縉淫豪ホ湏衛

2 桿┚3 桿┚4 桿┚5 桿ュ蒸痁僐隸掮7/12モΖ△U坪梏晶p""弥

ы健声梗ʜ""奧棗35 LKB┚Logit-EUD┚Poisson-EUD┚

Källm ss声 Parallel結△ NTCP︸繁35小鈑┛ EUD︸繁小鈑 ＄

倦狢′鵝婀 p還″35鑷®槀≳х艾

m/k/け 
NTCP賠還 

(%) 
紅┭ 

p value^ 

MV儃肄麸 

P︸繁小 艾浄35O餌洪鈑醸

小鈑

ゝ®艾浄х覇

эシэ LENT/SOMA

an┚Schulthei 奧э <n!

縉淫П毚棙奩聽券ユΖ△邉68梏晶p鵝塢紘Y

浄┛妋艾浄聴┹35嚶鉉献埃小◓毹洙 C┛ 

 榺紒意印 5桿痁僐隸掮7/12モU坪梗x弥эシэLENT/SOMAы健梏晶p声U

坪梗ʜΖ埴鈑藥δ貨＄◓ś 2.5声ś 2.6 

ś 2.5 龥I 5桿痁僐隸掮7/12U坪梗x弥эシэ LENT/SOMAы健梏晶p35 NTCP︸繁小鈑 

NTCP︸繁 TD50 (Gy) n/s 

ヘ形豚洫 

LKB[2, 26] 78.06 (75.95,80.15)` n=0.02(0.01,0.04) m=0.14(0.11,0.18) 22.54±7.45┾ 0.007 

Logit-EUD[27] 77.99 (75.97,80.19) n=0.02(0.01,0.04) k=11.00(8.48,13.71) 22.58±7.43 0.007 

Poisson-EU [28] 79. 1 (77.01,81.22) n=0.02(0.01,0.03) 1.95,2.88) 22. 62 0.006 D 1  け=2.42( 54±7.

Källman[28] 76.48 (74.60,78.33) s=5.33(3.07,11.39) け=3.23(2.22,4.24) 22.61±8.24 0.005 

Schultheiss[27] 69.14 6) ---- k=17.5 9.81) 0.019  (67.55,70.7 6(3.99,2 22.36±9.23 

Parallel 14] NS{ NS [12- NS 

EUD[10] n=0.02    桷賠 EUD= ┾69.46±2.82Gy  --- 0.006 

ś 2.6 龥I 5桿痁僐 ʜ

NTCP TD n/s 

(%) 

 

p value^ 

隸掮7/12U坪梗x梗 梏晶p35 NTCP︸繁小鈑 

50 (Gy) m/k/け 

NTCP 

賠還 

ヘ 形 豚

洫紅┭︸繁 

LKB
[

73.64(71.98,75.41)  n=0.03(0.02,0.05) m=0.13(0.10,0.18) 29.51±9.24 0.002 
2, 26] `

 

Logit-EUD
]
 73.46(71.80  k=11.79(8.46,15.37) 29.56±9.33 

[27
,75.22) n=0.03(0.02,0.05) 0.002 

Poisson-EUD
[28]

 74.76(73.04,76.49) n=0.02 (0.01,0.04) け=2.72 (2 .38) 0.002 .05,3 29.57±9.49 

Källman
[28]

 77.39(75.88,77.46) s=21.19(7.57,21.32) け=2.72(2.08,2.75) 29.78±9.70 0.001 

Schultheiss
[27]

 ,68.76) ---- 0(9.80,28.80) 1.27 67.37(65.98 k=19.9 29.30±1 0.002 

Parallel
[12-1 ]

 NS  NS 
4 { NS 

EUD
[10]

 n=0.03    桷賠 EUD=68.34±2.75Gy ┾ --- 0.002 

`苺障Οδ 95%鵈革錫 { 
滕 繁

C 小 ＄

薰 痼 Ⅵ 35

2.5 ś 2.635#NTCP賠還$郊＄奧妋 NTCP還ユ⁇壟穀35薰貨痼歲

xY棗 δ 1＄麕梗x梏晶pδ 0″嬉Y倦狢

掮＄

^
ヘ形豚洫I嗎聴┹＄┾桷賠還±餌御攴＄ NS◇Not significant＄麕 穀鶫碆τ35︸ 小鈑 

 禾ホモ橎Ζ埴梏晶p覇 5桿痁僐隸掮7/12モ艾浄滕穀35 NT P情︸繁 鈑還

歲čゝ券 NTCP還声 EUD還＄ 醸奧薰埴痼歲 NTCP還&桷賠縉淫奧 貨

還＄郊эś 声

韋心梗 邉68梏晶p發胡′梗x梏晶p

紅┭＄妍 p還郊эś 2.5声ś 2.635#ヘ形豚洫紅┭$郊┛ 
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 券Ο＄奧эU坪梗x弥эシэ LENT/SOMAы健梏晶p埴＄5桿痁僐隸掮7/12

⁇壟穀35梏晶p梗x㎤83δ 22.57%′58 貨梗x梏晶p/痁僐穀 257 貨″＄U坪梗

ʜ梏晶p埴＄5 桿痁僐隸掮7/12⁇壟穀35梏晶p梗x㎤83δ 29.57%′76 貨梗x梏

晶p/痁僐穀 257貨″┛緯ś 2.5声ś 2.6詔◓＄縉淫毚棙艾浄滕穀35 NTCP︸繁

小鈑čゝ薰ヘ貨痼歲35 NTCP 還＄分姿奧鉉Μ痼歲寒翁35 NTCP 還&桷賠＄榺

桷

心

ナ89喃声鈑喃碆τモ│ĝ陌®⋛紃┛緯券井痁僐隸掮埴│つ＄

ara

ヘ 賠還ユ⁇壟滕穀35妋痼歲寒翁梏晶p梗x㎤83Y洽辛浄＄姿レY倦狢紅┭聴

┹П儃霽čゝ滕穀35 NTCP 還ユ痼歲韋 śx梗梏晶ppせ鶫Y洽'0335Y倦狢

′p□0.05″┛ 

 還滕Ê碆35韋＄陌佬韋弥эシэы健′LENT/SOMA″餌御梏晶p榰韋U坪

梗ʜ＄Ζ埴︸繁艾浄聴┹Ο＄Parallel ︸繁畐śx梗хュ蒸э券井︸繁35芭鑷＄

麕忘艾浄滕穀鶫碆τ35︸繁小鈑＄榺券Ο35εこ゚śx＄韋永湿棙●逃梗35艾浄聴

┹毚曰畐韋渉𥿔詔忘沼還慼軟献35梘01還＄姿レ券永湿聴┹逃梗35還緯 Parallel

︸繁惇Μ小鈑35

P llel︸繁35艾浄聴┹П梗xх榺Μ捓佳┛ 

 δхMV儃薰Μ︸繁35小鈑艾浄聴┹韋心畐沼穀х傑寉鵝永7/12＄彩壟薰Μ︸繁

小鈑覇券滕穀35艾浄聴┹慼軟献韋心沼滕┞還┛鑷®韋＄奧э薰Μ︸繁＄妍券Ο

ΖΜ︸繁小鈑還迩圀沼還δ券艾浄聴┹＄痔日紹ヘΜ小鈑声猿Ⅵ洪鈑還渉湿倦O

虹叫＄洛虹 2.3罕学校法人 

 

(a) 
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(b) 

 

(c) 

虹2.3 LKB︸繁覇龥IU坪梗x弥эシэLENT/SOMAы健梏晶p隸情小鈑覇沼還ア掮献35渉湿抄鵝弥還7/12押鵈′薰瑤鴆

舜モ擪噯`梗x35押鵈＄min博餌奧棗妋小鈑35永湿聴┹＄罪博餌奧棗永湿O餌洪鈑還十猿Ⅵ洪鈑35鵝弥還″ 

縉淫印LKB︸繁δ貨＄奧龥I5桿痁僐隸掮7/12U坪梗x弥эシэLENT/SOMAы

健梏晶p隸艾浄滕穀35︸繁小鈑TD50(1)┚n┚m紅麹痔日profile鴆舜＄⁇壟小鈑沼

還ユ猿Ⅵ洪鈑還35渉湿倦O＄悗MV永湿聴┹韋心澋滕х傑寉鵝永7/12┛薰朸虹Ο鴆

舜モ35擪噯`梗x35押鵈＄券min博餌奧棗妋小鈑35永湿聴┹＄券罪博餌奧棗永湿

O餌洪鈑還十猿Ⅵ洪鈑35鵝弥還┛顆Ⅵ＄麝錮滕穀35永湿聴┹畐詔印禾O餌洪鈑

沼滕傑寉鵝永⋛┛ 

 奧э滕穀35薰ヘ埴︸繁小鈑35艾浄聴┹韋心忘御問蠑橎妋埴痼歲梗x梏晶

p35㎤83＄縻歲岏韋心忘δ妋︸繁蠖駕沛弥35龥I忘察＄П韋綳こ゚縉淫│歵ヘ悗

MV35┛ŀ憩＄𣠽沼ヘΜ痁僐隸掮7/12ャ㍍△梏晶p⁇壟埴＄訒洛印Källman︸繁龥

I5桿痁僐ャU坪梗x弥эシэLENT/SOMAы健梏晶p声LKB︸繁龥I5桿痁

僐ャ梗xU坪梗ʜ梏晶pΖ埴鈑藥δ貨＄薰埴賠茣せ妋埴薰押痼歲čゝ滕穀35

NTCP還槀≳種棧蛬棧＄妍妋埴痼歲桷賠紅δ7埴,čゝ薰埴痼歲NTCP還35桷賠還

声梏晶p梗x㎤83＄紅麹屋δmin博餌声罪博餌＄痔日釐7/12虹＄印橆奧訒妋埴痼歲

čゝ滕穀35NTCP還ユ⁇壟滕穀35梏晶p晶ナ8335奧棗倦O＄圀狢⁇壟︸繁小鈑
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暎│35龥I忘察┛聴┹洛虹2.4罕学校法人 

 

(a) 

 

(b) 

虹2.4 妍5桿痁僐隸掮7/12モ35257貨痼歲紅7埴＄蠑桃čゝ滕穀35NTCP桷賠還′min博餌″声⁇壟穀35梏晶p晶n83′罪博

餌″φ掮35奧棗倦O┛薰Μ任忍Ο35min舜ś学校法人妋埴痼歲NTCP還紅斷餌御攴┛′a″δ痼歲U坪梗x弥эシэLENT/SOMA

ы健梏晶p埴＄′b″δ痼歲梗xU坪梗ʜ梏晶p埴 

洛虹 2.4罕学校法人＄奧э 5桿痁僐隸掮7/12モ痼歲U坪梗x弥эシэ LENT/SOMAы健

梏晶p埴′虹 a″＄縉淫异ホ Källman︸繁小鈑 TD50=76.48Gy＄s=5.33＄け=3.23◆

奧э 5桿痁僐隸掮7/12モ痼歲梗xU坪梗ʜ梏晶p埴′虹 b″＄縉淫异ホ LKB︸繁

小鈑 TD50=73.64Gy＄n=0.03＄m=0.13┛聴┹顆学校法人＄Ζ△︸繁覇龥IΖ埴梏晶p35

梗x隸＄薰埴梏晶p35ホ埴痼歲鈑藥畐{塢紅斷覇 45 楾奧㆛舜35Ζ懐＄岏霽Ζ

△︸繁艾浄滕穀35小鈑＄奧ュ蒸紅埴ャ35痼歲賠鶫暒裸35龥I聴┹┛ 

 奧эモ橎Ζ埴梏晶p＄縉淫П痔日х EUD ユ NTCP 35奧棗倦O鴆舜＄洛虹

2.5罕学校法人 
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(a) 

 

(b) 

 

(c) 

虹 2.5 Poisson-EUD︸繁蠑桃35 EUDユ NTCP渉湿倦O┛′a″U坪梗x弥эシэ LENT/SOMAы健梏晶p′圈舜″声梗

ʜ梏晶p′韞舜″35 NTCPユ EUD奧棗倦O◆′b″声′c″紅麹蠑橎х龥I35 NTCP-EUD倦O鴆舜′圈舜″ユ⁇壟滕

穀梏晶p晶n8335圈氄奧棗倦O′釐7/12″＄韞舜δ 95%鵈革錫掮 

縉淫維Ⅵ印 5桿痁僐隸掮7/12モU坪梗x弥эシэLENT/SOMAы健梏晶p声U坪

梗ʜΖ埴梏晶pδせヽ奧澠＄覇艾浄滕穀35︸繁小鈑35府コモ＄痔日EUDユ

NTCP35奧棗倦O＄券ΟU坪梗x弥эシэLENT/SOMAы健梏晶p35鴆舜禾ホ

Poisson-EUD︸繁小鈑TD50(1)=79.11Gy＄n=0.02 声け=2.42＄U坪梗ʜ梏晶p35鴆
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舜禾ホPoisson-EUD︸繁小鈑TD50(1)=74.76Gy＄n=0.02 声け=2.72┛洛虹 2.5′a″

罕学校法人＄橫洛龥瞎35ヘ珊＄EUDユNTCP唸覇<S!濤奧棗倦O＄洽EUD沼還弥э 60Gy

隸＄Ζ埴梏晶p35梗x㎤83賠棅氊膨圾＄姿レU坪梗ʜ梏晶p35晶n83臨遂'03э

U坪梗x弥эシэLENT/SOMAы健梏晶p35㎤83＄榺ヘ聴┹Пユ縉淫Χ椦痁僐

35⁇壟聴┹Y辛浄＄彩熳穀U坪梗ʜП蕉韋LENT/SOMA梏晶p兗奄餌御Ο栄籾

梏晶pśxΟ35ヘ△＄頓橆榺ヘ聴┹Пゎ浄榺ヘ蝠鐺┛δхユEmami
[3]
35せヽ聴

┹Y奧せ＄縉淫ヌ紞⁇壟х殃𪆐 5%声 50%梏晶p罕奧棗35墾𥿔還＄緯虹 2.5′a″

詔s＄U坪梗x弥эシэLENT/SOMAы健梏晶p35㎤83覇 5%声 50%隸罕奧棗

35EUD還紅麹δ 62Gy声 79Gy＄U坪梗x梗ʜ梏晶p35㎤83覇 5%声 50%隸罕奧

棗35EUD還紅麹δ 60Gy声 75Gy＄ユEmami逃梗35 60Gy声 80Gy35聴┹府麝辛浄＄

ゎ浄Χ椦⁇壟聴┹┛虹 2.5′b″声′c″妍′a″Ο35Ζ瑤鴆舜紅麹蠑桃紅┭＄韞

舜δ小鈑TD50(1)35 95%鵈革錫掮┛虹′b″声′c″Ο妍奧棗痼歲寒翁紅δ結埴＄

糦ホ妋梏晶p埴艾浄滕穀35EUD︸繁小鈑<n!│čゝ薰貨痼歲35EUD還＄賢毚棙

蠑桃釐7/1235濤歡＄翁x薰埴痼歲35桷賠EUD声⁇壟滕穀35妋埴痼歲梏晶p晶n83

35奧棗倦O＄詔◓⁇壟滕穀35結埴痼歲EUDユ梏晶p晶n8335奧棗倦O賠紅斷覇

鴆舜 95%鵈革錫掮慼軟献＄榺ヘ聴┹賢尞儃霽х︸繁小鈑艾浄聴┹35鶫鄂狢声δ

︸繁龥I忘察暎│35詔螗狢┛ 

 麝せヽ35Χ椦痁僐隸掮圾梫 5 桿＄梏レŬ洙х覇̂68醸35 2 桿┚3 桿┚4 桿

声 5桿隸掮7/12モ＄痼歲梗x梏晶p35ュ蒸發胡┛錮問Οß抄穀35ū猿せヽ＄畐韋

問圀ヘΜ痁僐隸掮屋δŚ𥿔梏晶p隸掮35小彩7/12＄麕◓鶫錮問膊湈ュ蒸痁僐隸掮

ャ奧 NTCP ︸繁小鈑渉湿發胡35ř佬┛頓橆＄麝錮奧激埴痼歲覇 2 桿┚3 桿┚4

桿声 5桿隸掮7/12モ梗x梏晶p35發胡賠嬉хŬ洙＄O35覇э詔印覇ュ蒸35痁僐隸

掮ャ艾浄ユφY奧棗35︸繁小鈑＄緯姿彩壟︸繁小鈑痁痁僐隸掮35渉湿亼仕＄无

鷦緯Ο忘晶x邉68梏晶p痁隸掮渉湿35ⓔ7/12┛Ⅵ姿＄毚棙奧Ζ埴U坪梏晶p槀≳

小鈑艾浄35聴┹│つ＄陌佬ホ鴬△︸繁＄覇艾浄 2桿痁僐隸掮7/12モ梗x邉68梏晶

p35︸繁小鈑隸＄畐陌®滕穀鶫碆τ35︸繁小鈑┛縉淫毚棙痔日7/12釐虹＄蠑橎х

LKB┚Logit-EUD┚Poisson-EUD┚Källman 声 EUD ︸繁35︸繁小鈑覇 3 桿┚4

桿┚5 桿痁僐隸掮7/12モ35還＄緯姿翁x梗薰Μ小鈑痁隸掮35渉湿亼仕┛券Ο＄

Källman︸繁35小鈑<s!ユ券井メ△ NTCP︸繁声 EUD︸繁35小鈑<n!鶫ヌュ蒸35

鈑𥿔健＄頓橆ュ邉覇ヘ𪆐槀≳訒暒＄洛虹 2.6罕学校法人 
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(a) 

 

(b) 

 

(c) 

虹 2.6 LKB┚Logit-EUD┚Poisson-EUD┚Källman声 EUD︸繁Ο小鈑′a″TD50┚′b″n/s声′c″m/k/け覇 3桿┚4桿┚5

桿痁僐隸掮7/12モ龥IU坪梗x弥эシэ LENT/SOMAы健梏晶p35︸繁小鈑渉湿亼仕 

 毚棙艾浄 EUD ︸繁35傑寉小鈑<n!＄聽穀х𩸕奧Ζ埴U坪梏晶p罕奧棗35

EUD 撳還 TEUD◇奧эU坪梗x弥эシэ LENT/SOMA ы健梏晶p＄券 TEUD還

δ 70.00Gy′p□0.01″＄奧эU坪梗ʜ梏晶p＄券 TEUD還δ 71.50Gy′p□0.01″┛

虹 2.7顆学校法人х茣せ榺ΖΜ撳還奧痼歲槀≳紅埴醸＄梏晶pśx'03住埴声梏晶pś

x旺住埴ナ唸83痁隸掮渉湿35 Kaplan-Meier鴆舜┛ 
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                    ′a″                              ′b″ 

虹 2.7 奧эU坪梗x弥эシэ LENT/SOMAы健梏晶p′a″声梗ʜ′b″Ζ埴梏晶p＄紅麹会藥情鬘35 TEUD撳還′a″

70.00Gy声′b″71.50Gy妍痼歲紅δ梏晶p梗x'03住埴声旺住埴＄⁇壟Ζ埴痼歲ナ唸83痁隸掮渉湿35 Kaplan-Meier鴆舜 

2.5.8.3︸繁龥I忘察奧訒 

 毚棙ś 2.5 声ś 2.6 Οヘ形豚洫Y倦狢紅┭35聴┹＄詔印つ梗 LKB┚

Logit-EUD┚Schultheiss┚Poisson-EUD┚Källman 阿△ NTCP ︸繁＄券čゝ滕穀

35 NTCP還賠ユ梗x邉68梏晶p35⁇壟聴┹鶫顆砵Y倦狢┛緯永湿滕穀35O餌洪

鈑′猿Ⅵ洪鈑″還声顆砵狢′p還″モ│奧訒＄瀠 Parallel︸繁勿35紹勿阿△ NTCP

︸繁陌顆砵攴麹＄頓橆＄茣せ 2.5.6圴ř佬35︸繁奧訒鑷®＄δ榺阿△ NTCP︸

繁紅麹痔日 ROC鴆舜＄聴┹洛虹 2.8罕学校法人 

 

虹 2.8 LKB┚Logit-EUD┚Schultheiss┚Poisson-EUD声 Källman︸繁覇 5桿痁僐隸掮龥IU坪梗x弥эシэ LENT/SOMA

ы健梏晶p隸35 Receiver Operating Characteristic′ROC″鴆舜 ` 苺障Ο35還δ鴆舜ユ博餌昡軟縟35鴆舜ャ鑷35螞⌇ 

洛虹罕学校法人＄LKB┚Logit-EUD┚Poisson-EUD┚Källman声 Schultheiss︸繁痔日35

ROC鴆舜ユ博餌昡軟縟35ャ鑷螞⌇紅麹δ 0.621┚0.622┚0.620┚0.627声 0.627＄

藥橆＄縉淫đδ＄LKB┚Logit-EUD┚Poisson-EUD┚Källman声 Schultheiss︸繁

覇龥IU坪梗x弥эシэ LENT/SOMA ы健梏晶p隸śx梗хY猿35忘察＄姿

Parallel ラэ¢忘艾浄滕穀鶫碆τ35︸繁小鈑＄覇麝圈MVΟ陌®龥IU坪梗x弥
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эシэ LENT/SOMA ы健梏晶p┛蒸珊＄覇龥I券井痁僐隸掮ャ35U坪梗ʜ梏

晶p隸＄情︸繁Пśx梗хY猿35龥I忘察┛ 

2.5.8.4籾形豚洫紅┭ 

 奧эU坪梗x弥эシэ LENT/SOMAы健梏晶p声U坪梗ʜΖ埴梏晶p＄妍

ヘ形豚洫紅┭滕穀35ユ券塢紘Y倦35峐籾頓啀＄辞苺◇面鑷墾𥿔′獪墾𥿔″┚IMRT┚

V69-V74┚NTCP声 EUD龥I還＄槀≳籾形豚洫紅┭┛聴┹顆学校法人＄洽面鑷墾𥿔′獪

墾𥿔″小ユ穀籾形豚洫紅┭Ο隸＄意鶫面鑷墾𥿔頓tく較8ャ│屋δ籾形豚洫紅

┭滕穀35塢紘Y倦頓t′p\0.05″＄頓橆彩熳妍面鑷墾𥿔頓t蛬瀠＄彩壟券井頓

tΟ措茜鴦剣鶫顆砵狢┛聴┹顆学校法人＄意鶫ャ郊頓啀会尞剣鶫緯'03穀旺35顆砵狢◇

NTCP 龥I還┚EUD 龥I還声 V72┛券Ο＄NTCP 龥I還韋莢＄陌佬ホ LKB┚

Logit-EUD┚Schultheiss┚Poisson-EUD声 Källman阿△︸繁Ο35措ヘ△＄豪ホ艾

浄滕穀35︸繁小鈑＄薰貨痼歲35 NTCP 還＄賢奧痼歲寒翁& NTCP 賠還滕穀35

寒翁梏晶p龥I還┛毚棙 Kaplan-Meier 𢿫烖紅┭＄đδ奧эΖ埴U坪梏晶p＄

V72△9%畐韋梏晶p35顆砵龥I頓啀′U坪梗x弥эシэ LENT/SOMAы健梏晶

p◇p\0.05◆U坪梗ʜ梏晶p◇p□0.01″┛ 

2.5.9圈MV聴┹""㾱抱梏晶p 

2.5.9.1梏晶p㎤83抄梏晶p顆砵Y倦頓啀 

 件鶫 434貨艮郊猜日邉68痼歲鈑藥激埴＄Ο押獪墾𥿔 78Gy′70~80Gy″＄紅

尞墾𥿔賠δ 2.0Gy/尞┛痼歲Ο押桿汏 67嵌′45~78嵌″┛ラэ NTCP︸繁小鈑艾

浄35擺屋府コ韋橫曰埴親35墾𥿔-翁⌇倦O＄頓橆傑璡激埴痼歲35 DVH鈑藥賠詔

澋沼┛激埴痼歲Ο＄蜥消棙丬孶縻歲a孶羃麸┚蜥消棙腋ʜ口̂68′anticoagulant 

therapy″声鶫*寇n35痼歲訒貨紅麹δ 30%＄15%声 6%┛寧ケ龥醸埴′梫Ω⇨

紅ū D*amico classification″δ◇good′7%″＄medium′65%″声 bad′28%″┛42%

35激埴痼歲δ艮77狢紅┭┛ 

 434 貨痼歲Ο＄Ο押痁僐隸掮δ 60 Μ鶇′6~154 Μ鶇″┛誕痁僐Ŭ洙＄覇 2

桿┚3桿┚4桿声 5桿痁僐隸掮モ㾱抱梗x弥эシэ LENT/SOMA餌御ы健梏晶

p声梗ʜ梏晶p35痼歲訒貨洛ś 2.7罕学校法人＄陌惇健縻鴦'03健麹35梏晶pn貨梗x┛ 

ś 2.7 覇 2桿┚3桿┚4桿声 5桿痁僐隸掮7/12＄⁇壟穀35Ζ△㾱抱梏晶p晶n83 ` 苺障Ο35ΖΜ還ś学校法人覇妋痁僐隸掮7/12

モ＄痁僐穀 396貨痼歲＄券Ο 50貨梗x妋梏晶p 

痁僐隸掮 㾱抱梏晶p′LENT/SOMAы健声メ健″ 㾱抱梗ʜ 

2桿 13% (50/396)` 5% (21/396) 

3桿 14% (50/345) 8% (26/345) 

4桿 15% (46/302) 9% (28/302) 
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5桿 17% (41/ 242) 11% (27/242) 

 ヘ形豚洫紅┭聴┹顆学校法人＄瀠х EUD 声 NTCP シナ89喃頓啀φ勿＄面鑷墾𥿔

′獪墾𥿔″┚IMRT声ヘ埴墾𥿔-翁⌇頓啀賠δ㾱抱梗x弥эシэ LENT/SOMAы

健梏晶p声㾱抱梗ʜ梏晶p35顆砵龥I頓啀′p□0.05″＄券Ο鵝顆砵35龥I頓啀

δ面鑷墾𥿔′p□0.01″┛榺ヘ埴墾𥿔 -翁⌇頓啀Ο＄ユ㾱抱梗x弥эシэ

LENT/SOMAы健梏晶pY倦35韋 V3-7声 V34-80＄ユ㾱抱梗ʜ梏晶pY倦35韋 V34

声 V40-81┛印モ橎 V3-7声 V34-80δ墾𥿔喃撳還＄奧 5 桿痁僐ャ㾱抱梗x弥эシэ

LENT/SOMAы健梏晶p35激埴痼歲槀≳紅埴＄紅δ梏晶pュśx埴′Grade0-1″

声梏晶pśx埴′œGrade2″＄聴┹洛ś 2.8罕学校法人 

ś 2.8 顆砵狢墾𥿔喃撳還′±餌御攴″ユ 5桿痁僐ャ㾱抱梏晶p′弥эシэ LENT/SOMAы健″35倦O  

`p還δ binary logistic regression test聴┹ 

墾𥿔喃撳還頓啀 Grade 0-1 œGrade 2 p` 

面鑷墾𥿔 74.09±4.93Gy 77.54±4.23Gy □0.001 

鵝弥墾𥿔 74.96±4.70Gy 78.38±4.04Gy □0.001  

V3-7 92.79±1.73% 95.81±1.49% □0.05  

V34-68 44.16±9.95 48.61±9.75 □0.05  

V69-78 11.90±5.46 19.89±5.88 □0.001  

V79,80 2.01±1.07 5.96±2.00 □0.05 

2.5.9.2 NTCP︸繁小鈑艾浄聴┹抄MV儃肄麸 

 ホ鵝弥猿Ⅵ奄č®┡縟х NTCP︸繁小鈑艾浄35O餌洪鈑醸＄縉淫豪ホ湏衛

ゝ®艾浄х覇 2 桿┚3 桿┚4 桿┚5 桿ュ蒸痁僐隸掮7/12モΖ△㾱抱梏晶p""弥

эシэ LENT/SOMA ы健声梗ʜ""奧棗35 LKB┚Logit-EUD┚Schultheiss┚

Poisson-EUD┚Källman声 Parallel結△NTCP︸繁35小鈑┛奧э EUD︸繁小鈑<n!＄

縉淫П毚棙奩聽券ユΖ△邉68梏晶p鵝塢紘Y倦狢′鵝婀 p還″35鑷®槀≳х艾

浄┛妋艾浄聴┹35嚶鉉献埃小◓毹洙 D┛ 

 榺紒意印 5桿痁僐隸掮7/12モ㾱抱梗x弥эシэLENT/SOMAы健梏晶p声㾱

抱梗ʜΖ埴鈑藥δ貨＄◓ś 2.9声ś 2.10 

ś 2.9 龥I 5桿痁僐隸掮7/12㾱抱梗x弥эシэ LENT/SOMAы健梏晶p35 NTCP︸繁小鈑 

NTCP 

TD50 (Gy) n/s m/k/け NTCP︸繁 賠還 

(%) 

ヘ形豚洫

紅┭ 

p value^ 

LKB
[2, 26]

 78.68 (5.09)` n=0.09 (0.06) m=0.17 (0.05) 16.96±8.19┾ □0.001

Logit-EUD
[27]

 78.65 (5.18) n=0.09 (0.06) k=9.21 (3.05) 16.94±8.32 □0.001

Poisson-EUD
[28]

 81.38 (5.98) n=0.09 (0.06) け=1.82 (0.49) 16.95±7.72 □0.001

Källman
[28]

 77.14 (5.40) s=1.50 (0.99) け=2.54 (0.91) 16.98±8.25 □0.001

Schultheiss
[27]

 74.56 (1.67) ---- k=11.14 (3.83) 16.91±9.22 □0.001
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Parallel
[12-14]

 v50=0.01(0.06) j=0.05 (0.16) d1/2=99.30 (45.85) k=8.76(3.77) 16.83±9.39 □0.001

EUD
[10]

 n=0.09    桷賠 EUD=65.29±4.41Gy § --- □0.001

ś 2.10 龥I 5桿痁僐隸掮7/12㾱抱梗x梗ʜ梏晶p35 NTCP︸繁小鈑 

NTCP︸繁 TD50 (Gy) n/s 

NTCP 

m/k/け 賠還 

(%) 

ヘ形豚洫紅┭

p value^ 

LKB
[2, 26]

 85.31 (14.15)` n=0.36 (0.59) m=0.30 (0.19) 11.16±4.88 0.009 

Logit-EUD
[27]

 90.37 (33.93) n=0.37 (0.85) k=4.00 (5.64) 11.16±4.84 0.010 

Poisson-EUD
[28]

 95.27 (23.88) n=0.51 (0.90) け=0.91 (0.51) 11.16±4.72 0.013 

Källman
[28]

 96.88 (26.78) s=0.45 (0.99) け=0.87 (0.41) 11.15±4.69 0.015 

Schultheiss
[27]

 86.67 (15.58) ---- k=5.47 (4.31) 11.17±4.56 0.007 

Parallel
[12-14]

 v50=0.05(0.89) j=0.03 (0.59) d1/2=160.67 (70.59) k=3.91(2.69) 11.18±5.62 0.005 

EUD
[10]

 n=0.25    桷賠 EUD=56.52±5.92Gy § --- 0.017 

`苺障Οδ 95%餌御宓′standard error″＄^ヘ形豚洫I嗎聴┹＄┾桷賠還±餌御攴 

 禾ホモ橎Ζ埴梏晶p覇 5桿痁僐隸掮7/12モ艾浄滕穀35 NTCP情︸繁小鈑還＄

縉淫奧薰貨痼歲čゝ券 NTCP還声 EUD還＄Ⅵ醸奧薰埴痼歲35 NTCP還&桷賠

還＄郊эś 2.9声ś 2.1035#NTCP賠還$郊＄奧妋 NTCP還ユ⁇壟穀35薰貨痼歲

韋心梗xY棗邉68梏晶p發胡′梗x梏晶pδ 1＄麕梗x梏晶pδ 0″嬉Y倦狢

紅┭＄妍 p還郊эś 2.9声ś 2.1035#ヘ形豚洫紅┭$郊┛ 

 券Ο＄奧э㾱抱梗x弥эシэ LENT/SOMAы健梏晶p埴＄5桿痁僐隸掮7/12

⁇壟穀35梏晶p梗x㎤83δ 16.94%′41 貨梗x梏晶p/痁僐穀 242 貨″＄㾱抱梗

ʜ梏晶p埴＄5 桿痁僐隸掮7/12⁇壟穀35梏晶p梗x㎤83δ 11.16%′27 貨梗x梏

晶p/痁僐穀 242貨″┛緯ś 2.9声ś 2.10詔◓＄縉淫毚棙艾浄滕穀35 NTCP︸繁

小鈑čゝ薰ヘ貨痼歲35 NTCP 還＄分姿奧鉉Μ痼歲寒翁35 NTCP 還&桷賠＄榺

ヘ桷賠還ユ⁇壟滕穀35妋痼歲寒翁梏晶p梗x㎤83Y洽辛浄＄姿レY倦狢紅┭聴

┹П儃霽čゝ滕穀35 NTCP 還ユ痼歲韋心śx梗梏晶ppせ鶫Y洽'0335Y倦狢

′p□0.05″┛ 

 δхMV儃薰Μ︸繁35小鈑艾浄聴┹畐沼穀х傑寉鵝永7/12＄縉淫彩壟薰Μ︸繁

小鈑覇券滕穀35艾浄聴┹慼軟献韋心沼滕┞還┛鑷®韋＄奧э薰Μ︸繁＄妍券Ο

ΖΜ︸繁小鈑還迩圀沼還δ券艾浄聴┹＄痔日紹ヘΜ小鈑声猿Ⅵ洪鈑還渉湿倦O

虹叫＄洛虹 2.9罕学校法人 
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(a) 

 

(b) 

 

(c) 

虹2.9 LKB︸繁覇龥I㾱抱梗x弥эシэLENT/SOMAы健梏晶p隸情小鈑覇沼還ア掮献35渉湿抄鵝弥還7/12押鵈′薰瑤鴆

舜モ擪噯`梗x35押鵈＄min博餌奧棗妋小鈑35永湿聴┹＄罪博餌奧棗永湿O餌洪鈑還十猿Ⅵ洪鈑35鵝弥還″ 
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 縉淫印LKB︸繁δ貨＄奧龥I5桿痁僐隸掮7/12㾱抱梗x弥эシэLENT/SOMA

ы健梏晶p隸艾浄滕穀35︸繁小鈑TD50(1)┚n┚m紅麹痔日profile鴆舜＄⁇壟小鈑

沼還ユ猿Ⅵ洪鈑還35渉湿倦O＄悗MV永湿聴┹韋心澋滕х傑寉鵝永7/12┛薰朸虹Ο

鴆舜モ35擪噯`梗x35押鵈＄券min博餌奧棗妋小鈑35永湿聴┹＄券罪博餌奧棗永

湿O餌洪鈑還十猿Ⅵ洪鈑35鵝弥還┛顆Ⅵ＄縉淫滕穀35永湿聴┹畐詔印禾O餌洪

鈑沼滕傑寉鵝永⋛┛ 

 奧э滕穀35薰ヘ埴︸繁小鈑35艾浄聴┹＄韋心忘御問蠑橎妋埴痼歲梗x梏晶

p35㎤83＄縻歲岏韋心忘δ妋︸繁蠖駕沛弥35龥I忘察＄П韋綳こ゚縉淫│歵ヘ悗

MV35┛ŀ憩＄𣠽沼ヘΜ痁僐隸掮7/12ャ㍍△梏晶p⁇壟埴＄訒洛印Källman︸繁龥

I5桿痁僐ャ㾱抱梗x弥эシэLENT/SOMAы健梏晶p声LKB︸繁龥I5桿痁

僐ャ梗x㾱抱梗ʜ梏晶pΖ埴鈑藥δ貨＄薰埴賠茣せ妋埴薰押痼歲čゝ滕穀35

NTCP還槀≳種棧蛬棧＄妍妋埴痼歲桷賠紅δ7埴,čゝ薰埴痼歲NTCP還35桷賠還

声梏晶p梗x㎤83＄紅麹屋δmin博餌声罪博餌＄痔日釐7/12虹＄印橆奧訒妋埴痼歲

čゝ滕穀35NTCP還ユ⁇壟滕穀35梏晶p晶ナ8335奧棗倦O＄圀狢⁇壟︸繁小鈑

暎│35龥I忘察┛聴┹洛虹2.10罕学校法人 

 

(a) 

        

77 

 



ヴ宗弥喃修務喃押佬錮 

(b) 

虹2.10 妍5桿痁僐隸掮7/12モ35242貨痼歲紅7埴＄蠑桃čゝ滕穀35NTCP桷賠還′min博餌″声⁇壟穀35梏晶p㎤83′罪博餌″

U蜥35奧棗倦O┛薰Μ任忍Ο35min舜ś学校法人妋埴痼歲NTCP還紅斷餌御攴┛′a″δ痼歲㾱抱梗x弥эシэLENT/SOMAы健

梏晶p埴＄′b″δ痼歲梗x㾱抱梗ʜ梏晶p埴 

洛虹 2.10罕学校法人＄奧э 5桿痁僐隸掮7/12モ痼歲㾱抱梗x弥эシэ LENT/SOMAы

健梏晶p埴′虹 a″＄縉淫异ホ Källman︸繁小鈑 TD50=77.14Gy＄s=1.50＄け=2.54＄

奧э 5 桿痁僐隸掮7/12モ痼歲梗x㾱抱梗ʜ梏晶p埴′虹 b″＄縉淫异ホ Källman

︸繁小鈑 TD50=96.88Gy＄s=0.45＄け=0.87＄聴┹顆学校法人＄Ζ△︸繁覇龥IΖ埴梏晶

p35梗x隸＄薰埴梏晶p35ホ埴痼歲鈑藥畐{塢紅斷覇 45°奧㆛舜35Ζ懐＄岏霽

Ζ△︸繁艾浄滕穀35小鈑＄奧ュ蒸紅埴ャ35痼歲賠鶫暒裸35龥I聴┹┛ 

 奧эモ橎Ζ埴梏晶p＄縉淫П痔日х EUD ユ NTCP 35奧棗倦O鴆舜＄洛虹

2.11罕学校法人 

 

(a) 

 

(b) 
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(c) 

虹 2.11 Poisson-EUD︸繁蠑桃35 EUDユ NTCP渉湿倦O┛′a″㾱抱梗x弥эシэ LENT/SOMAы健梏晶p′圈舜″声

梗ʜ梏晶p′韞舜″35 NTCPユ EUD奧棗倦O◆′b″声′c″紅麹蠑橎х龥I35 NTCP-EUD倦O鴆舜′圈舜″ユ⁇壟

滕穀梏晶p晶n8335圈氄奧棗倦O′釐7/12″◆韞舜δ 95%鵈革錫掮 

縉淫維Ⅵ印 5 桿痁僐隸掮7/12モ㾱抱梗x弥эシэ LENT/SOMA ы健梏晶p声㾱

抱梗ʜΖ埴梏晶pδせヽ奧澠＄覇艾浄滕穀35︸繁小鈑35府コモ＄痔日 EUDユ

NTCP35奧棗倦O＄券Ο㾱抱梗x弥эシэ LENT/SOMAы健梏晶p35鴆舜禾ホ

Poisson-EUD ︸繁小鈑 TD50(1)=81.38Gy＄n=0.09 声 け=1.82＄㾱抱梗ʜ梏晶p35

鴆舜禾ホ Poisson-EUD︸繁小鈑 TD50(1)=95.27Gy＄n=0.51声 け=0.91┛洛虹 2.11

′a″罕学校法人＄Ζ埴梏晶p35鴆舜梗xх梓承＄洽 EUD墾𥿔婀э 70Gy隸＄晶ナ㾱

抱梗ʜ梏晶p35㎤83弥э㾱抱梗x弥эシэ LENT/SOMA ы健梏晶p35㎤83┛

ユ艮錮Y蒸＄縉淫ヌ紞⁇壟х殃𪆐 5%声 50%梏晶p罕奧棗35墾𥿔還＄緯虹 2.5

′a″詔s＄㾱抱梗x弥эシэ LENT/SOMA ы健梏晶p35㎤83覇 5%声 50%隸

罕奧棗35 EUD還紅麹δ 57Gy声 81Gy＄㾱抱梗x梗ʜ梏晶p35㎤83覇 5%声 50%

隸罕奧棗35 EUD還紅麹δ 43Gy声 90Gy┛虹 2.11′b″声′c″妍′a″Ο35Ζ瑤

鴆舜紅麹蠑桃収㋣紅┭＄韞舜δ小鈑 TD50(1)35 95%鵈革錫掮┛虹′b″声′c″

Ο妍奧棗埴痼歲紅δ結埴＄糦ホ妋梏晶p埴艾浄滕穀35 EUD︸繁小鈑<n!│čゝ

薰貨痼歲35 EUD 還＄賢毚棙蠑桃釐7/1235濤歡＄翁x薰埴痼歲35桷賠 EUD 声⁇

壟滕穀35妋埴痼歲梏晶p晶n8335奧棗倦O＄詔◓⁇壟滕穀35結埴痼歲 EUDユ

梏晶p晶n8335奧棗倦O賠紅斷覇鴆舜 95%鵈革錫掮慼軟献＄榺ヘ聴┹賢尞儃霽

х︸繁小鈑艾浄聴┹35鶫鄂狢声δ︸繁龥I忘察暎│35詔螗狢┛ 

 縉淫毚棙痔日7/12釐虹＄蠑橎х LKB┚Logit-EUD┚Poisson-EUD┚Källman声

EUD︸繁35︸繁小鈑覇 2桿┚3桿┚4桿┚5桿痁僐隸掮7/12モ龥I㾱抱弥эシэ

LENT/SOMA ы健梏晶p35︸繁小鈑還＄緯姿翁x梗薰Μ小鈑痁隸掮35渉湿亼

仕┛券Ο＄Källman︸繁35小鈑<s!ユ券井メ△ NTCP︸繁声 EUD︸繁35小鈑<n!

鶫ヌュ蒸35鈑𥿔健＄頓橆ュ邉覇ヘ𪆐槀≳訒暒＄聴┹洛虹 2.12罕学校法人 
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(a) 

 

(b) 

 

(c) 

虹 2.12 LKB┚Logit-EUD┚Poisson-EUD┚Källman声 EUD︸繁Ο小鈑′a″TD50┚′b″n/s声′c″m/k/け覇 2桿┚3桿┚4

桿┚5桿痁僐隸掮7/12モ龥I㾱抱梗x弥эシэ LENT/SOMAы健梏晶p35︸繁小鈑渉湿亼仕 

 毚棙艾浄 EUD ︸繁35傑寉小鈑<n!＄聽穀х𩸕奧Ζ埴㾱抱梏晶p罕奧棗35

EUD撳還 TEUD＄奧э㾱抱梗x弥эシэ LENT/SOMAы健梏晶p＄TEUD 還
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δ 54.00Gy′p□0.01″＄奧э㾱抱梗ʜ梏晶p＄TEUD還δ 60.00Gy′p□0.01″┛

虹 2.13顆学校法人х茣せ榺ΖΜ EUD撳還奧痼歲槀≳紅埴醸＄梏晶pśx'03住埴声梏

晶pśx旺住埴35ナ唸83痁隸掮渉湿35 Kaplan-Meier鴆舜┛ 

 

                     ′a″                                ′b″ 

虹 2.13奧э㾱抱梗x弥эシэ LENT/SOMAы健梏晶p′a″声梗ʜ′b″Ζ埴梏晶p＄紅麹会藥情鬘35 EUD撳還′a″

54.00Gy声′b″60.00Gy妍痼歲紅δ梏晶p梗x'03住埴声旺住埴＄⁇壟Ζ埴痼歲ナ唸83痁隸掮渉湿35 Kaplan-Meier鴆舜 

2.5.9.3︸繁龥I忘察奧訒 

 毚棙ś 2.9 声ś 2.10 Οヘ形豚洫Y倦狢紅┭35聴┹＄詔印つ梗 LKB┚

Logit-EUD┚Schultheiss┚Poisson-EUD┚Källman声 Parallel結△ NTCP︸繁＄券

čゝ滕穀35 NTCP還賠ユ梗x邉68梏晶p35⁇壟聴┹鶫顆砵Y倦狢┛緯永湿滕穀

35O餌洪鈑′猿Ⅵ洪鈑″還声顆砵狢′p還″モ│奧訒＄結△ NTCP︸繁陌顆砵

攴麹＄頓橆＄茣せ 2.5.6圴ř佬35︸繁奧訒鑷®＄δ榺結△ NTCP︸繁紅麹痔日

ROC鴆舜＄聴┹洛虹 2.14罕学校法人 

 

虹 2.14 LKB┚Logit-EUD┚Schultheiss┚Poisson-EUD┚Källman声 Parallel︸繁覇 5桿痁僐隸掮7/12龥I㾱抱梗x弥эシэ

LENT/SOMAы健梏晶p35 Receiver Operating Characteristic′ROC″鴆舜 `鴆舜ユ博餌昡軟縟鴆舜ャ鑷35螞⌇ 

 洛虹罕学校法人＄LKB┚Logit-EUD┚Schultheiss┚Poisson-EUD┚Källman声 Parallel
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︸繁痔日35 ROC鴆舜ユ博餌昡軟縟35ャ鑷螞⌇紅麹δ 0.7197┚0.7198┚0.7178┚

0.7188┚0.7204 声 0.7196＄藥橆＄縉淫đδ＄LKB┚Logit-EUD┚Schultheiss┚

Poisson-EUD┚Källman声 Parallel︸繁覇龥I㾱抱梗x弥эシэ LENT/SOMAы

健梏晶p隸śx梗хY猿35忘察┛蒸珊＄覇龥I券井痁僐隸掮ャ35㾱抱梗ʜ梏晶

p隸＄情︸繁Пśx梗хY猿35龥I忘察┛ 

2.5.9.4籾形豚洫紅┭ 

 奧э㾱抱梗x弥эシэ LENT/SOMAы健梏晶p声U坪梗ʜΖ埴梏晶p＄妍

ヘ形豚洫紅┭滕穀35ユ券塢紘Y倦35峐籾頓啀＄面鑷墾𥿔′獪墾𥿔″┚鵝弥墾𥿔

′Dmax″┚IMRT┚V3-V7┚V34-V81┚印艾浄滕穀35小鈑還čゝ35 NTCP声 EUD

還＄槀≳籾形豚洫紅┭＄聴┹顆学校法人＄奧эモ橎Ζ埴梏晶p＄籾形豚洫紅┭逃梗35

顆砵龥I頓啀聴┹Y蒸◇NTCP還声 EUD剣鶫訒面鑷墾𥿔′獪墾𥿔″┚鵝弥墾𥿔

′Dmax″声 IMRT鴦'0335顆砵狢＄姿峐籾墾𥿔-翁⌇頓啀Ο＄¢鶫ヘΜ墾𥿔-翁⌇

頓啀覇籾形豚洫紅┭Ο庙梗┛ 

2.5.10 ř佬 

2.5.10.1龥I忘察奧せ抄小鈑艾浄35濔こ゚狢 

 艮鸚擺屋嚶縟х覇艮郊猜邉68殃𪆐35U坪声㾱抱餬鸚薔疫奧棗35情NTCP︸

繁小鈑＄緯圈MV聴┹抄券紅┭棙●詔◓＄艾浄聴┹渤裸芭龥Iх痼歲寒翁梗x梏

晶p35㎤83＄梏レ覇ヘ形豚洫紅┭声籾形豚洫紅┭Ο＄NTCP 声 EUD ΖΜナ89

喃頓啀畐ユ痼歲梏晶p35梗x鶫ヌ顆砵Y倦狢＄榺ヘY倦狢35沛楾タ齧'03э衛悲

碆τモ35峐籾墾𥿔-翁⌇頓啀＄δΧ椦若ナ声89コ旌僲č┚𣠽苒鵝永35̂68鑷鞘＄

蠖駕х鑄35┚御問35兗羽餌御┛ 

 鬘Burman [1]э 1991桿艾浄х峐籾殿囮35NTCP︸繁小鈑還醸＄楆桿│П鶫

弥𥿔錮問膊湈х奧艮郊猜邉68殃𪆐35U坪薔疫35Y倦せヽ＄逃梗хュ蒸35NTCP

小鈑︸繁＄姿奧э㾱抱薔疫35Y倦せヽ嫂麕◓膊湈┛洛┹Χ椦若ナ𣠽苒禾ホNTCP

︸繁屋δč行永湿縻̂68鑷鞘𣠽苒35兗羽餌御＄𤎼σ韋心詔印痁碆𣠽苒小彩錮問

Ο逃梗35︸繁小鈑U蜥ホ│čゝ痼歲寒翁NTCP還＄榰韋濔鼛府э券痼歲寒翁鈑

藥鬱尹圈MV＄鬘≳艾浄小鈑︸繁│脣激禾ホ▲錮問Ο逃梗35小鈑韋心鶫駛櫳狢▲

紹勿＄︸繁小鈑35渉湿ヽお洩殃𪆐NTCP龥I聴┹籾弥35渉皿▲δх豚ヂ榺茜捓

佳＄縉淫僲čх榺珊ヘ埴圈MV＄印 5 桿痁僐隸掮7/12モ痼歲梗x弥эシэ

LENT/SOMAы健U坪薔疫35痼歲鈑藥δ貨＄紅麹豪ホ麝せヽ艾浄滕穀35妋埴梏

晶p奧棗35LKB︸繁小鈑声Burman[1]┚Rancati[29]┚Peeters[31]┚Soehn[34]┚

Tucker[46]逃梗35︸繁小鈑＄čゝ妋埴薰ヘ貨痼歲NTCP還＄梏妍橆NTCP還ユ⁇

壟滕穀35痼歲梗x梏晶p35痁僐發胡槀≳Y倦狢紅┭′univariate analysis″⁇壟
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ュ蒸35︸繁小鈑韋心洩逃龥I聴┹暎│顆砵淅箭┛聴┹洛ś 2.11罕学校法人◇ 

ś 2.11 奧訒麝錮ユ券井阿埴せヽ聴┹奧U坪餬鸚梏晶p35龥I忘察 

 ︸繁小鈑′LKB︸繁″ 龥I聴┹%′桷賠 NTCP±餌御攴″ Y倦狢′p還″

麝錮 TD=78.06＄n=0.02＄m=0.14 22.54±7.45 0.007 

Burman
[1]

 TD=80.00＄n=0.12＄m=0.15 6.29±2.95 0.050 

Rancati
[29]

 TD=81.90＄n=0.24＄m=0.19 5.12±2.39 0.091 

Peeters
[31]

 TD=80.70＄n=0.13＄m=0.14 4.19±2.34 0.070 

Soehn
[34]

 TD=78.40＄n=0.08＄m=0.11 5.31±3.32 0.040 

Tucker
[46]

 TD=78.00＄n=0.08＄m=0.14 10.36±4.33 0.022 

 覇阿桿痁僐隸掮7/12モ＄U坪梗x弥эシэ LENT/SOMAы健梏晶p35痁僐聴

┹δ痁僐穀 257貨痼歲＄券Ο 58貨痼歲梗x梏晶p＄梏晶p晶n83δ 22.57%┛

緯ś 2.11 逃梗35圈MV聴┹つ＄毚棙麝錮艾浄滕穀35︸繁小鈑čゝ薰貨痼歲35

NTCP還梏&賠還＄聴┹δ 22.54%＄渤裸芭龥Iх麝埴痼歲梗x梏晶p35發胡┛

妍薰貨痼歲35 NTCP 還ユ痁僐聴┹槀≳ヘ形豚洫紅┭＄p=0.007＄儃霽čゝ滕穀

35 NTCP 龥I聴┹ユ圈氄晶n發胡塢紘Y倦┛券井阿埴Ο＄Burman┚Soehn 声

Tucker逃梗35メ埴小鈑čゝ滕穀35 NTCP還＄ユ梏晶p⁇壟聴┹П鶫顆砵35Y倦

狢＄汚券奧梏晶p㎤8335龥I還紅麹δ 6.29%┚5.31%声 10.36%＄ユ痁僐⁇壟穀

35圈氄晶n83 22.57%鶫暒弥35雁攴＄ュ忘ホэ龥I梏晶p35梗x┛ 

 𤎼σ＄洛┹ NTCP︸繁小鈑印艾浄聴┹小鈑還δΟ濕梗x職澁35渉湿隸＄洩

奧 NTCP龥I聴┹扱ナ籾弥35淅箭▲縉淫維Ⅵ印 5桿痁僐隸掮7/12モ痼歲U坪梗x弥эシэ

LENT/SOMAы健梏晶pδ貨＄艾浄滕穀35 LKB︸繁小鈑δ TD=78.06＄n=0.02＄m=0.14＄

縉淫僲č圈MV＄会尞紅麹迩圀ΖΜ小鈑還＄禾紹ヘΜ小鈑還δ渉𥿔＄彩壟奧妋埴痼歲 NTCP

龥I還35渉湿發胡＄聴┹洛虹 2.15罕学校法人◇ 

 

(a) 
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(b) 

 

(c) 

虹 2.15 ホ│龥I 5桿痁僐隸掮7/12痼歲梗x弥эシэ LENT/SOMAы健梏晶p35 LKB︸繁小鈑渉湿奧NTCP龥I還淅箭 

虹Ο`7/12罕覇押鵈35min博餌韋麝錮艾浄滕穀35Y棗小鈑還＄罪博餌十麝錮奧妋埴梏晶p35龥I聴┹ 

虹 2.15Ο35メΜ虹紅麹顆学校法人х TD50(1)┚n声 mメΜ小鈑覇龥I 5桿痁僐隸掮7/12

痼歲梗x弥эシэ LENT/SOMAы健梏晶p隸＄小鈑渉湿奧妋埴痼歲桷賠 NTCP

還35淅箭＄虹Ο擪噯`餌Ŭ35押鵈＄券min博餌韋麝錮艾浄滕穀35Y棗小鈑還＄罪

博餌十麝錮奧妋埴梏晶p35龥I聴┹┛洽小鈑 TD50(1)┚n 声 m 紅麹沼覇艾浄聴

┹沼還7/12隸＄妋埴痼歲35桷賠 NTCP 還渉湿鏥83賠暒弥＄券Ο小鈑<n!35渉湿鏥

83鵝弥＄洽 n還膨殺 0.01隸＄桷賠 NTCP還穴沬旺 1.3%＄小鈑<TD50(1)!35鏥83

Y奧暒婀＄洽券膨殺 1Gy隸＄桷賠 NTCP還妍膨殺 1.5%┛ 

 モ橎圈MV聴佬渤裸芭翁xх NTCP︸繁小鈑艾浄35濔こ゚狢＄頓橆縉淫櫻Ĵ＄

鶫瑤烏35嶧佳せヽ以炊覇豪ホ NTCP槀≳鑷鞘永湿縻梏晶p㎤83龥I隸＄ŀ憩豚

鼪紅┭艮鸚擺屋⌇~35痼歲鈑藥＄澋沼ル屮券せヽΟ濕35櫳ホэ券痼歲ⓔ7/1235︸

繁小鈑＄印概梫穀鴦裸35龥I鄂┹┛ 

84 

 



ゔыゕ 橫曰埴親梏晶p㎤83︸繁小鈑艾浄抄︸繁奧訒紅┭ 

2.5.10.2U坪声㾱抱橫曰埴親痔日 

 屋δア孶埴親＄U坪声㾱抱35献埃89罕消穀35せ姨墾𥿔ュ棗妋ユ邉68梏晶p

35梗x鶫鵜鴬倦O┛澎敬畎鑒弥喃M.D. Anderson寧ケΟ濕奧 2 桿痁僐7/12モU坪

梗ʜ梏晶p35小鈑艾浄聴┹顆学校法人

[47]
＄宸0攴欸ュ弥＄汚韋府эU坪枚35墾𥿔-翁

⌇U鑷虹槀≳35小鈑艾浄問圈ヘU印│永э府э鉉ΜU坪埴親′辞苺献埃89″35

墾𥿔-翁⌇U鑷虹槀≳35小鈑艾浄聴┹┛Harsoliaシ
[48]
𩸕奧㾱抱埴親＄П逃梗хū

猿35聴佬＄HarsoliaY革＄奧э降臨㾱抱枚翁⌇35紅┭捷鞁хよ橫35ナ89喃住抄

殿囮聴┡＄Y奧э紅┭鉉Μ㾱抱翁⌇姿ㇷ＄覇せヽa孶窿狢梏晶pモ券聴┹鴦δ

御問┛ 

 菹э橆＄麝せヽ奧U坪声㾱抱埴親35墾𥿔喃兗奄＄畐韋府эU坪枚声㾱抱枚

翁⌇┛麝ゕ 2.5.3.2 圴異聡хナ縟U坪声㾱抱枚埴親聴┡35鑷®＄覇橆府コモ詔

印U蜥緯 DVH虹澋沼U坪枚声㾱抱枚35墾𥿔-翁⌇革甃┛ラэ麝嶧佳ラ籾Ο濕寿

屋嚶縟＄痼歲│鬘®肉ュ蒸35邉68Ο濕＄頓橆＄情Ο濕禾ホ35邉68č行O悲′TPS″

鶫暒弥攴麹＄Μ麹 TPS 㫖烏陌®圈x奧ア孶聴┡枚埴親35鬘皿ナ縟＄頓橆綳こ゚

紅麹痔日声兗奄ア孶埴親35献枚声勿枚＄紅麹澋沼献枚声勿枚35 DVH鴆舜声ア

孶埴親献┚勿旔樔35班奧翁⌇＄印橆čゝ梗ア孶枚35 DVH鴆舜┛ 

2.5.10.3梏晶p兗羽餌御扱ナ35淅箭 

 麝錮ゔヘゕ 1.2.2圴＄異聡х LENT/SOMA┚RTOG/EORTC┚CTCAEシュ蒸

35梏晶p兗羽餌御＄奧э寧ケ邉姨̂68殃𪆐35餬鸚邉68梏晶p＄εこ゚小彩艮Ζ歲＄

姿喉ω罕鶫Y倦錮問覇艾浄橫曰埴親梏晶p㎤83︸繁小鈑隸＄賠𣠽苒

RTOG/EORTC餌御奧痼歲梗x35梏晶ppせ槀≳紅健┛ 

 Fiorinoシ
[49]
獪聴х籾せ錮問＄đδ楆茜桿𩸕奧U坪Ο楾声紞楾梗ʜpせ鬱尹

35NTCP︸繁小鈑艾浄擺屋Ο＄奧э翁⌇鄂棗頓啀<n!＄峐籾せヽ逃梗35艾浄聴┹

賠異э 0.06声 0.13φ掮
[29-31, 34]

┛ 

 Sohn
[

シ

餌

34]
艾浄х窿狢U坪梗ʜ弥эシэы健pせ＄禾ホхCommon 

Terminology Criteria for Adverse Events (CTCAE) 3.05635兗羽餌御◆Rancatiシ
[29]

禾ホхヘ△邂槀35RTOG餌御
[50]
＄券Ο辞苺хLENT/SOMA 御35 #ε⁇

subjective$璡紅＄印橆│錫麹ヘ健声ы健餬鸚U坪梗ʜ◆Tuckerシ
[30]
覇Fox Chase

寧ケΟ濕

[51]
禾ホхヘ△府эRTOG餌御割邂醸35兗羽莢餌＄性譲δLate Effects 

Normal Tissue Task Force 
[52]
◆Pettersシ

[31]
ホRTOG兗紅餌御兗羽U坪狎狢梏晶p

35隸官＄妍 3桿痁僐隸掮モ梗xU坪梗ʜ┚'03�83蛬概声弥概薮\\pせ彩熳覇献┛ 

 陌佬糦ホ措△梏晶p兗羽餌御＄モ橎せヽ聴┹37蠖学校法人U坪屋δヘ△Υ繁殿

囮＄券邉68梏晶p奧'03墾𥿔錫鴦δ酘磬┛麝錮艾浄滕穀35小鈑<n!訒 0.06 榰こ゚婀

85 

 



ヴ宗弥喃修務喃押佬錮 

ヘ7/12＄頓橆縉淫副I＄詔忘韋ラэ麝錮糦ホх LENT/SOMA 榺ヘ梏晶p紅健餌

御＄ユモ橎峐錮問37ュY蒸＄姿梏晶p紅健餌御35ュ蒸＄詔忘奸𪘚蒸ヘ痼歲覇㍍

ヘ痁僐隸掮ャ梗x梏晶p35兗奄聴┹梗xュ蒸＄槀姿淅箭鉉Μ痼歲寒翁梏晶p35

晶n83＄鵝遂淅箭︸繁小鈑艾浄35聴┹┛ 

 δх奧榺ヘ⁇7/12槀≳I嗎＄縉淫覇罕鶫激埴艮郊猜日痼歲Ο＄莠𣠽х│鬘®

肉糓瓲 Centre Eugène-Marquis寧ケΟ濕35 188貨痼歲鈑藥＄奧榺茜痼歲覇 2桿痁

僐隸掮ャ梗x35U坪餬鸚梏晶p＄紅麹ホ RTOG/EORTC声 LENT/SOMAΖ△ュ

蒸35兗羽餌御槀≳兗奄＄梏覇ュ蒸35梏晶p兗健聴┹35府コモ＄紅麹艾浄 LKB

︸繁小鈑┛聴┹ś霽＄禾ホRTOG/EORTC餌御隸＄︸繁小鈑<n!35艾浄聴┹δ 0.19＄

姿禾ホ LENT/SOMA餌御隸＄︸繁小鈑<n!35艾浄聴┹渉縟х 0.018┛縉淫晶x＄

洽梏晶p兗羽莢餌ラ RTOG/EORTC 渉縟 LENT/SOMA 隸＄188 貨痼歲Ο35 16

貨痼歲′8.5%″35梏晶p兗羽聴┹消穀х淅箭＄券Ο 11貨痼歲35梏晶p兗奄聴

┹ラ#麕梗x弥эシэы健梏晶p$渉δ#梗x弥эシэы健梏晶p$′0å1″◆5

貨痼歲35梏晶p兗奄聴┹ラ#梗x弥эシэы健梏晶p$渉δ#麕梗x弥эシэы

健梏晶p$′1å0″┛ラ橆詔◓＄ュ蒸35梏晶p兗羽餌御＄問圈淅箭ヌ奧痼歲寒翁

梏晶p晶n8335兗奄＄分姿淅箭х︸繁小鈑35艾浄聴┹┛ 

 Hoellerシ
[53]
奧訒хRTOG/EORTC声LENT/SOMA覇兗奄邉68殃𪆐3577程薔

疫紅健Ο35聴┹＄圈MV聴┹ś霽Ζ△餌御覇兗羽蒸ヘ痼歲35Y蒸pせ隸詔忘逃梗

ュ蒸35紅健聴┹＄聴佬đδユRTOG/EORTC餌御Y訒＄LENT/SOMA韋ヘ△鴦裸

35餬鸚邉68蠇狢兗羽餌御＄噪奧RTOG/EORTC餌御嬉梗х鴦鑄◆Anacakシ
[54]
奧

訒хRTOG/EORTC声LENT/SOMA覇兗奄址𧵳日声啀址献翆日邉68ΟU坪声㾱

抱梗x梏晶p35蠇狢紅健聴┹＄聴佬đδLENT/SOMA餌御韋餬鸚蠇狢捷棗兗健

餌御ャヘ橳35晶尹鑷埴′future step″＄洽ⅥП綳こ゚籾Ο濕浄屋せヽ奧券御問狢ч

印邂槀┛ 

2.5.10.4小鈑痁痁僐隸掮渉湿35亼仕 

 覇艾浄㍍橫曰埴親梏晶p㎤83︸繁小鈑35棙●Ο＄綳こ゚Ζū杝激鈑藥＄ヘ鑷

螞綳こ゚激埴痼歲㍍橫曰埴親消穀せ姨墾𥿔35墾𥿔-翁⌇革甃＄紹ヘ鑷螞綳こ゚ヘ圀

隸掮7/12モ妋橫曰埴親梗x梏晶p35痁僐聴┹┛艮歲韋ヘ埴迩圀𥿔＄П孛韋岏＄痁

ヌ̂6835聴槇＄橫曰埴親消穀35𣏒姨墾𥿔П孛迩圀хャ│＄ュ洩痁ヌ隸掮35蝠▪

扱ナ鵜鴬渉湿＄姿醸歲＄十梏晶pśx發胡＄洩痁ヌ隸掮35蝠▪姿梗x暒弥攴欸┛

奧э狎狢邉姨梏晶p＄毚曰đδ晶ナ覇邉68圈鑾̂6835棙●ΟU齧邉68聴槇醸35

3Μ鶇＄姿艮郊猜日邉68棙●Ο扱ナ35U坪声㾱抱薔疫＄籾鈑śxδ餬鸚薔疫＄

十緯邉68聴槇醸35 3Μ鶇U齧醸蔽35 5桿隸掮献＄畐鶫詔忘梗x梏晶ppせ┛頓

橆＄覇邉68聴槇醸＄痁ヌ隸掮35蝠▪＄痼歲寒翁Ο梗x邉68梏晶p35發胡韋痁ヌ
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痁僐隸掮7/1235渉湿姿渉湿35＄痁僐穀35痼歲鈑𥿔П痁ヌ̂68醸隸掮35蝠▪梗x渉

湿┛訒暒喧繁35ヘ△發胡韋痼歲覇洽艮痁僐せ燠ャ麕梗x梏晶ppせ＄汚痁ヌ隸

掮35蝠▪＄詔忘覇ャヘΜ痁僐隸掮7/12śx梗梏晶ppせ＄洛┹ュ彩熳隸掮35淅箭

頓t＄洩覇鈑藥悲čΟ旺奄痼歲寒翁35梏晶p㎤83

[55]
┛頓橆＄覇兗奄梏晶p晶

n發胡声艾浄︸繁小鈑隸＄濔鼛奧痁僐隸掮7/12槀≳岏霽＄姿Χ椦若ナ声邉姨89コ

旌覇禾ホ錮問Ο悗v穀35︸繁小鈑隸＄П綳こ゚奧妋︸繁小鈑蠑橎35梏晶p晶n隸

掮鶫ヘΜボ駘35đ凊┛ 

 艮錮蠖穀35喉せ奧艮郊猜日邉68殃𪆐U坪餬鸚薔疫 NTCP︸繁小鈑35せヽ＄

畐韋逃梗ヘΜ迩圀35痁僐隸掮7/12＄覇橆隸掮7/12モ兗奄激埴痼歲35梏晶pśx發

胡＄嫂麕悗v穀鶫せヽř佬ュ蒸35痁僐隸掮7/12奧小鈑艾浄聴┹35淅箭┛嶧佳埴奧

激埴痼歲槀≳х圾梫 5桿35痁僐＄梏レ覇̂68聴槇醸35 2桿┚3桿┚4桿声 5桿

隸掮7/12モ賠兗奄х痼歲35梏晶p發胡＄頓橆＄縉淫鶫瑤烏覇ュ蒸35痁僐隸掮ャ艾

浄︸繁小鈑＄│⁇壟小鈑渉湿亼仕┛ 

 紹勿＄モ橎結△ NTCP︸繁Ο＄LKB┚Logit-EUD┚Poisson-EUD声 EUD︸

繁䚮Ⅵ鶫ヌュ蒸35鈑喃ś梫濤歡＄汚噪淫畐詔印ś梫縟ホ EUD 鑷®ヮ湿 DVH

35濤歡＄頓橆榺メΜ︸繁Ο35︸繁小鈑剣鶫Y蒸35鈑喃声ナ89喃碆τ＄詔印梏郊

訒暒┛ 

 頓橆＄洛虹 2.6声虹 2.12罕学校法人＄紅麹孛U坪声㾱抱覇ュ蒸痁僐隸掮7/12モ梗x

35梏晶p＄蠑桃х LKB┚Logit-EUD┚Poisson-EUD声 EUD︸繁件鶫35 TD50(1)┚

翁⌇鄂棗頓啀′n/s″┚鏥83頓啀′m/k/け″痁隸掮35渉湿亼仕┛虹 2.6′a″声虹 2.12

′a″顆学校法人х小鈑 TD50(1)覇陲鸚梗x梏晶p35痼歲寒翁洽Ο鴦'03＄痁ヌ痁僐隸掮

35蝠▪＄艾浄滕穀35妋還歵ょ渉婀＄П孛韋岏＄暒'0335せ姨墾𥿔洩禾U坪梏晶p

暒陲芭śx梗│＄什儃хU坪韋ヘ△陲捷棗埴親┛ 

 Tuckerシ
[55]
蠖梗хヘ△ゾ浄35Lyman︸繁′mixture Lyman model″＄覇初鶫

LKB︸繁メΜ小鈑35府コモ＄膨殺хΖΜ小鈑た声j＄ホ│蠑橎梗x梏晶p35隸掮
頓t＄印橆𤄃桂痁僐隸掮A姿梗xモ錮蠑橎35岸槥狢發胡┛Tuckerホlognormal

紅斷│奧痁僐隸掮槀≳櫻︸＄小鈑た声j35㎤83塢楾洪鈑δ 

* + * + 22
2ln

2

1 uovruvv //©? ef                        ′2.25″ 

奧э痼歲 i＄洛┹妋痼歲覇痁僐隸掮 k 梗x梏晶p＄鉱券奧猿Ⅵ洪鈑35䡄問δ

* +vfNTCPi © ＄Y捷＄洛┹妋痼歲覇痁僐隸掮 k 麕梗x梏晶p＄鉱券奧猿Ⅵ洪鈑

35䡄問δ * +vFNTCPi ©/1 ＄券Ο * +vF 韋奧 * +vf 35Y棗35~⌇紅斷洪鈑′ the 
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cumulative distribution function″┛ 

2.5.10.5U坪35墾𥿔-翁⌇鄂棗 

 緯ヘ形声籾形豚洫紅┭聴┹│つ＄墾𥿔-翁⌇頓啀畐韋ユ邉68梏晶p35梗x鶫

塢紘Y倦狢35＄姿U坪梗ʜ′bleeding″梏晶p彰韋鵝曰◓35梏晶pφヘ＄頓橆＄

縉淫鶫濔こ゚聴浄艮鸚せヽ聴┹＄奧U坪35墾𥿔-翁⌇鄂棗槀≳ř佬┛ 

 屋δ鵝δ曰◓35U坪邉68梏晶ppせ＄券晶n以鈑籾＄奧痼歲ナ唸迮𥿔淅箭

弥＄殃𪆐х峐籾せヽ以炊35倦Ê＄詔印覇籾せ錮問Ο聽穀奧榺ヘ捓佳35ř佬┛ラ

э詔澋沼35Χ椦鈑藥𥿔弥＄奧梏晶p35蠑橎餌御鶫ヘΜ悲ヘ35đ凊声澯滷＄梏レ

奧U坪#Υ繁殿囮$35ⓔ7/12鶫ヘ圀35件凊＄頓橆峐籾せヽ35聴┹П鶫暒裸35ヘ𪘚

狢┛ラ橆暎│35e面＄韋覇IMRT35永湿棙●Ο＄奧U坪墾𥿔-翁⌇永湿穴槇瑤烏

35Η灼浡腰＄鶫鄂蜚腰хU坪梗ʜ榺ヘ梏晶p35晶ナ

[24, 56-58]
┛Y倦錮問覇悲čせ

ヽ声擺屋誕MV35府コモ＄蠖駕х弥𥿔墾𥿔-翁⌇穴槇瑤烏＄妍U坪梗ʜpせ沬旺

穀Χ椦詔印蜥消35鰀桷′□5-10%″
[31, 59-63]

┛峐籾せヽ覇̂68艮郊猜日鑷螞梫縟

'03楾ヘ𪘚＄đδ面鑷墾𥿔覇 70Gy声 80Gy＄đ詔35穴槇墾𥿔陋辞苺'03墾𥿔錫描

′65-78Gy″＄П辞苺Ο掮墾𥿔錫描′40-60Gy″┛ⓔ麹韋V70□25%声V75□5%＄く

梵¹蝠栱屋δ餬鸚U坪梗ʜ旺晶n8335穴槇瑤烏

[31, 34, 60-62, 64-67]
┛x妍𩸕奧U坪梗

ʜ梏晶p蝠栱梏く梵δđ詔35喉埴墾𥿔-翁⌇頓啀郊θэś 2.12◇ 

ś 2.12 錮問Ο蝠栱35喉埴𩸕奧U坪餬鸚梗ʜ梏晶p35墾𥿔-翁⌇穴槇瑤烏 

錮問 激埴

痼歲 

面鑷墾𥿔 墾𥿔-翁⌇穴槇瑤烏 模Ê 

Jackson
[59]

 171 70.2縻 75.6 Gy RTOG Gradeœ2◇ 

V40 \ 60% 

V77\14% (奧面鑷墾𥿔δ

75.6Gy35痼歲) 

 

Fiorino
[60]

 229 70+76 Gy 割 邂 醸 35 RTOG 

Gradeœ2◇ 

V50 \ 60% 

V60 \ 50% 

辞苺螌櫳濤邉68痼歲◆蛬瀠U坪

翁⌇弥э 100cc痼歲 

Fiorino
[61]

 245 70+78 Gy 割 邂 醸 35 RTOG 

Gradeœ2◇ 

V50 \ 60% 

V60 \ 45% 

V70奧 Grade3梗ʜpせ鶫鴦沛35

龥IY倦狢 

Vargas
[62]

 331 70.2+79.2 Gy CTCAE v2.0 Gradeœ2◇ 

V70 \ 25% 

窿狢U坪梏晶p＄V50 П蒸珊ユ

籾鈑梗ʜpせY倦′陌蝠栱穴槇″

Peeters
[31]

 641 68縻 78 Gy 梗ʜ＄綳こ゚Î掲殿/杝ʜ◇

V65 \ 30% 

V55+V65＄ⓔ麹韋 V65鵝剣鶫龥I

Y倦狢＄㋣ヰэ丬/a孶羃麸 

Fiorino
[64]

 506 70+78 Gy LENT/SOMA Gradeœ2◇ 

V50 \ 55% 

艮77狢せヽ◆奧э艮鸚蜥消棙丬/

a孶羃麸35㋣ヰ龥I頓啀δ V70
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V60 \ 40% 

V70 \ 25% 

V75 \ 5% 

□15%◆V75δ Grade3 梗ʜ梏晶

p鵝嫁龥I頓啀 

Fellin
[63]

 718 70+80 Gy LENT/SOMA Gradeœ2◇ 

V75 \ 5% 

艮77狢せヽ◆奧э艮鸚蜥消棙丬/

a孶羃麸35㋣ヰ龥I頓啀δ V70

□15%＄蒸隸П韋 Grade3梗ʜ35

鵝嫁龥I頓啀 

 モ橎蝠栱35墾𥿔-翁⌇穴槇瑤烏＄籾ヌテэ'03墾𥿔錫描35消せ姨翁⌇┛Ⅵ姿＄

П鶫膊湈đδ暒弥翁⌇慼軟35U坪埴親消穀 40-50Gy墾𥿔せ姨詔忘膨殺殃𪆐U

坪梗ʜ35㎤83＄タ齧奧э面鑷墾𥿔婀э 70Gy35駛毚勿せ姨邉68痼歲П詔忘晶ナ

[59, 60, 68-70]
┛宸0洛橆＄メ翼櫳濤邉68攸誕歵ょ縟δ曰¤禾ホ35邉68肄麸＄頓橆榺

ヘせ胡П覇歵ょ醐婉┛ 

 ラ橆詔◓＄殃𪆐U坪梗x邉68梏晶p35墾𥿔-翁⌇頓tΟ＄印U坪消穀'03墾𥿔

せ姨錫描35Y奧翁⌇弥婀δ鵝顆砵淅箭錫描＄榺ヘ7/12ユ麝錮せヽ滕穀35聴┹Y征

棗┛ヘ鑷螞＄ヘ形豚洫紅┭Ο＄面鑷墾𥿔′獪墾𥿔″┚V69-V74δ顆砵Y倦頓啀＄

籾形豚洫紅┭Ο＄贈ヘ庙梗35ヘΜ墾𥿔-翁⌇頓啀孛韋 V72＄П蠖学校法人'03墾𥿔錫δ顆

砵龥I頓啀◆紹ヘ鑷螞＄陌佬措Μ痁僐隸掮7/12モ＄艾浄滕穀35 NTCP︸繁頓啀Ο＄

翁⌇鄂棗頓啀<n!35還畐亼楆э 0＄ś霽U坪埴親δ婀翁⌇鄂棗埴親＄奧棗35U坪

梏晶p奧婀翁⌇慼軟献35'03墾𥿔せ姨酘磬┛ 

2.5.10.6㾱抱35墾𥿔-翁⌇鄂棗 

 ユ券井橫曰埴親ヘ珊＄㾱抱梗x邉68梏晶pユ消穀せ姨35墾𥿔-翁⌇小鈑鶫ヌ

塢紘35倦O＄汚ユU坪ュ蒸35韋＄ュ蒸35せヽ聴┹掮榰唸覇ヌ暒弥35紅櫢＄奧э

㾱抱35墾𥿔喃ⓔ狢嫂ュボ駘┛ 

 籾鈑せヽ逃梗35聴┹＄đδ㾱抱śx梗婀翁⌇鄂棗＄奧'03墾𥿔錫酘磬＄δΥ

繁殿囮┛貨洛Cheungシ
[71]
đδ＄洽ヘΜ㾱抱婀翁⌇慼軟蜥消х'03э 78-80Gy35墾

𥿔＄鉱榺ヘ墾𥿔-翁⌇倦O韋扱ナ餬鸚æ寇ナ珒O悲梏晶p35'03住頓t┛ヘ茜せ

ヽ晶x

[57, 58, 72-76]
＄齧婉蛬寇札忘癊アト35εこ゚黝腰φヘ＄沼袴эヘΜ#婀$翁⌇35せ

姨＄貨洛㾱抱35棣璡ュ詔𤄃桂芭覇艮郊猜日邉68Ο消穀暒'03墾𥿔35せ姨┛ユモ橎

せヽ聴佬Y征棗35韋＄麝錮35せヽ聴┹Ο＄П毚棙ヘ形豚洫紅┭聽梗х面鑷墾𥿔

′獪墾𥿔″声鵝弥墾𥿔7/12墾𥿔ユ㾱抱邉68梏晶p35顆砵Y倦狢┛ 

 П鶫ヘ璡紅せヽ聴┹＄đδ㾱抱śx梗弥翁⌇鄂棗十梏繁殿囮ⓔ7/12┛Marks

シ

[77]
晶x㾱抱35弥璡紅翁⌇詔印蜥消弥穴 30-50Gy35せ姨＄洛┹婀翁⌇㾱抱埴親

消穀х 60-65Gy墾𥿔35せ姨＄鉱梗xΗ紞梏晶p35㎤83Y洽旺◆洽鉉Μ㾱抱埴親

消穀妍楆 50-60Gy墾𥿔せ姨隸＄鉉Μ㾱抱梗x札忘癊アト35𢿫烖鬱臨膨殺＄榺隸＄
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十禾㾱抱鵝弥墾𥿔7/1235墾𥿔渤旺＄П詔忘鶫Η紞35邉68梏晶p梗x┛Harsoliaシ

[48]
П晶x𩸕奧㾱抱窿狢梏晶p＄唸覇ヌヘ埴弥慼軟35㾱抱枚墾𥿔-翁⌇龥I頓啀＄

篤苺х緯V10~V8235墾𥿔-翁⌇奧棗7/12┛麝錮35せヽ聴┹Ο＄ヘ形豚洫紅┭聴┹П

逃梗хV3-7＄V34-80 榺珊ヘ埴梵¹35墾𥿔-翁⌇Y倦頓啀＄đδ㾱抱埴親梏晶p奧

榺珊ヘ埴暒弥慼軟35墾𥿔-翁⌇龥I頓啀剣鶫酘磬狢＄śx梗х梏繁殿囮ⓔ狢＄

面э旺墾𥿔錫35㾱抱埴親П棗洽殃𪆐若ナ声89コ旌35倦Ê┛ 

 緯モ橎Ζ7/12│つ＄麝せヽ聴┹緯Ζ鑷螞畐聽穀Y猿35コ佬会藥＄十㾱抱陋ś

x梗Υ繁殿囮35ⓔ7/12＄奧'03墾𥿔錫描酘磬＄Пśx梗梏繁殿囮ⓔ7/12＄奧梵¹35旺

墾𥿔錫П酘磬┛誕棙悗v錮問＄縉淫聽穀хHarsoliaシ
[48]
35せヽ聴┹＄妋錮ゕヘ

鑷螞đδ㾱抱墾𥿔弥э 78-80Gy隸餬鸚梏晶p𢿫烖膨'03＄紹ヘ鑷螞П聽穀ヘ埴ユ

㾱抱窿狢梏晶pY倦35墾𥿔-翁⌇頓啀′V10-82″┛ 

 豚鼪Ζせ誕喧錮問＄Emami
[

シ

𪘚 5

3]
逃梗諮消紞p梏晶p35墾𥿔-翁⌇頓啀δ◇

65Gy 梏晶p㎤83 5%＄80Gy𪘚梏晶p㎤83 0%┛姿楆桿黻朗せヽ縟┹

QUANTEC
[78]
逃梗35艮郊猜日邉68殃𪆐㾱抱梗x弥эシэメ健餬鸚梏晶p35龥

I墾𥿔-翁⌇頓啀δV65ø50%＄V70ø35%＄V75ø25%＄V80ø15%┛ 

 府эモ橎峐籾せヽ聴┹＄縉淫副瞎＄氎縟㾱抱埴親蒸隸śx梗Υ┚梏繁聴┡

ⓔ7/1235初頓＄詔忘韋ラэ㾱抱鬘寽35⋛査喃ⓔ7/12袴圀35┛洛虹 2.16′a″
[79]
罕学校法人＄

覇艮郊猜日邉68Ο＄㾱抱ャ璡ユ艮郊猜裠錫Y狳＄頓δ裠錫PTV韋覇艮郊猜GTV

35府コモ埴メ翼鑷埴勿耒梗ヘΜ梘01＄鶫ヘ璡紅㾱抱枚タ齧洩く辞庭覇PTV紒

螞＄洛虹 2.16′b″＄頓橆濔圀鶫ヘ璡紅㾱抱枚消穀'03墾𥿔35せ姨＄榺ヘ墾𥿔タ齧

詔忘'03э面鑷墾𥿔◆彰ラэ㾱抱35聴┡袴圀хヘ圀鶫ヘ璡紅㾱抱枚槑✂艮郊猜裠

錫＄姿榺ヘ璡紅翁⌇終㾱抱獪翁⌇35班弥籾鈑＄頓橆鶫暒弥翁⌇35㾱抱枚消穀35

蕉韋旺墾𥿔せ姨┛縉淫副瞎＄洽㾱抱梏晶pユ'03墾𥿔7/12唸覇Y倦狢隸＄韋ラэ螗

楆裠錫35㾱抱枚埴親消穀х薔疫＄禾㾱抱śx梗梏晶ppせ◆Y捷＄洽㾱抱梏晶

pユ暒梵¹35旺墾𥿔錫描Y倦隸＄韋ラэ槑✂裠錫35㾱抱枚消薔＄禾㾱抱śx梗

梏晶ppせ┛ 
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                            ′a″                                        ′b″ 

虹 2.16 艮郊猜⋛査聴┡声 CT鐺寐虹叫 

 奧э龥I㾱抱梏晶p35NTCP︸繁小鈑艾浄擺屋＄誕錮問悗v＄瀠хBurman

シ

[1]
覇 991桿逃梗35峐籾橫曰埴親NTCP︸繁小鈑Ο辞苺㾱抱′TD=80Gy＄n=0.5＄

m=0.11″φ勿＄嫂麕鶫倦э㾱抱梏晶pNTCP︸繁小鈑艾浄擺屋35Y倦膊湈┛φ

罕印奧榺鑷螞擺屋侉鶫膊湈＄縉淫đδ＄齧婉鶫ヘ璡紅初頓＄韋頓δ㾱抱恵c●

楾35渉湿暒弥＄陋禾こ゚&痼歲覇薰尞̂68艮ヘ婀隸唱蛬寇＄維Ⅵ渤砷梫穀覇薰尞

圈鑾̂68隸鶫ヘΜ裸35殿囮押鵈紞盲＄ラ橆渤砷奧̂68棙●Ο㾱抱35墾𥿔声翁⌇

鶫ヘΜ御問35蠑橎

[

1

48, 49, 80-82]
┛ 

2.5.10.7U坪ユ㾱抱梏晶p35Y唖龥I倦O 

 モ錮ř佬хユU坪声㾱抱梏晶p唸覇顆砵Y倦狢35ナ89喃頓啀┚墾𥿔-翁⌇頓

啀┚痼歲ⓔ渫頓啀┚̂68小鈑頓啀シ＄榺茜ⓔ渫35梗x畐韋痼歲śx梏晶p35'03

住龥I革障＄綳こ゚殃𪆐Χ椦擺屋歲声邉姨89コ旌35倦Ê声ʲ盍┛瀠橆φ勿＄麝せ

ヽ35鵝弥ⓔ噯φヘ＄韋蒸隸せヽх艮郊猜日邉68棙●Ο殃𪆐35U坪声㾱抱ΖΜ住

抄殿囮35梏晶p梗x¤游＄姿レ覇 2~5桿ュ蒸35痁僐隸掮畐Ŭ洙х痼歲śx梏晶

p35發胡＄頓橆＄縉淫詔印鶫瑤烏せヽU坪声㾱抱śx梏晶p35Y倦狢＄彩壟覇

蒸ヘ隸掮7/12モ＄U坪声㾱抱梏晶p韋心詔印唖δ龥I頓啀┛ 

 縉淫糦ホ SPSS㫖烏′v16.0″Ο蠖駕35掌渉𥿔Y倦紅┭擺剣′Bivariate棙●″

│兗奄Ζ埴梏晶p梗x發胡φ掮35Y倦狢┛Y倦紅┭韋せヽ渉𥿔φ掮塢紘●楾35

ヘ△曰ホ35悲č鑷®＄舜狢Y倦せヽΖΜ渉𥿔φ掮舜狢Y倦35●楾┛Y倦O鈑韋

蠑橎榺△舜狢倦O●楾声鑷埴35悲č𥿔＄曰ホ r │ś学校法人＄r 35沼還慼軟緯-1 穀 1

φ掮┛洛┹Y倦O鈑弥э 0＄岏霽ы歲橫Y倦＄十痁ヌ渉弥姿渉弥＄渉婀姿渉婀＄

渉湿鑷埴ヘ𪘚＄Y倦O鈑㐬蜥楆 1＄岏霽'03楾Y倦┛洛┹Y倦O鈑婀э 0＄岏霽

ы歲蹻Y倦＄十痁ヌ渉弥姿渉婀＄渉婀姿渉弥＄渉湿鑷埴Y捷＄彐Y倦O鈑蜥楆

-1＄岏霽旺楾Y倦┛ΖΜ渉𥿔φ掮35Y倦狢韋心顆砵＄毚棙顆砵狢悗MV′test of 

significance″逃梗35 p還│Ś𥿔＄đδ p□0.05鉱Ζ渉𥿔顆砵Y倦┛圈MV聴┹洛

ャś 2.13罕学校法人◇ 

ś 2.13 Y蒸痁僐隸掮＄U坪声㾱抱śx餬鸚梏晶p掮35Y唖倦O 

 梏晶pū繁 

 œGrade2 bleeding 

痁僐隸掮 顆砵狢O鈑 Y倦O鈑 顆砵狢O鈑 Y倦O鈑

2桿 0.073 0.147 0.029 0.568 

3桿 0.200 □0.001 0.046  0.397 

4桿 0.217 □0.001 0.104 0.072 

5桿 0.228 □0.001 0.179 0.005 
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ラś 2.13詔◓＄覇 2桿痁僐隸掮7/12モ＄U坪声㾱抱覇弥эシэ LENT/SOMAы

健声梗ʜΖ埴餬鸚梏晶pモ＄畐ュ唸覇顆砵倦O◆汚覇 3桿┚4桿┚5桿痁僐隸

掮7/12モ＄U坪声㾱抱覇弥эシэ LENT/SOMA ы健餬鸚梏晶p35śxモ唸覇Y

唖倦O＄レY倦O鈑歵桿膨殺◆覇 3桿声 4桿痁僐隸掮7/12モ＄Ζ△埴親梗x梗ʜ

梏晶pПュ唸覇顆砵Y倦狢＄汚Y倦O鈑歵桿膨'03＄遂э覇 5桿痁僐隸掮7/12モś

x梗顆砵Y倦狢┛獪翁つ＄惇埴梏晶pY倦狢35顆砵狢賠暒'03┛ 

 ラ橆＄縉淫đδ＄痁ヌ̂68聴槇醸痁僐隸掮35櫟圾＄U坪声㾱抱śx梏晶p

35Y唖倦O㐬│㐬霽顆＄覇痁僐隸掮乑棙 3桿35發胡ャ＄U坪声㾱抱梗x弥эシ

эLENT/SOMAы健梏晶p唸覇顆砵Y倦狢＄詔唖δ龥I頓啀┛Ⅵ姿＄縉淫П濔

鼛つ穀＄痁ヌ痁僐隸掮35櫟圾＄蒸ヘ痁僐隸掮7/12モ忘蒸隸痁僐穀U坪声㾱抱梏晶

pśx發胡35痼歲貨鈑П㐬│㐬婉＄2 桿 394 貨＄3 桿 337 貨＄4 桿 301 貨＄5

桿 242貨＄頓橆＄Y倦狢35膨沛П詔忘ユ珊麝鈑35醐婉鶫倦┛誕錮問悗v＄麕悗

v穀ū猿せヽ＄意悗v穀ヘ貨𩸕奧艮郊猜日邉68殃𪆐U坪声㾱抱狎狢梏晶p声餬

鸚梏晶pφ掮Y倦狢35せヽ

[83]
＄聴┹đδΖ歲賠唸覇顆砵Y倦狢┛獪φ＄倦э

U坪声㾱抱śx梏晶p35Y唖倦O＄嫂綳こ゚鴦籾Χ椦鈑藥35遉茗声鴦ゲ激35せ

ヽ┛ 

2.5.10.8 Parallel︸繁35龥I忘察 

 奧э內┚墜声認榺△喧繁35梏繁殿囮姿ㇷ＄毚曰ホ梏繁札忘啀収形′parallel 

functional subunit＄FSU″コ佬│蠑橎殿囮35聴┡┛意洽弥𥿔FSUくゑ剥レ乑棙札

忘汲模紅斷′functional reserve distribution″蠑橎35撳還隸＄殿囮羇śx梗梏晶p＄

心鉱＄陋禾殿囮35㍍ヘ婀翁⌇モ消穀'03墾𥿔せ姨＄殿囮札忘Пュ洩消穀淅箭

[15]
┛

Jackson莢梗
[15]
＄洽埴縟㍍殿囮35FSU鈑𥿔暒弥隸＄鉉Μ殿囮35薔疫羇鴦楆猿э

FSU35桷賠薔疫＄櫻ヰParallel︸繁罕会藥35岸僲瑤烏羇忘鴦裸芭縟ヰ┛姿奧э喧

繁Υ繁殿囮＄Y洽э意鶫ヘΜFSU埴縟＄頓橆＄縉淫彩熳＄榺橫韋Parallel︸繁ュ

忘渤裸芭蠑橎U坪梏晶p35初頓φヘ┛Ⅵ姿＄覇せヽ擺屋鬱臨艮＄縉淫悗v穀ヘ

せ錮問Ο蠖穀хヘΜ暒'0335U坪翁⌇鄂棗頓啀

[29]
＄<n=0.24!＄韋奧蜥消駛毚勿せ

姨邉6835痼歲槀≳35小鈑艾浄聴┹＄姿榺П韋麝せヽ蒸珊嫗嗎ホParallel︸繁蠑橎

U坪梏晶p35初頓┛ 

 緯麝錮せヽ聴┹モ│つ＄ホ縉淫艾浄35︸繁小鈑čゝ痼歲寒翁 NTCP 還＄

Parallel覇龥I㾱抱梏晶p隸18裸э券井︸繁┛頓橆＄瀠хヘ埴暒埓慼軟35墾𥿔-

翁⌇Y倦頓啀φ勿＄Parallel ︸繁噏裸35龥I忘察П緯懐螞儃霽х㾱抱埴親剣鶫

梏繁殿囮35ⓔ7/12┛ 
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2.5.10.9 EUDユ梏晶p35倦O 

 EUD LKB┚Logit-EUD┚

Poisson-EUD︸繁35府コ┛榺メΜ︸繁剣鶫Y蒸35︸繁小鈑<n!＄韋ホ│蠑橎殿囮

翁⌇鄂棗35頓啀＄П韋ヘ△DVH鴆舜35湿ヮ鑷®＄頓橆榺ヘ小鈑覇メΜ︸繁Ο

鶫ヌY蒸35碆τ声沼還慼軟┛緯ś 2.5声ś 2.935小鈑艾浄聴┹Ο＄П詔印つ穀

LKB┚Logit-EUD┚Poisson-EUD声EUD︸繁剣鶫Y猿35<n!還┛EUD︸繁意鶫ヘ

Μ︸繁小鈑＄韋鵝ヮ収35Χ椦棗ホ鈑喃︸繁φヘ＄券鵝弥35永仕覇э＄券čゝ聴

┹ュ消墾𥿔脣姨︸歡35淅箭┛緯虹 2.5声虹 2.11詔印紅麹つ梗＄EUDユU坪声㾱

抱梏晶p㎤83龥I聴┹鶫ヌ<S!濤鴆舜倦O＄頓橆＄縉淫詔印彩熳覇IMRTč行35

永湿棙●Ο＄妍EUD屋δヘΜ穴槇O餌瑤烏┛奧э㍍ヘ貨痼歲35㍍Μ住抄殿囮姿

ㇷ＄洛┹縉淫х橫問35蠑橎妋殿囮35EUD︸繁小鈑<n!＄鉱奧妋穴槇O餌瑤烏35

Ẽ僇＄孛韋奧妋埴親梏晶p㎤8335沬旺＄姿榺ヘ僲瞎П攸誕く喉埴せヽ罕膊湈

[

韋ヘ△シ鄂賠示墾𥿔35čゝ鑷®＄П韋┡縟

LENT /SOMA ы健梏晶p声

′獪墾𥿔″畐śxδヘΜユ梏晶

茣せ蜥

84-86]
┛覇麝錮35ゔメゕ＄麝せヽП妍僲č圈MV＄MV儃EUD屋δ永湿穴槇O餌洪鈑

小ユ穀IMRTč行腰圀棙●Ο＄δ沬旺橫曰埴親梏晶p35梗x𪆐穀⌇┞35屋ホ┛ 

 麝せヽ𩸕奧邉68殃𪆐U坪縻㾱抱梗x弥эシэ

梗ʜΖ△梏晶p＄紅麹艾浄х傑寉 EUD 小鈑<n!＄分姿毚棙 Cox 紅┭澋滕 EUD

撳還 TEUD＄毚棙榺ヘ撳還詔印号鐺㍍ヘ貨痼歲屮э梏晶p'03𢿫烖埴榰韋旺𢿫烖

埴┛券Ο＄奧U坪梏晶p＄TEUD紅麹δ 70Gy′œGrade2″声 71.5Gy′bleeding″＄

榺ΖΜ撳還畐甅裸く辞森覇U坪薔疫ヘ形豚洫紅┭逃梗35墾𥿔-翁⌇頓啀′V70-74

声V69-74″慼軟献┛蒸珊35發胡П梗x覇㾱抱梏晶p埴＄TEUD紅麹δ 54Gy声 60Gy＄

Пく辞苺覇ヘ形豚洫紅┭墾𥿔-翁⌇頓啀′V3-7＄V34-80声 V39＄V40-81″慼軟献┛

ラ橆詔◓＄ホ EUD撳還屋δ梏晶p𢿫烖龥I頓啀＄ヘ鑷螞韋ヘ△詔≳レ鑷概35

鑷®＄ュ綳こ゚彩熳盲黹35 NTCP︸繁声暒籾35︸繁小鈑＄ュ綳こ゚异ホ盲黹35永湿

ゝ®＄蕉綳こ゚ホヘ形豚洫紅┭奧贈ヘ35︸繁小鈑<n!唱奩聽 EUD声梏晶pφ掮翁

x鵝塢紘Y倦35鵝婀 p還◆紹ヘ鑷螞＄滕穀35 EUD撳還剣鶫顆砵35梏晶p龥I

忘察＄詔印ヮ収芭妍 EUD僲δ永湿穴槇瑤烏棗ホэ叫 Pinnacle TPS榺△ナ89永

湿札忘35č行O悲Ο＄δ IMRT痼歲暎│e面┛ 

2.5.10.10︸繁小鈑奧痼歲寒翁35ⓔ欸狢 

 陌佬𩸕奧U坪薔疫榰韋㾱抱薔疫＄面鑷墾𥿔

p沛Y倦35龥I頓啀＄頓橆縉淫副瞎奧э面鑷墾𥿔紅麹δ 70Gy声 80Gy35Ζ埴

ュ蒸痼歲紅麹艾浄︸繁小鈑＄韋心洩鶫暒弥攴麹▲ 

 孛橆＄縉淫僲č圈MV＄妍 5桿痁僐隸掮7/12モU坪梗x梏晶p35痼歲＄

消̂6835面鑷墾𥿔ュ蒸＄紅δ面鑷墾𥿔 70Gy埴声面鑷墾𥿔 80Gy埴＄奧薰ヘ埴
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痼歲35Ζ埴U坪梏晶p′œGrade2声 bleeding″紅麹艾浄 LKB︸繁小鈑＄圈MV瑤

烏声聴┹洛ś 2.14罕学校法人◇ 

ś 2.14 ュ蒸面鑷墾𥿔35痼歲梗xU坪梏晶p35︸繁小鈑奧訒 

 梏晶pū

′tox ts″
繁小鈑艾浄聴┹ 繁 面鑷墾𥿔

痁僐聴┹ 
LKB︸

icity/patien

70Gy 17/124 T 9D=99.99＄n=0.01＄m=0.2
œGrade2 

TD=67.67＄n=1.00＄m=0.5780Gy 41/131 

70Gy 24/124 TD=90.39＄n=1.00＄m=0.56
U坪梏晶p 

Bleeding 
80Gy 51/131 TD=67.15＄n=0.17＄m=0.40

ラśΟ詔◓＄件鶫 257 貨 埴＄券Ο 貨面鑷

″

小鈑奧訒 

梏晶pū

′tox ts″
 

痼歲激 124 墾𥿔 70Gy＄131 貨面鑷墾

𥿔 80Gy┛緯śΟゔ惇郊#痁僐聴┹$詔印顆◓＄面鑷墾𥿔梫穀 80Gy35痼歲＄̂ 68

醸梗xΖ△梏晶p35㎤83畐槑'03э面鑷墾𥿔 70Gy 35痼歲埴＄ラ橆П什儃х#面

鑷墾𥿔′獪墾𥿔″δ梏晶p顆砵龥I頓啀$35紅┭聴┹┛誕棙︸繁小鈑艾浄＄モ

橎惇埴LKB小鈑Ο＄意鶫ゔ惇埴#80Gy面鑷墾𥿔𪘚U坪梗ʜ$35艾浄聴┹鶫碆τ＄

券噪メ埴Ο賠鶫ヘΜ小鈑覇永湿棙●Ο癯激х覘v梘01＄¢忘艾浄滕穀鶫碆τ35

︸繁小鈑┛緯榺惇埴小ユ穀小鈑艾浄35痼歲鈑O│つ＄紅麹δ面鑷墾𥿔 70Gy35

124貨＄面鑷墾𥿔 80Gy35 131貨┛覇痼歲鈑ュ韋ⓔ麹婉35發胡ャ＄維Ⅵэ弥籾

鈑發胡陌®聽穀鶫碆τ35︸繁小鈑＄縉淫副瞎券初頓韋◇印ュ蒸35面鑷墾𥿔行紅

痼歲寒翁＄意倦Êх痼歲消穀35ュ蒸せ姨獪墾𥿔＄燒18х澋滕榺ヘせ姨墾𥿔35棙

●Ο唸覇35錫麹＄禾蒸ヘ埴Ο35痼歲攴欸暒弥＄砷印聽穀ヘ埴浄コ35 NTCP︸繁

小鈑還奧榺ヘ埴痼歲ⓔ7/12槀≳悲ヘ蠑橎┛訒洛＄蒸珊蜥消 80Gy面鑷墾𥿔せ姨35

痼歲Ο＄詔忘│鬘ュ蒸35̂68Ο濕＄蜥消хュ蒸35邉68肄麸シ┛ 

 頓橆＄縉淫彩熳＄妍圈MV鑷鞘屋梗异鉉＄奧 5桿痁僐隸掮7/12モ梗xU坪梏晶

p35痼歲＄茣せ蜥消邉姨̂68罕覇35̂68Ο濕′若澷″ュ蒸＄紅δ Centre 

Eugène-Marquis′CEM″埴＄Institut de cancérologie Gustave Roussy′IGR 埴声

Groupe d*Etude des Tumeurs Uro-Génitales′GETUG″埴＄奧薰埴痼歲紅麹槀≳

LKB︸繁小鈑35艾浄＄⁇壟艾浄聴┹＄洛ś 2.15罕学校法人◇ 

ś 2.15│鬘ュ蒸̂68Ο濕′若澷″35痼歲梗xU坪梏晶p35︸繁

繁

̂68埴 
痁僐聴┹ 

LKB︸繁小鈑艾浄聴┹
icity/patien

CEM 28/95 T 9 D=87.60＄n=1.00＄m=0.7

IGR 11/83 TD=66.01＄n=0.58＄m=0.21 

œGrade2 

G GETU 19/79 TD=77.61＄n=0.02＄m=0.17 

CEM 36/95 TD=68.31＄n=0.12＄m=0.24 

IGR 17/83 TD=66.40＄n=0.08＄m=0.06 

Bleeding 

G GETU 23/79 TD=76.71＄n=0.01＄m=0.14 
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 ś 2.15Ο逃梗х結埴小鈑35艾浄聴┹＄薰埴痼歲35激埴鈑𥿔賠ュ僇 100＄婉

эś 2.14 Ο茣せュ蒸面鑷墾𥿔紅埴醸薰埴35痼歲鈑𥿔＄Ⅵ姿十概洛橆＄結埴小

鈑Ο意鶫ゔヘ埴梗xх永湿聴┹癯激覘v錫描梘晟35發胡＄券井阿埴賠忘縟札芭

澋滕鶫碆τ35小鈑埴浄┛ 

 緯ś 2.14П詔印つ梗＄十禾韋螞奧蒸珊35邉68梏晶p＄洛┹激埴痼歲│鬘ュ

蒸̂68Ο濕＄艾浄梗35︸繁小鈑П鶫暒弥35攴麹┛Ⅵ姿＄橫洛覇麝ゕ 2.5.2声 2.5.3

Ζ圴Ο岏橎＄麝せヽ罕鶫惇29沖貨痼歲＄賠│鬘モ橎メΜ̂68Ο濕＄姿レ痼歲35

ヘ倻發胡┚̂ 68棙●声痁僐棙●畐澯滷Y蒸35寿Ĵ＄覇コ佬モĝ情Ο濕痼歲35發

胡ュ棗妋鶫渤顆砵35攴麹＄ś 2.15 逃梗35艾浄聴┹φ罕印攴欸暒弥＄縉淫彩熳

詔忘韋ラэ薰埴痼歲鈑𥿔暒婉′ュ僇 100 貨″＄覇橆府コモ艾浄滕穀35小鈑ュ忘

嚶傑捷棗妋̂68Ο濕痼歲35獪翁ⓔ渫＄П橫頓洛橆＄ś 2.14声ś 2.1535艾浄聴

┹意𩸕奧麝圈MV35僲č＄ュ忘ホ│脣激穀Χ椦棗ホ┛覇醸蔽せヽ縻歲券井若薩擺

屋声⇨せ以炊殃ホ麝せヽ縻券井Y倦せヽ35︸繁小鈑隸＄ュ忘SO茯│禾ホ＄覇

鶫瑤烏35發胡ャ＄鵝裸35鑷®韋奧券鬘寽若澷縻せヽΟ濕35痼歲鈑藥槀≳豚鼪狢

獪聴紅┭＄艾浄梗鶫𩸕奧狢┚鴦忘翁x券鬘寽ⓔ7/1235︸繁小鈑＄ホ榺珊35︸繁小

鈑滕穀35梏晶p𢿫烖龥I聴┹П剣鶫鴦'0335御問狢声詔螗狢◆洛┹綳こ゚慣菹券井

錮問35せヽ聴┹＄鉱綳こ゚奧券せヽ奧澠声せヽ府コ鶫恵紅35х⋛＄霽問錮問Ο罕

艾浄滕穀35︸繁小鈑翁x35韋鴬△痼歲寒翁35梏晶pⓔ7/12＄榺券Ο辞苺35頓t＄

П孛韋モ錮Ο捷盲沛异35ユ邉68梏晶p鶫塢紘倦O35峐籾頓t＄洛面鑷墾𥿔┚邉

68肄麸┚梏晶p兗奄餌御声痁僐隸掮シシ┛ 

2.5.10.11 珊麝鈑𥿔奧小鈑艾浄35淅箭 

 洛モ錮 2.5.10.9 罕橎＄洛┹激埴痼歲暒婉35發胡ャ＄渤詔忘陌®艾浄滕穀

NTCP︸繁小鈑＄ⓔ麹韋洽激埴痼歲φ掮35#賠示狢$暒攴隸＄痼歲φ掮唸覇35攴

欸詔印鴦顆砵芭淅箭穀︸繁小鈑35澋沼＄П孛韋岏陌®奧榺珊ヘ埴痼歲奩聽穀浄

櫳35蠑橎券ⓔ7/1235︸繁小鈑┛覇榺△發胡ャ＄ⓔ麹韋籾Ο濕浄屋35せヽ＄洛┹渤

砷較儃痼歲掮倦匑頓t35悲ヘ隸＄ヘΜ裸35⋛袴擦®孛韋膨殺激埴痼歲鈑＄ホ弥

珊麝鈑𥿔妍痼歲掮唸覇35件狢邉弥＄禾 NTCP︸繁小鈑詔印鴦裸芭蠑橎榺ヘ埴痼

歲35件鶫ⓔ7/12┛ 

 𤎼σ＄籾弥35珊麝鈑𥿔羇詔印奧澋滕︸繁小鈑鶫ヘΜ府麝35較儃▲𩸕奧榺ヘ

捓佳＄縉淫僲č圈MV＄𣠽沼5桿痁僐隸掮7/12モ痼歲U坪梗x弥эシэLENT/SOMA

ы健梏晶p35 257 貨痁僐鈑藥＄紅麹禾ホ LKB┚Poisson-EUD 声 Källman メ△

NTCP︸繁奧ュ蒸珊麝鈑𥿔埴槀≳︸繁小鈑35捷盲艾浄┛剣翁鑷®洛ャ◇ 

 ゔヘ橳＄覇 257貨痼歲Ο痁黝𣠽沼 50貨痼歲屋δ艾浄︸繁小鈑35珊麝府鈑◆ 

95 

 



ヴ宗弥喃修務喃押佬錮 

 ゔы橳＄ホゔヘ橳痁黝𣠽沼35痼歲鈑藥＄ホ湏衛ゝ®紅麹艾浄 LKB┚

Poisson-EUD声 Källmanメ△ NTCP︸繁小鈑梏Ŭ洙永湿渉𥿔聴┹′小鈑還″声

O餌洪鈑還◆ 

 ゔメ橳＄妍ゔヘ橳声ゔы橳紞盲耄≳ 50 淟＄印桷盲痁黝𣠽沼痼歲詔忘扱ナ

35︸繁小鈑ュこ圀◆ 

 ゔ惇橳＄紞盲ゔヘ齧ゔメ橳＄薰紞盲ヘ尞＄痁黝𣠽沼35痼歲鈑′珊麝鈑𥿔″

殁膨 5貨＄十覇 55貨┚60貨┚65貨@@255貨痼歲鈑藥府コモ紞盲ゔヘ橳齧ゔ

メ橳◆ 

 ゔ阿橳＄Ŭ洙覇ュ蒸珊麝鈑𥿔澋滕35 50 埴︸繁小鈑Ο＄薰Μ︸繁小鈑35艾

浄聴┹＄痔日︸繁小鈑還痁珊麝鈑𥿔膨殺35m鼛虹′box-whisker plot″│捷棗覇

Y蒸珊麝小鈑声痁珊麝小鈑渉湿發胡ャ＄︸繁小鈑35紅斷發胡┛ 

 縉淫印 LKB ︸繁35圈MV聴┹δ貨＄メΜ︸繁小鈑声猿Ⅵ洪鈑還′O餌洪鈑

還″35渉湿鴆舜洛虹 2.16罕学校法人◇ 

 

(a) 

 

(b) 
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(c) 

虹 2.16 LKB︸繁小鈑痁珊麝鈑𥿔渉湿亼仕m鼛虹′a″TD50(1)＄′b″n＄′c″m 

 m鼛虹韋ヘ△蠑橎鈑藥紅斷發胡35悲č桃虹鑷歡＄虹Οmin博餌鰯ś珊麝鈑

𥿔＄𩸕奧薰ヘ埴珊麝＄紞盲 50尞滕穀 50Μ小鈑還＄ホm鼛35濤歡顆学校法人 50Μ珊

麝35紅斷發胡＄薰ヘΜm鼛辞苺結Μ鈑藥圴7/12◇モ梘晟┚モ惇紅押鈑┚Ο押鈑┚

ャ惇紅押鈑┚ャ梘晟声欸曰還＄洛虹 2.17罕学校法人 

 

虹 2.17 m鼛虹聴┡学校法人貨 

ラ虹 2.16 詔印つ梗＄洽珊麝鈑𥿔暒婀隸＄艾浄35滕穀35小鈑聴┹紅斷𠬝楾弥＄

梗x35欸曰還籾＄痁ヌ珊麝鈑𥿔35殁膨＄弥穴覇珊麝鈑𥿔弥э 15035錫掮献＄小

鈑聴┹35紅斷𠬝楾鬱臨梗x遶醪＄覇珊麝鈑𥿔δ 195貨隸＄紅斷𠬝楾渉婀＄小鈑

還亼эこ圀┛ 

 頓橆＄縉淫đδ＄覇麝せヽ𣠽沼35 5 桿痁僐隸掮7/12モU坪梗x弥эシэ

LENT/SOMAы健梏晶p35鈑藥府コモ艾浄 NTCP︸繁小鈑隸＄珊麝鈑𥿔ュ棗妋

婀э 195貨┛洛┹珊麝鈑𥿔梫ュ穀榺ヘこ゚&＄鉱綳こ゚せヽ以炊覇艾浄︸繁小鈑隸＄

奧艾浄棙●紞盲籾尞＄⁇壟艾浄聴┹35紅斷發胡＄姿ュ棗妋妍ヘ尞艾浄聴┹U蜥

茯│đ圀δ︸繁小鈑35鵝嫁蠑橎還┛洛┹小鈑還35梗xュこ圀＄紅斷慼軟役梵姿
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レ欸曰還棙籾＄鉱岏霽珊麝鈑𥿔役婀＄綳こ゚分蔽Ż恵Χ椦鈑藥┛ 

 綳こ゚岏霽35韋＄麝圈MV滕穀35 195貨屋δヘΜ浄コ府鈑＄意韋𩸕奧麝せヽ遶

磓穀35Χ椦痁僐鈑藥姿ㇷ＄榺ヘ府鈑還意屋δ小彩＄覇券井せヽΟ＄榰綳こ゚せヽ

以炊𩸕奧券ⓔ圀35鈑藥發胡槀≳Μ翁湿紅┭┛ 

2.5.11 聴佬 

 麝圴せヽ𩸕奧艮郊猜日邉68棙●殃𪆐35U坪声㾱抱餬鸚梏晶p＄遶磓х惇29

メ守沖貨痼歲U坪声㾱抱消せ姨墾𥿔-翁⌇鈑藥＄覇 2桿┚3桿┚4桿┚5桿ュ蒸

35痁僐隸掮7/12⁇壟痼歲梗x弥эシэ LENT/SOMA ы健梏晶p声梗ʜpせ35發

胡＄艾浄х辞苺 LKB┚Logit-EUD┚Schultheiss┚Poisson-EUD┚Källman声 Parallel

覇献35結△ NTCP︸繁小鈑＄梏奧結△︸繁情鬘35ⓔ7/12┚龥I梏晶p35忘察嬉х

奧訒紅┭┛せヽ聴┹ś霽＄覇龥IU坪梏晶p隸＄麕忘艾浄滕穀鶫碆τ35 Parallel

︸繁小鈑＄券沖阿△︸繁śx梗хY楆35龥I忘察◆覇龥I㾱抱梏晶p隸＄結△

︸繁賠śx梗хY楆35龥I忘察┛痁ヌ痁僐隸掮35櫟圾＄情︸繁小鈑śx梗х痁

隸掮渉湿35亼仕＄蠖𥫱せヽ以炊覇艾浄縻歲殃ホ NTCP︸繁小鈑隸＄濔鼛霽問小

鈑罕𩸕奧35梏晶pъ烏ū繁声痁僐隸掮7/12┛緯豚洫紅┭聴┹つ＄陌佬韋U坪榰韋

㾱抱＄券梏晶p35梗x賠ユ禾ホ艾浄滕穀35NTCP声 EUD︸繁小鈑čゝ35NTCP

声 EUD 還鶫ヌ沛Y倦狢＄蠖学校法人 NTCP 声 EUD 韋邉68梏晶p35龥I頓啀＄詔印

ホэ IMRT永湿棙●Ο＄屋δ橫曰埴親35穴槇瑤烏＄沬旺住抄殿囮消𥿔＄蠖'03痼

歲ナ唸迮𥿔┛麝圴П覇艮鸚小鈑艾浄擺屋35府コモ＄ř佬хU坪声㾱抱埴親梗x

梏晶p35Y唖龥I倦O┚NTCP︸繁小鈑35寒翁ⓔ欸狢声珊麝鈑𥿔奧小鈑艾浄35

淅箭┛ 

2.6 ホNTCP︸繁龥I螌婀職婦內日邉68殃𪆐35狎狢椽0薔疫 

 緯 2.5圴35せヽΟ＄縉淫đ凊穀х NTCP︸繁35ś梫濤歡┚艾浄鑷®印抄情

︸繁覇龥I橫曰埴親梏晶p㎤83隸śx梗35ⓔ7/12＄ⓔ麹韋đ凊穀 NTCP屋δヘ△

梏晶p龥I頓啀＄ヘ鑷螞詔印ホ│紅┭橫曰埴親śx梗35ナ89喃ⓔ7/12＄紹ヘ鑷螞

詔印ホ│奧訒ュ蒸35邉68鑷鞘覇奧橫曰埴親氎縟薔疫鑷螞35錫麹┛頓橆＄縉淫獪

聴艮鸚擺屋35誕MV声鑷®＄𣠽苒 LKB ︸繁屋δ擺剣＄紅┭龥I螌婀職婦內日邉

68殃𪆐35狎狢椽0薔疫＄梏慣晒 NTCP︸繁紅┭邉68浄梏湿68奧邉68梏晶p35梗

x扱ナ35淅箭┛ 

2.6.1圈MV異聡 

 狎狢邉姨狢椽01/2′acute radiation-induced esophagitis＄AE″韋內日邉68Ο
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淅箭面鑷墾𥿔蠖種35浡腰頓tφヘ┛券Χ椦śxεこ゚辞苺尻尖縄砷＄尻尖eJ＄

邦15醸eJシ

[87]
┛鶫錮問膊湈＄狎狢邉姨狢椽01/235梗x鶫詔忘Ο鐺邉姨̂68

35槀●＄奸𪘚鉉Μ68●35櫟圾＄タ齧ラ橆詔忘沬旺內日痼歲35ナ唸83

[88-90]
┛頓橆＄

𤄃桂Η紞邉姨狢椽01/235梗x＄妍洩奧寧ケ蜚腰83声痼歲35ナ唸83鶫ヘΜU蜥35

淅箭＄奧邉姨狢椽01/235龥IП孛顆滕嬋δ倦匑┛ 

2.6.1.1 圈MVO35 

 陌佬韋心𥐮浄印湿68＄意鶫婉𥿔錮問膊湈х奧狎狢邉姨狢椽01/235龥I肄

麸＄ⓔ麹韋覇葵0芭錫榺珊ヘΜラ湏衛声w蓬E㌃初頓氎縟35內日'03晶芭錫┛麝

せヽ35艮鸚Χ椦擺屋鈑藥悲č聴┹顆学校法人＄覇螌婀職婦內日邉68Ο＄蒸橳邉湿68

′concurrent chemo-radiotherapy″┚ﾃ效聴斿▪發胡┚椽0V55 29紅翁⌇賠韋龥I

弥эシэRTOGы健狎狢椽01/235顆砵Y倦頓t
[91]
┛QUANTEC

[78]
鼏O逃梗35弥

эシэы健狎狢邉姨狢椽01/2墾𥿔-翁⌇穴槇瑤烏δV35□50%＄V50□40%＄V70

□20%┛麝せヽ35O35＄韋覇x鶫s凊声誕MV35府コモ＄豚洫狢紅┭螌婀職婦內

日邉68殃𪆐35狎狢邉姨狢椽01/2鈑藥＄艾浄龥I妋梏晶p35LKB︸繁小鈑＄梏覇

橆府コモ紅┭椽035邉姨ナ89喃ⓔ狢＄翁x湿68奧殃𪆐邉68梏晶p35淅箭┛ 

2.6.1.2 激埴痼歲發胡 

 豚鼪狢紅┭х鬘 2002桿 1鶇齧 2006桿 9鶇掮＄覇峺ヴく寧ケ若澷邉68⇨蜥

消邉姨̂6835 157貨螌婀職婦內日痼歲鈑藥＄傑璡痼歲蜥消メ翼櫳濤邉姨̂68┛

痼歲抄寧ケ勖鐺發胡洛ś 2.16罕学校法人 

ś 2.16 激埴痼歲府麝ⓔ渫抄寧ケ勖鐺革甃 

痼歲鈑 
ⓔ渫 

157 (%) 

狢麹  

    ヰ狢 123 (78%) 

    慾狢 34 (22%) 

桿汏′Ο押＄慼軟″ 61嵌′26-78嵌″ 

Karnofskyśx兗紅′Ο押＄慼軟″ 90′60-100″ 

埴親喃  

    儨せ職婦日 92 (59%) 

    猜日 60 (38%) 

    猜儨日 5 (3%) 

紅鸚  

    I 17 (11%) 

    II 8 (5%) 

    IIIA 59 (38%) 

    IIIB 55 (35%) 
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    IV 18 (11%) 

2.6.1.3 ̂68肄麸 

 激埴35 157貨痼歲Ο＄34貨′22%″意蜥消邉姨̂68＄59貨′37%″蜥消棧

郅邉湿68′sequential chemo-radiotherapy″＄11貨′7%″蜥消蒸橳邉湿68′concurrent 

chemo-radiotherapy″＄53貨′34%″陋蜥消х棧郅邉湿68П蜥消х蒸橳邉湿68┛

ラэ艮鸚せヽ聴┹ś霽＄蒸橳邉湿68韋殃𪆐狎狢邉姨狢椽01/235顆砵Y倦頓啀＄

頓橆＄縉淫妍榺茜痼歲紅δΖ埴 Group1 声 Group2＄券Ο Group1 辞苺х 93 貨

′59%″麕蜥消蒸橳邉湿6835痼歲＄Group2辞苺х紹勿 64貨′41%″蜥消蒸橳

邉湿6835痼歲┛蒸橳邉湿68痼歲蜥消35湿68鑷鞘洛ś 2.17罕学校法人 

ś 2.17 蒸橳邉湿68埴痼歲罕蜥消35湿68鑷鞘 

鑷鞘 墾𥿔 痼歲鈑 64′%″ 68●𠬝楾′厄″

25 to 30mg/m
2
 ; day:1 and 8 

75 to 80mg/m
2
 ; day:1 

21 12′19%″ 
Vinorelbine } 

cisplatin 25 to 30mg/m
2
 ; day:1 and 8 

25 mg/m
2
 ; day:1,2 and 3 

21 15′23%″ 

Gemcitabine } 

cisplatin 

250 to 400mg/m
2
 ; day:1 and 8 

75 mg/m
2
 ; day:1 

21 7′11%″ 

Gemcitabine alone 400mg/m
2
 ; day: 1,8 and 15 28 6′9%″ 

35 to 40mg/m
2
 ; day: 1 and 8 

75mg/m
2
 ; day: 1,2 and 3 

21 10 (16%) 
Docetaxel } 

cisplatin 75mg/m
2
 ; day: 1 

75mg/m
2
 ; day: 1 

21 4 (6%) 

Docetaxel alone 40mg/m
2
 ; day: 1,8 and 15 28 6 (9%) 

Etoposide } 

cisplatin 

75mg/m
2
 ; day: 1 

100mg/m
2
 ; day1,2 and 3 

21 3 (5%) 

Mitomycin } 

vindesine } 

cisplatin 

8mg/m
2
 ; day: 1 

3mg/m
2
 ; day: 1 and 8 

50mg/m
2
 ; day: 3 and 4 

21 1 (2%) 

 罕鶫痼歲蜥消хメ翼櫳濤邉姨̂68┛薰押痼歲賠э CT︸艾圀押艮糦ホ蹻春Ĵ槀≳Μ翁

湿翁押迩圀＄覇薰尞蜥消邉68隸＄印橆蹻春Ĵ槀≳翁押紞盲┛CT︸艾耙蠑寐巡δ 5mm＄耙

蠑慼軟緯wせ㫖15ャ晟齧墜脈ャ晟┛耙蠑滕穀35 CT 虹叫衛杝齧 Pinnacle
3
 ̂68č行O悲

′Philips Medical Systems″槀≳č行僲č┛ 

 弥翁寧ケ翁⌇′GTV″35痔日辞苺х傑璡詔悗I穀35寧ケ埴親＄辞苺初晶寧ケ声 CT虹
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叫詔◓35ﾃ效聴斿▪錫描┛č行裠錫′PTV″辞苺х GTV 声ﾃ效聴錫描勿耒 5~15mm┚初

晶寧ケ勿耒 10~20mm 35錫描慼軟┛面鑷墾𥿔こ゚&コ゚q齧婉 95%35 PTV 翁⌇┛𣏒姨墾𥿔35

čゝ异ホх埴親塢楾慧橫┛邉姨̂68禾ホ 6MV縻 15MV35 X姨舜┛邉68č行35斷𥿠初鉱ε

こ゚辞苺艮醸𥿠声𤄃鬱桝5835鏥𥿠┛籾鈑č行糦ホ 4~6Μせ姨𥿠┛罕鶫激埴痼歲Ο＄36貨′23%″

糦ホхε皿征親拴蜚′active breathing coordinator＄ABC″肄麸┛65貨′41%″痼歲糦ホ若

ホU舜殺氊殿モ鬘暎35ロ啀脣淅僲模′electronic portal imaging device＄EPID″│慧橫誚押

宓攴＄EPIDMV儃𥿠禾ホ 18cm×18cm＄18MU┛22貨′14%″痼歲覇艮メ尞圈鑾̂68艮＄糦

ホ剮濤槇 CT′cone-beam CT＄CBCT″肄麸覇舜澋沼MV儃虹叫慧御誚押宓攴＄覇痁醸35̂

68Ο薰趨糦磓梏慧橫ヘ尞┛ 

 墾𥿔喃鑷螞＄糦ホхΖ△紅尞墾𥿔鑷鞘 ◇129貨′82%″痼歲糦ホ曰¤紅砦墾𥿔′1.8-2.0Gy/

尞＄5尞/趨″＄券Ο 80貨′51%″痼歲蜥消棧郅邉湿68＄49貨′31%″痼歲蜥消蒸橳邉湿68◆

紹勿 28貨′18%″痼歲糦ホ醸●乑紅砦′late-course hyperfractionation＄LHFRT″墾𥿔鑷鞘＄

券Ο 13貨′8%″痼歲蜥消棧郅邉湿68＄15貨′10%″痼歲蜥消蒸橳邉湿68┛覇曰¤紅砦埴

Ο＄紅尞墾𥿔δ 1.8Gy┚1.9Gy声 2.0Gy35痼歲鈑𥿔紅麹δ 15貨┚10貨声 104貨┛覇醸●

乑紅砦埴＄痼歲覇艮 4趨隸掮紒蜥消 20 尞̂68＄面鑷墾𥿔覇 36-40Gy＄φ醸才沖墾𥿔圈鑾

BID 邉68′薰厄Ζ尞＄掮痡 6 婀隸印モ″＄薰尞 1.2Gy＄薰厄Ζ尞＄薰趨阿厄┛寧ケ獪墾𥿔

Ο＄Ο押墾𥿔δ 61Gy＄慼軟 40~76.5Gy┛ 

2.6.1.4 椽0墾𥿔-翁⌇小鈑 

 ラ蒸ヘ押若ナ覇CT鐺寐虹叫モ痔日椽0勿枚＄痔日慼軟モ齧wせ㫖15ャ晟＄ャ齧肺声

椽035梓01面┛澋沼х傑璡激埴35 157 貨痼歲椽0DVH鈑藥┛彩熳穀璡紅痼歲蜥消х螌曰

¤紅砦墾𥿔せ姨＄奧э榺璡紅痼歲35椽0消𥿔＄糦ホ舜狢-ы尞′linear-quadratic＄LQ″職婦

唸9︸繁妍螌曰¤紅砦3589コ墾𥿔斿湿δシ鄂ナ89墾𥿔′biologic effective dose＄BED″
[92, 93]

┛

斿湿醸35Ο押BEDδ 73.5Gy＄渉湿慼軟緯 45.7齧 89.3Gy┛ 

2.6.1.5狎狢邉姨狢椽01/2兗紅 

 奧э蜥消邉68鸚掮35螌婀職婦內日痼歲＄ラ邉68⇨若ナ薰趨奧券槀≳翁悗声翁紞I𥿔┛

覇邉68聴槇醸35艮メΜ鶇＄奧痼歲槀≳薰鶇痁僐＄痁醸薰メΜ鶇槀≳ヘ尞痁僐┛奧э狎狢邉

姨狢椽01/235兗奄＄会藥若ナ奧痼歲Χ椦捷棗35Ŭ洙＄茣せ肉氄寧ケ邉68埴親′Radiation 

Therapy Oncology Group＄RTOG″逃梗35寧ケ蠇狢紅健餌御槀≳梏晶pシ健兗奄＄剣翁餌御

洛ś 2.18◇ 

ś 2.18 RTOG奧狎狢邉姨狢椽01/235紅健餌御 

Grade Symptoms 

0 No change 
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1 Mild dysphagia or odynophagia; may require topical 

anesthetic or non-narcotic analgesics; may require soft diet 

2 Moderate dysphagia or odynophagia; may require narcotic 

analgesics; may require puree or liquid diet 

3 Severe dysphagia or odynophagia with dehydration or weight 

loss (> 15% from baseline) requiring nasogastric tube, 

intravenous fluids, or hyperalimentation 

4 Complete obstruction, ulceration, or perforation, fistula 

5 Death 

2.6.1.6 ︸繁小鈑艾浄 

 覇艮鸚擺屋35府コモ＄誕棙奧結△ NTCP ︸繁35奧訒紅┭＄đδ LKB ︸繁

陌佬覇龥IU坪榰韋㾱抱邉68梏晶p隸畐śx梗х暒裸35龥I忘察＄姿レ錮問Ο

奧情殿囮墾𥿔-翁⌇ⓔ狢35蠑橎П籾印橆︸繁δ府コ尹鬱ř佬声奧訒＄δ橆＄麝

せヽП𣠽苒 LKB︸繁＄奧螌婀職婦內日邉68Ο殃𪆐35弥эシэ RTOGы健狎狢

邉姨狢椽01/2槀≳︸繁小鈑艾浄┛ 

 紹勿＄彩熳穀蒸橳邉湿68′concurrent chemo-radiotherapy″覇殃𪆐狎狢邉姨

狢椽0薔疫Οśx梗35沛Y倦狢＄縉淫妍激埴35痼歲紅δ Group1 声 Group2 Ζ

埴＄Group1δ麕蜥消蒸橳邉湿68痼歲′収硬邉68痼歲}棧郅邉湿68痼歲＄93貨＄

59%″＄Group2 δ蜥消棙蒸橳邉湿68痼歲′蒸橳邉湿68痼歲}棧郅声蒸橳邉湿68

痼歲＄64貨＄41%″＄梏奧榺Ζ埴痼歲紅麹槀≳小鈑艾浄┛ラэ罕鶫激埴痼歲賠

│鬘峺ヴく寧ケ若澷邉68⇨＄頓橆十禾薰埴痼歲鈑𥿔ュ僇 100貨＄縉淫П詔印嫗

嗎艾浄券︸繁小鈑＄聽穀詔印蠑橎薰埴痼歲件狢35永湿聴┹┛ 

 LKB︸繁聴┡┚小鈑艾浄抄奧艾浄聴┹鵈革錫掮35čゝ鑷®＄ユ艮鸚擺屋Y

蒸＄小◓麝ゕ 2.2＄2.3＄2.4圴献埃┛ 

2.6.1.7 豚洫紅┭鑷® 

 妍詔忘ユ邉68梏晶p35梗x鶫Y倦狢35痼歲鬘寽ⓔ渫声寧ケⓔ渫殃激ヘ形

豚洫紅┭棙●＄彩壟情頓tユ梏晶p35Y倦狢′p還″＄辞苺痼歲35桿汏┚狢麹┚

Karnofsky狢忘兗紅＄T紅鸚＄寧ケ初晶4/9押鵈′醤內┚攀內┚罪痡″┛殃激ヘ形

豚洫紅┭35̂68小鈑辞苺◇棧郅邉湿68榰韋蒸橳邉湿68＄せ姨獪墾𥿔┚紅尞墾𥿔

︸歡＄椽0鵝弥墾𥿔┚桷賠墾𥿔＄V15-V60＄印抄毚棙艾浄滕穀35 NTCP ︸繁小

鈑čゝ梗35痼歲狎狢椽01/2晶n㎤83 NTCP還┛đδヘ形豚洫紅┭聴┹Ο p還婀
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эシэ 0.05 35δ顆砵Y倦頓t＄妍榺茜頓t邉激籾形豚洫紅┭Ο＄奩聽覇峐籾

ⓔ渫Ο鵝顆砵淅箭狎狢邉姨狢椽01/2梗x35頓t┛ 

2.6.2 圈MV聴┹ 

 激埴35 157貨痼歲Ο＄35貨′22%″梗xы健狎狢邉姨狢椽01/2＄20貨′13%″

梗xメ健狎狢邉姨狢椽01/2＄麕晶x惇健声阿健梏晶p痼歲┛覇麕蜥消蒸橳邉湿

6835 Group1Ο＄鶫 22貨′24%″痼歲梗xы健縻メ健狎狢邉姨狢椽01/2＄姿覇

蜥消棙蒸橳邉湿6835 Group2Ο＄榺ヘ鈑啗δ 33貨′52%″┛ 

 𩸕奧邉68殃𪆐35狎狢邉姨狢椽01/2＄奧э麕蜥消声蜥消棙蒸橳邉湿6835痼歲

埴＄紅麹豪ホ鵝弥猿Ⅵ奄č®艾浄情鬘埴35 LKB︸繁小鈑＄聴┹洛ś 2.19罕学校法人◇ 

ś 2.19奧麕蜥消声蜥消棙蒸橳邉湿6835痼歲埴紅麹艾浄滕穀35 LKB︸繁小鈑 

`苺障献δ 95%鵈革錫掮 
�
麕蜥消蒸橳邉湿68埴

 ¶
蜥消蒸橳邉湿68埴 

̂68埴 痼歲鈑 
œRTOG/EORTC TD50 (Gy)

ы健痼歲鈑 (95% CI)
`

 

n 

(95% CI) 

m 

(95% CI) 

Group 1
�
 93 22 (24%) 

46 

(42-50) 

0.29 

(0.20-0.41) 

0.15 

(0.08-0.32) 

Group 2
¶
 64 33 (52%) 

36 

(34-56) 
0.09 (0.07-0.63) 

0.42 

(0.36-0.56) 

豪ホ艾浄滕穀35 Group1声 Group235 LKB︸繁小鈑＄紅麹痔日Ζ埴痼歲35 LKB

︸繁鴆舜＄洛虹 2.17罕学校法人 

 

虹 2.17 螌婀職婦內日邉68殃𪆐35狎狢邉姨狢椽01/235 LKB︸繁鴆舜＄圈舜δ蜥消収硬邉68声棧郅邉湿68′RT}Seq CRT″

35痼歲′TD=46Gy＄n=0.29＄m=0.15″＄韞舜δ蜥消収硬蒸橳邉湿68声蒸橳殺棧郅邉湿68′Con CRT″35痼歲′TD=36Gy＄

n=0.09＄m=0.42″ 

 洛虹 2.17罕学校法人＄奧э蜥消蒸橳邉湿6835 Group2Ο35痼歲＄券梏晶p㎤83顆
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砵'03э麕蜥消蒸橳邉湿6835 Group1Ο35痼歲┛ 

 

虹 2.18 Group1Ο 93貨麕蜥消蒸橳邉湿68痼歲梗x狎狢邉姨狢椽01/235龥I鴆舜ユΧ椦痁僐聴┹ 

 虹 2.18顆学校法人хGroup1Ο 93貨痼歲晶ナ狎狢邉姨狢椽01/235龥I鴆舜声圈氄

Χ椦痁僐⁇I穀35聴┹＄妍 93 貨痼歲紅δホ埴＄薰Μ鑷舶奧棗妋埴痼歲35桷賠

賠示せ姨墾𥿔声梏晶p晶n8335奧棗倦O＄詔◓ホ埴痼歲35⁇I聴┹賠{塢紅斷

覇龥I鴆舜35Ζ懐＄詔印đδ毚棙艾浄小鈑痔日梗35 NTCP龥I鴆舜渤裸芭龥I

х薰埴痼歲梗x梏晶p35寒翁㎤83┛ 

 ヘ形豚洫紅┭聴┹顆学校法人＄ユ椽0梗x狎狢邉姨狢椽01/2唸覇顆砵Y倦狢35龥

I頓啀辞苺◇韋心蜥消х蒸橳邉湿68＄韋心蜥消х醸●乑紅砦′LHFRT″＄椽0

桷賠墾𥿔＄椽0鵝弥墾𥿔＄椽0 V15＄V20＄V25＄V30＄@@＄V60＄印抄ホ艾浄

滕穀35 LKB︸繁小鈑čゝ35痼歲 NTCP還┛剣翁鈑藥洛ャś 2.20罕学校法人┛妍榺茜

頓啀蒸隸邉激籾形豚洫紅┭Ο槀≳ド𣠽醸＄意唸35ユ狎狢邉姨狢椽01/2鶫顆砵Y

倦狢35頓啀δ NTCP′p□0.001″声 V50┛ 

ś 2.20 ヘ形豚洫紅┭逃梗35狎狢邉姨狢椽01/2顆砵Y倦頓啀  ¶
賠還±餌御攴 

Parameters AE \ grade 2 AE> grade 2 p value 

No 36 10 
Sequential CRT 

Yes 66 45 

0.025 

No 71 22 
Concurrent CRT 

Yes 31 33 

□0.001 

No 90 39 
LHFRT 

Yes 12 16 

0.007 

Total dose (Gy)  59.9±8.2
¶
 61.8±5.9 0.169 

Dmax (Gy)  54.2±18.2 66.3 ±10.7 □0.001 

104 

 



ゔыゕ 橫曰埴親梏晶p㎤83︸繁小鈑艾浄抄︸繁奧訒紅┭ 

Dmean (Gy) 18.0±11.6 27.1±11.8 □0.001 

V15 39.7±22.0 52.6±18.1 0.001 

V20 34.2±21.6 48.4±19.0 □0.001 

V25 29.0±21.2 44.2±19.5 □0.001 

V30 25.1±20.9 41.5±20.1 □0.001 

V35 22.3±20.4 38.7±20.0 □0.001 

V40 19.7±19.0 36.1±19.8 □0.001 

V45 16.3±17.9 33.3±20.2 □0.001 

V50 14.4±17.0 30.8±19.9 □0.001 

V55 12.0±15.7 27.7±19.0 □0.001 

V60 9.0±13.8 21.5±16.3 □0.001 

NTCP 0.29±0.29 0.71±0.23 □0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.6.3 ř佬 

 ゔヘゕΟ斒橎х邉68覇螌婀職婦內日̂68Ο35屋ホ声芭押＄鶫meta紅┭膊陣

顆学校法人＄64%35螌婀職婦內日痼歲綳こ゚蜥消邉68＄券Ο35 46%妍邉68屋δ券降臨̂

68′initial treatment″
[94]
┛狎狢邉姨狢椽01/2韋內日邉68Ο曰◓35梏晶pφヘ＄

頓橆＄棗洽奧妋梏晶p35梗x覇鬱臨̂68艮＄十э腰圀邉68č行隸＄孛嬉梗龥I

声𢿫烖兗奄＄印沬旺券晶n83＄醐婉奧邉6868●35淅箭＄覇沬旺椽0消せ姨墾𥿔

35蒸隸蠖'03內日寉璡蜚腰83┛曰ホ35邉68梏晶p𢿫烖龥I莢餌韋橫曰埴親消穀せ

姨35墾𥿔-翁⌇小鈑＄洛QUANTEC
[78]
Ο蝠栱35峐籾頓啀抄券Y奧棗35梏晶pś

x㎤83＄奧эNTCP榺ヘナ89喃龥I莢餌＄ラэ券濤歡盲黹＄ヘ鑷螞綳こ゚毚棙豚

鼪紅┭̂68声痁僐鈑藥奧痼歲寒翁蠖梗Μ翁湿35︸繁小鈑＄紹ヘ鑷螞綳こ゚异ホ鈑

喃︸繁槀≳暒δ盲黹35čゝ＄頓橆券棗ホ慼軟嫂ュ梵¹┛П鶫錮問膊湈＄ラэ

NTCP︸繁唸覇ヌ峐籾ュ問圀狢＄鶫せヽ以炊奧券屋ホ蠖梗х迮62
[95]
┛頓橆綳こ゚

縉淫ホよ圈35Χ椦鈑藥│問đNTCP︸繁奧邉68蠇狢35龥I忘察┛麝錮𩸕奧螌婀

職婦內日蜥消メ翼櫳濤邉68殃𪆐35狎狢邉姨狢椽01/2＄艾浄хLKB︸繁小鈑＄奧

薰ヘ貨痼歲čゝх券NTCP還┛洽縉淫憩醸ホヘ形声籾形豚洫紅┭彩壟峐籾頓啀

ユ梏晶p35顆砵Y倦狢隸＄湿68鑷鞘┚墾𥿔紅砦鑷鞘┚NTCP還声ヘ埴墾𥿔-翁⌇

小鈑畐śx梗хY倦狢＄姿鵝遂庙梗35韋NTCP声V50＄蠖学校法人縉淫NTCP35羽還覇

э＄洽縉淫奩聽穀奧妋埴痼歲声Y棗梏晶p35浄コ︸繁小鈑隸＄NTCP詔印永э

券井龥I頓啀＄śx梗ユ梏晶p鵝塢紘35Y倦狢┛孛橆＄縉淫詔印覇陞曰35Χ椦
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擺屋Ο豪ホNTCP│奧訒𩸕奧蒸ヘ痼歲35ュ蒸35邉68č行＄覇較儃̂68鄂┹35蒸

隸𣠽苒禾橫曰埴親消𥿔鵝婀35č行│圈鑾＄縻歲妍NTCPホэIMRTč行35永湿棙

●Ο＄僲čO餌洪鈑＄澋滕奧較膈橫曰埴親鵝永35异沛č行┛ 

 圈MV聴┹П賢尞問đх縉淫艮鸚擺屋Οđ凊穀35蒸橳邉湿68奧э膨殺邉68

梏晶p晶n83′膨殺х 100%印モ″35淅箭
[91]
＄姿榺ヘ聴┹蒸珊覇券井錮問Ο鶫

罕膊湈

[96-103]
┛菹э橆＄縉淫妍激埴35 157 貨痼歲茣せ韋心蜥消棙蒸橳邉湿68＄

紅δΖ埴梏紅麹艾浄︸繁小鈑┛虹 2.17 顆学校法人蜥消蒸橳邉湿6835痼歲＄十禾椽0

蜥消хY蒸タ齧鴦旺墾𥿔35せ姨＄汚訒𪆐麕蜥消蒸橳邉湿6835痼歲＄券狎狢邉姨

狢椽01/235晶n83П槑槑'03э醸歲┛緯虹 2.17 П詔印つ梗＄奧э麕禾ホ蒸橳邉

湿6835痼歲＄洽椽0消穀婀эシэ 40Gy35シ鄂賠示墾𥿔隸＄喉ω¢鶫梏晶p梗

x＄姿奧э禾ホх蒸橳邉湿6835痼歲＄十禾椽0消穀х旺墾𥿔35せ姨′シ鄂賠示

墾𥿔旺э 10Gy″＄維Ⅵ鶫梏晶p35梗x┛Rodriguezシ
[104]
蒸珊膊湈хū猿35せヽ

聴┹＄洽蜥消棙蒸橳邉湿6835內日痼歲蜥消邉姨̂68墾𥿔梫穀 20Gy隸＄孛洩鶫

ы健椽0薔疫n貨35梗x┛鶫錮問膊湈奧內日邉68痼歲圈鑾蒸橳邉湿68梏𥐮浄醸

●乑紅砦墾𥿔脣姨鑷歡＄妍膨殺狎狢邉姨狢椽01/2n貨35梗x┛Bradlyシ
[97]
膊湈

х蒸橳邉湿68殺醸●乑紅砦̂68醸＄弥эシэメ健梏晶p35晶n83δ 34%＄姿奧

э蜥消屮奸湿68′induction chemotherapy″声収硬邉6835痼歲寒翁＄榺ヘ㎤83意

δ 6%┛覇ヘ鼏RTOG94-10III35メ埴奧せ嗎MVΟ＄膊湈х邉湿68声乑紅砦奧梗x

メ健声惇健紞楾邉68梏晶p35ュ蒸淅箭＄đδ奧э薰厄蜥消蒸橳邉湿68印抄醸●

乑紅砦邉6835痼歲埴＄券梏晶p㎤83紅麹δ 25%声 47%＄顆砵'03э意蜥消棧郅

邉湿68埴′4%″
[105]
┛ 

 麝せヽ35εこ゚O35韋毚棙艾浄NTCP︸繁小鈑＄尹学校法人NTCP︸繁覇蠑橎声龥I

內日邉68殃𪆐狎狢邉姨狢椽01/2晶萸35羽還声忘察┛誕錮問悗v声縉淫35擺屋誕

MV＄榺ヘせヽ韋ゔヘ尞孛Ο肉以寒翁艾浄滕穀椽035NTCP︸繁小鈑┛虹 2.19奧

訒х紅麹毚棙麝せヽ艾浄滕穀35LKB︸繁小鈑′TD50(1)=46Gy＄n=0.29＄m=0.15″

声券井メせ錮問Ο膊湈35LKB︸繁小鈑痔日梗35NTCP鴆舜＄券Ο辞苺鵝陲35│

鬘Burmanシ
[1]
艾浄滕穀35小鈑′TD50(1)=68Gy＄n=0.06＄m=0.11＄花肉＄1991

桿″＄印抄楆桿│Belderbosシ
[96]
′TD50(1)=47Gy＄n=0.69＄m=0.36＄橛月＄2005″

声Chapetシ艾浄滕穀35小鈑′TD50(1)=51Gy＄n=0.44＄m=0.32＄花肉＄2005″┛ 
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虹 2.19 奧訒顆学校法人│鬘 Burman┚Belderbos┚Chapet声麝せヽ35惇埴 NTCP︸繁小鈑痔日35梏晶p㎤83鴆舜 

 虹Ο圈舜δ麝せヽ滕穀35︸繁小鈑痔日罕滕＄ユ Burman 35鴆舜Y猿┛榺Ζ

埴鴆舜顆学校法人梏晶pεこ゚梗x覇シ鄂賠示墾𥿔 45Gy~95Gy φ掮＄汚 Burman 35鴆

舜鉉翁埴醤雁▪＄頓δ Burman鴆舜蠑桃35韋椽0梗xェ啜35晶n發胡＄姿榺ヘ

梏晶p覇 RTOG/EORTC兗健餌御Ο屮э惇健紞楾梏晶p┛ 

 麝せヽ艾浄滕穀35︸繁小鈑<m!′=0.15″旺э Belderbosシ′=0.36″声 Chapet

シ′=0.32″逃梗35聴┹┛小鈑<m!覇 LKB︸繁Οく❀δ鏥83頓啀＄淅箭ヌ NTCP

鴆舜35鵃仕＄緯虹 2.19 П詔印霽顆芭つ穀麝せヽ鴆舜訒𪆐 Belderbos 声 Chapet

35鴆舜鴦澮忖┛緯榺Μ㆛楾紅┭＄岏霽麝せヽΟ激埴痼歲35梏晶p梗x覇ヘΜ軟

庭 TD50(1)=46Gy 紅斷35Y奧㋤カ35墾𥿔錫掮Ο＄姿屢藥縉淫35Χ椦擺屋誕MV＄

Пđδ湿6835異激毚曰洩禾梏晶p梗x覇ヘΜ㋤カ35墾𥿔錫描┛ 

 Burmanシ艾浄滕穀хヘΜ渤婀35小鈑<n!還′0.06″＄蠖学校法人椽0梗xェ啜榺ヘ

紞楾梏晶p隸＄śx梗Υ繁殿囮35邉姨ナ89喃ⓔ7/12＄十癯覇椽0モ婀翁⌇慼軟献

35'03墾𥿔詔印氎縟Η紞35椽0薔疫┛麝せヽ逃梗35小鈑<n!還δ 0.29＄đδ狎狢

邉姨狢椽01/2Y訒椽0ェ啜＄剣鶫鴦弥35翁⌇鄂棗┛姿Belderbos′=0.69″声Chapet

′=0.44″逃梗35榺ヘ小鈑還鴦弥┛緯麝せヽ艮鸚晶ś35佬錮
[91]
Ο35ś 6 声麝錮

ś 2.20畐詔印つ梗＄椽0消穀 40~60Gyせ姨35Y奧翁⌇V40~V60＄śx梏晶p埴

槑弥эュśx梏晶p埴＄姿Y蒸35莢餌覇Chapet35せヽΟ＄奧訒攴欸孛婀滕籾┛

ラ橆縉淫đδ＄麝錮滕穀35暒婀35<n!還＄甅裸翁xх'03墾𥿔せ姨錫奧椽0梗x

梏晶p35顆砵淅箭＄蠖学校法人奧эΟ肉痼歲寒翁＄椽0śx梗х鴦婀35翁⌇鄂棗┛菹

э橆＄Ο肉35寧ケ邉68若ナ声89コ旌棗妋鴦倦Êэ癯覇椽0埴親モ35'03墾𥿔7/12┛

紹勿＄麝せヽ奧訒х麕蜥消蒸橳邉湿68声蜥消蒸橳邉湿68Ζ埴痼歲35NTCP︸繁

小鈑＄洛ś 2.19罕学校法人┛蜥消蒸橳邉湿68埴35痼歲＄<n!還意δ 0.09＄ユBurmanシ

35艾浄聴┹Y楆＄榺蠖学校法人縉淫＄蒸橳邉湿68樕8935禾ホ＄顆砵膨沛х椽0擑翆奧

э邉姨舜35酘磬●楾＄禾椽0śx梗х喧繁35Υ繁殿囮ⓔ7/12＄頓橆＄奧э蜥消х
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蒸橳邉湿6835痼歲＄鴦棗妋Ê碆𤄃桂覇č行僲č隸梗x癯覇椽0モ35'03墾𥿔7/12＄

緯姿詔印鶫鄂沬旺狎狢邉姨狢椽01/235晶ナ┛ 

 奧э龥I狎狢邉姨狢椽01/235LKB小鈑<TD50(1)!＄麝せヽ35艾浄聴┹δ

46Gy＄韋ヘΜユBelderbos′=47Gy″声Chapet′=51Gy″膊湈聴┹Y楆35還＄ラ

э小鈑<TD50(1)!35ナ89喃碆τδ#禾 50%痼歲śx梗梏晶p35賠示せ姨墾𥿔$＄頓

橆 46Gy榺Μ還ПユΧ椦⁇壟穀35梏晶p梗x發胡Yゎ┛屢藥縉淫35Χ椦擺屋誕

MV＄狎狢邉姨狢椽01/2毚曰晶ナ覇̂68醸35ゔメ縻ゔ惇Μ趨＄十脣姨х 24-28Gy

35̂68墾𥿔φ醸┛Suzukiシ
[106]
⁇壟х 65貨蜥消邉6835內日痼歲＄晶x 77%35痼

歲覇蜥消х 30.2±3Gy35̂68墾𥿔醸śx梗椽01/235pせ┛緯榺Ζ埴聴┹35奧訒

つ＄П佟詔印滕梗聴佬＄đδΟ肉痼歲椽0埴親奧邉姨舜鴦殺酘磬＄諮消墾𥿔鴦

旺┛ 

 δх鴦裸芭翁x椽035翁⌇鄂棗＄縉淫痔日хュ蒸シ鄂翁⌇′effective 

volume＄Veff″35椽0埴親蜥消35せ姨墾𥿔声梏晶p35奧棗倦O┛洛虹 2.20罕学校法人＄

紅麹𣠽沼橫曰埴親シ鄂翁⌇シэ 0.1＄0.2＄0.4＄0.6＄0.8声 1＄⁇壟迩圀35シ鄂

翁⌇蜥消穀ュ蒸𣏒姨墾𥿔隸＄扱ナ35橫曰埴親梏晶p倦O┛ラ虹詔s＄洽椽0消

穀穴婀э 35Gy 墾𥿔せ姨隸＄十禾韋傑璡椽0翁⌇′Veff=1″消穀榺ヘ墾𥿔35せ

姨＄梏晶p晶ナ83Пュ洩乑棙 5%＄汚韋洽墾𥿔分蔽膨殺韋＄シ鄂翁⌇㐬弥＄梗

x梏晶p35㎤83П孛㐬弥┛十禾韋渤婀35シ鄂翁⌇′Veff=0.1″＄洛┹消穀35せ姨

墾𥿔僇門'03′洛弥э 60Gy″＄橫曰埴親梗x梏晶p35㎤83П狎宰膨殺＄榺П甅裸

儃霽х椽0埴親35婀翁⌇鄂棗┛ 

 

虹 2.20 椽0ュ蒸シ鄂翁⌇蜥消𣏒姨墾𥿔声梗x梏晶p35倦O 

 毚曰發胡ャ＄ヘ茜墾𥿔-翁⌇頓啀＄洛V20＄V35＄V45＄V50＄V60＄くつ屋δ椽

0邉68梏晶p𢿫烖龥I頓啀

[87, 97-99]
┛虹 2.20 П緯紹ヘΜ懐螞儃霽х消穀せ姨35

シ鄂翁⌇還覇龥I狎狢邉姨狢椽01/2Ο耨$ヌ倦匑35㆛噯┛ 
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 緯錮問声Χ椦誕MV㆛楾＄畐顆学校法人葵0声く゚鑷肉垤35椽0日śx梗ュ蒸35ⓔ7/12

[91, 96, 107, 108]
＄訒洛葵0椽0日痼歲35晶n璡押毚曰覇椽035Ο┚モ竑＄レ籾鈑δ

儨せ職婦日＄姿く゚鑷肉垤35椽0日痼歲晶n璡押毚曰覇椽0ャ竑姿レ籾δ猜日┛

緯榺Μ㆛楾モ│つ＄ヴ┚く゚鑷以ラэ湏衛縻歲韋ュ蒸35釡椽Р睥＄狎狢邉姨狢椽

01/2śx梗35ⓔ渫П詔忘鶫暒弥攴欸＄榺П詔印⋛紃δ鴬麝せヽ艾浄滕穀35

NTCP︸繁小鈑ユ﨑花肉垤35せヽ聴┹唸覇攴欸┛ 

 洽Ⅵ＄麝せヽ滕穀35聴佬П唸覇分蔽せヽ声蜿ř35ア掮＄ヘ鑷螞韋麝せヽ35

激埴痼歲鈑𥿔榰訒暒婉＄紹ヘ鑷螞激埴痼歲35梏晶p發胡消穀湿6835顆砵淅箭＄

洛┹忘澋滕僇門籾35収硬蜥消邉6835痼歲鈑藥│艾浄 NTCP︸繁小鈑＄鉱鴦鶫岏

鶤察声駛櫳狢┛ 

2.7 麝ゕ婀聴 

 麝ゕ 2.2 圴O悲異聡х結△ NTCP ︸繁┛ŀ憩獪聴х LKB┚Logit-EUD┚

Schultheiss┚Poisson-EUD┚Källman 声 parallel 結△ NTCP ︸繁35鈑喃ś梫濤歡

声情︸繁小鈑35鈑喃声邉姨ナ89喃碆τ＄梏奧︸繁φ掮唸覇35件狢┚Y唖倦O嬉

х岏霽◆Ⅵ醸異聡х結△︸繁ュ蒸小鈑35沼還慼軟┛ 

 麝ゕ 2.3圴異聡х洛鴬┡縟艾浄 NTCP︸繁小鈑35O餌洪鈑＄十豪ホ鵝弥猿

Ⅵ奄č®＄妍薰ヘ貨激埴痼歲35墾𥿔-翁⌇革甃声痁僐⁇壟穀35梏晶p梗x發胡

弦激猿Ⅵ洪鈑＄奧妋猿Ⅵ洪鈑&鵝永⋛＄十詔滕穀 NTCP︸繁小鈑35艾浄聴┹┛ 

 麝ゕ 2.4 圴異聡х永湿O餌洪鈑35永湿ゝ®┛ŀ憩妍永湿鑷®紅δ問圀狢鑷

®声痁黝鑷®＄奧э問圀狢鑷®＄縉淫妒職異聡х収硬濤®35初コ声 Matlab 圈

x鑷®＄奧э痁黝鑷®＄縉淫妒職異聡х︸艾櫱2/7声湏衛ゝ®＄П韋緯ゝ®初コ

声 Matlab 圈x鑷®Ζ鑷螞嬉梗х斒橎◆Ⅵ醸＄僲č圈MV＄ŀ憩儃霽х湃艾浄35

NTCP︸繁┡縟35鵝弥猿Ⅵ洪鈑δ螌杭洪鈑＄Ⅵ醸奧訒х収硬濤®┚︸艾櫱2/7声

湏衛ゝ®覇艾浄︸繁小鈑隸śx梗35情鬘ⓔ噯＄梏緯艾浄聴┹声㮍≳隸掮ΖΜ鑷

螞奧メ△ゝ®嬉梗х奧訒┛ 

 麝ゕ 2.5圴ř佬хホ NTCP︸繁龥I艮郊猜日邉68殃𪆐35U坪声㾱抱餬鸚薔

疫┛ŀ憩奧圈MVO35┚激埴痼歲發胡┚邉68圈鑾肄麸┚邉68梏晶p35兗羽翁O声

︸繁小鈑35艾浄鑷鞘嬉х妒職異聡◆Ⅵ醸＄紅麹𩸕奧U坪声㾱抱ΖΜ艮郊猜日邉

68住抄殿囮梗x弥эシэ LENT/SOMA ы健梏晶p声梗ʜΖΜ梏晶pъ烏＄艾

浄х結△ NTCP︸繁小鈑覇 2桿┚3桿┚4桿声 5桿痁僐隸掮7/12モ龥Iモ橎ΖΜ

梏晶pъ烏35︸繁小鈑＄梏毚棙虹叫声鈑喃鑷®MV儃艾浄聴┹35御問狢＄翁x

NTCP︸繁奧梏晶p35龥I忘察声顆砵Y倦狢＄П蒸隸奧訒х結△ NTCP︸繁龥
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IU坪声㾱抱梏晶p35忘察声情鬘35ⓔ7/12◆覇 2.5圴35ř佬璡紅＄ŀ憩奧訒х麝

せヽ声錮問Ο膊湈35券井せヽ縟┹滕穀35 NTCP︸繁小鈑＄Ⅵ醸孛ア孶埴親35痔

日┚梏晶p兗羽餌御35𣠽沼┚︸繁小鈑痁痁僐隸掮35渉湿亼仕┚U坪声㾱抱35墾

𥿔-翁⌇鄂棗逃梗хř佬声紅┭＄鵝醸＄妍激埴痼歲紅麹茣面鑷墾𥿔声鈑藥│┧

槀≳紅埴＄彩壟 NTCP︸繁小鈑35ⓔ欸狢声鈑藥│┧奧小鈑35淅箭┛麝ゕ榰ř佬

х NTCP︸繁小鈑艾浄擺屋奧激埴痼歲鈑′珊麝𥿔″35こ゚&┛ 

 麝ゕ 2.6圴覇艮鸚擺屋35府コモ＄𣠽沼 LKB︸繁│龥I梏紅┭螌婀職婦內日

邉68殃𪆐35狎狢邉姨狢椽01/2┛ŀ憩異聡圈MV献埃＄辞苺圈MVO35┚激埴痼歲發

胡┚邉68圈鑾肄麸┚狎狢椽01/235兗紅餌御抄 LKB ︸繁小鈑艾浄鑷鞘◆Ⅵ醸＄

逃梗 LKB ︸繁小鈑覇蜥消声ュ蜥消蒸橳邉湿6835發胡ャ紅麹滕穀35艾浄聴┹＄

印抄毚棙豚洫紅┭滕穀35狎狢邉姨狢椽01/235顆砵Y倦頓啀◆鵝醸＄奧罕滕圈MV

聴┹槀≳ř佬＄辞苺ユY倦錮問Ο逃梗35︸繁小鈑槀≳奧訒紅┭┚ř佬椽035墾

𥿔-翁⌇ⓔ狢＄印抄湿68声醸●乑紅砦奧梗x狎狢邉姨狢椽01/235淅箭┛ 

2.8 麝ゕ鋼鑄7/12 

 毚棙圈MV鑷®＄儃霽хホ NTCP︸繁┡縟35猿Ⅵ洪鈑δ螌杭洪鈑＄梏奧訒х

メ△ュ蒸35永湿ゝ®覇艾浄 NTCP ︸繁小鈑隸śx梗35忘察声ⓔ7/12◆′◓ 2.4.3

圴″ 

 𩸕奧艮郊猜日邉68殃𪆐35U坪声㾱抱餬鸚梏晶p＄獪聴梏艾浄х鬘 1983 桿

齧畏＄錮問Ο蠖穀35結△ NTCP︸繁小鈑＄梏奧訒х結△︸繁覇龥IU坪声㾱抱

薔疫隸śx梗35ⓔ7/12声錫麹◆′◓ 2.5.8声 2.5.9圴″ 

 覇 2桿┚3桿┚4桿声 5桿ュ蒸35痁僐隸掮紅麹艾浄х結△ NTCP︸繁小鈑＄

尹学校法人х︸繁小鈑痁痁僐隸掮渉湿35亼仕◆′◓ 2.5.8声 2.5.9圴″ 

 𩸕奧圈MV聴┹滕穀35ユ㾱抱梏晶pY倦35墾𥿔-翁⌇頓啀＄蠖梗х妍㾱抱枚紅

δ楆裠錫錫描声槑裠錫錫描Ζ璡紅35瞎®＄梏蝠栱紅麹ホュ蒸35︸繁小鈑蠑橎Ζ

璡紅㾱抱枚ュ蒸35邉姨ナ89喃ⓔ渫◆′◓ 2.5.10.6圴″ 

 毚棙圈MV儃霽х艮郊猜日邉68殃𪆐35U坪声㾱抱餬鸚梏晶p＄痁ヌ痁僐隸掮

35蝠▪＄śx梗㐬│㐬沛35Y倦狢＄覇̂68聴槇 3桿印醸＄Ζ△殿囮35梏晶p訊

x梗唖δ龥I35ⓔ7/12◆′◓ 2.5.10.7圴″ 

 儃霽х NTCP︸繁小鈑剣鶫暒沛35𩸕奧狢＄毚棙ュ蒸35痼歲寒翁艾浄梗35︸

繁小鈑ュ駛櫳э鵜碆35痼歲寒翁＄綳こ゚覇禾ホ隸槀≳Μ翁湿艾浄＄縻歲Η灼蜚腰

禾ホ瑤烏◆′◓ 2.5.10.9圴″ 
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 𩸕奧激埴痼歲鈑𥿔′珊麝𥿔″奧 NTCP︸繁小鈑艾浄聴┹扱ナ35淅箭＄蠖梗

ヘ△圈MV鑷®＄蜿奩ュ蒸棗ホ瑤烏ャ35鵝婀珊麝𥿔◆′◓ 2.5.10.10圴″ 

 ŀ尞𩸕奧Ο肉以寒翁＄艾浄х蠑橎狎狢邉姨狢椽01/235 NTCP︸繁小鈑┛′◓

2.6.2圴″ 
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錮問ś霽

[5, 6]
＄EUDユ橫曰埴親35梏晶p㎤83鶫ヌ顆砵35Y倦狢＄榺ヘ7/12覇麝錮

ゔыゕ35せヽ聴┹ΟП滕穀х儃圈┛紹ヘ鑷螞＄㐬│㐬籾35せヽヌ察э妍券棗ホ

эIMRTč行永湿棙●Ο＄覇ュ淅箭裠錫墾𥿔35艮蠖ャ沬旺梏晶p㎤83＄ヮ湿č
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行僲č?●＄禾č行永湿棙●鴦鶫𩸕奧狢

[7-10]
┛ 

 覇麝ゕΟ＄ŀ憩妒職異聡シ鄂賠示墾𥿔EUD︸繁35㎤燻抄券晶尹棙●＄Ⅵ醸

聴浄Wu
[7, 8]
35せヽ縟┹＄異聡EUD覇异沛邉68永湿Ο35棗ホ┛覇橆府コモ＄ヌ紞

異聡麝錮妍EUD︸繁棗ホэ艮郊猜日异沛邉68永湿35圈MV献埃＄初鋼狢芭蠖梗х

ヘ△屢藥⋛査聴┡妍㾱抱枚紅δ楆裠錫声槑裠錫Ζ璡紅35コ燻＄梏𩸕奧榺Ζ璡紅

㾱抱枚紅麹逃чュ蒸35EUD︸繁小鈑＄豪ホPinnacle TPS蠖駕35ナ89永湿︸舶＄

妍榺ヘコ燻棗ホ穀艮郊猜日IMRT永湿棙●Ο＄彩壟榺ヘ邂槀奧沬旺㾱抱声U坪

消𥿔𪆐穀35⌇┞屋ホ┛ 

3.2 EUD︸繁㎤燻 

 Niemierkoэ 1997 桿蠖梗𩸕奧寧ケ墾𥿔紅斷35シ鄂賠示墾𥿔′equivalent 

uniform dose＄EUD″㎤燻
[3]
＄榺ヘ㎤燻櫻ヰ覇榺珊ΖΜ岸僲φモ◇ŀ憩＄寧ケ

韋ラ弥𥿔㋣ヰ35敬瓤職婦埴縟＄奧寧ケ敬瓤職婦35黶4/7韋痁黝35＄券晶ナ㎤83鶤

緯Œ┛紅斷＄姿レ寧ケ韋心滕穀蜚腰＄沼袴э寧ケ敬瓤職婦鈑35唸983◆紹勿＄

寧ケ裠錫モ35鵜鴬ΖΜ墾𥿔紅斷＄洛┹噪淫殃𪆐Y蒸35邉姨ナ89喃鄂棗＄禾寧ケ

献唸935敬瓤職婦鈑Y蒸＄鉱đδ榺ΖΜ墾𥿔紅斷シ鄂┛覇榺ΖΜ岸僲35府コモ＄

逃梗EUD35㎤燻◇奧э鵜碆35墾𥿔紅斷＄券奧棗35EUD韋榺珊ヘΜ墾𥿔′収押◇

Gy″＄洽榺ヘ墾𥿔賠示芭紅斷覇寧ケ翁⌇モ隸＄詔印扱ナY蒸35寧ケ敬瓤職婦4/7

9鈑┛ 

 Niemierkoэ 1999 桿
[4]
＄奧EUD35㎤燻屋梗х耒尹＄蠖梗хgeneral EUD

′gEUD″35㎤燻＄禾EUD詔印ホэ蠑橎橫曰埴親モ35螌賠示墾𥿔紅斷＄Y棗35

#寧ケ敬瓤職婦鈑$П孛渉縟х┡縟橫曰埴親35職婦Μ鈑┛ 

 EUD㎤燻35蠖梗＄鵝降O35韋δх蠖駕ヘΜ¤慼┚御問姿レヮ概35墾𥿔蠑橎

擺剣＄印概忘鴦裸芭蠑橎螌賠示墾𥿔覇メ翼ア掮献35紅斷＄П詔印δΖΜュ蒸35

螌賠示墾𥿔紅斷逃梗ヘ△圀𥿔35奧訒餌御＄姿ュ意意韋ホヘΜ墾𥿔洫ヘ7/12縻歲⌇

紅┚澁紅濤歡35 DVH│蠑橎┛ 

 EUD35蠑橎穴歡洛ャ◇ 

aN

i

a

id
N

EUD

1

1

1 ÕÖ
ÔÄÅ

Ã? Â?                           ′3.1″ 

δх概э豪ホ澁紅 DVH奧㍍ヘ埴親35 EUD槀≳čゝ＄詔印妍 3.1歡弦δ洛ャ濤

歡◇ 
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aN

i

a

iidvEUD

1

1

ÕÖ
ÔÄÅ

Ã? Â?                           ′3.2″ 

券Ο＄N奧棗35韋ヘΜ⋛査聴┡献35翁t鈑O′voxels″＄榺ヘ鈑O棗妋僇門弥＄

十翁t棗妋僇門婀＄印齧э詔印妍薰Μ翁t消穀35せ姨墾𥿔⁂δ賠示墾𥿔◆vi声

di紅麹奧棗翁ti3529紅翁⌇声班奧墾𥿔◆a韋EUD︸繁Ο贈ヘ35ヘΜ小鈑＄奧棗

ヌEUD罕蠑橎⋛査聴┡35ナ89喃ⓔ狢＄ * _20,¢/Œa  
[4, 10]
◇

 洽 EUD ホ│蠑橎寧ケ裠錫35シ鄂墾𥿔隸＄ 沼蹻還＄ 還㐬婀＄EUD 還消

墾𥿔虎7/1235淅箭㐬弥＄㐬忘𤄃桂裠錫献墾𥿔虎7/1235梗x◇奧эコ佬モ35梏繁聴┡

寧ケ＄十đδ梗x覇寧ケ裠錫モ35鵜鴬ヘΜ墾𥿔虎7/12畐忘奸𪘚寧ケ蜚腰薮轔35寧

ケ＄ ◆奧эv¬狢沛35寧ケ＄

a a

50/?a 20/?a ◆奧э奧邉姨舜Ο楾酘磬35寧ケ＄

◆ 5/?a

 洽 EUDホ│蠑橎橫曰埴親隸＄a沼橫還＄奧эΥ繁殿囮′洛桝58┚U坪シ″＄

＄レ 還㐬弥＄EUD 奧癯覇殿囮モ35487/12鴦酘磬◆奧э梏繁殿囮′洛

內┚墜┚認シ″＄ ＄レ 還㐬婀＄EUD奧癯覇殿囮モ35暒弥翁⌇29紅訒35

虎7/12錫描鴦酘磬◆ 

* _20,0Œa a

* 1,0Œa +

›

a

 洽 隸＄EUDa(di)蜥楆 di35鵝弥墾𥿔7/12◆ -¢›a

 洽 隸＄EUDa(di)蜥楆 di35鵝婀墾𥿔7/12◆ /¢›a

 洽 隸＄EUDa(di)蜥楆 di35喉鴬桷賠還＄十0a * + NN

i ia dEUD
1

1ß ?›  

 洽 隸＄穴歡 3.2孛渉縟хčゝ賠示墾𥿔 Dmean35鈑喃ś梫歡 1?a

3.3 EUD︸繁覇IMRTΟ35棗ホ府コ 

 Wuシ
[7]
覇 2002 桿膊湈хホEUD屋δIMRT永湿棙●Ο35穴槇瑤烏┡櫻O餌

洪鈑＄梏レ奧券狢忘声屋ホ槀≳х兗奄┛Wuđδ＄洛┹意禾ホ府э墾𥿔縻歲墾

𥿔-翁⌇35O餌洪鈑槀≳IMRT永湿＄ュ忘恵紅捷鞁寧ケ縻橫曰埴親奧姨舜35螌舜

狢捷棗＄ⓔ麹韋洽寧ケ縻歲橫曰埴親モ35墾𥿔δ螌賠示紅斷隸嬋δ洛橆┛訒洛＄

洛┹寧ケ献35ヘΜ翁t縻歲渤婉𥿔翁t蜥消穀ヘΜ螌曰旺墾𥿔35せ姨＄榺△發胡

覇衛悲35IMRT永湿O餌洪鈑Ο¢鶫顆砵35翁x＄ュ洩淅箭穀永湿棙●＄姿圈氄

モ榺△發胡洩沬旺寧ケ35蜚腰㎤83′TCP″┛薇粧埏岏＄衛悲35府э墾𥿔-翁⌇穴

槇瑤烏′89コ御鉱″35永湿棙●＄倦Ê35韋圈氄声O餌墾𥿔35攴欸＄姿ュ韋奧寧
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ケ蜚腰㎤83声橫曰埴親薔疫㎤8335淅箭┛ 

 Wuシ
[8]
痁醸覇 2003 桿＄奧艮鸚擺屋槀≳х耒尹＄┡櫻х蒸隸辞苺EUD声89

コ御鉱穴槇瑤烏35IMRT永湿O餌洪鈑＄豪ホ89コ御鉱穴槇瑤烏鴦U⁇35ⓔ7/12＄

奧ナ89御鉱永湿滕穀35聴┹槀≳澁异′fine-tuned″＄印澋滕鵝嫁35IMRTč行┛錮

ゕ毚棙艮郊猜日声愈𧵳璡寧ケΖ埴圈氄痼歲č行鈑藥＄梏奧訒х89コ御鉱声ナ89

御鉱Ζ△穴槇瑤烏永湿滕穀35č行攴麹┛聴佬đδ＄ホEUDナ89御鉱屋δ永湿瑤

烏滕穀35IMRTč行鴦裸芭較膈х裠錫趨軟橫曰埴親＄姿寧ケ裠錫コ゚q發胡ユ89

コ御鉱Y猿＄汚裠錫献35賠示狢鶫18澁35ャ沬┛覇橆府コモ賢毚棙殺激89コ御鉱

奧č行槀≳澁异＄詔印滕穀訒収硬ホナ89御鉱鴦裸35墾𥿔紅斷＄レ永湿罕í𠮟35

隸掮顆砵婉э収硬禾ホ89コ御鉱35發胡┛ 

 Pinnacle
3
 TPS′Philips Medical Systems″韋ヘ△覇肉献勿賠滕穀梵¹棗ホ声

đ詔35尊ヲ邉姨̂68č行O悲＄券Ο35异沛邉68č行僲č︸舶十糦ホхWuシ
[7, 8]

蠖梗35O餌洪鈑┡氎鑷®＄δホ纜8鶫蜥章＄詔印覇永湿棙●Ο殺激EUD屋δ┡

縟O餌洪鈑35穴槇瑤烏＄券Ο＄奧э寧ケ裠錫＄詔印僲鵈鵝婀EUD声Target EUD

印浡腰永湿棙●Ο寧ケ錫描ュこ゚梗x虎7/12＄奧棗35小鈑a鉱棗沼蹻還◆奧э橫曰

埴親＄詔印僲鵈鵝弥EUD印浡腰永湿棙●Ο奧橫曰埴親35較膈＄奧棗35小鈑a鉱

棗沼橫還┛奧ュ蒸35橫曰埴親＄a還35沼還慼軟П棗洽鶫罕錫麹＄剣翁小◓ 3.2

圴┛ 

3.4 EUD︸繁覇艮郊猜日异沛邉68Ο35棗ホせヽ 

 覇艮鸚擺屋Ο＄縉淫屢藥痁僐鈑藥＄艾浄滕穀х艮郊猜日邉68殃𪆐35U坪声

㾱抱餬鸚薔疫奧棗35︸繁小鈑＄印抄ユ梏晶p唸覇顆砵Y倦狢35墾𥿔-翁⌇龥I

頓啀┛頓橆＄縉淫无鷦慣晒 Pinnacleč行O悲蠖駕35ナ89永湿︸舶屋δ圈MV桷詳＄

妍艮鸚擺屋Ο艾浄滕穀35誕MV還棗ホэ圈氄35 IMRTč行僲č棙●Ο＄ホ圈MV鈑

藥尹学校法人 EUD覇艮郊猜日异沛邉68Ο罕忘晶萸35屋ホ┛ 

3.4.1 圈MVO35抄詔≳狢紅┭ 

 ユ券井橫曰埴親ヘ珊＄㾱抱梗x邉68梏晶pユ消穀せ姨35墾𥿔-翁⌇小鈑鶫ヌ

塢紘35倦O＄汚ユU坪ュ蒸35韋＄ュ蒸35せヽ聴┹掮榰唸覇ヌ暒弥35紅櫢＄奧э

㾱抱35墾𥿔喃ⓔ狢嫂ュボ駘┛ 

 籾鈑せヽ逃梗35聴┹＄đδ㾱抱śx梗婀翁⌇鄂棗＄奧'03墾𥿔錫酘磬＄δΥ

繁殿囮┛貨洛Cheungシ
[11]
đδ＄洽ヘΜ㾱抱婀翁⌇慼軟蜥消х'03э 78-80Gy35墾

𥿔＄鉱榺ヘ墾𥿔-翁⌇倦O韋扱ナ餬鸚æ寇ナ珒O悲梏晶p35'03住頓t┛ヘ茜せ

ヽ晶x

[12-18]
＄氎縟蛬寇札忘癊アト35εこ゚黝腰φヘ＄沼袴эヘΜ#婀$翁⌇35せ姨＄
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貨洛㾱抱35棣璡ュ詔𤄃桂芭覇艮郊猜日邉68Ο消穀暒'03墾𥿔35せ姨┛ユモ橎せヽ

聴佬Y征棗35韋＄麝錮35せヽ聴┹Ο＄П毚棙ヘ形豚洫紅┭聽梗х面鑷墾𥿔′獪

墾𥿔″声鵝弥7/12墾𥿔ユ㾱抱邉68梏晶p35顆砵Y倦狢┛ 

 П鶫ヘ璡紅せヽ聴┹＄đδ㾱抱śx梗弥翁⌇鄂棗十梏繁殿囮ⓔ7/12┛Marks

シ

[19]
晶x㾱抱35弥璡紅翁⌇詔印蜥消弥穴 30-50Gy35せ姨＄洛┹婀翁⌇㾱抱埴親

消穀х 60-65Gy墾𥿔35せ姨＄鉱梗xΗ紞梏晶p35㎤83Y洽旺◆洽鉉Μ㾱抱埴親

消穀妍楆 50-60Gy墾𥿔せ姨隸＄鉉Μ㾱抱梗x札忘癊アト35𢿫烖鬱臨膨殺＄榺隸＄

十禾㾱抱鵝弥墾𥿔7/1235墾𥿔渤旺＄П詔忘鶫Η紞35邉68梏晶p梗x┛Harsoliaシ

[20]
П晶x𩸕奧㾱抱窿狢梏晶p＄唸覇ヌヘ埴弥慼軟35㾱抱枚墾𥿔-翁⌇龥I頓啀＄

篤苺х緯V10~V8235墾𥿔-翁⌇奧棗7/12┛麝錮35せヽ聴┹Ο＄ヘ形豚洫紅┭聴┹П

逃梗хV3-7＄V34-80 榺珊ヘ埴梵¹35墾𥿔-翁⌇Y倦頓啀＄đδ㾱抱埴親梏晶p奧

榺珊ヘ埴暒弥慼軟35墾𥿔-翁⌇龥I頓啀剣鶫酘磬狢＄śx梗х梏繁殿囮ⓔ狢＄

面э旺墾𥿔錫35㾱抱埴親П棗洽殃𪆐若ナ声89コ旌35倦Ê┛ 

 緯モ橎Ζ7/12│つ＄麝せヽ聴┹緯Ζ鑷螞畐聽穀Y猿35コ佬会藥＄十㾱抱陋ś

x梗Υ繁殿囮35ⓔ7/12＄奧'03墾𥿔錫描酘磬＄Пśx梗梏繁殿囮ⓔ7/12＄奧梵¹35旺

墾𥿔錫П酘磬┛誕棙悗v錮問＄縉淫聽穀хHarsoliaシ
[20]
35せヽ聴┹＄妋錮ゕヘ

鑷螞đδ㾱抱墾𥿔弥э 78-80Gy隸餬鸚梏晶p𢿫烖膨'03＄紹ヘ鑷螞П聽穀ヘ埴ユ

㾱抱窿狢梏晶pY倦35墾𥿔-翁⌇頓啀′V10-82″┛府эモ橎峐籾せヽ聴┹＄縉淫

副瞎＄氎縟㾱抱埴親蒸隸śx梗Υ┚梏繁聴┡ⓔ7/1235初頓＄詔忘韋ラэ㾱抱鬘寽

35⋛査喃ⓔ7/12袴圀35┛洛虹 2.16′a″
[21]
罕学校法人＄覇艮郊猜日邉68Ο＄㾱抱ャ璡ユ

艮郊猜裠錫Y狳＄頓δ裠錫PTV韋覇艮郊猜GTV35府コモ埴メ翼鑷埴勿耒梗ヘΜ

梘01＄鶫ヘ璡紅㾱抱枚タ齧洩く辞庭覇PTV紒螞＄洛虹 2.16′b″＄頓橆濔圀鶫ヘ

璡紅㾱抱枚消穀'03墾𥿔35せ姨＄榺ヘ墾𥿔タ齧詔忘'03э面鑷墾𥿔◆彰ラэ㾱抱35

聴┡袴圀хヘ圀鶫ヘ璡紅㾱抱枚槑✂艮郊猜裠錫＄姿榺ヘ璡紅翁⌇終㾱抱獪翁⌇

35班弥籾鈑＄頓橆鶫暒弥翁⌇35㾱抱枚消穀35蕉韋旺墾𥿔せ姨┛縉淫副瞎＄洽㾱

抱梏晶pユ'03墾𥿔7/12唸覇Y倦狢隸＄韋ラэ螗楆裠錫35㾱抱枚埴親消穀х薔疫＄

禾㾱抱śx梗梏晶ppせ◆Y捷＄洽㾱抱梏晶pユ暒梵¹35旺墾𥿔錫描Y倦隸＄

韋ラэ槑✂裠錫35㾱抱枚消薔＄禾㾱抱śx梗梏晶ppせ┛ 

 頓橆＄麝圈MV陦覇豪ホ艮鸚せヽ滕穀35聴┹声誕MV＄𩸕奧㾱抱埴親śx梗35

ⓔ7/12僲鵈ュ蒸35 EUD 小鈑還│穴槇㾱抱墾𥿔＄彩壟 EUD ︸繁屋δナ89喃穴槇

瑤烏小ユ穀艮郊猜日 IMRTč行永湿棙●Ο罕忘𪆐穀35屋ホ┛ 

3.4.2 圈MV齣鏖ユ鑷®異聡 

 𣠽沼 53貨覇®肉 Centre Eugène-Marquis日pΟ濕蜥消 IMRT异沛邉6835艮
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郊猜日痼歲鈑藥＄罕鶫 53 貨痼歲賠澯緯®肉 GETUG 埴親寿Ĵ＄蜥消хY蒸35

邉68鑷鞘◇面鑷墾𥿔賠δ 80Gy＄曰¤紅砦 2.0Gy/尞＄薰趨阿尞◆̂68紅δ Phase 

A声 Phase BΖ璡紅＄ŀ憩韋 Phase A橊竑＄裠錫′PTV1″辞苺艮郊猜′GTV″

声ɚ篤猜′CTV″＄印 2.0Gy/尞35墾𥿔せ姨 23尞＄件 46Gy＄Ⅵ醸韋 Phase B橊

竑＄裠錫′PTV2″瑟𥿠＄意せ姨艮郊猜′GTV″＄印 2.0Gy/尞35墾𥿔せ姨 17尞＄

件 34Gy◆奧э艮醸ΖΜ橊竑35̂68十 Phase A声 Phase B＄邉68č行僲č賠糦ホ

18MVX舜＄斷鵈Y蒸35阿Μせ姨𥿠＄㆛楾紅麹δ 36°＄100°＄180°＄260°声 324°＄

紅斷鑷埴洛虹 3.1罕学校法人◇ 

  

                     ′a″                            ′b″ 

虹 3.1 艮郊猜日 IMRT异沛邉68せ姨𥿠紅斷虹 ′a″Phase A ′b″Phase B 

虹Ο軌噯錫描δ Phase A声 Phase BΖ橊竑紅麹奧棗35裠錫 PTV1声 PTV2＄摡噯

錫描δ㾱抱枚＄痔日初鉱δ㾱抱勿枚埴献耒尹 7mm濤縟35w暎＄粐噯錫描δU

坪枚＄痔日初鉱δU坪勿枚埴献耒尹 5mm濤縟35w暎┛ 

 奧э薰ヘ貨痼歲＄券初鶫圈鑾̂6835č行賠毚棙墾𥿔-翁⌇穴槇瑤烏十89コ御

鉱僲鵈永湿O餌洪鈑＄僲鵈初鉱澯緯 GETUG埴親逃梗35墾𥿔穴槇抄兗羽莢餌＄

辞苺◇ 

 艮郊猜′GTV″◇鵝婀墾𥿔ュ旺э面鑷墾𥿔35 90%＄較儃 95%艮郊猜翁⌇蜥

消ュ婀э 95%35面鑷墾𥿔◆ 

 U坪枚◇鵝弥墾𥿔ュ'03э 76Gy＄V72□25%◆ 

 㾱抱枚◇鵝弥墾𥿔ュ'03э 80Gy＄V70□50%◆ 

 Ζ懐釣15愈◇V55□5%┛ 

 綳こ゚Ê碆35韋＄奧эU坪声㾱抱35#鵝弥墾𥿔$莢35韋 1.8cc 翁⌇橫曰埴親芬

鶫35鵝弥墾𥿔＄姿ュ韋 DVH悲č聴┹ΟU蜥逃梗35㍍ヘΜ墾𥿔čゝ収形35鵝弥
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墾𥿔┛ 

 ゔヘ橊竑Phase A声ゔы橊竑Phase Bč行僲č35墾𥿔-翁⌇穴槇瑤烏洛虹 3.2

′a″声′b″罕学校法人◇ 

 

′a″ 

 

′b″ 

虹 3.2 Pinnacleč行O悲墾𥿔-翁⌇穴槇瑤烏僲鵈学校法人貨 ′a″Phase A′b″Phase B 

ptv1◇艮郊猜殺ɚ篤猜＄ptv2◇艮郊猜＄paroi rectale◇U坪枚＄paroi vesicale◇㾱抱枚＄Tissue sains◇墾𥿔浡腰錫描 

榺紒逃梗35蕉韋 GETUG埴親蝠栱35穴槇瑤烏学校法人貨＄剣翁𩸕奧薰ヘΜ痼歲＄ラэ

券裠錫趨軟橫曰埴親声裠錫35濤燠畐洩鶫罕ュ蒸＄覇永湿35棙●Ο棗洽屢藥薰ヘ

尞永湿滕穀35聴┹槀≳捷盲异嗎′trial-and-error″＄辞苺异鉉O餌墾𥿔声黻紞┛ 

 永湿棙●35券井小鈑洛ャ虹 3.3罕学校法人＄ 
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虹 3.3 Pinnacleč行O悲永湿小鈑僲鵈01螞 

券Ο辞苺僲鵈永湿棙●35鵝弥樿鰯尞鈑 25＄汁⌇墾𥿔樿鰯尞鈑 5＄永湿岐樰35諮

消浡楾 1e-05＄永湿ū繁 DMPO′direct machine parameter optimization＄U蜥姨

𥿠永湿″＄鵝弥啀𥿠鈑 35 Μ＄鵝婀啀𥿠螞⌇ 4cm
2
＄鵝婀啀𥿠呬鈑 5MUs＄鵝婀

MLC 鐘55奧鈑 2＄鵝婀鐘55し紅✂匵✂ 2cm＄印抄券井ヘ茜詔𣠽鼏┛罕鶫痼歲

35 IMRT永湿賠澯緯榺茜僲鵈還┛ 

 圈MV鑷鞘洛ャ◇ 

 ′1″奧э薰ヘ貨痼歲＄妍券初鶫㾱抱枚35痔日錫描＄印PTV1 勿耒 5mm錫

描δ梘01＄紅δ槑裠錫描㾱抱枚′ves ext″声楆裠錫描㾱抱枚′ves int″＄券Ο𩸕

奧㾱抱槑裠錫描＄đδ券梏晶p35梗xユ暒弥翁⌇慼軟献35旺墾𥿔錫Y倦＄śx

梗弥翁⌇鄂棗＄小彩Burman
[22]
逃梗35n=0.535聴┹＄僲鵈EUD 小鈑還a=2＄𩸕奧

㾱抱楆裠錫描＄đδ券梏晶p35梗xユ暒婀翁⌇モ35'03墾𥿔錫Y倦＄śx梗婀翁

⌇鄂棗＄小彩麝錮艮鸚せヽ艾浄滕穀35㾱抱梏晶p︸繁小鈑還n=0.09＄僲鵈EUD

小鈑還a=10◆ 

 ′2″較8薰押痼歲初鶫č行ュ渉＄屋δ89コ御鉱永湿埴◆ 

 ′3″δ薰押痼歲僲čナ89御鉱永湿č行◇ŀ憩＄盲腰Phase Ač行#Plan A$＄

較茗罕鶫č行小鈑ュ渉＄意妍逃ч㾱抱枚′paroi vesicale″3589コ穴槇瑤烏′Max 

Dose″紅麹鴦薇
££

δ𩸕奧㾱抱槑裠錫描ves ext声㾱抱楆裠錫描ves int35ΖΜEUD穴

槇瑤烏′Max EUD″＄紅麹僲鵈EUD︸繁小鈑a35還δ 2声 10＄洛虹 3.4′a″罕

学校法人＄槀≳č行永湿＄滕穀č行#Plan A}EUD$◆Ⅵ醸＄盲腰č行#Plan A}EUD$鴦

譲δ#Plan B}EUD$＄妍面鑷墾𥿔邂δ 2.0Gy×17尞＄梏膨殺ユ#Plan A}EUD$Y蒸

35阿Μ𥿠＄鴦邂永湿穴槇瑤烏Ο情埴親35穴槇墾𥿔-翁⌇声EUD穴槇革甃＄洛虹

3.4′b″罕学校法人＄槀≳č行永湿◆覇鬱臨鑄35永湿φ艮＄妍#Plan B}EUD$Ο𩸕奧Phase 

A35阿Μ𥿠35永湿鑷歡僲鵈δ#None$＄十ュ賢小ユ永湿梏較茗初鶫Phase A35せ姨
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沛楾声呬鈑＄意奧砿砿デ殺35阿Μ鑄𥿠僲鵈永湿鑷歡δDMPO梏耄≳永湿棙●┛

δх翁xEUD穴槇瑤烏覇IMRTΟ35屋ホ＄モ橎ナ89御鉱永湿棙●意奧EUD穴槇

瑤烏′Max EUD″35O餌墾𥿔声黻紞槀≳异鉉＄洛┹永湿滕穀35墾𥿔紅斷奸𪘚

U坪消𥿔鶫罕膨殺35埏＄賢意𩸕奧U坪膨殺ヘΜEUD穴槇瑤烏＄𣠽苒EUD小鈑

a=5
[23]
＄印橆問較沬旺㾱抱墾𥿔35蒸隸ュ奧U坪氎縟鴦籾35薔疫┛ 

 ′4″ラэ#Plan B}EUD$羇韋痼歲鵝遂綳こ゚耄≳35č行＄頓橆＄縉淫意奧訒

ホ89コ御鉱永湿35#Plan B$声ホ森ナ89御鉱永湿35#Plan B}EUD$┛茣せ GETUG

逃梗35情殿囮墾𥿔-翁⌇穴槇瑤烏＄悲č 53貨痼歲モ橎ΖΜč行Ο情殿囮35DVH

革甃＄梏čゝ裠錫35櫳濤楾莢鈑′conformal index＄CI″┚賠示狢莢鈑′homogeneous 

index＄HI″＄ホ𥐮奧 T悗MV′paired T test″紅┭89コ御鉱声ナ89御鉱覇滕穀35č

行莢餌鑷螞35攴欸＄đδ p□0.05δ攴欸顆砵┛櫳濤楾莢鈑声賠示狢莢鈑35čゝ

穴歡紅麹洛歡 3.3声歡 3.4罕学校法人◇ 

ref

reft

t

reft

V

V

V

V
CI

,, ©?                            ′3.3″ 

%100982 ·/?
pD

DD
HI                       ′3.4″ 

櫳濤楾莢鈑蠑橎х小彩シ墾𥿔舜鴆螞ユ裠錫辞庭35倦O＄券ΟVtδ裠錫翁⌇＄Vt,ref

δ小彩シ墾𥿔舜鴆螞罕辞庭35裠錫翁⌇＄Vrefδ小彩シ墾𥿔舜鴆螞罕軟縟35メ翼

ア掮翁⌇＄CI還慼軟韋 0Ｅ1＄還㐬弥＄櫳濤楾㐬裸
[24]
◆賠示狢莢鈑蠑橎х裠錫

献璡墾𥿔紅斷35賠示●楾＄韋Ś𥿔ヘΜč行迮𥿔35餌御φヘ

[25]
＄歡 3.4 Ο＄D2

莢意 2%35裠錫翁⌇蜥消穀35墾𥿔＄D98莢 98%35裠錫翁⌇蜥消穀35墾𥿔＄罕印

D2 声D98 紅麹莢鰯癯覇裠錫モ35鵝弥声鵝婀墾𥿔＄姿Dpδ面鑷墾𥿔┛頓橆＄HI

還35慼軟韋 0~1＄還㐬婀＄賠示狢㐬裸
[26]
┛ 

 

′a″ 
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′b″ 

虹 3.4 ホ EUDナ89御鉱僲鵈 声 Phase B35永湿穴槇瑤烏 

 ′5″δх較儃 э薰ヘ貨痼歲35

1989桿蠖梗35TCP穴歡＄

               ′3.5″ 

                  ′3.6″ 

券Ο＄ δ裠翁⌇献寧ケ敬瓤職婦鈑＄ ś学校法人蜥消墾𥿔δ 35せ姨醸

Phase A

禾ホх EUDナ89御鉱醸ュ淅箭邉68鄂┹＄奧

Ζ埴邉68č行＄紅麹čゝ裠錫′PTV2″35寧ケ蜚腰㎤83′TCP″還＄梏妍Ζ埴

TCP還槀≳𥐮奧 T悗MV′paired-samples T test″＄⁇壟禾ホナ89御鉱永湿醸＄橫

曰埴親墾𥿔35ャ沬韋心奧寧ケ35蜚腰扱ナ顆砵淅箭┛ 

 Hoffmanシ
[27]
覇 2008桿35錮問Ο殃ホхFowler

[28]
覇

梏儃霽х妋穴歡δ螌杭洪鈑＄濤歡洛ャ 

N

ÙÚ
×ÈÉ

Ç/? Â?k

kLQkcloLQ DSFvNDTCP
1

)(exp)(

)/exp()( 2 nDDDSF kkkLQ dc //?

cloN )( kLQ DSF kD

寧ケ敬瓤職婦唸983◆ 韋ユ Y奧35翁⌇収形＄紅麹蠑橎хヘΜ翁t35翁⌇

声墾𥿔◆g声く紅麹韋ュ詔割盲薔疫頓啀声葵薔疫頓啀＄ы歲35訒還g/く捷棗хュ
蒸寧ケ縻橫曰埴親奧ュ蒸紅尞墾𥿔35酘磬狢＄妒◓麝錮ゔ 5 ゕ 5.2 圴◆nδ紅尞

せ姨尞鈑┛覇圈氄čゝ隸＄慣菹Wangシ
[

kv kD

29]
錮問膊湈35聴┹＄糦ホ敬瓤職婦鈑

138?cloN ◆小彩Fowlerシ
[30]
逃梗35聴┹＄c 声 d 35還紅麹𣠽ホ 0391.0?c 声

0263.0?d ＄十g/ =1.49┛ く

3.4.3 圈MV聴┹ 

 53貨痼歲裠錫声橫曰埴親桷賠 DVH鴆舜洛ャ虹 3.5罕学校法人 
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虹 3.5 53貨痼歲桷賠 DVH虹 虹Ο圈舜韋ホ89コ御鉱永湿滕穀35<Plan B!Ο情埴親墾𥿔紅斷 DVH鴆舜┚韞舜韋茣せ 3.4.2

圴罕橎鑷鞘禾ホ EUD頓啀永湿滕穀35<Plan B}EUD!情埴親墾𥿔紅斷 DVH鴆舜 

 毚棙⁇壟＄虹Ο鵝顆砵35攴欸│鬘㾱抱枚┚㾱抱献枚声㾱抱勿枚メ埴鴆舜＄

梏¢鶫消穀淅 翁⌇鶫罕沬

3.1 

�
桿痁僐隸掮7/12モ梗x梗ʜ梏晶p 

埴親譲❀ 莢餌譲❀ 89コ御鉱′Plan B″ EUD御鉱′Plan B}EUD″ p還

禾ホ EUD永湿滕穀35鴆舜顆砵旺э衛悲︸歡3589コ御鉱永湿聴┹◆U坪墾𥿔П

箭＄タ齧覇 10~45Gy 35墾𥿔錫掮献＄U坪消せ姨Y奧

旺◆姿ラ橆暎│35鰯羽◇ヘ鑷螞＄艮郊猜裠錫′PTV2″墾𥿔鶫18澁35沬旺＄詔

印つ穀＄覇 75~80Gy墾𥿔錫掮献＄艮郊猜裠錫 PTV2韞舜ユ圈舜鶫18澁35攴欸＄

EUD御鉱滕穀35 PTV2モ妋墾𥿔竑35Y奧翁⌇18旺э89コ御鉱聴┹◆紹ヘ鑷螞＄

Ζ懐釣15愈覇 40~50Gy '03墾𥿔錫35消せ姨翁⌇鶫暒δ顆砵35膨殺◆艮郊猜抄ɚ

篤猜龥榫せ姨錫 PTV1 35墾𥿔舜覇弥э 50Gy 35墾𥿔錫掮鶫18澁35ャ沬＄汚韋

PTV1韋ゔヘ橊竑邉6835裠錫＄面鑷墾𥿔δ 46Gy′2.0Gy×23尞″＄頓橆＄覇弥э

50Gy35墾𥿔錫掮Ζ瑤鴆舜梗x攴欸ュ淅箭寧ケ35蜚腰┛ 

 δх鴦御問芭紅┭89コ御鉱声 EUD ナ89御鉱滕穀35Ζ埴永湿聴┹＄小彩

GETUG逃梗35奧艮郊猜日邉68情埴親墾𥿔穴槇瑤烏＄奧情埴親墾𥿔-翁⌇頓啀槀

≳悲č紅┭抄𥐮奧 T悗MV＄聴┹洛ャś 3.1罕学校法人◇ 

ś 奧せ89コ御鉱声 EUDナ89御鉱棗ホэ艮郊猜日邉68č行永湿聴┹奧訒  `¶ V43.7声V76紅麹奧棗墾𥿔ュ婀э 95%面

鑷墾𥿔35Y奧翁⌇＄

┾
鵝弥墾𥿔莢35韋 1.8cc翁⌇消穀35鵝弥墾𥿔＄

§
3yb23′5yb23″鰯ś㾱抱覇 3′5″桿痁僐隸掮7/12モ

梗x弥эシэы健梏晶p＄ 3ybblee′5ybblee″鰯ś㾱抱覇 3′5″

 

PTV1 V  99.78±0.38% 76±0.37% 0.28 43.7
`

99.

D  91. 0% 90.89±1.91% 02 min 25±1.9 0.0

V76  94.47±2.22% 93.19±2.34% □0.001
¶

CI 0.73±0.04 0.93±0.02 □0.001
PTV2 

HI 0.11±0.02 0.12±0.02 □0.001

Dmax
┾
 75.19±1.08 Gy 75.05±1.16 Gy 0.044 

V72 12.95±3.67% 12.72±3.57% 0.035 U坪枚 

EUD 5″ 54 y 54 y ′a= .91±2.24 G .67±2.21 G 0.002 

127 

 



ゔメゕ シ鄂賠示墾𥿔︸繁覇艮郊猜日异沛邉68Ο35棗ホせヽ 

D  79 y 79 y max
┾

.70±0.45 G .45±0.49 G □0.001

V70 22.66±11.85% 18.88±10.63% □0.001

D  3  3  □mean 9.40±12.50 Gy 5.04±12.35 Gy 0.001

NTCP 3yb23
§
 16.68±6.16% 14.48±5.73% □0.001

NTC lee
�
 P 3ybb 7.16±3.76% 5.88±3.36% □0.001

NTC 3
§
 P 5yb2 20.15±6.61% 17.75±6.27% □0.001

㾱抱枚 

NTC lee
�
 P 5ybb 10.38±6.20% 8.36±5.34% □0.001

㾱抱枚 

槑裠錫描 
3 26.EUD′a=2″ 2.83±8.55Gy 88±8.33Gy □0.001

㾱抱枚 

楆裠錫描 
EUD′a=10″ 72.88±3.34Gy 70.82±3.68Gy □0.001

醤釣15愈 V 055 0.04±0.20% 0.21±0.60% .015 

攀釣15愈 V  55 0.06±0.24% 0.30±1.14% 0.049 

Phase A 430±73 470±69 □0.001
MU 

Phase B 493±71 528±103 0.002 

緯ś 詔印つ梗＄禾ホх 御鉱穴槇 穀35č n 

B}EUD$＄覇印ャ籾鼏莢餌Ο顆砵永э89コ御鉱č行#P 辞苺◇ 

 ′1″PTV2 CI

U坪枚鵝弥墾𥿔┚V EUD還＄榺紒U坪 EUD還35čゝ糦ホ

!還ユ EUD永湿穴槇洪鈑Ο35小鈑還Y蒸◆

′ ″ V70 桷賠墾𥿔声 NTCP還＄榺紒奧㾱抱 NTCP還35

沼＄小◓ś 2.9声ś 2.10◆ 

 覇ャ橎莢餌Ο＄禾ホ EUDナ89御鉱35č行捷勘沬旺хč行迮𥿔＄辞苺◇

′ ″PTV235鵝婀墾𥿔┚V 声賠示狢莢鈑 ◆ 

′2″醤懐釣15愈声攀懐釣15愈35 V ◆ 

′ ″č行獪呬鈑′MU″◆

紹勿＄PTV135 V 莢餌＄Ζ△č行永湿鑷鞘聴┹掮陌顆砵狢攴欸′p=0.28″┛ 

モ橎莢餌35渉湿Ο＄贈ヘ詔忘禾Χ椦若ナ陌®蜥消35韋 EUD ナ89御鉱č行

PTV235墾𥿔＄䚮Ⅵ緯虹 3.5Ο PTV235鴆舜渉湿モ⁇壟＄Ζ歲攴欸渤婀＄

洩燒18榺ヘ攴欸姿𣠽苒鶫鄂沬旺橫曰埴親墾𥿔35č行 Plan B}EUD＄汚韋𥐮奧 T

3.1 EUD ナ89 㾱抱墾𥿔滕 行#Pla

lan B$＄

35櫳濤楾莢鈑 ◆ 

 ′2″ 72┚声U坪

35小鈑<a  

 3 㾱抱枚鵝弥墾𥿔┚ ┚

čゝ＄紅麹𣠽沼х覇 3桿声 5桿痁僐隸掮7/12モ㾱抱梗x弥эシэы健梏晶p声梗

x梏晶p35㎤83＄︸繁小鈑緯麝錮ゔыゕ艾浄聴┹Ο𣠽

 ′4″㾱抱枚槑裠錫描声㾱抱枚楆裠錫描 EUD還＄čゝ小鈑<a!還ユ EUD永

湿穴槇洪鈑Ο僲鵈35小鈑<a!還Y蒸◆ 

 

 1 76 HI

 55

 3  

 43.7

 

沬旺х

洛┹妋 DVH奧訒虹韋𩸕奧㍍ヘ貨痼歲35邉68č行兗奄聴┹＄若ナ声89コ旌毚曰
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悗MV35聴┹顆学校法人Ζ歲悲č聴┹鶫顆砵攴欸┛ 

 δх緯屢麝モ𥿔湿榺ヘ攴欸奧邉68遶e35淅箭＄čゝ薰ヘ貨痼歲Ζ△č行鑷

鞘逃梗35 PTV2裠錫čゝ寧ケ蜚腰㎤83′TCP″＄梏奧Ζ埴 TCP還槀≳𥐮奧 T悗

MV┛53貨痼歲 TCP還紅斷發胡洛ャ虹 3.6罕学校法人 

 

虹 3.6 53貨痼歲 TCP紅斷虹 

券Ο＄89コ御鉱埴声 EUD 御鉱埴 TCP 賠還紅麹δ 89.37%±0.54%声

89.36%±0.46%＄𥐮奧 T 悗MV聴┹ t=0.044＄p=0.965＄đδΖ埴 TCP 還陌顆砵攴

欸┛ 

 δх奧圈MV鶫ヘΜ鴦傑螞35đ凊＄縉淫П逃梗 53貨痼歲豪ホ EUD御鉱埴覇

e

ś 3.2 53貨痼歲覇′a″Phase A声′b″Phase BΖ橊竑永湿O餌桷賠還 虹Ο情埴親𠖱噯ユ虹 3.5Y蒸埴親𠖱噯Y奧棗

p

Phase A′Plan A}EUD″声 Phas  B′Plan B}EUD″憩醸ΖΜ橊竑č行35O餌還

声黻紞35桷賠還＄洛ャś 3.2′a″声′b″罕学校法人 

aroi rectalδU坪枚＄Tissus sainsδ墾𥿔縟濤埴親＄paroi ves intδ楆裠錫㾱抱枚＄paroi ves extδ槑裠錫㾱抱枚 

 

′a″ 
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′b″ 

3.4.4 圈MV聴佬 

 奧モ橎圈MV聴┹槀≳獪聴＄滕梗印ャ聴佬◇ 

 奧楆裠錫声槑裠錫Ζ璡紅㾱抱枚埴親禾ホхュ蒸35 EUD 小鈑僲鵈穴槇洪鈑

滕穀35永湿聴┹＄鶫鄂沬旺х㾱抱墾𥿔＄姿レ豪ホ艮鸚擺屋艾浄滕穀35 NTCP

︸繁小鈑龥I 3桿声 5桿痁僐隸掮㾱抱梗xΖ埴餬鸚梏晶p35㎤83＄賠鶫ΖΜ29

紅7/1235沬旺＄レ邂鐸鄂┹霽顆′p□0.001″┛緯ャ虹 3.735墾𥿔紅斷鴆舜奧訒Ο＄

詔印翁x EUD穴槇瑤烏韋洛鴬沬旺㾱抱消せ姨墾𥿔35◇奧螗楆裠錫35㾱抱枚′ぃ

愈罕莢s軌噯錫描″僲鵈<a=10!＄翁x㾱抱枚奧'03墾𥿔35酘磬＄奧榺ヘ穴槇瑤烏

殺黻紞醸＄癯覇榺ヘ璡紅㾱抱枚モ35'03墾𥿔舜′軌噯墾𥿔舜″く#蝠$梗х㾱抱枚

胡覇槑裠錫㾱抱枚錫描П鶫罕翁x┛ 錫描＄ū猿35發

 

虹 3.7 緯鐺寐虹叫奧訒89コ御鉱声ナ89御鉱永湿聴┹墾𥿔紅斷鴆舜 

 ナ89御鉱永湿35č行¢鶫悲ヘ奧U坪枚殺 EUD 穴槇瑤烏＄姿蕉韋覇㾱抱禾

ホ EUD 穴槇瑤烏醸奸𪘚U坪墾𥿔鶫罕種'0335發胡ャ＄賢奧U坪枚殺ヘΜ#鵝弥

EUD$瑤烏槀≳蜚腰＄緯鄂┹モ│つП梫穀х縉淫35O35＄㾱抱墾𥿔滕穀顆砵沬
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旺35蒸隸＄U坪墾𥿔¢鶫消穀淅箭＄捷勘覇ヘ圀●楾モ鶫罕ャ沬┛ 

 圈MV聴┹Ο＄艮郊猜裠錫PTV2 35'03墾𥿔錫翁⌇鶫罕醐婉＄榺韋殃𪆐嶧佳埴

'03楾倦Ê35ヘΜ渉湿＄δ橆縉淫П吿撘х錮問＄Wuシ
[7, 8]
覇蠖梗х妍EUD屋δ穴

槇瑤烏┡氎O餌洪鈑35犖瞎隸＄孛毚棙圈MV晶xх榺ヘⓔ7/12＄EUD屋δ穴槇瑤烏

小ユIMRT永湿醸＄裠錫墾𥿔妍洩消穀暒弥35淅箭＄翁x覇面鑷墾𥿔錫描鴆舜鶫

罕ャ沬＄姿'03墾𥿔錫′487/12″Y奧翁⌇妍鶫罕モ種＄鵝U蜥35淅箭韋裠錫献35墾

𥿔賠示狢沬旺＄榺ヘ聴┹緯虹 3.7ΟП詔印U⁇芭つ梗＄'03墾𥿔錫′軌噯墾𥿔舜″

く#蝠$梗㾱抱枚埴親醸＄畐覀磓覇хヘΜ鴦婀35裠錫慼軟献＄頓橆墾𥿔賠示狢洩

鶫罕沬旺┛Liシ
[31]
覇奧訒хMonaco┚Pinnacle声Eclipseメ△尊ヲč行O悲ナ89永

湿︸舶35奧訒圈MV聴┹醸＄П晶x禾ホナ89頓啀小ユ

Ś𥿔榺ヘ攴

35

′蕝噯″維

軟

IMRT永湿＄裠錫墾𥿔賠示

狢妍顆砵沬旺＄砷印蜚腰裠錫DVH鴆舜ユ収硬禾ホ89コ御鉱隸35永湿聴┹Y蒸┛

ū猿35聴佬覇De Gersem
[32]
35せヽΟП鶫膊湈┛寧ケ邉姨̂6835屢麝O35韋蠖'03

寧ケ蜚腰㎤83′TCP″35蒸隸沬旺橫曰埴親薔疫㎤83′NTCP″＄頓橆＄縉淫彩熳

ホTCP莢餌│𥿔湿Ζ△永湿鑷鞘滕穀35裠錫墾𥿔＄緯邉68遶e35㆛楾

欸 淅箭┛聴┹顆学校法人＄禾ホ89コ御鉱声EUDナ89御鉱35Ζ△č行鑷鞘滕穀35艮郊

猜裠錫′PTV2″35TCP還緯悲č喃㆛楾陌顆砵攴欸＄虹 3.5ΟPTV2鴆舜3518澁

ャ沬¢鶫淅箭穀邉68č行奧寧ケ35蜚腰＄覇榺ヘ府コモ＄EUDナ89御鉱顆砵沬旺

х㾱抱消せ姨墾𥿔声梏晶p㎤83＄頓橆縉淫đδ榺ヘ圈MV聴┹韋⌇┞鶫鄂35＄忘

門δ蠖'03痼歲ナ唸迮𥿔暎│永仕＄蠖種х邉68遶e◆ 

 圈MV聴┹Ο＄Ζ懐釣15愈35 V55 莢餌賠鶫弥朸楾モ種＄姿レ攴欸顆砵′p□

0.05″＄Ⅵ姿榺ヘ渉湿梏ュ洩殃𪆐邉68⇨Χ椦若ナ35ⓔ麹倦Ê＄頓δ緯®肉

GETUG埴親逃梗35艮郊猜日 IMRT情殿囮消𥿔浡腰瑤烏Ο詔印つ穀＄釣15愈35

消せ姨モ浡韋 V55□5%＄姿麝圈MV聴┹十禾蠖種х釣15愈35消せ墾𥿔＄V55П畐

ュ乑棙 1%＄頓橆詔印đδ奧釣15愈墾𥿔35蠖種ュ洩奧痼歲暎│ュ豪35淅箭┛氎

縟釣15愈墾𥿔蠖種35初頓＄緯ャ虹 3.8詔印ボ駘芭翁x梗│◇𩸕奧㾱抱枚35 EUD

穴槇瑤烏小ユ穀 IMRT永湿棙●Ο＄紅麹奧螗楆裠錫声槑✂裠錫35Ζ璡紅㾱抱枚

埴親槀≳х墾𥿔浡還＄δх忘梫穀榺ヘ穴槇瑤烏＄永湿棙●妍せ姨沛楾埴鰀桷鑷

埴間鏥＄ヘ鑷螞沬旺鰀桷ェ棙槑✂裠錫35璡紅㾱抱枚埴親35せ姨沛楾＄紹ヘ鑷螞

胥癯覇裠錫献璡㾱抱枚モ35487/12錫描#蝠$穀裠錫券井錫描＄洛虹 3.7罕学校法人＄毚棙

榺△鑷歡│梫穀沬旺㾱抱枚鉉翁消せ姨墾𥿔35O35┛榺珊ヘ│＄仕濔膨殺хェ棙

Ζ懐釣15愈35Ê𥿔沛楾＄緯虹 3.8 詔印つ梗勿懐35摡噯墾𥿔舜′43.7Gy″く#舍

圾$х＄頓橆釣15愈消せ姨墾𥿔く蠖'03хモ唱┛汚韋 55Gy 35墾𥿔舜

Ⅵ 庭ヌ PTV2裠錫鶫暒裸35櫳濤楾＄梏¢鶫耒釐穀Ζ懐釣15愈モ唱＄頓橆č行

維Ⅵ覇詔蜥消35慼軟φ献┛ 
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虹 3.8 緯鐺寐虹叫墾𥿔紅斷鴆舜奧訒釣15愈墾𥿔蠖種35初頓 

 圈MV聴┹Ο35紹ヘΜ顆砵攴欸梗x覇獪呬鈑′MU″35奧訒モ＄覇面鑷墾𥿔

δ 80Gy 35發胡ャ＄禾ホх EUD 穴槇瑤烏35č行訒収硬89コ穴槇35č行籾梗穴

40MU＄桷賠薰Μせ姨𥿠鑷埴籾梗 8MU┛彩熳氎縟榺ヘ聴┹35初頓＄韋δхẼ僇

奧㾱抱35 EUD御鉱沬旺㾱抱枚消せ墾𥿔＄妍初│緯艮醸鑷埴姨梗35Ê𥿔沛楾紅

釐穀Ζ懐鰀桷鑷埴＄姿艮郊猜罕覇押鵈甅裸押эa孶翁Ο濕＄緯Ζ懐鰀桷鑷埴脣

姨35墾𥿔綳こ゚ェ棙鴦巡35以翁埴親＄頓橆洽裠錫鶫Y蒸35墾𥿔m⌇35發胡ャ＄Ζ

懐鰀桷せ姨𥿠綳こ゚訒艮醸鑷埴鴦籾35 MU │梫穀榺ヘこ゚&┛緯鉉翁モつ＄ヘΜ

艮郊猜日阿𥿠 IMRT č行鶫 400~500MU＄洛┹忘δ痼歲暎│鴦裸35̂68遶e＄

籾梗35MU鈑П韋螌曰還滕35┛ 

3.5 麝ゕ婀聴 

 麝ゕ 3.2圴妒職異聡х EUD︸繁35㎤燻＄辞苺 EUD︸繁35蠖梗抄券㎤燻35

耒尹＄梏異聡х EUD

郊

繁棗ホэ艮郊猜日邉68č行永湿棙●Ο＄屢藥

㾱抱枚埴親⋛査聴┡モ35ⓔ7/12＄妍㾱抱枚埴親紅δ槑✂裠錫声螗楆裠錫Ζ璡紅＄

梏僲鵈ュ蒸35 EUD ︸繁小鈑声穴槇瑤烏┛圈MV聴┹儃霽＄ホ EUD 屋δ穴槇瑤

烏覇艮郊猜日 IMRTč行Ο詔印顆砵芭沬旺㾱抱消せ姨墾𥿔＄醐婉㾱抱埴親邉68

︸繁35Ζ△鈑喃ś梫濤歡┚EUD︸繁小鈑35沼還慼軟抄券

奧棗35ュ蒸碆τ┛ 

 覇橆府コモ＄麝ゕ 3.3圴＄聴浄Wu35せヽ縟┹＄異聡х妍 EUD僲čδヘ△

墾𥿔穴槇瑤烏＄禾φ小ユ穀 IMRT č行永湿棙●Ο＄姿レ詔印毚棙异鉉ュ蒸35

EUD 小鈑還＄禾榺ヘ穴槇O餌陋詔印𩸕奧裠錫埴親＄П詔印𩸕奧ュ蒸ナ89聴┡

鄂棗35橫曰埴親┛ 

 麝ゕ 3.4 圴＄印│鬘®肉35 53 貨艮 猜日痼歲异沛邉68č行δ府コ＄印

Pinnacle TPSδ桷詳＄僲č圈MV＄豪ホ艮鸚擺屋Ο艾浄滕穀35㾱抱声U坪梏晶p

NTCP 龥I︸繁小鈑＄妍 EUD ︸
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梏晶p35梗x＄蒸隸麕膨殺U坪消𥿔＄П較儃х裠錫寧ケ蜚腰㎤83′TCP″陌顆

砵渉湿＄獪翁モ蠖'03х艮郊猜日35̂68遶e┛ 

行紅δ楆裠錫描声槑裠錫描㾱抱枚Ζ
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4.1 殃ㇷ 

 异沛邉68肄麸35梗x＄δ寧ケ邉68若ナ声89コ嗇蠖駕хヘ△沛弥35邉68č行

僲č擺剣＄噪詔印毚棙莢圀裠錫抄趨軟橫曰埴親35永湿O餌＄│蜚腰せ姨墾𥿔覇

以翁メ翼ア掮献35紅斷＄韋ヘ△墾𥿔蠑桃′dose painting″肄麸┛慣晒榺△肄麸＄

э濤せ盲黹35寧ケ＄詔印毚棙弥𥿔35啀𥿠′sub-field″圈xュ蒸錫描献ュ蒸せ

姨沛楾35紅斷＄緯姿蠖駕'03楾35裠錫墾𥿔櫳濤楾声裠錫献35墾𥿔賠示狢◆奧э押

鵈ⓔ𠘑縻趨軟住抄殿囮奧邉姨舜'03楾酘磬35寧ケ＄妋肄麸詔印鵝弥●楾芭沬旺橫

曰埴親消𥿔＄覇蠖'03痼歲ナ唸迮𥿔35蒸隸＄δ蠖種裠錫面鑷墾𥿔鋼氎х詔忘┛ 

 O艮＄班弥籾鈑邉68č行O悲′TPS″意禾ホ墾𥿔-翁⌇小鈑屋δ僲鵈IMRT

欏埴异沛č行O餌洪鈑35贈ヘ鑷®

[1-3]
┛洛┹意禾ホ府э墾𥿔縻歲墾𥿔-翁⌇35O

餌洪鈑槀≳IMRT永湿＄ュ忘恵紅捷鞁寧ケ縻橫曰埴親奧姨舜35螌舜狢捷棗＄ⓔ

麹韋洽寧ケ縻歲橫曰埴親モ35墾𥿔δ螌賠示紅斷隸嬋δ洛橆┛訒洛＄洛┹寧ケ献

35ヘΜ翁t縻歲渤婉𥿔翁t蜥消穀ヘΜ螌曰旺墾𥿔35せ姨＄榺△發胡覇衛悲35

IMRT永湿O餌洪鈑Ο¢鶫顆砵35翁x＄ュ洩淅箭穀永湿棙●＄姿圈氄モ榺△發

胡洩沬旺寧ケ35蜚腰㎤83′TCP″┛薇粧埏岏＄衛悲35府э墾𥿔-翁⌇穴槇瑤烏′89

コ御鉱″35永湿棙●＄倦Ê35韋圈氄声O餌墾𥿔35攴欸＄姿ュ韋奧寧ケ蜚腰㎤83

声橫曰埴親薔疫㎤8335淅箭

[4]
┛頓橆＄Wuシ

[4]
覇 2002桿蠖梗хホEUD屋δIMRT

永湿棙●Ο35穴槇瑤烏┡櫻O餌洪鈑35鑷®＄梏レ奧券狢忘声屋ホ槀≳х兗奄┛

Wuシ
[5]
痁醸覇 2003桿＄奧艮鸚擺屋槀≳х耒尹＄┡櫻х蒸隸辞苺EUD声89コ御

鉱穴槇瑤烏35IMRT永湿O餌洪鈑＄豪ホ89コ御鉱穴槇瑤烏鴦U⁇35ⓔ7/12＄奧ナ

89御鉱永湿滕穀35聴┹槀≳澁异′fine-tuned″＄印澋滕鵝嫁35IMRTč行┛麝錮П

覇Pinnacle TPS桷詳モ圈MVхホEUD僲鵈IMRT穴槇瑤烏槀≳ナ89永湿35擺屋＄聴

┹ś霽＄覇僲č艮郊猜日异沛邉68č行隸＄妍㾱抱枚埴親行紅δ楆裠錫璡紅声槑

裠錫璡紅梏紅麹逃чュ蒸35EUD︸繁小鈑＄榺△鑷®顆砵沬旺х㾱抱埴親35消せ

姨墾𥿔＄沬旺х㾱抱梗x邉68梏晶p35㎤83┛妒職献埃小◓麝錮ゔメゕ┛ 

 シ鄂賠示墾𥿔′EUD″韋ヘ△妍螌賠示墾𥿔紅斷斿薇δシ鄂賠示紅斷墾𥿔35

ナ89︸繁＄頓橆＄奧э裠錫縻橫曰埴親＄鵜鴬ヘ△螌賠示墾𥿔紅斷畐詔印ホ榺△

︸繁│斿薇δヘΜ収ヘ35墾𥿔蠑橎莢餌＄収押δ Gy┛麝錮ゔыゕ＄奧э艮郊猜

日邉68殃𪆐35U坪声㾱抱梏晶pY倦頓t35紅┭Ο＄シ鄂賠示墾𥿔畐śx梗ユ梏

晶p35顆砵Y倦狢┛Ⅵ姿＄榺ヘY倦狢П蕉韋翁xх𣏒姨墾𥿔ユ梏晶pφ掮35倦

O┛EUDユ券井墾𥿔-翁⌇頓啀Y猿＄蕉韋ヘΜ𢿫烖龥I頓t＄榰ュ韋ヘ△U蜥

蠑橎邉68梏晶p35莢餌＄陌®U蜥翁x痼歲梗x梏晶p35㎤83┛ 

奧
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 麝 韋

奧э艮郊猜日邉68Ο殃𪆐35U坪声㾱抱餬鸚薔疫＄榰韋螌婀職婦內日邉68殃𪆐35

＄NTCP畐śx梗'03楾35Y倦狢＄姿 NTCPュ蒸э EUD35韋＄噪U

蜥蠑橎х痼歲橫曰埴親消薔疫35發胡＄韋兗羽ヘΜ邉68č行迮𥿔35屢麝莢餌┛頓

寧 寧

錮ゔыゕ献埃Ο＄せヽх結△ NTCP︸繁＄毚棙圈MV縉淫đ凊穀＄陌佬

狎狢椽01/2

橆＄洛┹忘妍 NTCP屋δ IMRT永湿35穴槇瑤烏┡氎O餌洪鈑＄羇忘禾异沛č行

よ橫芭圈x沬旺橫曰埴親薔疫35鵝遂O餌┛ 

 麝ゕŀ憩異聡х异沛邉68墾𥿔čゝ︸繁＄蠑橎х┡縟鵝遂墾𥿔紅斷35墾𥿔鄂

棗w槱声沛楾w槱聴┡＄梏異聡х澋滕墾𥿔鄂棗w槱35ゔメ鑷墾𥿔čゝ桷詳◆Ⅵ

醸異聡х洛鴬ホ鵝弥墾𥿔┚鵝婀墾𥿔┚桷賠墾𥿔┚墾𥿔-翁⌇頓啀シ89コ頓t声

EUD┚NTCP┚TCPシナ89頓tδ穴槇瑤烏＄┡氎 IMRT永湿O餌洪鈑35鑷®＄

梏逃梗х奧ュ蒸穴槇鼏&雁奸鈑35棙●◆鵝醸＄慣晒ゔメ鑷姨舜墾𥿔čゝ桷詳＄

圈xх奧モ橎89コ-ナ89頓啀┡櫻35O餌洪鈑35永湿梏čゝх妋永湿聴┹覇 CT

虹叫モ35墾𥿔紅斷＄梏印 NTCP永湿聴┹δ貨＄紅┭хホナ89御鉱永湿异沛邉68

č行35ⓔ7/12┛ 

4.2 异沛邉68墾𥿔紅斷虹聴┡︸繁 

 异沛邉68ユメ翼櫳濤邉6835鵝εこ゚錫麹覇э艮歲奧薰Μせ姨𥿠せ姨沛楾35

异腰＄十毚棙籾鐘御U殿′MLC″澋滕ュ蒸せ姨錫描35ュ蒸せ姨沛楾虹＄毚棙

榺△鑷歡＄禾姨舜覇奧裠錫槀≳せ姨35蒸隸＄宸詔忘芭𤄃鬱裠錫趨軟35橫曰埴親＄

禾滕獪せ姨墾𥿔覇梫穀黶4/7 ケ職婦┚蜚腰 ケ耒釐35蒸隸＄宸𥿔沬旺橫曰埴親

消せ姨墾𥿔＄沬旺ェ棙住抄殿囮35沛楾還┛ 

 异沛č行澋滕35鵝遂墾𥿔紅斷詔印蠑橎δ xWD ©? 35濤歡＄ 

Ù
ÙÙ
ÙÙ
×

È
ÈÈ
ÈÈ

ÙÙ
×

ÈÈ
Ç

Ù×ÈÇ k

BeamkBeamBeamBeam

x

x

x

w

w

www

www

D

D
6

6

5

5

555555

5

5

5
55

11

321

1

Ù

ÙÙ
Ù
Ù

È

ÈÈ
È
È

Ç

ÙÙÈÈ?
Ù
ÙÙ
Ù

È
ÈÈ
È k

k

m

m

m

m

m

x

6
66

55555

6666

1

21

2

1

22221

11211

2

1 1

1

ÙÙ
ÙÙ
ÙÙ

Ú
ÈÈ
ÈÈ
ÈÈ

É

ÙÙ
Ù
ÚÈÈ

È
É

Ù
Ú

È
É

k

k

m

NmNmNNN

x
wwwwD

6
6

65

6

5555555

6666

21 1

    ′4.1″ 

136 

 



ゔ惇ゕ ナ89︸繁覇异沛邉68č行永湿Ο35棗ホせヽ 

Wδ墾𥿔鄂棗w槱＄券森τδ収押沛楾姨槇奧э湃せ姨殿囮罕鶫翁t35墾𥿔䡄

◆問 xδ毚𥿔w槱＄韋罕鶫せ姨𥿠沛楾紅斷w槱┡縟35郊w槱＄十情せ姨𥿠鑷埴

35Ê𥿔虹◆歡′4.1″蠑橎хラ kΜ姨𥿠奧辞森 NΜ翁t35墾𥿔紅斷ア掮槀≳せ

姨滕穀35墾𥿔紅斷w槱＄券Ο＄沛楾w槱 x郊梗х kΜ姨𥿠Ο薰Μ#ぼ濤槇$35沛

楾還＄薰Μ姨𥿠鶫 mkΜ#ぼ濤槇$◆墾𥿔鄂棗w槱WΟ35薰ヘ郊奧棗沛楾w槱Ο

ヘΜ#ぼ濤槇$＄鰯ś榺Μ#ぼ濤槇$奧 NΜ翁t35墾𥿔䡄問＄ゔ 1~m1郊奧棗姨槇

1 Ο m1Μ#ぼ濤槇$┛榺珊＄妍墾𥿔鄂棗w槱W声沛楾w槱 xYИ＄孛滕穀薰Μ

姨𥿠鑷埴ュ蒸沛楾覇鉉Μ墾𥿔ア掮Ο35墾𥿔紅斷┛ 

 奧э墾𥿔鄂棗w槱W＄縉淫慣晒花肉呪v鼫弥喃若喃澷鬱晶梏穴鬱35CERR

㫖烏辞屋δ墾𥿔čゝ桷詳

[6]
＄妋čゝw蓬型佟嵇激痼歲35CT虹叫┚奧裠錫抄橫曰

埴親35痔日旔樔′RTStructure錮烏″印抄せ姨𥿠シΟ濕小鈑シ′RTPlan錮烏″＄

型佟僲鵈Y倦čゝ小鈑＄辞苺姨舜忘𥿔′6MV┚18MV″┚姨舜㆛楾＄梏綳こ゚莢

霽栄籾痔日35埴親Ο35寧ケ埴親声橫曰埴親┛CERR毚棙殺氊醸35誕喧ぼ濤槇

QIBゝ®čゝ墾𥿔鄂棗w槱
[7]
┛ 

 沛楾w槱 x韋奧薰Μせ姨𥿠沛楾35永湿聴┹┛沛楾w槱詔印毚棙&⋛ュ蒸35

永湿洪鈑滕穀＄頓橆麝錮妍覇 4.3圴Ο妒職異聡ュ蒸35O餌洪鈑┡氎鑷®┛ 

4.3 毚𥿔虹永湿︸繁抄┡氎永湿O餌洪鈑 

袴圀х永湿氊楾抄永湿聴┹┛ 

墾𥿔-翁⌇倦Oモ奧蠑橎墾𥿔紅斷

35莢餌＄辞苺鵝弥墾𥿔 Dmax┚鵝婀墾𥿔 Dmin┚桷賠墾𥿔 Dmean声 DVH◆ホ辞森

ナ89喃頓啀35穴槇瑤烏┡縟35O餌洪鈑＄韋楆桿│せヽ35487/12声紞7/12＄翁xхΜ

翁湿邉6835犖瞎＄ホ穀35ナ89喃頓啀辞苺 EUD′シ鄂賠示墾𥿔″┚NTCP′橫曰

埴親梏晶p㎤83″声 TCP′寧ケ蜚腰㎤83″メ△┛ 

 彩熳穀覇IMRTč行僲č棙●Ο奧永湿氊楾こ゚&暒'03＄頓橆奧O餌洪鈑35永

湿ゝ®宸詔忘覇問圀狢鑷®Ο𣠽苒┛ラэナ89頓啀Ο35EUD┚NTCP声TCP︸繁

聴┡盲黹＄陌®ホ舜狢倦O歡ś梫梗│＄頓橆ュ忘ホ舜狢¤行縻ы尞¤行鑷®⋛

袴┛縉淫𣠽苒氊楾鴦焙姿レュ綳こ゚O餌洪鈑Ẽ僇舜狢倦O35蓮楾ゝ®│⋛袴森ナ

89頓啀穴槇瑤烏35O餌洪鈑永湿捓佳＄剣翁│岏＄糦ホ35韋Ζ滷w殁洫永湿ゝ®

′two loop recursion″
[8]
◇ゔヘ橳◇ホ舜狢覘v35鑷®問圀鬘渉𥿔35橳圾′Wolfe 

 异沛邉68č行僲č35ヘΜ倦匑橳11＄韋奧裠錫抄券趨軟住抄殿囮僲鵈穴槇瑤

烏＄禾滕墾𥿔紅斷梫穀若ナ声89コ旌罕无鷦35聴┹＄毚棙僲鵈黻紞│桷Ś情瑤烏

35紞こ゚狢＄蒸隸榺茜瑤烏П屋δ永湿棙●Ο35穴槇瑤烏ホ│┡氎永湿O餌洪鈑┛

O餌洪鈑35聴┡袴圀х永湿鑷®35𣠽沼＄槀姿

 衛悲邉68č行O悲禾ホ35穴槇瑤烏畐韋覇
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conditions″◆ゔы橳◇ホL-BFGS鑷®問圀永湿鑷埴′ホ滷w樿鰯®鴦鑄Henssian

w槱″┛剣翁圈x鰯U＄麝嶧佳慣ホх│鬘躑輩35鬱┧永湿擺剣洪鈑fminlbfgs＄

割邂券Ο35衛殁渉𥿔＄禾滕詔印永湿墾𥿔紅斷┛ 

 永湿O餌洪鈑 35聴┡詔印ś学校法人縟洛ャ濤歡◇ 

                      ′4.2″ 

券Ο＄ 韋ゔ nΜ裠翁⌇35穴槇洪鈑＄ 韋ゔ mΜ橫曰埴親35穴槇洪鈑′陋

詔印韋89コ穴槇瑤烏＄П詔印韋ナ89穴槇瑤烏″＄ 奧棗ゔ nΜ裠翁⌇35黻紞＄

f

ÂÂ ??
-? M

m

OAR

m

OAR

m

N

n

T

n

T

n fpfpf
11

T

nf  OAR

mf

T

np

O

mp AR
奧棗ゔ mΜ裠翁⌇35黻紞┛ 

 ャ螞紅麹奧89コ頓啀穴槇洪鈑声ナ89頓啀穴槇洪鈑35聴┡槀≳蠑橎┛δх槀

ヘ橳蠖'03蓮楾ゝ®35ャ沬氊楾＄縉淫綳こ゚O餌洪鈑Ο薰ヘΜ穴槇洪鈑 f 奧沛楾w

槱 x&雁奸鈑＄紹ヘ鑷螞＄δх較儃永湿聴┹韋傑寉鵝永35＄縉淫綳こ゚較儃薰ヘ

Μ穴槇洪鈑δ杭洪鈑┛奧эナ89穴槇洪鈑＄ラэ券畐韋螌杭洪鈑＄綳こ゚妍券渉薇

δシ 杭洪鈑┛ャ錮妍歵ヘ異聡89コ御鉱声ナ89御鉱ャ┡縟35穴槇鼏渉薇濤歡抄

穴槇洪鈑35&奸棙●┛ 

鄂

O餌賠示墾𥿔隸＄穴槇洪鈑𪆐屋ホ＄ś梫歡δ

4.3.189コ頓啀穴槇洪鈑 
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4.3.2.3 寧ケ蜚腰㎤83′TCP″穴槇洪鈑 
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f
,) dc  

豪ホfminlbfgs永

湿擺剣奧薰Μせ姨𥿠Ο辞森35罕鶫駻灼槀≳沛楾永湿滕穀沛楾w槱 x＄

┹ユCERR桷詳čゝ滕穀35墾𥿔鄂棗w槱 YИ＄滕穀墾𥿔紅斷w槱＄洛穴歡 4.1

≳х永湿＄毚棙圈MV儃霽хモ橎O餌洪鈑蝠奸35御問狢抄券覇IMRT永湿Ο35鶫

邉68č行O悲畐詔印圈x◆EUD穴槇瑤烏┡縟35O餌洪鈑П詔印覇Pinnacleč行

[12]
覇2012桿3鶇丑膊湈хホNTCP

穴槇瑤烏┡氎O餌洪鈑槀≳IMRT永湿35メ△尊ヲ邉68č行O悲＄紅麹韋CMS 

MonacoO悲┚Philips PinnacleO悲声Varian EclipseO悲┛彩熳穀Monacoč行O悲

覇肉献ホ纜渤婉＄姿Eclipseホ纜䚮Ⅵ渤籾＄汚ナ89永

Eclipse56麝′v10″Ο羇鬱邉禾ホ＄頓橆ホ纜П渤婉┛菹эモ橎初頓＄麝錮意𩸕

奧ホNTCP┡氎35O餌洪鈑小ユIMRT永湿35圈MV槀≳膊湈＄印橆│翁x麝錮奧89

コ御鉱声ナ89御鉱小ユIMRT永湿35棗ホ┛ 

4.4.1 圈MV僲č 

 痁黝𣠽沼 10貨│鬘®肉 Centre Eugène-Marquis′CEM″寧ケΟ濕艮郊猜日

异沛邉68痼歲35 CT 圀押虹叫＄痼歲ヘ倻發胡┚̂68鑷鞘┚CT 澋沼肄麸┚裠錫

声橫曰埴親痔日鑷鞘賠ユゔыゕ罕橎Y蒸┛ 

＄妍 10貨痼歲圀押 CT鈑藥奸激 Pinnacleč行O悲＄痔日裠錫抄趨軟橫

曰埴親＄辞苺艮郊猜裠錫′PTV2″┚U坪枚┚㾱抱枚声裠錫ユ翁śφ掮35墾𥿔縟

濤埴親′w暎″＄券Ο茣せ麝錮ゔメゕ蠑橎35鑷®

妍永湿聴

罕学校法人┛麝錮奧 4.3圴蝠奸35辞苺89コ御鉱声ナ89御鉱覇献35薰ヘΜO餌洪鈑畐槀

鄂狢┛券Ο＄奧э墾𥿔-翁⌇穴槇瑤烏′89コ御鉱″┡縟35O餌洪鈑＄班弥籾鈑

O悲モ滕穀永湿＄洛麝錮ゔメゕ圈MV罕橎◆Liシ

W

湿札忘︸舶蕉覇鵝鑄35

 ŀ憩

＄妍㾱抱枚紅δ楆裠錫描声槑
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裠錫描Ζ璡紅紅麹兗羽◆ 

 ゔы橳＄奧薰ヘ貨痼歲＄妍 CT虹叫声埴親痔日革甃′RTStructure錮烏″緯

Pinnacle奸梗醸賢奸激 CERR墾𥿔čゝ桷詳＄覇妋桷詳僲鵈阿Μせ姨𥿠＄

36°＄100°＄180°＄260°声 324°＄小◓ゔメゕ虹 3.1 罕学校法人◆僲圀忘𥿔δ 6MV◆莢

府コモ＄čゝ墾𥿔鄂棗w槱 ◆ 

 ゔメ橳＄覇麝嶧佳埴鬘ε鬱晶35异沛永湿桷詳モδ薰ヘ貨痼歲僲鵈Ζ輿永湿

槇 券Οナ89御鉱Ο NTCP

︸繁小鈑糦ホ麝錮艮鸚擺屋Ο𩸕奧U坪声㾱抱覇 5 桿痁僐隸掮7/12モ梗x弥эシ

э LENT/SOMAы健梏晶p艾浄滕穀35聴┹＄小◓麝錮ゔыゕś 2.

 裠錫′PTV2″""鵝婀墾𥿔′76Gy″声賠示墾𥿔′80Gy″ 

 U坪""鵝弥 DVH′V60□20%＄V70□14%＄V75□10%″ 

" V V65□40%＄V70□35%″ 

 墾𥿔縟濤埴親""鵝弥墾𥿔′Dmax□35Gy″ 

ナ89御鉱O餌辞苺◇ 

 裠錫′PTV2″""鵝婀墾𥿔′76Gy″声賠示墾𥿔′80Gy″ 

 U坪""NTCP′□0.1%＄TD50(1)=73.64Gy＄n=0.03＄m=0.13″ 

 㾱抱""NTCP′□0.1%＄TD50(1)=78.68Gy＄n=0.09＄m=0.17″ 

"" Dmax□35Gy″ 

㆛楾δ

W圀 PTV2δ裠埴親┛覇橆

穴 O餌＄辞苺ヘ輿89コ御鉱O餌声ヘ輿ナ89御鉱O餌＄

5声ś 2.9┛ 

 89コ御鉱O餌辞苺◇ 

 㾱抱" 鵝弥 DVH′ 50□55%＄

 墾𥿔縟濤埴親 鵝弥墾𥿔′

 奧э薰ヘ貨痼歲＄僲鵈洛モY蒸35永湿𪆐臨瑤烏梏覇永湿聴槇醸⁇壟永湿聴

┹＄异鉉永湿O餌還声情穴槇瑤烏35黻紞＄紞盲榺ヘ棙●′trial-and-error″＄覇

ŀこ゚較儃裠錫′PTV2″Ẽ僇面鑷墾𥿔35蒸隸＄宸𥿔沬旺橫曰埴親消せ墾𥿔┛ 

4.4.2 圈MV聴┹ 

 10貨痼歲毚棙89コ御鉱声ナ89御鉱永湿聴┹滕穀35桷賠 DVH奧せ＄洛虹 4.2

罕学校法人 
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虹 4.2 10貨痼歲毚棙89コ ナ89御鉱 桷賠 DVH奧せ 

U坪枚＄粐噯δ㾱抱枚＄軌噯声胘噯紅麹奧棗㾱抱枚

楆裠錫描声槑裠錫描┛緯虹 4.2逃梗35聴┹詔印つ穀＄毚棙ナ89御鉱永湿滕穀35

券初頓詔印緯Ζ鑷螞槀≳紅┭◇

頓橆＄賢禾ホナ89御鉱隸＄δх禾裠錫墾𥿔ュ旺

紹ヘ鑷

小 永湿棙●妍ŀ憩彩熳浡腰U坪声㾱抱35'03墾𥿔錫

描＄頓橆＄洽縉淫奧虹 4.235醤ャ㆛槀≳邉弥隸詔印つ穀U坪声㾱抱覇榺ヘ墾𥿔

屋ホ＄П韋89

御鉱声 永湿聴┹滕穀35

券Ο＄圈舜δ89コ御鉱永湿聴┹＄韞舜δナ89御鉱′NTCP″永湿聴┹＄ゲ𠤎噯

δ裠錫′PTV2″＄C𠤎噯δ

聴┹ユ89コ御鉱聴┹Y猿＄ ŀ憩＄奧э89コ御鉱

穴槇35č行＄麝錮覇č行僲č棙●Ο槀≳х捷盲35嫗嗎＄覇較儃裠錫墾𥿔35艮蠖

ャ宸詔忘沬旺х橫曰埴親消𥿔＄

э89コ御鉱滕穀35裠錫墾𥿔＄¢鶫奧 NTCP穴槇瑤烏陌浡腰芭殺弥黻紞◆

螞＄ラэ縉淫糦ホх艮錮擺屋艾浄滕穀35 NTCP︸繁小鈑＄榺茜小鈑𩸕奧35韋U

坪声㾱抱梗x弥эシэ LENT/SOMA ы健餬鸚梏晶p35發胡＄橫洛艮錮紅┭35

聴┹＄U坪声㾱抱畐śx梗奧'03墾𥿔錫翁⌇35酘磬狢＄鵝弥墾𥿔 Dmax声獪墾𥿔

′面鑷墾𥿔″ユU坪声㾱抱梗x梏晶p畐鶫ヌ'03楾35Y倦狢＄頓橆＄洽糦ホ榺ヘ

埴 鈑僲鵈 NTCP穴槇洪鈑隸＄

錫描35翁⌇畐鶫罕ャ沬＄洛虹 4.3＄榺甅裸捷鞁梗ナ89御鉱35⌇┞

コ御鉱罕ュ剣鶫35ⓔ7/12┛ 

 

虹 4.3 奧虹 邉弥鄂┹ 4.2Ο'03墾𥿔錫描35
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 δх鴦ボ駘芭尹学校法人 NTCP ナ89御鉱奧永湿聴┹35淅箭＄覇 10 貨痼歲Ο痁黝

𣠽沼ヘ貨＄較茗89コ御鉱永湿穴槇瑤烏声聴┹ュ渉＄奧эナ89永湿鑷鞘＄ŀ憩僲

鵈ユ89コ御鉱鑷鞘Y蒸35黻紞＄Ⅵ醸奧U坪埴親35 NTCP穴槇瑤烏膨殺黻紞＄⁇

壟U坪声㾱抱埴親 DVH鴆舜渉湿亼仕┛洛虹 4.4罕学校法人 

   

                   ′a″                                 ′b″ 

 

                    ′c″                               ′d″ 

虹 4.4 痁ヌ奧U坪埴親35 NTCP穴槇瑤烏黻紞殺弥＄⁇壟鴆舜渉湿亼仕′虹貨蒸虹 4.2″ 

虹Ο圈舜δ89コ御鉱永湿聴┹＄韞舜δナ89御鉱′NTCP″永湿聴┹┛緯虹 4.4

殺＄′a″~′d″奧棗35黻紞紅麹δ 30┚45┚60声 100┛ 

 緯虹 4.4 詔印つ梗＄′a″虹Ο奧э89コ御鉱′DVH″声ナ89御鉱′NTCP″

禾ホхY蒸35黻紞＄覇榺△發胡ャ＄NTCP穴槇瑤烏35永湿聴┹訒 DVH穴槇瑤

烏永湿聴┹攴＄橫曰埴親墾

′a″穀′d″＄意奧U坪埴親′𠤎噯″ナ89穴槇瑤烏′NTCP″35黻紞槀≳ュ鐺膨

𥿔鴦'03┛痁ヌ奧 NTCP穴槇瑤烏黻紞35膨殺＄詔印つ

穀′d″虹ΟU坪'03墾𥿔錫35鴆舜鶫х霽顆35ャ沬＄榺ヘ鑷螞翁x梗麝嶧佳埴鬱

晶35 IMRT永湿w蓬縟札芭蜚腰х NTCP穴槇瑤烏永湿棙●＄紹ヘ鑷螞翁x梗奧

U坪35 NTCP穴槇瑤烏沼艮錮擺屋Ο艾浄滕穀35 LKB︸繁小鈑＄鶫𩸕奧狢芭沬
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旺хU坪'03墾𥿔錫35消せ姨翁⌇＄緯姿鶫鄂芭沬旺U坪埴親梗x梏晶p35㎤83┛ 

 榺紒鶫Ζ7/12綳こ゚Ê碆◇ 

 ŀ憩＄奧э永湿O餌洪鈑Ο35 DVH穴槇洪鈑声 NTCP穴槇洪鈑＄券奧棗35

黻紞ュ剣鶫詔訒狢＄榺П孛氎縟х虹 4.4′a″Ο NTCP 穴槇洪鈑永湿聴┹こ゚訒

DVH穴槇洪鈑永湿聴┹鴦攴┛緯歡′4.2″詔印つ梗＄ュ蒸35穴槇洪鈑 奧棗ヌ

ュ蒸35黻紞

f

p＄姿レ奧訒墾𥿔-翁⌇穴槇洪鈑′歡 4.13″声 NTCP

4.28″醸詔◓＄Ζ歲鶫ヌ繽Ⅵュ蒸35穴槇鼏聴┡＄艮歲δ 2 醸歲δ

奧鈑洪鈑濤歡＄ 

穴槇洪鈑′歡

尞莢鈑濤歡＄

Â? //©/? N

i

iiiDVH DDDDHDDH
N

f
1

121 ))(()(
1

           ′4.13″

1(ln())1ln()1(ln( 00 TCPNTCPNTCPHf NTCP

2  

))1ln() NTCPN ///©///? ′4.28″ 

ラ虹 4.5詔◓＄莢鈑洪鈑声奧鈑洪鈑奧鬘渉𥿔膨圾35酘磬●楾鶫暒弥35錫麹＄ 

 

虹 4.5 2尞莢鈑洪鈑声奧鈑洪鈑35鴆舜奧訒 

頓橆＄ュ忘妍墾𥿔-翁⌇ū穴槇洪鈑奧棗35黻紞 声 NTCP穴槇洪鈑奧棗35黻

紞 Y訒暒＄ 声 Y蒸35膨圾83妍奧獪O餌洪鈑 扱ナ繽Ⅵュ蒸35

䡄問＄頓橆＄奧э墾𥿔-翁⌇穴槇洪鈑35黻紞声 NTCP 穴槇洪鈑35黻紞＄綳こ゚紅

麹奧湃┛ 

 券尞＄奧虹 4.4′d″Ο奧棗裠錫墾𥿔35ゲ𠤎噯鴆舜'03墾𥿔錫槀≳邉弥＄洛虹

4.6罕学校法人 

DVHp

NTCPp DVHp NTCPp f
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虹 4.6 奧虹 4.4′d 𥿔鴆舜'03墾𥿔  

蒸隸＄裠錫墾𥿔П梗xх聳薮┛氎縟榺ヘ聴┹35初頓＄韋U坪声艮郊猜裠錫埴親

⋛ 頓

35

妍洩禾裠錫モユU坪枚Y梓35璡紅墾𥿔消薔＄頓橆梗xх虹 4.6Ο35發胡┛ū猿

4.4.3.1 府э89コ御鉱腰圀IMRTč行35寉浡狢 

 覇圀τ IMRT永湿O餌洪鈑隸＄罕僲鵈35墾𥿔-翁⌇穴槇洪鈑′89コ御鉱″毚

曰韋府эΧ椦せヽ聴┹滕梗35悲č鈑藥＄貨洛麝錮ゔ 2ゕ豚鼪紅┭х艮

68Ο殃𪆐U坪声㾱抱餬鸚梏晶p35墾𥿔-翁⌇頓啀声螌婀職婦內日邉68殃𪆐35狎

狢椽0薔疫墾𥿔-翁⌇頓啀┛賢訒洛＄腰圀邦璡寧ケ邉68č行′辞苺г猜日┚椽

0日┚內日シ″隸＄橫曰內埴親消𥿔韋若ナ声89コ旌┞δ倦Ê35ヘΜ莢餌＄頓δ

邉姨狢內1/235晶ナ妍Η紞淅箭痼歲35ナ唸迮𥿔タ齧朗覇痼歲35ナ性＄橫曰內埴親

35 V20′十消穀弥эシэ 20Gy 墾𥿔35內埴親29紅翁⌇″曰くホ│龥I弥эシэ

ы健邉姨狢內1/235梗x┛ 

 屢藥Liシ
[12]
逃梗35膊湈＄đδ収硬禾ホ89コ御鉱僲鵈永湿O餌洪鈑＄唸覇印

ャ寉浡狢◇ 

′1″"毚曰發胡ャ＄𩸕奧㍍Μ埴親35浡腰畐綳こ゚僲鵈ヘΜ印モ35穴槇瑤烏′蜚腰

″Ο裠錫墾 錫邉弥

詔印つ梗＄痁ヌ奧 NTCP穴槇瑤烏黻紞35歵橳殺弥＄U坪埴親消せ姨墾𥿔ャ沬35

覇 査押鵈モY狳蜥＄毚曰發胡ャ璡紅U坪枚埴親く辞庭覇艮郊猜日裠錫献＄

橆ュ詔𤄃桂芭禾璡紅U坪枚消穀'03墾𥿔せ姨＄姿レ麝錮覇僲鵈U坪 NTCP穴槇瑤

烏隸禾ホх艮錮擺屋艾浄滕穀35 LKB ︸繁小鈑＄榺ヘ小鈑橫韋𩸕奧癯覇U坪モ

35'03墾𥿔錫姿艾浄滕穀35┛頓橆＄収鑷螞奧U坪 NTCP穴槇瑤烏膨殺暒弥 黻紞＄

35發胡П梗x覇麝錮ゔメゕ＄ホ EUD穴槇瑤烏永湿艮郊猜日 IMRTč行35聴┹

Ο┛ 

4.4.3 ř佬 

郊猜日邉
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7/12″＄│紅麹蜚腰DVH鴆舜Οュ蒸35墾𥿔竑＄姿榺△墾𥿔-翁⌇頓啀ユ扱ナ

梏晶p35倦O陌®翁x罕禾ホ35̂68肄麸′IMRT縻歲CRT縻歲ュ蒸35せ

姨𥿠㆛楾紅斷″

[13]
◆ 

′2″"ホ89コ御鉱僲鵈永湿瑤烏韋奧裠錫縻橫曰埴親35掮蜥蜚腰＄毚曰綳こ゚剣鶫

ヘ圀35肄擽狢│𣠽苒橫問35穴槇瑤烏還声黻紞＄印梫穀无鷦35寧ケ蜚腰㎤

83声沬旺橫曰埴親梏晶p㎤8335O35┛姿十禾禾ホхY蒸3589コ御鉱穴槇

瑤烏扱ナхヘ圀●楾モY蒸縻Y猿35 DVH鴆舜＄П詔忘奧橫曰埴親暎│

嚶傑ュ蒸35梏晶p𢿫烖┛姿洛┹ホナ89喃御鉱僲鵈榺茜穴槇瑤烏＄孛忘U

蜥奧邉6835鄂e槀≳蜚腰┛ 

僲鵈籾Μ89コ御鉱│┡縟O餌洪鈑＄П膨殺хčゝ35盲黹楾＄姿レ膨殺х永湿狉

.3.2 IMRTč行

樰榰¢鶫措△ナ89︸繁詔印問較澋滕㍍△ⓔ圀35墾𥿔紅斷＄汚蕉こ゚覇

𥿔

螞奧ュ蒸痼歲殿囮喉鴬濤せ35ュ問圀狢＄ナ89御鉱ュ綳こ゚彩熳収㋣腰

圀ⓔ欸35穴槇御鉱＄頓δ陌佬 EUD榰韋 NTCP＄畐毚棙嵇激 DVH革甃彩熳穀х

痼歲橫曰埴親鉉Μ翁⌇35革甃＄姿ュ韋叫89コ御鉱𤎼珊薰Μ穴槇瑤烏蕉蜚腰

DVH 虹モ35ヘΜ7/12＄П橫頓洛橆＄禾ホナ89御鉱П弥朸楾蠖'03х异沛č行永湿

35鄂83┛ 

 ホナ89御鉱圀τ35永湿O餌洪鈑＄詔印毚棙异鉉ナ89︸繁35小鈑＄ホ鈑喃35

鑷®蜚腰永湿聴┹35間埴狢

[5, 9, 16, 17]
┛訒洛＄僲鵈EUD穴槇瑤烏＄詔印毚棙僲鵈

ュ蒸35小鈑a還＄禾永湿𩸕奧ュ蒸ナ89ⓔ狢35埴親＄洽EUDホ│穴槇裠錫埴親隸

妍EUD小鈑僲鵈δa□-10＄洽穴槇Υ繁殿囮隸僲鵈a△10＄洽穴槇梏繁殿囮隸僲

鵈a亼楆э 1┛ホヘΜ穴槇瑤烏孛詔印ś梫梏蜚腰ュ蒸ナ89ⓔ7/1235埴親＄榺ヘⓔ

7/12韋89コ御鉱罕ュ剣鶫35┛ 35EUD隸陌®御問餌

激寉璡鵝婀還35詔忘狢

[14, 15]
┛ 

4.4 ナ89御鉱腰圀 35永仕 

 府эナ89御鉱35永湿鑷®鴦毚ホ＄姿レ訒89コ御鉱鴦U蜥芭ś梫邉68遶e┛

䚮ⅥO艮δ

墾 永湿Ο禾ホナ89︸繁＄孛詔印澋滕鴦鶫豪35墾𥿔紅斷┛ 

 姿レ＄

Liシ
[12]
蠖梗＄洛┹覇čゝ㍍埴親

圀奧棗35小鈑a還＄詔印禾ホ洛ャ35還屋δ鬱臨◇奧梏繁殿囮＄僲鵈aシэ 1◆奧

эΥ繁殿囮＄僲鵈aシэ 8＄Ⅵ醸耄≳ュ問圀狢紅┭′uncertainty analysis″＄δ小

鈑ačゝヘΜ鵈革錫掮＄貨洛＄奧梏繁殿囮＄鵈革錫掮δ[0.5,3]＄奧Υ繁殿囮＄

鵈革錫掮δ[4,15]┛ 

4.4.3.3 覇č行永湿Ο禾ホナ89御鉱35小鈑酘磬狢 

 覇麝錮ゔ 2ゕ 2.5.10圴Ο＄ř佬х︸繁小鈑痁梏晶p兗羽餌御┚痁僐隸掮渉
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湿35發胡印抄ユ痼歲寒翁35ⓔ欸狢＄佬橎х NTCP︸繁小鈑奧梏晶p35龥I聴┹

鶫ヌ顆砵35淅箭＄虹 2.15尹学校法人хLKB︸繁ΟメΜ小鈑渉湿ユ痼歲寒翁桷賠NTCP

還′梏晶p㎤83龥I還″渉湿35倦O┛蒸珊＄洽ナ89︸繁くホ│┡氎穴槇洪鈑小

68永湿棙●Ο隸＄︸繁小鈑35渉湿ПU蜥淅箭ヌč行永湿聴┹┛ 

埴痼歲＄印 5桿隸掮7/12モ痁僐穀

艮

Μ小鈑 a＄彩壟痁ヌ a還35渉湿＄妋痼歲寒翁桷賠 EUD還35渉湿發胡＄洛虹 4.7

ユ穀异沛邉

 縉淫覇艮鸚擺屋Ο豚鼪紅┭35鈑藥Ο𣠽沼ヘ

35 郊猜日痼歲δ貨＄激埴痼歲 257貨┛縉淫印 EUD︸繁δ貨＄妋︸繁蕉鶫ヘ

罕学校法人 

 

虹 4.7 EUD還痁小鈑<a!35渉湿亼仕 

洽小鈑 a緯蜥緯虹Ο詔印つ梗＄ 楆э 0渉湿穀 10隸＄EUD35還邂渉х楆 20Gy┛

豚鼪ホ EUD┡縟35穴槇洪鈑十歡′4.16″＄洛┹小鈑還𣠽沼ュ洽＄妍淅箭穀橊㒼

洪鈑H35聴┹＄詔忘燒18蛄麝│棗洽消穀穴槇35瑤烏＄緯姿淅箭穀鵝遂35永湿

墾𥿔紅斷┛ 

ゕ婀聴 

4.2

聴┹声

4.5 麝

 麝ゕ 圴異聡х异沛邉68墾𥿔紅斷虹35聴┡︸繁＄妍异沛邉68棙●紅δΖ

橳＄ŀ憩覇 CERR墾𥿔čゝ桷詳Ο嵇激痼歲 CT虹叫梏𩸕奧裠錫慼軟čゝ墾𥿔鄂

棗w槱W＄Ⅵ醸奧裠錫声橫曰埴親┡縟35穴槇洪鈑槀≳永湿＄澋滕沛楾紅斷w

槱 x┛ 

 麝ゕ 4.3 圴＄妒職異聡хホ89コ御鉱声ナ89御鉱┡櫻永湿O餌洪鈑35棙●＄

＄δх槀ヘ橳蠖'03

永湿氊楾＄異聡х薰ヘ△穴槇洪鈑奧沛楾w槱

ŀ憩異聡хO餌洪鈑聴┡＄Ⅵ醸紅麹異聡х辞苺賠示墾𥿔┚鵝弥墾𥿔┚鵝婀墾𥿔

声墾𥿔-翁⌇頓啀覇献3589コ穴槇洪鈑┡氎鑷®＄声辞苺 EUD┚NTCP声 TCP覇

献35ナ89穴槇洪鈑┡氎鑷®┛彩熳穀糦ホ蓮楾®永湿O餌洪鈑

x&雁奸鈑35蝠奸棙●┛ 
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 麝ゕ 4.4 圴＄𣠽沼 10 貨艮郊猜日邉68痼歲35 CT 虹叫＄紅麹ホ89コ御鉱声

NTCP ナ89御鉱┡氎х永湿O餌洪鈑＄奧榺 10 貨痼歲紅麹槀≳х IMRT č行僲

č＄梏奧訒х永湿聴┹┛δх翁x NTCPナ89御鉱奧沬旺橫曰埴親墾𥿔35鶫鄂蜚

腰＄僲č圈MV＄歵橳殺弥奧U坪 NTCP穴槇洪鈑35黻紞＄⁇壟х覇黻紞膨殺35棙

豪ホ NTCPナ89穴槇瑤烏＄MV儃

Ο35鶫鄂狢◆ 

 25: 

 321-333. 

] 

 2000, 01-711. 

 Q, Mohan R, Niemierko A, et al. Optimization of intensity-modulated radiotherapy plans based on the equivalent 

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

[5] Wu Q, Djajaputra D, Wu Y, et al. Intensity-modulated radiotherapy optimization with gEUD-guided dose-volume 

 objectives [J]. Phys Med Biol, 2003, 48: 279-291. 

[6] Deasy JO, Blanco AI, Clark VH. CERR: a computational environment for radiotherapy research [J]. Med Phys, 2003, 

 30: 979-985. 

[7] Ahnesjo A, Saxner M, Trepp A. A pencil beam model for photon dose calculation [J]. Med Phys, 1992, 19: 263-273. 

[8] Nocedal J. Updating Quasi-Newton matrices with limited storage [J]. Mathematics of computation, 1989, 35: 773-782. 

[9] Choi B, Deasy JO. The generalized equivalent uniform dose function as a basis for intensity-modulated treatment planning 

 [J]. Phys Med Biol, 2002, 47: 3579-3589. 

[10] Hoffmann AL, den Hertog D, Siem AY, et al. Convex reformulation of biologically-based multi-criteria 

 intensity-modulated radiation therapy optimization including fractionation effects [J] s Med Biol, 2008, 53: 

 6345-6362. 

●Ο＄橫曰埴親声裠錫 DVH墾𥿔鴆舜35渉湿ⓔ7/12┛鵝醸＄孛89コ御鉱腰圀 IMRT

č行35寉浡狢┚ナ89御鉱腰圀 IMRTč行35永仕声禾ホナ89御鉱35小鈑酘磬狢紅

麹槀≳хř佬┛ 

4.6 麝ゕ鋼鑄7/12 

 妒職異聡х曰ホ3589コ御鉱声 EUD┚NTCP┚TCPナ89御鉱┡櫻 IMRT永湿

O餌洪鈑35鑷®＄辞苺O餌洪鈑35聴┡┚情△穴槇洪鈑35┡氎鑷®＄梏逃梗х情

穴槇洪鈑35&雁奸鈑棙●声聴┹＄δ醸蔽せヽ蠖駕х小彩◆ 

 聴浄 CERR墾𥿔čゝ桷詳声麝嶧佳埴鬘ε鬱晶35 IMRT沛楾永湿擺剣＄圈x

х异沛邉68墾𥿔永湿情Μw圴＄梏覇橆府コモ＄

х妋鑷®覇沬旺橫曰埴親墾𥿔┚蜚腰 DVH鴆舜渉湿

 ホ圈MV聴┹儃霽х収硬膨殺NTCP穴槇瑤烏黻紞妍奸𪘚永湿聴┹Ο裠錫墾𥿔

35聳薮┛ 
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ゔ阿ゕ ホナ89鄂棗墾𥿔小鈑邂槀橫曰埴親薔疫㎤83︸繁 

圀э職婦

redistribution

ホ 葵職婦鰀桷35薔疫＄ⓔ麹韋㌃噯

′4″職婦渼葦抄器珒忘察35Ι薮＄奸𪘚橫

x鰯邉姨ナ89喃35⁇7/12đδ＄覇せ姨裠埴親Ο

Ζ

[3]

┚鄂棗焙歲＄禾ホ薰尞暒婀墾𥿔詔印沼滕暒弥35̂68訒┛紅尞

 

梗＄邉姨̂68棙●Ο35#ナ89墾𥿔$声#89コ墾𥿔$韋ΖΜュ

ナ89翁𣏒姨箭棗●楾35I𥿔┛屢藥Fowler穴歡
[4]
＄薰尞墾𥿔㐬弥＄ナ89鄂棗㐬

＄奧э餬捷棗埴親嬋δ洛橆┛ 

 衛悲橫曰埴親梏晶p㎤83︸繁＄十艮錮罕橎35 LKB┚Logit-EUD┚Schultheiss┚

Poisson-EUD┚Källman声 Parallelシ結△ NTCP︸繁＄畐韋櫻ヰ覇橫曰埴親35親

遶墾𥿔П孛韋ナ89墾𥿔府コモ35＄薇粧埏岏＄洽縉淫čゝ痼歲㍍橫曰埴親35

NTCP 還隸＄綳こ゚s湈翁x妋橫曰埴親鵝遂親遶墾𥿔35 DVH 鴆舜┛衛悲 NTCP

︸繁攦đ痼歲蜥消35韋曰¤紅砦＄頓橆橫洛艮錮擺屋罕嬉35𤎼珊＄詔印U蜥奧痼

歲35 DVH鴆舜槀≳嵇沼声čゝ＄梏龥I痼歲寒翁35橫曰埴親梏晶p㎤83┛Ⅵ姿＄

5.1 殃ㇷ 

 淅箭寧ケ声橫曰埴親35𣏒姨ナ89鄂棗35頓t渤籾＄獪聴𪆐│εこ゚袴

消せ姨薔疫醸35割盲′repair″┚賢寒翁湿′repopulation″┚職婦趨鸚35賢紅斷

′ ″抄寧ケ献А飯職婦35賢飯浄′reoxygenation″4#R$頓t35Y唖

屋

[1]
┛職婦消せ姨醸扱ナ35薔疫詔印韋◇′1″

翁35薔疫声37渉◆′2″職婦膨珒趨鸚35櫟圾縻紅て櫟𣘸印𪘚職婦寒邉姨酘磬狢35

邂渉◆′3″㍍茜職婦寒Ι薮紅て忘察◆

曰埴親35薔疫縻寧ケ埴親35í櫱┛

35橫曰埴親＄茣職婦せ姨醸モ橎薔疫ś梫35隸掮ュ蒸＄詔妍膨珒狢35埴親紅縟

弥ū◇せ姨醸薔疫梗x陲縻膨珒焙35埴親❀δ陲縻狎狢捷棗埴親◆彐薔疫覇せ姨

鬱臨醸渤圾隸掮羇ś梫縻膨珒窿35埴親❀δ餬捷棗埴親┛陲捷棗埴親辞苺77程┚

₈翆┚婀坪モ77職婦シ＄餬捷棗埴親洛內┚認┚桝58┚盟シ埴親┛弥璡紅寧ケ埴

親屮э陲捷棗埴親＄券邉姨ナ89喃ⓔ7/12ユ陲捷棗橫曰埴親35Y臼

[2]
┛ 

 陲覇 1988 桿＄Withersシ 孛晶x陲捷棗埴親声餬捷棗埴親覇紅尞邉68鄂棗

モ35攴麹┛ホシ鄂獪墾𥿔声紅尞墾𥿔嬉虹＄顆学校法人餬捷棗埴親35鴆舜訒陲捷棗埴親

35澮＄岏霽餬捷棗埴親訒陲捷棗埴親奧紅尞墾𥿔35渉湿鴦酘磬┛殺弥紅尞墾𥿔＄

餬捷棗埴親薔疫殺紞′ユ餬捷棗埴親Y訒＄陲捷棗埴親奧紅尞墾𥿔35邂渉ュ役酘

磬″┛洽薰紅尞墾𥿔弥э 2Gy隸＄餬鸚梏晶p顆砵膨殺┛奧э寧ケ邉姨̂68＄ⓔ

麹韋奧膨珒83暒'03

墾𥿔歵橳ャ沬＄禾餬捷棗埴親35諮消墾𥿔歵橳モ種＄緯姿忘門覇Y蒸35餬捷棗埴

親薔垓鰀桷發胡ャ澋滕暒嫁35寧ケ寉璡蜚腰83┛

 緯榺ヘコ佬詔印つ

蒸35㎤燻┛屢藥肉氄初啀忘類炊洩′IAEA″ゔ 30障膊陣圀τ＄#ナ89墾𥿔$韋莢

奧

弥
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洽 /

趨″＄姿紹ヘ璡紅痼歲蜥消乑紅砦̂68′紅尞墾𥿔婀э 2.0Gy/尞＄2尞/厄″縻歲

′紅尞墾𥿔弥э 2.0Gy/尞″＄榺△發胡ャ＄十禾罕鶫痼歲35獪面鑷墾

𥿔Y蒸＄汚ュ蒸35墾𥿔紅砦鑷歡妍暎│橫曰埴親35ュ蒸薔疫㎤83＄榺隸孛ュ忘ヮ

.2 

 L-Q︸繁đδ邉姨舜殃𪆐情△ナ89鄂棗鵝府麝35薔疫韋職婦DNA35掌倌鐺

Y倦＄榺ū薔疫ュ詔割盲＄❀δュ詔割盲35

2 -2

唸覇榺珊ヘ埴痼歲寒翁＄券Ο璡紅痼歲蜥消曰¤墾𥿔紅砦′2.0Gy/尞＄5 尞

弥紅砦̂68

収芭妍痼歲橫曰埴親35 DVH革甃茯│U蜥禾ホ＄綳こ゚縉淫奧衛悲 NTCP︸繁槀

≳邂槀＄ヘ鑷螞妍螌曰¤墾𥿔紅砦痼歲蜥消3589コ墾𥿔斿薇δナ89墾𥿔＄紹ヘ鑷

螞奧ュ蒸墾𥿔紅砦埴痼歲35橫曰埴親晶n㎤83槀≳紅麹龥I┛ 

 麝ゕŀ憩異聡ヘ△く鵝梵¹蜥消声禾ホ35ナ89墾𥿔斿薇︸繁#舜狢-ы尞

′linear-quadratic＄L-Q″$︸繁＄異聡櫻ヰ妋︸繁35コ佬艮蠖声府麝初コ＄梏蝠

奸梗ナ89鄂棗墾𥿔′biological effective dose＄BED″︸繁◆Ⅵ醸＄毚棙 BED︸

繁小鈑 g/く頓啀＄邂槀衛悲 NTCP︸繁＄禾φ櫳ホэュ蒸紅尞墾𥿔せ姨ャ橫曰埴

親梏晶p㎤8335龥I◆遶磓х│鬘®肉 IGR′Institut de cancérologie Gustave 

Roussy″̂ 68Ο濕35Ζ埴艮郊猜日邉68痼歲鈑藥＄奧Ζ埴痼歲紅麹圈鑾хュ蒸35

墾𥿔紅砦鑷鞘＄覇橆府コモ＄縉淫妍𩸕奧龥IU坪声㾱抱梏晶p艾浄 g/く頓啀＄
MV儃衛悲 NTCP︸繁誕 BED︸繁小鈑邂槀醸śx梗35龥I忘察┛ 

5 BED斿薇声隸掮-墾𥿔-紅尞︸繁 

5.2.1 舜狢-ы尞︸繁 

 籾桿│＄せヽ歲蠖梗х籾△妍89コ墾𥿔斿薇押ナ89墾𥿔35薇ゝ︸繁＄汚蕉鶫

┞婉鈑35︸繁剣鶫圈ホ羽還＄券Ο舜狢-ы尞′Linear-Quadrac＄L-Q″︸繁
[5]
韋ヘ

△く鵝梵¹棗ホэ邉姨ナ89喃せヽ声Χ椦邉姨̂6835鈑喃︸繁＄噪35梗x奧楆ы

守籾桿│35邉姨ナ89コ佬せヽ声Χ椦邉68圈咠扱ナх紞弥淅箭

[6]
┛ 

て＄姿DNA紅啀掌倌鐺て35𣏒姨忘𥿔m⌇鑷歡コ佬モ鶫Ζ△詔忘
[6]
◇ヘ韋ヘΜ𣏒

姨₂啀覇螗楆DNA掌倌璡押35忘𥿔m⌇蒸隸氎縟хΖ瑤収倌35鐺て＄鐺て鈑N妍

U蜥ユ親遶墾𥿔D′収押◇Gy″縟橫訒＄十N=gD＄gδ訒貨O鈑′収押◇Gy
-1
″＄

ユ姨舜狢迮抄くせ姨職婦35湏衛麝迮

薔疫′g薔疫″◆紹ヘ△詔忘韋＄ΖΜ𣏒姨₂啀紅麹覇DNA唖Ż倌Y奧ュ槑35Ζ

Μ押鵈35忘𥿔m⌇蒸隸氎縟Ζ瑤収倌紅麹鐺て＄榺△鑷歡奸𪘚35掌倌鐺てユ親遶

墾𥿔35桷鑷縟橫訒＄十N=くD ＄くδ訒貨O鈑′収押◇Gy ″＄榺ū薔疫❀δ詔割

盲薔疫┛ 

 L-Q︸繁彰❀舜狢ы尞鑷●縻g-く鑷●＄噪詔印緯職婦唸9鴆舜U蜥蝠奸姿滕
梗＄頓橆噪ュ韋ヘΜ硬ɔ35誕MV穴歡┛L-Q︸繁韋ラChadwick声Leenhoutsэ 1973
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桿蠖梗35

[5]
＄韋妍DNA掌倌鐺てユ職婦唸9遂O𪆐│35鈑喃︸繁┛屢藥L-Q︸繁＄

収尞墾𥿔D35鄂棗′洛職婦黶疫″詔弦嬉◇ 

DDE dc -?                          ′5.1″ 

シ歡Ζ梘瀠印

2

c＄滕 

* + 2DDE cdc -?                     ′5.2″ 

cE く❀δナ89鄂棗墾𥿔＄噪剣鶫墾𥿔35弥婀声𥿔購＄韋莢覇罕忘逃ч35┞旺墾

𥿔83縻陌ヾ紅尞35陌浡婀35紅尞墾𥿔ャ忘扱ナYシナ89鄂棗罕綳こ゚35墾𥿔┛彐紅

尞墾𥿔δ d＄糦ホ紅痡隸掮弥э 6婀隸35乑紅砦せ姨＄紅尞鈑δ n＄レ型佟葵𪘚

渼薔疫澋滕嚶傑割盲＄鉱穴歡′5.2″詔印邂弦δ 

* +] _2ddnE cdc -?                       ′5.3″ 

縻 

* +] _dndE cdc -? 1                       ′5.4″ 

繁弦δ 毚曰妍ナ89鄂棗墾𥿔︸

* +] _dcdndBED -? 1                      ′5.5″ 

券Ο＄ndδ獪墾𥿔′D″◆g/く訒還❀δ紅尞墾𥿔慧橫頓啀＄詔印〟ś澋滕┛屢藥
モ橎穴歡蝠奸＄ュ蒸紅砦鑷鞘35シ鄂渉薇穴歡δ 

ÕÕÖ
ÔÄÄÅ

Ã -?ÕÕÖ
ÔÄÄÅ

Ã - dcdc 1122 11
d

dn
d

dn                   ′5.6″ 

曰◓橫曰埴親声寧ケ埴親BEDčゝ小鈑洛ャś 5.1罕学校法人＄śΟ逃梗35喉△埴親35

小鈑韋渤鶫浡35＄鶫ヘ圀35ュ問圀狢

[

12

2]
＄橆勿П鶫弥𥿔錮問ř佬剣翁橫曰埴親

[7-9]

声寧ケ埴親

[10-18]
奧棗35g/く訒還┛ 

ś 5.1 曰◓橫曰埴親声寧ケ埴親 BEDčゝ小鈑 

埴親ū繁 g/く (Gy) g (Gy
-1

)

餬捷棗埴親 2.5 0.22 

陲捷棗埴親 10 - 

#寧ケ$埴親 10 0.40 

77程

[19]
 7.6 - 
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府迮

[19]
 6.9 - 

盟

[19]
 3.3 - 

桝58  2.5 - 
[19]

內

[19]
 3.6 - 

內

[20]
 3.3±1.5  

坪

[19]
 7.9 - 

認

[19]
 3.4 - 

愈𧵳璡儨日

[3]
25 - 

77程儨日

[3]
 13.4 - 

5.2.2

㍍茜埴親洛桝58＄紅尞墾𥿔旺

э 2Gy隸＄せ姨墾𥿔鶫詔忘奄č棙'03┛g/く訒還覇 10~20Gy35埴親シ鄂鴆舜掮攴

欸暒婀＄姿覇 2~4Gy 掮鴆舜攴欸弥＄十奧餬捷棗埴親＄穴歡奧シ鄂墾𥿔奄č35

寧ケ埴親唸覇籾△ュ問圀献覇頓t＄洛剥渼┚А飯シ賠詔淅箭

g/く還┛頓橆＄Χ椦棗ホ L-Q︸繁僲č螌曰¤紅砦せ姨鑷鞘棗穗紞┛ 

5.3 ホBED小鈑邂槀NTCP︸繁 

 覇豪ホ NTCP︸繁龥I橫曰埴親梏晶p㎤83隸＄綳こ゚s湈痼歲橫曰埴親35ナ

89墾𥿔＄十埴親親遶墾𥿔＄洽痼歲蜥消35韋螌曰

δхű NTCP︸繁維Ⅵ剣鶫梏晶p龥I忘察＄縉淫綳こ゚ホナ89鄂棗墾𥿔′BED″

 L-Q︸繁35寉浡狢 

 覇紅尞せ姨鸚掮＄職婦35葵𪘚渼薔疫棗澋滕嚶傑狢割盲＄レ職婦¢鶫膨珒┛

O艮籾鈑 g/く訒還│鬘皿89圈MV＄以翁埴親35ɚ問小鈑渤婉＄Χ椦棗ホ棗穗紞＄
嬋券奧餬捷棗埴親┛櫳ホэ紅尞墾𥿔 1~8Gy＄奧э

ュ御問●楾モ種┛

¤墾𥿔紅砦′2.0Gy/尞″せ姨隸＄

㎤燻奧衛悲 NTCP︸繁槀≳邂槀┛縉淫印シ鄂翁⌇® LKB︸繁δ貨＄奧э痼歲

i＄券衛悲 NTCP︸繁濤歡洛ャ歡罕学校法人◇ 

Ð ¢/
/? t

x dxeNTCP 22

2

1

r                          ′5.7″ 

* +* + * +* +vTDm

vTDD

i

i

50

50max ©/                       ′5.8″t i?  

* + * + n/
effi i

VTDvTD ©? 15050
                             ′5.9″ 

                       ′5.10″ 

券Ο＄ß抄穀墾𥿔喃35小鈑韋歡′5.8″Ο35鵝弥7/12墾𥿔 Dmax 声歡′5.10″Ο35

dij┛ 

Â? N

j

n

effV
i

/1

ijijdv           
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 縉淫ŀ憩奧э歡′5.6 歡モ35渉 岸僲 1δ曰¤紅砦35 2.0Gy/尞35

紅尞墾𥿔＄鉱 韋衛悲 ︸歡ャ 墾𥿔＄ DBio＄奧棗35

d2孛韋螌曰¤ 紅砦鑷 紅尞墾 孛韋89コ墾𥿔┛橆隸＄歡′5.6″

詔印弦縟 

薇＄ d″屋濤

11dn

墾𥿔

墾𥿔紅砦 35獪 十ナ89獪墾𥿔

𥿔＄ 2n 2d鞘ャ35

ÕÕÖ
ÔÄÄ -1BioÅ?ÖÄÄÅ

Ã
c 11

D
DD Boi

Phy               ′5.11″ 
ÃÕÕ- dc 2Phy ÔnD

d
n

ÕÕÖÄÄÅ?ÕÕÖÄÄÅ dcdc DD BioPhy            ′5.12″ 

ラэ衛悲墾𥿔紅砦︸歡Ο35紅尞墾𥿔δ 2.0Gy/尞＄罕印

ÔÃ -ÔÃ - dcdc
12 nDnD

BoiPhy

1nDBoi シэ 2＄ラ橆滕穀

緯89コ墾𥿔čゝY棗ナ89墾𥿔35穴歡＄洛ャ 

ÕÕ
ÕÕ
Ô

ÄÄ
Ã -

? d
c

n

D

DD

Phy

                      

Ö
Ä - 2

cPhyBio  ′5.13″ 

ÄÅ d
券Ο＄DBio声 DPhy紅麹奧棗ナ89墾𥿔声89コ墾𥿔＄nユモ錮Y蒸δ紅尞鈑＄苺障

Ο紅蕫モ35#2$奧棗э衛悲墾𥿔紅砦Ο35 2Gy/尞┛ホ歡′5.13″čゝ LKB︸繁Ο

Dmax声 dij奧棗35ナ89墾𥿔＄滕穀歡′5.14″声′5.15″ 

ÕÕ
ÕÕ
Ô

ÄÄ
Ã -d
c D

ÖÄÄÅ -
?

2d
c n

DBED

Max

MaxMax                       ′5.14″ 

ÕÕ
ÕÕ

Öd

Ô

ÄÄ
ÄÄ

Å

Ã

-
-

?
2

cd
c

n

d

dBEd

ij

ijij                       ′5.15″ 

ラэ dij 奧棗35韋埴縟橫曰埴親35 N Μ翁tΟ薰Μ翁t35賠示墾𥿔＄頓橆＄歡

′5.15″П孛韋妍鉉Μ橫曰埴親消

 誕棙紅尞墾𥿔頓啀 g/く慧橫醸＄NTCP︸繁ラ TD50(1)＄n声 mメΜ小鈑膨殺

穀35ュ賠示せ姨墾𥿔斿湿δシ鄂35ナ89墾𥿔┛ 

δ森鶫 g/く訒還35惇小鈑濤歡＄十 
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] _vdmnTDfNTCP ,),,,),1(( iii 50 dc?  

Källman 声 Parallel シ券井阿△ NTCP ︸繁＄斿薇鑷®Y蒸＄畐韋奧薰Μ翁t奧

棗35墾𥿔収

榺紒意逃梗 LKB︸繁斿薇35貨啀＄奧э Logit-EUD┚Schultheiss┚Poisson-EUD┚

形 dij槀≳ナ89墾𥿔慧橫＄滕穀邂槀醸35 NTCP︸繁┛ 

5.4 ホ邂槀35NTCP︸繁龥Iュ蒸紅尞墾𥿔せ姨殃𪆐35U坪声㾱抱薔

疫 

5.4.1 激埴痼歲發胡 

 豚鼪狢紅┭х 213貨│鬘®肉 IGR′Institut de cancérologie Gustave Roussy″

覇 2桿┚

餬鸚梏晶p35發胡┛傑璡 213貨痼

歲賠嚶鉉蜥消х 70Gy面鑷墾𥿔35邉姨̂68＄妍痼歲茣紅尞墾𥿔鑷鞘ュ蒸紅δ A

声 BΖ埴＄券Ο◇ 

 A埴◇94貨′44%″蜥消衛悲墾𥿔紅砦̂68＄十 2.0Gy/尞＄薰厄ヘ尞＄薰趨

5尞＄件 7趨 35尞̂68◆ 

68小鈑賠Y蒸＄痼歲妒

職發胡┚邉68?●声圈鑾職鉱小◓ゔыゕ 2.5圴献埃┛ 

5.4.2 圈MV鑷鞘 

 ŀ憩＄奧э 213貨痼歲＄覇 2桿┚3桿┚4桿声 5桿隸掮7/12モ＄兗奄梏Ŭ洙

痼歲U坪声㾱抱śx餬鸚梏晶p35發胡＄đδ梗x弥эシэ LENT/SOMA ы健

梏晶p′œGrade2″声梗x梗ʜpせ′bleeding″δΖΜュ蒸35梏晶pъ烏◆ 

 ゔы橳＄覇モ橎惇Μ痁僐隸掮7/12モ＄豪ホ 5.3 圴蝠奸梗35誕紅尞墾𥿔慧橫頓

啀割邂棙35結△NTCP︸繁＄艾浄龥IU坪声㾱抱梏晶覇35NTCP︸繁小鈑声g/く

̂68Ο濕蜥消 IMRT异沛邉姨̂6835艮郊猜日痼歲鈑藥＄ 3桿┚4桿┚5

桿痁僐隸掮7/12モŬ洙薰貨痼歲U坪声㾱抱梗x

 B埴◇119貨′56%″蜥消弥墾𥿔紅砦̂68＄十 2.5Gy/尞＄薰厄ヘ尞＄薰趨 4

尞＄件 7趨 28尞̂68┛ 

 瀠х紅尞墾𥿔紅砦鑷鞘φ勿＄213 貨痼歲券沖罕鶫̂

頓啀＄券Ο g/く 頓啀35沼還慼軟僲δ * _10,0 ＄艾浄鑷®┚O餌洪鈑声永湿ゝ®ユ

艮鸚擺屋Ο艾浄衛悲 NTCP︸繁小鈑鑷®Y蒸◆ 

 ゔメ橳＄ホ艾浄滕穀35 NTCP︸繁小鈑声 g/く頓啀＄čゝ薰貨痼歲梗xU坪
声㾱抱梏晶p35 NTCP龥I還＄彩壟龥I聴┹ユ⁇壟穀35梏晶pъ烏韋心鶫顆砵
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Y倦狢◆ 

 ゔ惇橳＄ホ艾浄滕穀35 NTCP︸繁小鈑声 g/く頓啀 ＄奧 A埴声 B埴痼歲梗

5.4.3 圈MV聴┹ 

 奧 213貨痼歲35痁僐發胡洛ャś 5.2罕学校法人◇ 

ś 5.2激埴痼歲痁僐發胡悲čś `苺障Ο35還ś学校法人梏晶p│鬘 A埴35痼歲鈑}│鬘 B埴35痼歲鈑 

U坪梏晶p痼歲鈑 㾱抱梏晶p痼歲鈑 

x梏晶p35㎤83紅麹龥I＄⁇壟邂槀醸35 NTCP︸繁韋心剣鶫龥Iュ蒸紅尞墾𥿔

せ姨醸梗x梏晶p35忘察┛ 

痁僐隸掮 
痁僐穀 

痼歲鈑 œGrade2 bleeding œGrade2 bleeding 

2桿 208 26(7} 40(119)` 2}28) 15 (4}11) 4(3}1) 

3桿 192 29(8}21) 42(13}29) 17(5}12) 7(4}3) 

4桿 174 27(9}18) 41(15}26) 20(7}13) 9(4}5) 

5桿 156 26(11}15) 39(17}22) 20(8}12) 11(6}5) 

痁ヌ痁僐隸掮35櫟圾＄痁僐穀35痼歲鈑醐婉＄汚梗x梏晶p35痼歲鈑𥿔府麝較茗

桷Ś＄頓橆梏晶p㎤83覇歵桿蠖'03＄śΟ`面苺障艮35還ś学校法人⁇壟梗x妋梏晶p

痼歲梗x梏晶p35㎤83槑'03э A 埴痼歲＄姿㾱抱梗

貨攀醤″＄麕忘翁x榺ヘⓔ7/12┛

声㾱抱梗x弥эシэ LENT/SOMAы健梏晶p声梗x

┭＄艾浄聴┹洛ś 5.3罕学校法人◇ 

桿痁僐隸掮7/12モU坪梗x弥эシэ LENT/SOMAы健梏晶p35小鈑艾浄聴┹ 

苺障Ο35還δ profile likelihood鑷®&滕小鈑35 95 鵈革錫掮 

M 50

35痼歲鈑＄苺障献ś学校法人榺茜痼歲紅麹│鬘 A 埴声 B 埴35鈑𥿔＄瀠㾱抱梗ʜ梏晶

p埴勿＄券噪メ埴Ο＄B 埴

ʜ梏晶p埴ラэ激埴痼歲鈑𥿔役婉′10  

 ュ蒸痁僐隸掮ャ＄U坪

梗ʜpせ NTCP︸繁小鈑声 g/く頓啀艾浄聴┹◓毹洙 E＄榺紒意印覇 3桿痁僐隸

掮7/12モU坪梗x弥эシэ LENT/SOMA ы健梏晶p35小鈑艾浄聴┹δ貨槀≳紅

ś 5.3 メ

` %

odel TD (1) (Gy) n/s m/k/r g/く LLH NTCP p 

LKB 

70.

(68.97,72.89)

0.08 

(0.06 0.09 7.17 
76.58 

15.11±8.1 0.
93 

, (0.07,0.11) (5.21, 9.13) 6 

00

3 `
 

0.10)

LogitEUD 
(71.04, 0.48) 

0.25 

, 

0.33)

(4.97, 

0.97 

(-0.99, 76.99 
7 5 

75.75 (0.16 6.48 

8.05)
2.93) 

15.11±7.5 0.00

PoissonEU

D 

78.58 

(74.23,83.45) 
(0.14

, 

1.52 

(1.27,1.80)
(-0.97, 

3.27) 

76.93 
15.07±7.7

9 

0.00

5 

0.21 0.96 
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0.29)

Källman (68.75, 

0.72 

)

1.04

69.79 

70.87) 

(0.46

, 

0.97

9.08 

(7.12,1

) 

10.00 

(3.23,16

) 

15.16±8.8

7 

0.00

2 
.77 75.95 

Schultheiss 
(69.86

71.07 

,72.27) 
--- 

29.99 

(6.61,53.39

) 

9.19 

(7.23,11.15

) 

76.35 
15.23±8.0

6 

0.00

3 

Parallel 
v50= 0.33 j= 0.25 d1/2= 69.73 k= 

9.9787 
75.657

3 

15.05±8.7

8 

0.00

1 0.00 

 覇 3 桿痁僐隸掮7/12 僐 Ο x弥эシ

э LENT/SOMAы健 83 0% 浄 印つ梗印

ャ喉Μⓔ7/12◇ ホ艾 穀 歲 P

35 NTCP 賠還 △︸ 沼 C ⁇壟穀35梏

晶p聴┹槀≳ヘ形豚洫紅┭＄緯 č

p鶫顆砵35Y倦狢◆ゔы＄ュ蒸 NTCP︸繁艾浄滕穀35 g/く還鶫暒弥錫麹＄緯婀

n貨鈑

暒婉＄姿薰△︸繁Ο湃艾浄35小鈑ラ初│35メΜ膨殺δ惇Μ＄Y棗35奧激埴痼歲

П

arzi小せBurman
[21]
逃梗35LKB︸繁小鈑＄妍n声m

紅麹沼還δ 沼還δ艮

鸚擺屋Ο艾浄滕穀

Ⅵ印 LENT/SOMAы健梏晶pδ貨＄覇妋痁

僐隸掮艾浄滕穀 CP︸繁小鈑小◓毹洙C＄艾浄滕穀35g/く聴┹ 5.

学校法人◇

ś 5.4 奧メ桿痁僐隸掮7/12モU 弥эシэ LENT/SOMAы健梏晶p＄意艾浄 g/く頓啀35永湿聴┹ 

Model ) (Gy n/s /k/r LLH N p

穀 192 貨痼歲＄券 29 貨梗xU坪梗モ＄痁

梏晶p㎤ δ 15.1梏晶p＄ ┛緯艾 聴┹Ο詔

35 NTCŀ憩＄ 浄滕 35小鈑čゝ薰貨痼 還Ⅵ醸&鉉埴痼歲

＄結 繁賠 滕х渤裸35龥I聴┹＄妍 NT P 還ユ

p還モつ結△︸繁 ゝ滕穀35 NTCP還賠ユ梏晶

э 1穀 10＄喉ωｭqх g/く罕鶫詔忘35沼還慼軟◆ゔメ＄Μ麹︸繁艾浄滕穀35小
鈑癯覇х覘v梘01モ＄¢忘永湿滕穀鶫碆τ35小鈑埴浄＄訒洛ś 5.3Οś⅛噯伴

駝餌学校法人35小鈑┛ 

 奧э艾浄聴┹Ο唸覇弥𥿔陌碆τ35小鈑還＄縉淫彩熳初頓δ激埴痼歲

鈑 蠖梗х鴦'0335こ゚&┛Y蒸35發胡覇Marziシ
[8]
艾浄U坪g/く頓啀35せヽΟП鶫

罕膊湈＄Marziシ糦沼х紹ヘ△︸繁小鈑艾浄鑷鞘◇奧NTCP︸繁初鶫小鈑Ο35n

声m沼曰鈑還ュ小ユ永湿＄意奧TD50(1)声g/く頓啀ΖΜ小鈑槀≳永湿＄禾湃永湿
渉𥿔Μ鈑ラ 4Μ醐婉δ 2Μ┛M

0.12声 0.15┛麝せヽ慣菹妋鑷®＄妍結△NTCP︸繁小鈑賠

35小鈑還＄П意奧g/く頓啀槀≳永湿┛δх概э奧せ＄縉淫維
3桿痁僐隸掮7/12モU坪梗x弥эシэ

35NT 洛ャś 4 罕

 

坪梗x

) TD50(1 m g/く TCP   

LKB 88.02 0. 80. 7.90±3  0.0280074 0.21 6.03 00 1 .32  

LogitEUD 88.42 075 6.94 79.96 17.87±3.37 0.028 0.0 6.03 

PoissonEUD 89.71 073 1.61 79.84 17.80±3.49 0.026 0.0 6.06 

Källman 84.59 6.843 7 79.1 8.3 .021 8 2.0 5.08 71 1 6±5.39 0 1 

Schultheiss 399.99 -- 7--- 0.6 0 80.20 17.16±1  0.006.0001 .88  
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Parallel v50=0.00 j=1 =43.91 k=1.01.00 d1/2 0.0001 80.28 16.79±1.79 0.008 

ś 5.4逃梗35艾 Ο＄ 鶫Μ 繁唸覇 τ35永湿聴┹

噯 鈑還 𥿔こ゚ ś ◆ 擺 滕穀 NTCP

鈑声鑄艾浄滕穀35 g/く頓啀 淫賢尞čゝ薰ヘ貨痼歲35 NTCP還梏&賠還＄滕

穀35龥I還ユ⁇壟滕穀35 15.10% p㎤83 暒弥＄緯永 鈑

′LLH″声ヘ形豚洫紅┭聴┹′p 還″Ζ鑷螞つ＄龥I鄂┹Пュ洛 5 Ο35龥I

聴┹鴦御問┛ 僐隸掮7/12𩸕奧 親

晶p畐嬉х艾浄＄聴佬ユ橆Y蒸＄頓橆孛麕賢郊梗傑璡鈑藥┛齧橆＄ 淫詔印

奧メ桿痁僐隸掮7/12モU坪梗x弥эシэ LENT/SOMAы健梏晶p35小鈑艾浄聴┹ 

浄聴┹ 維Ⅵ

訒

＄縉

麹︸ 陌碆

豪ホ艮鸚

＄洛śΟ

35

ś⅛

小伴駝璡紅 ＄汚鈑 5.3Οこ゚婉 屋艾浄

35梏晶 Y攴 湿O餌洪

.3

還

Y蒸35圈MV＄縉淫П覇券井痁 㾱抱埴 声傑璡Ζ

縉

△梏

唐

圀＄Marzi シ禾ホ35︸繁小鈑艾浄鑷®＄䚮Ⅵ詔印艾浄滕穀 g/く 頓啀＄汚ホ榺△
鑷®滕穀35頓啀│龥I梏晶p＄鶫ヘ圀35宓攴＄綳こ゚殃𪆐Ê碆┛ 

 δх忘翁x NTCP︸繁誕 g/く頓啀割橫醸罕扱ナ35渉湿＄縉淫僲č紹ヘ埴圈
MV＄維Ⅵ韋印 3 桿痁僐隸掮7/12モU坪梗x弥эシэ LENT/SOMA ы健梏晶pδ

貨＄ュ彩熳痼歲寒翁Ο紅尞墾𥿔鑷鞘35攴麹＄Пュ彩熳ホ g/く頓啀奧 NTCP︸繁

槀≳割橫＄嚶傑茣せゔыゕΟ艾浄 NTCP︸繁35鑷®＄奧榺ヘ埴│鬘 IGR35 213

貨痼歲紞盲圈MV＄意艾浄 NTCP︸繁小鈑＄印橆│奧せ禾ホ声ュ櫳ホ g/く頓啀慧
橫奧 NTCP︸繁龥I忘察扱ナ35攴麹＄圈MV聴┹洛ś 5.5罕学校法人◇ 

ś 5.5 NTCP︸繁

Model TD50(1) (Gy) n/s m/k/r g/く LLH NTCP p  

LKB 68.59  0.09 0.09 ----- 79.31 15.11±5.32 0.026 

LogitEUD 68.25  0.09  ----- 79.27 0.024 18.59 15.10±5.49 

PoissonEUD 70.16  0.09 3.18 ----- 79.40 15.09±5.07 0.029 

Källman 68.08  0.65 8.79 ----- 78.93 15.14±6.05 0.016 

Schultheiss 69.51  --- 27.55 ----- 79.22 15.22±4.88 0.025 

Parallel v50= 0.33 j= 0.21 d1/2= 68.34 k= 39.99 ----- 78.55 15.09±6.65 0.009 

覇ュ彩熳NTCP︸繁慧橫声g/く頓啀35發胡ャ＄意艾浄衛悲NTCP︸繁小鈑＄瀠х

Parallel︸繁鶫ヘΜ小鈑癯激覘v梘晟陌碆τ勿＄券井情︸繁賠滕穀х鶫碆τ35小

鈑還＄縉淫豪ホ榺茜小鈑還čゝ薰ヘ貨痼歲NTCP還梏&賠還醸＄晶xNTCP︸

繁維Ⅵ逃梗хユ⁇壟梏晶p晶n83 15.10%螌曰辛浄35聴┹＄姿レユ梏晶p梗x

發胡鶫顆砵35Y倦狢′p□0.05″┛榺ヘ聴佬＄П橫箭棗хTucker
[9]
シ35せヽ聴佬＄

Tucke ┛Ⅵ

姿＄洽 訒 隸ュ砷つ梗＄緯永湿O餌洪鈑還 ″声 35

弥婀モ＄ュ彩熳g/く 發胡 忘 Ⅵ ś 35 ┛

 ┹洩 以炊 ︸ 棙 誕

畐詔 ゾ浄 𥿔35 翁 梏 姿 胥 B

Ζ埴 錫麹 ┭隸＄ 声麕 啀 35

rシđδホg/く頓啀慧橫棙35NTCP︸繁ュ洩奧龥I聴┹扱ナ顆砵35攴欸

縉淫奧 ś 5.3声ś 5.5 ′LLH p還

頓啀35 ャ龥I 察維 ュ抄 5.3Ο 龥I聴┹  

ś 5.535聴 űせヽ 宓印δ NTCP 繁誕 声ュ 棙 g/く頓啀割橫＄
印茯│奧 紅尞墾 痼歲寒 槀≳ 晶p龥I＄Ⅵ ＄洽縉淫 A┚

痼歲鈑藥 鬱│紅 誕棙 誕棙 g/く頓 割芒 NTCP︸繁龥I忘
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察攴 梗 T 繁麹孛顆x │┛δх槀ヘ橳翁x g/く頓啀割橫 N CP︸ 35⌇┞碆τ＄縉淫

豪ホś 5.3声ś 5.5Ο LKB︸繁小鈑＄奧 A┚BΖ埴痼歲鈑藥│槀≳妒職紅┭＄

聴┹洛ś 5.6罕学校法人◇ 

ś 5.6 奧せ衛悲 NTCP︸繁声誕 g/く頓啀邂槀35 NTCP︸繁龥I忘察錫麹 

 A埴 B埴 

3桿痁僐隸掮U坪梗xœGrade2 

梏晶p⁇壟聴┹′ pts

8toxicity/89pts 21toxicity/103pts 

29toxicity/192 =15.10%″ = 8.99% =20.39% 

ュ彩熳 g/く頓啀龥I聴┹ 

(LKB:TD50(1)=68.59,n=0.09,m=0.09) 
15.10% 15.12% 

g/く頓啀邂槀醸35龥I聴┹ 

(LKB:TD50(1)=70.93,n=0.08,m=0.09, g/く=7.17)
8.93% 20.  45%

覇 桿痁僐隸掮7/12モ＄激埴痼歲 192 貨＄U坪梗x弥эシэ LENT/SOMA ы健

梏晶p35⁇壟聴┹δ 29貨＄券Ο A埴 8貨′8.99%″＄B埴 21貨′20.39%″＄洛

┹縉淫ュ彩熳 g/く頓啀＄蕉韋ホ 213貨痼歲艾浄滕穀35衛悲 NTCP︸繁小鈑唱紅

麹龥I A┚BΖ埴35梏晶p㎤83＄龥I梗35聴┹ユ鉉埴痼歲35梏晶p㎤83Y蒸＄

榺橫韋衛悲 NTCP︸繁陌®錫紅89コ墾𥿔ユナ89墾𥿔35翁x＄¢忘翁x梗曰¤墾

𥿔紅砦ユ弥墾𥿔紅砦せ姨醸暎│35梏晶p㎤83錫麹◆洽縉淫ホ g/く

3

頓啀慧橫棙35

NTCP︸繁唱紅麹龥I A┚BΖ埴痼歲35梏晶p㎤83隸＄ラэ邂槀35 NTCP︸繁

妍 DVH

Ο詔印つ穀邂槀醸35 繁縟 紅 х B 痼 ┛ 

 35 NTC 覇龥 蒸紅 𥿔

DVH │尹学校法人 5.1罕

ś梫梗3589コ墾𥿔斿薇δナ89墾𥿔十橫曰殿囮35親遶墾𥿔＄罕印緯ś 5.6

NTCP︸ 札芭 麹龥I A┚ Ζ埴 歲35梏晶p㎤83

奧э邂槀 P ︸繁 Iュ 尞墾 鑷鞘隸śx35忘察＄П詔印緯

虹35㆛楾 ＄洛虹 学校法人 

  

′a″ 

166 

 



ゔ阿ゕ ホナ89鄂棗墾𥿔小鈑邂槀橫曰埴親薔疫㎤83︸繁 

 

′b″ 

𥿔斿薇δナ89墾𥿔35 DV ′a″89コ ナ89墾𥿔 

虹 蠑橎х 3桿痁僐隸掮ャ痁僐穀35 192貨痼歲U坪埴親35桷賠

Ο虹′a″Ο攀醤Ζ梘紅麹δ⌇紅 声澁紅 DVH┛䚮Ⅵ A

хュ蒸35墾𥿔紅砦鑷鞘35邉姨̂68棙●＄汚井淫蜥消35獪せ姨墾𥿔′89コ墾𥿔″

嚶傑Y蒸＄畐韋 ＄頓橆＄陌佬韋⌇紅榰韋澁紅＄緯 DVH

𣑥 A埴声 B DVH虹35薰ヘΜ墾𥿔収形畐ホ BED︸繁

慧橫＄妍89コ墾𥿔斿薇δナ89墾𥿔醸＄A┚BΖ埴痼歲蜥消35ナ89墾𥿔攴麹滕穀

b″Ο＄B 埴痼歲U坪35ナ89墾𥿔′親遶墾𥿔″

姿レ鴆舜35醤酒璡紅′'03墾𥿔錫″押▪暒籾＄П甅裸箭棗

хU坪梏晶p奧'03墾𥿔錫翁⌇酘磬35Υ繁殿囮ⓔ7/12＄榺ヘ7/12覇澁紅 DVH虹モ翁

x滕鴦δ霽顆┛ 

 誕棙錮問悗v＄聽穀х 3せ塢紘Y倦錮問＄蒸珊膊湈х奧U坪埴親g/く頓啀小
鈑35艾浄擺屋┛Brennerシ

[7]
逃梗хg/く=5.4Gy35聴┹＄đδU坪śx梗陲捷棗薔

疫┛Brenner榰殃ホ券井小彩錮問＄莢霽㐬│㐬籾35錮問đδ齧婉ヘ璡紅U坪餬

鸚捷棗ユU坪35陲鸚薔疫鶫U蜥35倦O

[22-24]
＄洛┹ъ圈問圈洛橆35埏＄詔忘洩鸚

鷦U坪餬鸚薔疫榺ヘ梏晶pъ烏奧棗35g/く頓啀異э喧繁35餬捷棗埴親′g/く頓啀
1~3Gy″声喧繁35陲捷棗埴親′g/く頓啀 8~10Gy″φ掮＄姿ъ圈モ＄緯皿89圈MV

Ο奄č梗│35榺ヘg/く頓啀35還孛覇榺Μ慼軟献[25-31]
┛Brenner膊湈35𩸕奧弥эシ

эRTOGы健梏晶p35U坪餬鸚薔疫艾浄

圈MV35聴┹Y辛浄

[25-31]
┛Brenner蒸隸莢梗＄ホg/く頓啀詔印龥Iュ蒸紅尞墾𥿔鑷

鞘ャ35邉68梏晶p㎤83＄洛┹龥I35韋艮郊猜日邉68殃𪆐35U坪餬鸚薔疫隸＄g/く
頓啀詔忘洩鴦旺＄異э 1~3.5Gyφ掮＄榺ヘ聴┹遉茗艮郊猜日邉68Ο禾ホ乑紅砦

墾𥿔せ姨︸歡′紅尞墾𥿔婀э 2.0Gy＄薰厄せ姨 2尞＄Ο掮掮痡弥э 6婀隸″│

虹 5. ホナ89シ鄂墾𥿔︸繁妍89コ墾1 H虹聴┹ 墾𥿔 ′b″

5.1 DVH虹＄券

DVH ┚BΖ埴痼歲蜥消

70Gy 虹モ嚶傑陌®紅

埴35錫麹◆洽縉淫奧┡縟

х渤裸35錫紅＄詔印つ穀覇虹′

鴆舜埴'03墾𥿔唱▪皿＄

5.4.4 ř佬 

滕穀35g/く=5.4±1.5Gy35聴┹＄Пユ皿89
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鴦裸芭較膈裠錫趨軟橫曰埴親┛ 

 Brenner35せヽ蕉逃梗х聴┹声聴佬＄麕忘逃梗小鈑艾浄35鑷®声棙●┛Marzi

シ

[8]
鉱奧g/く頓啀35艾浄棙●逃梗х妒職異聡┛Marziシ覇艾浄g/く頓啀隸＄鵝降П

韋糦ホх麝錮35鑷®＄十奧эLKB︸繁Ο35メΜ小鈑TD50(1)┚n┚m𣙇蒸g/く頓啀
件惇Μ小鈑ヘ𪆐槀激永湿棙●槀≳艾浄＄汚聴┹滕穀小鈑 95%35鵈革錫掮螌曰

弥＄頓橆榺ヘ聴┹覇妋錮問Ο麕ч膊湈＄屋歲斿姿糦沼х紹ヘ△鑷鞘＄孛韋覇艮

錮 5.4.3 圴Ο蠖穀35＄醐婉艾浄O餌洪鈑35鬘ラ楾＄妍n声mΖΜ小鈑迩圀δ

Burman逃梗35U坪LKB︸繁小鈑モ＄意奧TD声g/く頓啀ΖΜ小鈑槀≳艾浄＄滕梗
鵝嫁35g/く頓啀奄č還δ 2.3Gy′95%鵈革錫掮◇1.1~5.6Gy″┛ 

 鵝楆ヘせY倦錮問│鬘

豚ヂхTucker覇錮ゕΟ8ャ3562捓＄汚ラэ麝嶧佳激埴痼歲鈑

𥿔鶫浡＄頓橆ュ蒸35NTCP︸繁滕梗35g/く頓啀攴欸暒弥＄姿レ情︸艾賠śx梗噏
察＄頓橆＄陌®奧艾浄滕穀35覇浄コ沼還慼軟献35g/く頓啀槀≳沼乚＄

Tuckerシ
[9]
＄券せヽ35εこ゚O35覇э澋滕ヘΜ𩸕奧U

坪梗x弥эシэRTOGы健梏晶p35g/く頓啀奄č還＄Ⅵ醸彩壟誕棙妋g/く頓啀慧
橫棙35NTCP︸繁覇龥IU坪餬鸚梏晶p隸＄韋心śx梗顆砵35攴欸┛妋せヽ罕

ホ35U坪DVH鴆舜韋奧U坪鉉Μ翁⌇′辞苺U坪献埃89″槀≳35墾𥿔喃兗奄＄

奧U坪餬鸚梏晶p35圀τ韋邉68聴槇 120厄醸śx35pせ┛Tucker35せヽ滕穀х

g/く=4.8Gy35聴┹＄汚 68%35鵈革錫掮δ 0.6Gy~46Gy＄ｭqхコ佬モ罕鶫詔忘35

沼還┛Tucker35せヽ聴佬đδ＄¢鶫儃藥ś霽誕棙L-Q︸繁慧橫棙35U坪DVH邂

渉хLKB︸繁奧U坪餬鸚梏晶p35龥I聴┹＄蒸隸Tuckerđδ奧g/く頓啀35艾浄ヘ
璡紅会顖э奧NTCP︸繁35𣠽苒＄洛┹禾ホ麹35NTCP︸繁＄艾浄聴┹詔忘洩鶫

罕ュ蒸┛麝錮覇艮鸚擺屋誕MV35府コモ＄豪ホ結△ュ蒸35NTCP︸繁艾浄хU坪

声㾱抱35g/く頓啀＄

裸35龥I忘

榺ヘ頓啀35鵝よ圈還榰鶫湃皿89圈MV声Χ椦⁇壟滕穀┛麝錮奧Tuckerシ35せヽ聴

┹鵝弥ォゑ＄│鬘э奧邂槀醸NTCP︸繁龥I忘察35đ凊＄橫洛艮錮罕橎＄ś 5.5

35聴┹洩űせヽ以炊宓印δNTCP︸繁誕棙声ュ誕棙g/く頓啀割橫＄畐詔印茯│奧
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碆τ◆覇橆府コモ＄聴浄錮問35せヽ縟┹＄獪聴х妍 EUD僲čδ墾𥿔穴槇瑤

烏35鑷®＄禾φ忘小ユ穀 IMRT č行永湿棙●Ο＄姿レ詔印毚棙异鉉ュ蒸35

EUD小鈑還＄禾榺ヘ穴槇

┡鄂棗35橫曰埴親┛ 

覇艮鸚擺屋35府コモ＄初鋼狢芭蠖梗妍㾱抱枚埴親紅δ槑✂裠錫声螗楆裠錫

Ζ璡紅＄梏紅麹奧槑裠錫描声楆裠錫描僲鵈 EUD︸繁小鈑 a=2.3声 a=1035

穴槇瑤烏│嗎虹沬旺㾱抱消𣏒姨墾𥿔┛印│鬘®肉35 53貨艮郊猜日痼歲异沛

邉68č行δ府コ＄印 Pinnacle TPSδ桷詳＄僲č圈MV＄圈MV聴┹儃霽＄ホ EUD

屋δ穴槇瑤烏覇艮郊猜日 IMRT č行Ο詔印顆砵芭沬旺㾱抱消せ姨墾𥿔＄醐

婉㾱抱埴親邉68梏晶p35梗x＄蒸隸麕膨殺U坪消𥿔＄П較儃х裠錫寧ケ蜚

腰㎤83′TCP″陌顆砵渉湿＄獪翁モ蠖'03х艮郊猜日35̂68遶e┛ 
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6.1.
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獪聴х异沛邉68墾𥿔紅斷虹35聴┡︸繁＄蠖梗妍异沛邉68棙●紅δΖ橳＄ŀ
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蠖梗хホ89コ御鉱声ナ89御鉱┡櫻永湿O餌洪鈑35棙●＄ŀ憩異聡хO餌洪

鈑聴┡＄Ⅵ醸紅麹蠖梗х辞苺賠示墾𥿔┚鵝弥墾𥿔┚鵝婀墾𥿔声墾𥿔-翁⌇頓

啀覇献3589コ穴槇洪鈑┡氎鑷®＄声辞苺 EUD┚NTCP声 TCP覇献35ナ89穴

槇洪鈑┡氎鑷®┛彩熳穀糦ホ蓮楾®永湿

2.

O餌洪鈑＄δх槀ヘ橳蠖'03永湿氊

楾＄逃梗х薰ヘ△穴槇洪鈑奧沛楾w槱 x&雁奸鈑35蝠奸棙●┛ 

3. 僲č圈MV＄𣠽沼 貨艮郊猜日邉68痼歲35 虹叫＄

奧訒聴┹顆学校法人＄禾ホхナ89永湿瑤烏醸＄覇89コ御鉱永湿聴┹35府コモ＄橫

翁x ナ89御鉱奧沬旺橫曰埴親墾𥿔35鶫鄂蜚腰＄覇圈MV棙●Ο歵橳殺

弥奧U坪 NTCP穴槇洪鈑35黻紞＄⁇壟х覇黻紞膨殺35棙●Ο＄橫曰埴親声

RTč行35寉浡狢┚

ナ89御鉱腰圀 IMRT č行35永仕声禾ホナ89御鉱35小鈑酘磬狢紅麹槀≳хř

L-Q ︸繁蝠奸梗хナ89鄂棗墾𥿔︸繁

′BED″＄梏逃梗хュ蒸墾𥿔紅砦鑷鞘35シ鄂墾𥿔渉薇穴歡＄蒸隸莢梗х L-Q

姨̂68

10 CT 紅麹ホ89コ御鉱声 NTCP

ナ89御鉱┡氎х永湿O餌洪鈑＄奧榺 10貨痼歲紅麹槀≳х IMRTč行僲č＄

曰埴親消𣏒姨墾𥿔彰槀ヘ橳滕穀х沬旺＄鶫鄂較膈х橫曰埴親◆紹勿＄δх

NTCP

裠錫 DVH墾𥿔鴆舜35渉湿ⓔ7/12┛鵝醸＄孛89コ御鉱腰圀 IM

佬┛ 

6.1.4 ホナ89鄂棗墾𥿔小鈑邂槀NTCP︸繁 

εこ゚せヽ献埃辞苺◇ 

1. 緯鵝梵¹棗ホ3589コ-ナ89墾𥿔斿薇︸繁""舜狢-ы尞′L-Q″︸繁激羃＄獪

聴х L-Q ︸繁櫻ヰ35コ佬会藥＄梏緯

︸繁35寉浡狢◆ 

2. ホナ89鄂棗墾𥿔小鈑 g/く頓啀邂槀х衛悲NTCP︸繁＄ŀ憩印 LKB︸繁δ貨＄

逃梗衛悲 LKB ︸繁35ś梫濤歡醸＄奧89コ-ナ89墾𥿔35シ鄂渉薇鑷歡槀≳х

濤歡モ35邂渉＄梏印橆奧┡縟 DVH 35薰ヘΜ墾𥿔-翁⌇収形槀≳慧橫＄┡櫻

х辞苺 4Μ︸繁小鈑35邂槀醸35 NTCP︸繁┛ 

3. 遶磓鉉コх│鬘®肉 IGR寧ケ邉68Ο濕35 213貨蜥消艮郊猜日异沛邉
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汚剣鶫ュ蒸紅尞墾𥿔鑷鞘35痼歲鈑藥┛覇橆府コモ＄ホ邂槀35 NTCP︸繁龥

Iュ蒸紅尞墾𥿔せ姨殃𪆐35U坪声㾱抱薔疫＄聴┹顆学校法人＄糦ホ邂槀醸︸繁逃

蒸紅尞墾𥿔̂68醸扱ナ35梏晶p逃梗хュ蒸35龥I聴┹＄

せ姨醸奧痼歲橫曰埴親暎│35ュ蒸梏晶p㎤83＄尹学校法人х

ホナ89鄂棗墾𥿔小鈑邂槀 NTCP︸繁35顆砵┚⌇┞鄂┹┛ 

NTCP︸繁龥IΟ肉痼歲寒翁35梏晶p𢿫烖＄蠖

豪ホ肉献痼歲鈑

藥𥿔弥35ⓔ7/12＄⌇┞擺屋＄櫻ヰ𪆐𩸕奧Ο肉痼歲寒翁35┚鶫鴦沛𩸕奧狢35籾△殿

鈑藥椄＄恵紅豪ホx鶫Χ椦鈑藥＄獪聴誕MV＄鴦裸芭δΧ

 麝錮ゔ惇ゕ＄ 梏毚

羣

梗35龥I聴┹＄奧ュ

ユΧ椦⁇壟穀35聴┹Y辛浄┛毚棙悲č鈑藥声 DVH 虹Ζ鑷螞＄紅┭х錮問

Ο蠖梗35#¢鶫儃藥ś霽誕棙 L-Q ︸繁慧橫棙35U坪 DVH 邂渉х LKB ︸繁

奧U坪餬鸚梏晶p35龥I聴┹$榺ヘ聴佬＄儃霽邂槀醸35 NTCP︸繁詔印渤裸

芭錫紅ュ蒸紅尞墾𥿔

6.2 麕│擺屋尹鷦 

 寧ケ异沛邉姨̂68梏晶p龥I︸繁35コ佬抄棗ホ𤸄描榰鶫佟籾献埃還滕鴦

ゲ激35せヽ声蜿v＄麕│35せヽ鑷埴辞苺汚ュ浡э◇ 

1. 豪ホx鶫︸繁＄櫻ヰ櫳ホэΟ肉以寒翁35ュ蒸殿囮邉68梏晶p龥I︸繁鈑藥

椄 

 豪ホNTCP︸繁龥I邉68梏晶p35Y倦擺屋＄覇﨑花肉垤攸誕鶫х弥𥿔せヽ

縟┹＄紅麹𩸕奧ュ蒸璡押寧ケ氎縟35ュ蒸橫曰埴親薔疫＄櫻ヰх剣鶫𩸕奧狢35梏

晶p龥I︸繁小鈑┛姿ū猿35せヽ擺屋覇縉肉嫂面э𪆐橳橊竑＄錮問膊湈意鶫奧

墜日邉68殃𪆐35墜薔疫

[1]
声麝錮ゔыゕ奧螌婀職婦內日邉68殃𪆐35椽0薔疫

[2]
Ζ

鼏擺屋＄姿レ罕禾ホ35龥I︸繁畐意寉浡эLKB︸繁┛緯麝錮35せヽ聴┹詔印つ

梗＄奧э蒸ヘ△殿囮＄Ο肉痼歲声く゚鑷痼歲śx梗хュ蒸35ナ89喃ⓔ狢声墾𥿔-

翁⌇鄂棗┛δх忘門鴦裸芭豪ホ

'03痼歲35ナ唸迮𥿔＄縉淫綳こ゚覇x鶫肄麸声擺屋誕MV35府コモ＄

囮邉68梏晶p龥I︸繁

椦擺屋蠖駕鶤薩声暾晒┛ 

2. 府э艮鸚擺屋誕MV声籾喃⇨永仕＄鬱晶芬鶫鬘εs凊扱黻35ナ89頓啀邉68č

行O悲 

蜿řх妍ナ89︸繁棗ホэ异沛邉68č行永湿35肄麸鑷鞘＄

棙圈MVMV儃х榺ヘ肄麸35詔≳狢声御問狢＄汚韋＄圈MVΟ璡紅擺屋w蓬維Ⅵ慣晒

肉勿せヽ曇朵鬱晶35ゔメ鑷čゝ桷詳＄墾𥿔čゝɚ楾維Ⅵ陌®梫穀Χ椦棗ホ35鰀

桷┛頓橆＄覇x鶫s凊声誕MV35府コモ＄慣晒嶧佳埴籾喃⇨浄屋35肄麸桷詳＄嚶

傑鶫忘察鬘ε鬱晶ヘ輿豪ホナ89頓啀穴槇埴親墾𥿔35欏埴异沛邉68č行O悲＄

ゑ榺ヘ肄麸くく゚鑷肉垤板鐺35xせ＄倣Ż肉献覇榺ヘ肄麸𤸄描35ア28＄δ蝠皿肉
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献邉68肄麸𤸄描35晶尹＄緯屢麝モδ肉献栄籾寧ケ邉68痼歲暎│鴦'0335̂68遶

e┛ 

3. 覇豚鼪紅┭x鶫鈑藥35府コモ＄櫻ヰ鑄35龥I︸繁 

 麝錮紅┭35結△ NTCP龥I︸繁＄畐韋梗鬘守喉桿艮35せヽ縟┹＄姿寧ケ邉

姨̂68肄麸覇榺守喉桿掮従梗xх緯駛毚邉68┚櫳濤邉68穀异沛邉6835攘弥渉

湿＄せ姨ɚ楾声墾𥿔兗奄肄麸畐鶫х栂氊晶尹＄頓橆＄榺П奧⇨せ擺屋歲蠖梗х

鑄35莠縹＄綳こ゚縉淫忘門豪ホx鶫35肄麸＄蠖梗鴦御問┚ヮ概35梏晶p龥I︸繁＄

櫳棗洽艮寧ケ#Μ翁湿̂68$35亼仕┛ 

嶧佳埴攸誕覇榺ヘ𤸄描沼滕хヘ圀せヽ縟┹＄Ospinaシ
[3]
蠖梗хRandom 

鑷螞頓t＄奧痼歲梗x梏

晶p35𢿫烖槀≳籾㆛楾龥I┛ 

豪ホ虹叫殃奸肄麸＄鬱晶メ翼ア掮𤸄描献35梏晶p龥I肄麸 

 小彩錮問 

ヮ碳, 麭捲, シ. ホ LYMAN NTCP︸繁紅┭初晶狢墜日メ翼櫳濤邉68殃𪆐35邉姨狢墜n [J]. Ο呪邉姨

 寧ケ喃黹 , 2006, 15. 

] 

[3] Ospina J, Zhu J, Le Prise E. Random forest are strong competitors of published NTCP models for rectal and bladder 

 

 

Forest梏晶p龥I肄麸＄妋肄麸ュ意豪ホх痼歲35墾𥿔-翁⌇革甃＄姿レㇺ浄х痼

歲鬘寽ⓔ7/12┚̂68n賞┚̂68肄麸┚寧ケ勖鐺革甃シ籾

4. 恵紅

 虹叫殃奸邉68′IGRT″韋楆桿│く梵¹棗ホ35ヘ△鑄繁邉68暭晒肄麸＄型佟

覇痼歲蜥消̂68艮＄毚棙覇舜澋沼35誚押MV儃虹叫＄頑橫宓攴＄蠖'03̂68ɚ楾＄

姿レ詔印奧MV儃虹叫槀≳✂舜紅┭＄聽梗寧ケ声趨軟橫曰埴親35渉湿¤游┛慣晒

榺ヘ肄麸＄縉淫詔印櫻ヰ橫曰埴親梏晶pユメ翼ア掮⋛査押鵈35倦O＄毓Ż衛悲

梏晶p龥I肄麸蕉螗墾𥿔翁⌇U鑷虹姿陌®剣翁問圀梏晶p晶n押鵈35寉浡＄緯

⋛査聴┡モ龥I梏晶p'03住錫描＄緯姿沬旺梏晶p㎤83┛ 

 嶧佳埴攸誕覇榺ヘ𤸄描沼滕хヘ圀せヽ縟┹＄ACOSTA
[4]
シ府э痼歲剮濤槇

CTMV儃虹叫＄櫻ヰх艮郊猜日邉68殃𪆐35U坪梏晶pユU坪ア掮押鵈掮35倦O＄

印詔⁂湿35肄麸蠑桃хU坪埴親'03住錫描ユ旺住錫描覇⋛査押鵈＄δ鬱晶メ翼ア

掮𤸄描献35梏晶p龥I肄麸嬉梗х降橳嫗嗎┛ 

6.3

[1] 溷瀰四, 那

瀰

[2 Zhu J, Zhang ZC, Li BS, et al. Analysis of acute radiation-induced esophagitis in non-small-cell lung cancer patients using 

 the Lyman NTCP model [J]. Radiother Oncol, 2010, 97: 449-454. 

 toxicity prediction. ASTRO 54th Annual Meeting. Boston, 2012. 

[4] Acosta. O, Dowling. J, Cazoulat G, et al. Atlas based segmentation and mapping of organs at risk from planning CT for the 

 development of voxel-wise predictive models of toxicity in prostate radiotherapy [J]. Lecture Notes in Computer Science, 

 2010, 6367: 42-51. 
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毹洙 B. LENT/SOMA邉68梏晶p兗羽紅健餌御 

毹洙A. 兗羽椽0狎狢梏晶p35RTOG紅健餌御声兗羽U坪┚

㾱抱餬鸚梏晶p35 /EORTC紅健餌御 
 

 

RTOG acute radiation morbiditv scoring criteria 

RTOG

 
Organ Tissue Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 

Phar

&

esophagus 

No change 

over baseline 

Mild 

dysphagia or 

odynophagia 

may require 

topical 

anesthetic or 

non-narcotic 

analgesics/may

require soft 

diet 

Moderate dysphagia or 

odynophagia may require 

narcotic analgesics/may 

require puree or  

liquid diet 

Severe dysphagia 

or 

odynophagia with 

dehydration or  

weight loss > 

15% (from 

pretreatment 

baseline) 

requiring N-G 

feeding tube 

fluids or 

hyperalimentation 

Complete 

obstruction,

ulceration, 

perforation,

fistula 

ynx 

 

 

 

 

RTOG/EORTC late radiation morbidity scoring scheme 

 
O Tissue Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 rgan 

S Large intestine None Mild 

diarrhea; 

mil

cram

Moderate diarrhea and 

colic; bowel movement > 

Obstruction 

or bleeding, 

Necrosis/Perforation 

Fistula 

mall/

d 

ping;  

5 times daily; 

excessive rectal mucus or 

requiring 

surgery 

bowel 

movement 5 

times daily; 

slight rectal 

discharge or 

bleeding 

intermittent bleeding 

Bladder None Slight 

epithelial 

atrophy; 

Moderate frequency; 

generalized telangiectasia; 

intermittent macroscopic 

dysuria;  

severe 

telangiectasia;  

Necrosis/Contracted 

bladder 

(capacity \ 100 cc)

minor 

telangiect

(microsco

hematuria frequent Severe hemorrhagic 

asia 

pic

hematuria;  

reduction in 

 cc) 

 

cystitis 

hematuria) bladder 

capacity (\ 

150
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毹洙B. 兗羽U坪┚㾱抱餬鸚梏晶pLENT/SOMA紅健餌御 
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毹洙 C. U坪梏晶p35 NTCP龥I︸繁小鈑 

毹洙C. 結△NTCP︸繁覇 2~5桿痁僐隸掮梗xU坪梏晶p35

龥I︸繁小鈑 
Rectal toxicityœGrade2(LENT/SOMA criteria) 

2 Year Rectum G23 (53toxicity/421pts=12.59%) 

Model TD(Gy)
n/s 

(Volume Effective Factor)

m/k/r 

(Slope Factor) 

LKB 88.6243 1.0000 0.4139 

LogitEUD 105.0051 1.0000 2.3641 

PoissonEUD 95.7271 1.0000 0.7822 

Kallman 95.3529 0.0075 0.7857 

Schultheiss 126.8286 ----- 2.0294 

Parallel v50=0.9999  j=0.1626  d1/2=10.7074  k=1.1521 

EUD n=1  aveEUD=45.84±6.93Gy 

3 Year Rectum G23 (65toxicity/341pts=19.06%) 

Model TD(Gy)
n/s 

(Volume Effective Factor)

m/k/r 

(Slope Factor) 

LKB 88.0204 0.0074 0.2104 

LogitEUD 88.4231 0.0075 6.9391 

PoissonEUD 89.7078 0.0073 1.6064 

Kallman 84.5945 16.8438 2.0713 

Schultheiss 399.9915 ----- 0.6660 

Parallel v50=0.0000  j=0.9999  d1/2=43.9105  k=1.0095 

EUD n=0.0077   aveEUD=71.55±2.96Gy 

4 Year Rectum G23 (67toxicity/306pts=21.90%) 

Model TD(Gy)
n/s 

(Volume Effective Factor)

m/k/r 

(Slope Factor) 

LKB 84.3915 0.0057 0.1878 

LogitEUD 84.4275 0.0059 7.9872 

PoissonEUD 85.2342 0.0057 1.8549 

Kallman 82.6296 18.2591 2.1334 

Schultheiss 398.0181 ----- 0.5852 

Parallel v50=0.0000  j=1.0000  d1/2=33.4064  k=1.3001 

EUD n=0.0060   aveEUD=71.52±3.10Gy 

5 Year Rectum G23 (58toxicity/257pts=22.57%) 

Model TD(Gy)
n/s 

(Volume Effective Factor)

m/k/r 

(Slope Factor) 

LKB 78.0601 0.0197 0.1401 

LogitEUD 77.9893 0.0205 10.9991 

PoissonEUD 79.1115 0.0181 2.4212 

Kallman 76.4826 5.3342 3.2269 

Schultheiss 69.1367 ----- 17.5619 

Parallel v50=0.0001  j=0.1065  d1/2=75.1072  k=19.1230 

EUD n=0.0203   aveEUD=69.46±2.82Gy 
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Rectal bleeding 
2 Year Rectum Bleeding (77toxicity/421pts=18.29%) 

Model TD(Gy)
(Volume Effectiv

n/s 

e Factor)

m/k/r 

(Slope Factor) 

LKB 82.4910 0.0606 0.2302 

LogitEUD 0.  683.4226 0618 .0708 

PoissonEUD 85.2342 0.0579 1.4252 

Kallman 89.1196 16.8627 1.6555 

Schultheiss 96.1069 ----- 2.2231 

Parallel v50=0.0000  j=0.0 2=350.1023  4 378  d1/ k=2.042

EUD n=0.0629   a D=64.91±2.86GveEU y 

3 Year Rectum Bleeding (85toxicity/341pts=24.93%) 

Model TD(Gy)
m/k/r 

e Factor) 

n/s 

(Volume Effective Factor) (Slop

LKB 83.5611 0.0018 0.1823 

LogitEUD 83.7228 0.0019 8.2208 

PoissonEUD 84.1709 0.0018 1.9530 

Kallman 80.4552 18.7346 2.3740 

Schultheiss 89.1690 ----- 1.8528 

Parallel v50=0.0000  j=0. 2=86.2372  k 5 0513  d1/ =10.073

EUD n=0.0018   a D=73.02±3.22GveEU y 

4 Year Rectum Bleeding (85toxicity/306pts=27.78%) 

Model TD(Gy)
/r 

actor) 

n/s 

(Volume Effective Factor)

m/k

(Slope F

LKB 81.1740 0.0006 0.1626 

LogitEUD 81.2958 0.0006 9.3345 

PoissonEUD 81.6186 0.0006 2.2136 

Kallman 78.5070 20.3973 2.5328 

Schultheiss 68.2597 ----- 3.8263 

Parallel v50=0.0000  j=0. 2=72.7913  k 0 1173  d1/ =19.292

EUD n=0.0004   a D=73.22±3.35GveEU y 

5 Year Rectum Bleeding (76toxicity/257pts=29.57%) 

Model TD(Gy)
/r 

actor) 

n/s 

(Volume Effective Factor)

m/k

(Slope F

LKB 73.6434 0.0312 0.1320 

LogitEUD 73.4594 0.0327 11.7922 

PoissonEUD 74.7610 0.0245 2.7230 

Kallman 77.3850 21.1865 2.7239 

Schultheiss 67.3693 ----- 19.8966 

Parallel v50=0.00002  j=0. 1/2=70.0031  4 1429  d k=45.646

EUD n=0.0300   a D=68.34±2.75veEU Gy 
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毹洙 D. 㾱抱梏晶p35 NTCP龥I︸繁小鈑 

毹洙D. 結△NTCP︸繁覇 2~5桿痁僐隸掮梗x㾱抱梏晶p35

龥I︸繁小鈑 
Bladder tox radeicity œG 2 (LENT/SOMA criteria) 

2 Year Bladder oxicity/396 3%)  G23 (50T pts=12.6

Model TD(Gy)
n/s 

(Volume e Factor) (Slope Factor)  Effectiv

m/k/r 

LKB 81.8586 0.0854 0.1623 

LogitEUD 81.6941 0.  0851 9.5576 

PoissonEUD 85.0733 0.0841 1.8516 

Kallman 80.5586 19 1.3831 2.42

Schultheiss 77.9911 ----- 10.7111 

Parallel v50=0.0000  j=0.   d1/2=70.5936   k=24.915793

EUD n= 40.0955   aveEUD=65.15± .25Gy 

3 Year Bladder oxicity/345 9%)  G23 (50T pts=14.4

Model TD(Gy)
n/s 

(Volume e Factor) (Slope Factor)  Effectiv

m/k/r 

LKB 79.7338 0.0880  0.1561  

LogitEUD 79.5615   0.   0872 10.0302

PoissonEUD 82.622 0.0853  1.9370  

Kallman 78.3160 49   1.3320  2.68

Schultheiss 76.4989 ----- 11.5763  

Parallel v50=0.0002  j=0.37 d1/2=73.7932  k= 1 30  16.947

EUD n= 40.0985   aveEUD=65.01± .39Gy 

4 Year Bladder oxicity/302 3%)  G23 (46T pts=15.2

Model TD(Gy)
n/s 

(Volume e Factor) (Slope Factor)  Effectiv

m/k/r 

LKB 79.31135  0.1287  0.1933 

LogitEUD 79.5195 0    .1255 7.7894 

PoissonEUD 82.7347 0.1251  1.5874  

Kallman 77.6225 61  6 1.1049  2.10

Schultheiss 76.8405 ----- 8.9546  

Parallel v50=0.1546  j=0.36 d =74.6519  k= 5 52  10.9221/2

EUD n= 40.1294   aveEUD=62.81± .75Gy 

5 Year Bladder oxicity/242 4%)  G23 (41T pts=16.9

Model TD(Gy)
n/s 

(Volume e Factor) (Slope Factor)  Effectiv

m/k/r 

LKB 78.6820 0.0866 0.1677 

LogitEUD 78.6483 0  .0855 9.2130 

PoissonEUD 81.3757 0.0855 1.8220 

Kallman 77.1448 88 1.5005 2.53

Schultheiss 74.5558 ----- 11.1385 

Parallel v50=0.0085  j=0.0496  d1/2=99.3027  k=8.7581  

EUD n=0.0879   aveEUD=65.29±4.41Gy 
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Bladder bleeding 
2 Year Bladder Ble ding (21toxicity/396pts=5.30%) e

Model TD(Gy)
(Volume Effective F

n/s 

actor)

m/k/r 

(Slope Factor) 

LKB 96.382 0.2215  0.2410  

LogitEUD 0.   96.8307 1936 6.0440  

PoissonEUD 10  9.4513 0.2251  1.1407  

Kallman 97.5197 0.8849  1.4244  

Schultheiss 96.4617 ----- 6.4060  

Parallel v50=0.2591 j=0.14 2=98.4934  k=  93  d1/ 5.4111

EUD n=0.2008  =58.71±5.49G aveEUD y 

3 Year Bladder B  (26toxicity/3 =7.54%) leeding 45pts

Model TD(Gy)
n/s m/k/r 

(Volume Effective Factor) (Slope Factor) 

LKB 90.2277 0.2079  0.2355  

LogitEUD 0.   91.4524 1941 6.0214  

PoissonEUD 99.0901 0.2076  1.2124  

Kallman 92.2025 0.9003  1.4125  

Schultheiss 9  0.8104 ----- 6.4544  

Parallel v50=0.3307 j=0. 88.3087  k=2354 d1/2= 5.9710 

EUD n=0.1948   av .32±5.36Gy eEUD=59

4 Year Bladder toxicity/3 =9.27%) Bleeding (28 02pts

Model TD(Gy)
n/s m/k/r 

(Volume Effective Factor) (Slope Factor) 

LKB 81.0023 0.2354  0.2075  

LogitEUD 0.   81.5202 2270 7.0871  

PoissonEUD 86.3521 0.2422  1.3922  

Kallman 80.5902 0.5965  1.72304  

Schultheiss 84.7686 ----- 7.5569  

Parallel v50=0.0859 j=0 118.2522 k=.0513 d1/2= 5.1505 

EUD n=0.2086  58.63±5.52G aveEUD= y 

5 Year Bladder (27toxicity/2 =11.16%) Bleeding 42pts

Model T
actor) 

D(Gy)
n/s m/k/r 

(Volume Effective Factor) (Slope F

LKB 85.3065 0.3634 0.2995 

LogitEUD 90.3722 0  .3720 4.0008 

PoissonEUD 95.2663 0.5071 0.9117 

Kallman 96.87629 0.4493 0.8698 

Schultheiss 86.6701 ----- 5.4741 

Parallel v50=0.0468  j=0.0 /2=160.6685 2 347  d1  k=3.908

EUD n=0.2545  =56.52±5.92G aveEUD y 

 



毹洙 E. 割橫醸35橫曰埴親梏晶p㎤83龥I︸繁小鈑 

毹洙E. ホg/く頓啀割橫醸35NTCPU坪┚㾱抱梏晶p龥I︸繁

小鈑

 

Rectal toxic  cr

 

ity œGrade 2 (LENT/SOMA iteria) 
2Year Rec 6tox pts =12.50tum G23 (2 icity / 208 %) 

Model 
n/s  

fective Fac

m/k/r  

ctor)
g/く TD (Gy) 

(Volume Ef tor) (Slope Fa

LKB  0.10 0.09 1 70.77 7.3

LogitEUD  0.25 7.37 3  9274. 1.7

PoissonEU 88 2.13 D 74. 0.22 1.86 

Kallman 8.78 69.96 0.57  7.13 

Schultheis 11 s 72.02 --- 25.28 9.

Parallel v50= 0.4 0. 00 8 7   j= 45   d1/2= 69.11   k= 40.  5.5

3Year Rec 23 (29tox pts =15.10tum G icity / 192 %) 

Model y) 
n/s  

Effective F

m/k/r  

lope Factor)
g/く TD (G

(Volume actor) (S

LKB 93 0.08 0.09 7.17 70.

LogitEU  0.25 6.48 0.97 D 75.75

PoissonEU .58 0.96 D 78 0.21 1.52 

Kallman 69.79 10.00 0.72 9.08 

Schulthe 9 iss 71.07 --- 29.99 9.1

Parallel v50= 0.33   j= 0.25   d1/2=  k= 40.00 9.9787 69.73  

4Year Rec 3 (27tox 4ptum G2 icity / 17 ts = 15.52%) 

Model y) 
n/s  

Effective F

m/k/r  

lope Factor)
g/く TD (G

(Volume actor) (S

LKB 0.11 0.19 4 79.33 2.3

LogitEUD 81 0.15 5.45 .08  84. 1

PoissonEU  0.18  1.13 4  D 90.23 0.5

Kallman 3 0.20 169.7 19.03 0.60 

Schultheis 71.98 6.04 s --- 16.49 

Parallel  6.2771 v50=0.12   j=0.46   d1/2=69.02   k=39.99

5Year Rectum G23 (26toxicity / 156pts =16.67%) 

Model TD (Gy) 
 Effective F

r 

(Slope Factor)
く 

n/s  m/k/

(Volume actor)

 g/

LKB  0.08 0.16 -2.91, 14.59) 76.17 6.20 (

LogitEUD 0.19  3.21  0.57   99.41  

PoissonEU 31  0.13  1.11  1.52  D 91.

Kallman   18.47  1.62  6.43  89.18

Schultheis .71  00  s 70 --- 17.37  10.

Parallel v50=5.80E-05   10.00 j=0.41   d1/2=68.67   k=39.99 

 

Rectal Bleeding 
2 Year Rectum Bleeding (40toxicity / 208pts =19.23%) 

Model TD (Gy) n/s  m/k/r  g/く 

186 
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(Volume Effective Factor) (Slope Factor) 

LKB 74.13  0.11 6.49  0.04 

LogitEUD 78.75 0.0 9.39  3.32 5 

PoissonEUD 84.97 0.07 1.57 1.57 

Kallman 80.39 17.344  2.73 6.44 

Schultheiss  .81 10.00 --- 70.07 28

Parallel v5 = 9 7.8 53 0=0.0002   j=0.32   d1/2 69.71   k=39.9 5

3Year Rectum ng (42toxicit pts =21.88%)  Bleedi y / 192

Model TD (Gy) 
s  

(Volum ctive Factor)

k/r  

e Factor) 
 

n/

e Effe

m/

(Slop
g/く

LKB 76.01  0.14  9 0.05 3.7

LogitEUD   07 5.72  7 85.85 0. 0.8

PoissonEUD 68 9  81.76 0.07  1. 1.5

Kallman 82.26 20.82 2.01 5.23  

Schultheiss   3 04, 31.96) 5 --- 69.52 0.00 (28. 9.9

Parallel v50= 2 00 9.25  3.79E-05   j= 0.21   d1/ = 70.55   k= 40.

4 ectum ng (41toxicit pts = 23.56%) Year R  Bleedi y / 174

Model TD (Gy) 
s  

(Volum ctive Factor)

k/r  

e Factor) 
く 

n/

e Effe

m/

(Slop
g/

LKB 77.40  4  0.17 2 0.0 3.9

LogitEUD 1 7.49  7 85.56 0.0 2.7

PoissonEUD 4  88.12 0.05  1.2 1.08

Kallman 81.84 21.62 1.96 5.17 

Schultheiss  .96 10.00 68.93 --- 25

Parallel v5 = 0 7.55 0=0.0002   j=0.26   d1/2 69.19   k=40.0

5Year Rectum ng (39toxicit pts = 25.00%)  Bleedi y /156

Model TD (Gy) 
s  

(Volum ve Factor)

k/r  

e Factor) 

n/

e Effecti

m/

(Slop
g/く 

LKB 72.18  6  0.13  1 0.0 7.6

LogitEUD   08  4.54  1  83.72 0. 1.5

PoissonEUD 7    77.46  0.07  1.6 3.40

Kallman 193.82  27.83  0.34  0.08  

Schultheiss   .47  .00  68.41 --- 23 10

Parallel 
50 2 .0v =6.16E-05   j 0.24   d1/= =69.03   k=40 0 10.00 

 

Bla ity  2 dder toxic œ Grade
2Year Bladd 5Toxicity/ .21%) er G23 (1 208pts =7

Model TD (Gy) 
  

(Volum fective Factor)

/r  

actor)

n/s

e Ef

m/k

(Slope F
g/く 

LKB 139.76 4.02E-03 0.29 2.36E-05 

LogitEUD 13  6.17 3.90 E-03 4.63 0.35 

PoissonEUD 156.42 3.94E-03 1.00 2.48E-05 

Kallman 111.56 10.93 1.42 1.72 

Schultheiss 4 0.07 107.05 --- .28 
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Parallel v50=4.5 .83 0.87 4E-05   j=1.00   d1/2=71   k=10.56 

3Year Bladder oxicity/ 19 8.85%) G23 (17T 2pts =

Model TD (Gy) 
 

(Volume ive Factor)

m

(Slope
g/

n/s 

 Effect

/k/r  

 Factor)
く 

LKB 99.15  0 2.25.15 E-04 .18 0 

LogitEUD 123.71 1. -03 5 0.06 E .12 50 

PoissonEUD 200 0.00 20.00 0.51 .02 

Kallman 106.45 11.39 1.49 1.41 

Schultheiss 3.778.15 --- 12.35 1 

Parallel .31E-06   j    d1/2=70.24   k= 7.4v50=6 =0.64 39.18 6 

4Year Bladder oxicity/ 17  11.49%) G23 (20T 4pts =

Model TD (Gy) 
(Volume e Factor)

m

(Slope
g/

n/s  

 Effectiv

/k/r  

 Factor)
く 

LKB 135.72 03 0 7.66 4.43 E- .35 E-04 

LogitEUD 148.60 3. -03 4 80 E 3.22 1.1 E-03 

PoissonEUD 1 2.28 53.65 3.72 E-03 0.86 E-04 

Kallman 136.83 14.95 0.87 0.73 

Schultheiss 0.390.59 --- 4.39 5 

Parallel .00  j=1 1/2=299.94   k=0 10.v50=1 .00   d .11 00 

5Year Bladder oxicity/ 15 12.82%) G23 (20T 6pts =

Model TD (Gy) 
(Volume Ef tor)

m

(Slope Fa
g/

n/s  

fective Fac

/k/r  

ctor)
く 

LKB 142.64 03 0 5.41 6.07 E- .40 E-04 

LogitEUD 165.83 5. -03 2 5.9498 E .52  E-04 

PoissonEUD 168 7.80E.16 6.26 E-03 0.74 -06 

Kallman 165.36  0.7 1.61 E-03 2 15.53

Schultheiss 10.0200.00 --- 1.16 0 

Parallel 0   j=0.4 2=50.67   k=2.00 10.v50=1.0 7   d1/  E-04 00 

 

 

Bladd  er bleeding
2Year Bladder oxicity  1.92%)  Bleeding (4t / 208pts =

Model TD (Gy) 
  

t

m gn/s

(Volume Effective Fac or) (Slope Factor)

/k/r  
/く 

LKB 19 10.9.99 0.16 0.34 00 

LogitEUD 199.96 0.11 3.33 10.00 

PoissonEUD 199.94 4.41 E-04 1.00 10.00 

Kallman 1  0.00176.58 1.17 0.95 

Schultheiss 10.00 200.00 --- 2.85 

Par v 4   j 1/2= 282.21  9allel 
50= 2.00 E-0 = 1.00   d  k= 1.5 10.00 

3 r B oxicity .65%) Year Bladde leeding (7t  / 192pts = 3

M T  
(Volume E e Factor)

 

(Slo or)
odel D (Gy)

n/s  

ffectiv

m/k/r 

pe Fact
g/く 

L  KB 88.17 0.11 0.17 10.00 
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LogitEUD 97.63 0.15 6.55 10.00 

PoissonEUD 199.97 5.28 0.70 5.10 

Kallman 84.88 10.00 0.82 2.23 

Schultheiss 1  85.80 --- 10.26 0.00

Parallel .00   j= = 70.11   k=  v50= 1  0.73   d1/2  18.72 10.00 

4Year Bladder B oxicity .17%) leeding (9t  / 174pts = 5

Model T
(Volume E e Factor)

 

(Slo tor)
D (Gy) 

n/s  

ffectiv

m/k/r 

pe Fac
g/く 

LKB 79.41 0.07 0.11 10.00 

LogitEUD 78.55 0.07 14.80 10.00 

PoissonEUD 111.37 0.15 1.17 3.04 

Kallman 76.54 0.93 4.00 10.00 

Schultheiss 1  76.78 --- 18.14 0.00

Parallel .63   j= =70.74   k=v50=0 0.54   d1/2 32.41 10.00 

5Year Bladder B 1toxicit 7.05%) leeding (1 y / 156pts =

Model T
(Volum actor)

 

(Slo tor)
D (Gy) 

n/s  

e Effective F

m/k/r 

pe Fac
g/く 

LKB 177.53 1.00 0.53 0.80 

LogitEUD 188.39 0.23 2.08 10.00 

PoissonEUD 199 7  .98 20.00 0.56 .28 E-04

Kallman 114.23 12.82 1.24 9.95 

Schultheiss 1  199.99 --- 1.71 0.00

Parallel 0.93   j 2=30.07   k=v50= =0.30   d1/ 0.32 10.00 
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