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ìæòÂÂóäĂì­äòÈëöäòÂêóä¬èâÂòÛÿÅâöÛČóÛòÕ 
 
 

ÂóääòÂêóÕ­èãÂóäÝ¬óÖòÕ ÿÅâöÛČóÛòÕ ìäøîäòÈëö
äòÂêó èõÙöĂÕèõÙöìÚ÷ćÈÿßöãÈîã¬óÈÿÕöãè âòÂÉñăâ¬ëóâóä×
ÿßõćâîòÖäóÂóääîÕËöèõÖÃîÈÝú­Ü§èãÉóÂāäÅâñÿäĆÈăÕ­ ÿìĆÚ
ăÕ­ÉóÂÂóäĂË­äòÈëöäòÂêóĀÖ¬ÿßöãÈîã¬óÈÿÕöãè ăâ¬ëóâóä×
ÂČóÉòÕÿÌææ°âñÿäĆÈØöćîãú¬ÚîÂÛäõÿèÔÊóãäòÈëö   âñÿäĆÈÛóÈ
ÖČóĀìÚ¬Èăâ¬ëóâóä×Ăì­ÜäõâóÔäòÈëöĂÚÃÚóÕëúÈ ÿßäóñ
ÉñÿÂõÕÝæĀØäÂÌ­îÚÖ¬îÿÚøĈîÿãøćîÜÂÖõÌ÷ćÈîãú¬Ã­óÈÿÅöãÈ   
ÿÌææ°âñÿäĆÈÛóÈËÚõÕ ìäøî ÛóÈË¬èÈËöèõÖÃîÈÿÌææ° ( cell 
cycle ) ăâ¬ăèÖ¬îäòÈëöäòÂêóÿÜ»ÚÖ­Ú  ÿË¬ÚÿÕöãèÂòÛÂóä
Ý¬óÖòÕîã¬óÈÿÕöãèăâ¬ëóâóä×ÂČóÉòÕÂ­îÚâñÿäĆÈÌ÷ćÈâîÈăâ¬
ÿìĆÚÕ­èãÖóÿÜæ¬ó ìäøîÂóäĂË­ãóÿÅâöÛČóÛòÕîã¬óÈÿÕöãè ÂĆăâ¬
ëóâóä×ÂČóÉòÕÂ­îÚâñÿäĆÈÃÚóÕĂìÎ¬ìäøîîóÉÿÂõÕÂóäÕøĈî
ãóÿÅâöÛČóÛòÕăÕ­  ÚîÂÉóÂÚöĈ Ü¹ÉÉùÛòÚâöÅèóâÖ­îÈÂóäØöćÉñ
Ăì­ÂóääòÂêóÝú­Ü§èãĀÛÛëÈèÚîèòãèñ ÿË¬Ú âñÿäĆÈÿÖ­óÚâ  
ÂäñÿßóñÜ¹ëëóèñ ØèóäìÚòÂ Âæ¬îÈÿëöãÈ ÿßøćîĂì­Ýú­Ü§èãâö
ÅùÔáóßËöèõÖØöćÕöÃ÷ĈÚ Ýú­Ü§èãÛóÈäóãâöëùÃáóßăâ¬ĀÃĆÈĀäÈ
ßîØöćÉñÝ¬óÖòÕăÕ­ ( medical inoperable ) ìäøîÿÜ»ÚâñÿäĆÈ
ÃÚóÕĂìÎ¬ÿÂõÚÂè¬óÉñÝ¬óÖòÕăÕ­ìâÕ  ÿìÖùÝæÖ¬óÈą 
ÿìæ¬óÚöĈØČóĂì­ÂóäĂË­ÂóääòÂêóĀÛÛÝëâÝëóÚÿÜ»Ú
ØóÈîîÂØöćÕöĂÚÂóääòÂêóâñÿäĆÈĂì­ăÕ­ÝæØöćÕöÃ÷ĈÚ  

ÂóääòÂêóâñÿäĆÈâöÿÜ¨óìâóãÿßøćîÅèÛÅùâāäÅ
ÿÊßóñØöć ( local control ) ĀæñÜ¨îÈÂòÚÂóäĀßä¬ÂäñÉóã
ÃîÈāäÅ ( distant metastasis) ĂÚîÕöÖ ÂóääòÂêóâñÿäĆÈ 
ÛäõÿèÔéöäêñĀæñæČóÅî, ÜóÂâÕæúÂ, ëâîÈ  āÕãĂË­Âóä
äòÂêóèõÙöìÚ÷ćÈèõÙöÿÕöãè ăÕ­ÝæÂóääòÂêóăâ¬ÿÜ»ÚØöćÚ¬óßîĂÉ 
Ýú­Ü§èãë¬èÚĂìÎ¬ÿëöãËöèõÖÉóÂÂóäÂæòÛÿÜ»ÚÌĈČóÿÊßóñØöć 
(local failure) É÷ÈâöÅèóâßãóãóâÿßøćîÿßõćâÂóäÅèÛÅùâ

āäÅÿÊßóñØöć ( local control ) Õ­èãÂóäĂË­ÂóääòÂêóĀÛÛ
ÝëâÝëóÚ ( combined-modality therapy ) îóØõ Âóä
Ý¬óÖòÕä¬èâÂòÛÂóäÊóãäòÈëö ĀæñÂóäĂì­ãóÿÅâöÛČóÛòÕ 

ĂÚÜ£ Å.é. 1905 âöÂóäĂË­äòÈëöäòÂêóä¬èâÂòÛÿÅâö
ÛČóÛòÕĂÚÂóääòÂêóâñÿäĆÈÿâĆÕÿæøîÕÃóèāÕãĂË­ Benzene 
ä¬èâÂòÛÂóäÊóãäòÈëö Ö¬îâóĂÚÜæóãØéèääêØöć 1950 ÿäõćâ
âöÂóäĂË­ 5FU ä¬èâÂòÛÂóäÊóãäòÈëö  ìæòÈÉóÂÚòĈÚãó
ÜÐõËöèÚñ ÿË¬Ú Bleomycin, Mitomycin C Āæñ 
Doxorubicin äèâ×÷È antimetabotite ÿË¬Ú Methotrexate   
Āæñ Cisplatin É÷ÈÿäõćââöÛØÛóØĂÚÂóäĂì­ä¬èâÂòÛäòÈëö
äòÂêó  ÈóÚèõÉòãĂÚãùÅĀäÂÿäõćâ îóØõ  Âóäé÷ÂêóÃîÈ Nigro 
āÕãĂË­äòÈëöäòÂêóä¬èâÂòÛ 5FU Āæñ Mitomycin C ĂÚ
ÂóääòÂêóâñÿäĆÈØèóäìÚòÂ(1) (Ì÷ćÈÖ¬îâó×øîÿÜ»ÚÂóääòÂêó
âóÖäÑóÚ(2,3) ) ÈóÚèõÉòãÿÛøĈîÈÖ­ÚÚöĈÚČóăÜëú¬Âóäé÷ÂêóäòÈëö
ÿÅâöÛČóÛòÕĂÚâñÿäĆÈËÚõÕîøćÚ ą îã¬óÈÂè­óÈÃèóÈ îóØõ 
âñÿäĆÈÜîÕ âñÿäĆÈìæîÕîóìóä âñÿäĆÈÂäñÿßóñÜ¹ëëóèñ   
âñÿäĆÈÖ¬îâÚĈČóÿìæøîÈ  âñÿäĆÈìæòÈāßäÈÉâúÂ ĀæñâñÿäĆÈ
ÜóÂâÕæúÂ ÿÜ»ÚÖ­Ú 
   
ØČóăâÂóääòÂêóèõÙöÿÕöãè(Single Modality )É÷Èæ­âÿìæè ? 
1.  ÂóääòÂêóÿÃ­ó×÷ÈÿÌææ°âñÿäĆÈăÕ­ãóÂ ( Inaccessibility ) 

ÂóääòÂêóÿÌææ°âñÿäĆÈÕ­èãèõÙöĂÕèõÙöìÚ÷ćÈÿÃ­ó×÷È
ÿÌææ°âñÿäĆÈăÕ­ãóÂ ÿË¬Ú Â­îÚâñÿäĆÈÃÚóÕĂìÎ¬âöÿÌææ°Øöć
ÿÜ»Ú hypoxic cell Ì÷ćÈâòÂÉñÕøĈîÖ¬îäòÈëöäòÂêó ĂÚ
ÃÔñÿÕöãèÂòÚÿæøîÕØöćăÜÿæöĈãÈÿÌææ°ÛäõÿèÔÚòĈÚÂĆâöÜäõâóÔ
Ú­îã  ØČóĂì­ãóÿÅâöÛČóÛòÕÿÃ­ó×÷ÈăÕ­ăâ¬Õö É÷ÈÖ­îÈĂË­ÂóäÊóã
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äòÈëöìæóã ą ÅäòĈÈ ( fractionated radiation therapy ) ÿßøćî
Ë¬èãĂì­Â­îÚâñÿäĆÈãùÛÖòè ĀæñãóÿÅâöÿÃ­ó×÷ÈÕöÃ÷ĈÚ 

ÂóäÝ¬óÖòÕÂ¬îĂì­ÿÂõÕ fibrosis Ì÷ćÈØČóĂì­ÿæøîÕăÜ
ÿæöĈãÈÛäõÿèÔÕòÈÂæ¬óèăâ¬Õö ÿÜäöãÛăÕ­ÂòÛÂóäâöáóèñ 
hypoxia  ÂóäĂË­äòÈëöÿÅâöÛČóÛòÕÂ¬îÚÂóäÝ¬óÖòÕ   ( neo-
adjuvant radiochemotherapy  ) ØČóĂì­ÂóäĂË­äòÈëöäòÂêó 
ĀæñÿÅâöÛČóÛòÕÿÃ­ó×÷ÈÿÌææ°ÕöÂè¬ó 

ÂóäĂË­ãóÿÅâöÛČóÛòÕ×øîÿÜ»Ú systemic treatment 
Ë¬èãÂČóÉòÕ clonogenic tumor cell Ì÷ćÈîãú¬ĂÚÂäñĀëÿæøîÕ
ìäøîîãú¬ĂÚîèòãèñîøćÚ ÿË¬Ú ÜîÕ, ÖòÛ ØČóĂì­Ë¬èãæÕÂóä
ÂäñÉóã ĀæñË¬èãÿßõćâîòÖäóÂóääîÕËöèõÖ ÿäöãÂÂóääòÂêó
ÿË¬ÚÚöĈè¬óÂóääòÂêóÿëäõâ ( adjuvant  treatment ) ÿË¬ÚÂóä
äòÂêóÿëäõâĂÚâñÿäĆÈÿÖ­óÚâ 
2.  áóèñÕøĈîÖ¬îÂóääòÂêó ( Insensitivity ) 

ÂóäĂË­äòÈëöÿÅâöÛČóÛòÕ Ë¬èãæÕîòÖäóÂóäÕøĈîÖ¬î
ÂóääòÂêóÕöÂè¬óĂË­ÂóääòÂêóèõÙöĂÕèõÙöìÚ÷ćÈ ĀæñË¬èãÂČóÉòÕ
ÿÌææ°âñÿäĆÈăÕ­ÕöÃ÷ĈÚ  ÂóäèõÚõÉÊòãăÕ­ĀÖ¬ÿÚõćÚ ą ÖæîÕÉÚ
ÂóääòÂêóÂ¬îÚØöćÉñâöÿÌææ°âñÿäĆÈÜäõâóÔâóÂ ĀæñÂóä
æÕäñãñÿèæóÂóääòÂêó (short treatment time) āÕãĂì­
äòÈëöÿÅâöÛČóÛòÕßä­îâÂòÚ ( concurrent radiochemo-
therapy) ÕöÂè¬óĂì­ÂóääòÂêóĀÛÛ sequential Ë¬èãĂì­
îòÖäóÂóääîÕËöèõÖÕöÃ÷ĈÚ āÕãÿÊßóñîã¬óÈãõćÈĂÚ
ÿÌææ°âñÿäĆÈØöćĀÛ¬ÈÖòèÿäĆè 
3.  Â­îÚâñÿäĆÈâöÃÚóÕĂìÎ¬ 

âñÿäĆÈäñãñæùÂæóâÿÊßóñØöć ( locally ad-
vanced) âòÂÉñâöÂ­îÚâñÿäĆÈĂìÎ¬ÿÂõÚÂè¬óÉñÝ¬óÖòÕăÕ­
ìâÕ ĀæñÿÜ»ÚáóèñØöćÉñâö tumor  emboli ÚČóăÜëú¬âñÿäĆÈ
äñãñĀßä¬ÂäñÉóã     ÂóäÝ¬óÖòÕîã¬óÈÿÕöãè, ÂóäÊóãäòÈëö
îã¬óÈÿÕöãèìäøîÂóäĂì­ãóÿÅâöÛČóÛòÕîã¬óÈÿÕöãèÚòĈÚ ãóÂØöć
ÉñÂČóÉòÕÂ­îÚâñÿäĆÈăÕ­ìâÕ  ÚîÂÉóÂÚöĈìóÂăÕ­äòÛÂóä
äòÂêóĀæ­è ×­óâñÿäĆÈãùÛÖòèăâ¬ìâÕ ( âö residual tumor )  

Â­îÚâñÿäĆÈØöćÿìæøîÚöĈÉñâöÂóäĀÛ¬ÈÖòèÿäĆè ( doubling time 
æÕæÈ ) ÿßäóñâöîóìóäĀæñîîÂÌõÿÉÚÕö    ÕòÈÚòĈÚÿØÅÚõÅ
ÂóäÅèÛÅùâÂ­îÚ âñÿäĆÈØöćāÖÿäĆèÚöĈîóÉĂË­ÿØÅÚõÅØóÈäòÈëö 
ÿË¬Ú accelerated fractionation ìäøîĂË­äòÈëöÿÅâöÛČóÛòÕ 
4.  áóèñĀØäÂÌ­îÚÉóÂÂóääòÂêóëúÈ 

ÛóÈÅäòĈÈÂóäÊóãäòÈëöĂì­ÂòÛÂ­îÚâñÿäĆÈØöćâö
ÃÚóÕĂìÎ¬ Āâ­è¬óÝú­äòÂêóÉñìèòÈÝæĂì­ìóãÃóÕ ( radical 
treatment ) ßÛè¬óÂóäÊóãäòÈëöÛäõÿèÔÂè­óÈ ĀæñĂË­
ÜäõâóÔäòÈëöØöćëúÈ âöÅèóâÿëöćãÈØöćÉñÿÂõÕáóèñĀØäÂÌ­îÚ
Ö¬îÿÚøĈîÿãøćîÜÂÖõăÕ­ëúÈ ÿßøćîæÕáóèñĀØäÂÌ­îÚÚöĈ   ĀßØã°
äòÈëöäòÂêóÉČóÿÜ»ÚÖ­îÈĂì­âöäñãñßòÂäñìè¬óÈÂóäÊóãäòÈëö        
( treatment break ) ØČóĂì­âñÿäĆÈâöÂóäĀÛ¬ÈÖòèĂìâ¬
ĂÚË¬èÈßòÂÚòĈÚ (repopulation) É÷ÈâöÅèóâßãóãóâØöćÉñĂË­
ÂóääòÂêóîøćÚØöćâöÝæÃ­óÈÿÅöãÈÉóÂÂóääòÂêóÖ¬óÈÂòÚăÜâó
ÿëäõâ ÿË¬Ú ãóÿÅâöÛČóÛòÕ ÿßøćîË¬èãĂÚÂóäÂČóÉòÕÿÌææ°âñÿäĆÈ 

ÚîÂÉóÂÚöĈ ÂóäĂË­ãóÿÅâöÛČóÛòÕãòÈëóâóä×Ë¬èã
æÕÜäõâóÔäòÈëöØöćÉñĂì­Ö¬îÂ­îÚâñÿäĆÈ (total tumor dose) 
ÿË¬Ú âñÿäĆÈìæîÕîóìóä  âñÿäĆÈäúØèóäìÚòÂ 
5.  Ýú­Ü§èãăâ¬ĀÃĆÈĀäÈßîØöćÉñäòÛÂóääòÂêó 

Ýú­Ü§èãâñÿäĆÈÛóÈÅÚîóãùâóÂ âöāäÅÜäñÉČóÖòè 
ìäøîâöāäÅîøćÚîãú¬Āæ­è ØČóĂì­ăâ¬ëóâóä×Ăì­ÂóääòÂêóăÕ­
ÿÖĆâØöć Ýú­Ü§èãÂæù¬âÚöĈĀßØã°âòÂÉñĂì­ÂóääòÂêóĀÛÛ
ÜäñÅòÛÜäñÅîÈ ( palliative treatment )  îã¬óÈăäÂĆÖóâ 
Û¬îãÅäòĈÈĀßØã°ëóâóä×Ë¬èãäòÂêóÝú­Ü§èã Âæù¬âÚöĈĂì­ìóã
ăÕ­Õ­èãÂóäĂË­ÛäõÿèÔÊóãäòÈëöÃÚóÕÿæĆÂæÈä¬èâÂòÛÂóä
Ăì­ÿÅâöÛČóÛòÕĂÚÜäõâóÔÚ­îã (low dose infusion) Ì÷ćÈ
îóÉÉñîãú¬ĂÚäúÜĀÛÛĂì­ëæòÛÂòÚ ( alternating ) ìäøîĂì­
ĀÛÛÿäöãÈæČóÕòÛ ( sequential ) ÂĆăÕ­ 
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ÝæØóÈËöèèõØãóĀæñÜäñāãËÚ°ÃîÈäòÈëöÿÅâöÛČóÛòÕ 
1.  ÂóäÜ¨îÈÂòÚÂóäÿÂõÕ clone ØöćÕøĈîÖ¬îÂóääòÂêó  
( Resistant clone ) 

Goldie-Coldman (4) ÖòĈÈëââÖõÑóÚè¬óÿÌææ° 
âñÿäĆÈÉñâöÂóäÕøĈîÖ¬îãóìäøîäòÈëö   ÿÚøćîÈÉóÂĂÚÃÔñØöć
ÿÌææ°âöÂóäĀÛ¬ÈÖòèÉóÂ clone ìÚ÷ćÈ ą  âöÂóäÿÂõÕ 
mutation ÖæîÕÿèæó  ÂóäĂË­ÂóääòÂêóèõÙöÿÕöãè É÷ÈîóÉ
ÿÂõÕ resistant clone ăÕ­È¬óã  ÂóääòÂêóÿëäõâîöÂèõÙöìÚ÷ćÈ
ëóâóä×Ë¬èãÜ¨îÈÂòÚÂóäÕøĈîÖ¬îÂóääòÂêóăÕ­ ĀæñìóÂ
ëóâóä×ÂČóÉòÕ resistant clone ăÕ­ÿäĆèÿØ¬óĂÕÂĆã¬îâÜ¨îÈÂòÚ
ÂóäÿÂõÕÅèóâæ­âÿìæèÉóÂÂóääòÂêóăÕ­âóÂÿØ¬óÚòĈÚ  
îã¬óÈăäÂĆÖóâ ÂóäÿÂõÕ cross-resistance äñìè¬óÈÂóäÊóã
äòÈëöĀæñÂóäĂì­ãóÿÅâöÛČóÛòÕÂĆãòÈßÛăÕ­ 

ÂóäĂË­ non-cross-resistant regimens âöìæóã
äúÜĀÛÛ ÿË¬Ú ÂóäĂË­ãóÿÅâöÛČóÛòÕëúÖäÝëâ ìäøîÂóäĂË­
äòÈëöÿÅâöÛČóÛòÕ ÿÜ»ÚÖ­Ú  ĂÚÅèóâÿÜ»ÚÉäõÈ  Âóäìó  non-
cross-resistant agents ØöćĀØ­ÉäõÈÚòĈÚãòÈÖ­îÈäîÝæÂóä
é÷ÂêóèõÉòãØóÈÅæöÚõÅîöÂâóÂ  

ÛóÈÅäòĈÈäòÈëöäòÂêóâöÛØÛóØÿÜ»Ú systemic 
non-cross resistant regimen Õ­èã ÿË¬ÚÂóäØČóÂóäÜæúÂ
×¬óãăÃÂäñÕúÂ āÕãÿäõćâÖ­ÚÕ­èããóÿÅâöÛČóÛòÕ Āæñÿëäõâ
Õ­èãÂóäÊóãäòÈëöØòćèÖòè ( total body irradiation ) ÿßøćî
äòÂêóâñÿäĆÈØóÈāæìõÖèõØãó ĂÚÂæù¬â refractory diffuse 
aggressive Non-Hodgkin³s Lymphoma 
2. Âóää¬èâÂòÚÂČóÉòÕÿÌææ°âñÿäĆÈĂÚÖČóĀìÚ¬ÈÖ¬óÈÂòÚ 
(Spatial cooperation) (5,6) 

ìæòÂÂóäÚöĈîóéòãÅèóâä¬èââøî āÕãäòÈëöäòÂêóâö
ÛØÛóØĂÚÂóäÂČóÉòÕÿÌææ°âñÿäĆÈÿÊßóñØöć (local therapy) 
ĀæñãóÿÅâöÛČóÛòÕâöÛØÛóØĂÚÂóäÂČóÉòÕÿÌææ°âñÿäĆÈ
ÛäõÿèÔîøćÚ (ÛäõÿèÔØöćăâ¬ăÕ­äòÛÂóäÊóãäòÈëö) Ì÷ćÈ spatial 
cooperation ÚöĈăâ¬Âæ¬óè×÷ÈÜÐõÂõäõãóäñìè¬óÈÂóäÊóãäòÈëö

ĀæñÂóäĂì­ãóÿÅâöÛČóÛòÕ (drug and radiation reaction)   
Öòèîã¬óÈÃîÈ spatial cooperation ÿË¬Ú ÂóääòÂêóâñÿäĆÈ
ÿâĆÕÿæøîÕÃóèĂÚÿÕĆÂ ĂË­ãóÿÅâöÛČóÛòÕ ÿßøćîäòÂêó systemic 
ĀÖ¬ĂË­äòÈëöäòÂêóÿßøćîÂČóÉòÕÿÌææ°âñÿäĆÈĂÚëâîÈ    ìäøî
ÂóäĂË­ Goserelin ÿÜ»Úïîä°āâÚÛČóÛòÕ ëČóìäòÛâñÿäĆÈ
Ö¬îâæúÂìâóÂĀæñĂË­äòÈëöäòÂêóÿÜ»ÚÂóääòÂêóÿÊßóñØöć
Ö¬îâæúÂìâóÂ   Öòèîã¬óÈÃ­óÈÖ­ÚËöĈĂì­ÿìĆÚ×÷È spatial 
cooperation ĀÖ¬ăâ¬îóÉÜÐõÿëÙăÕ­è¬óîã¬óÈÚ­îããòÈâöÝæ
ÃîÈïîä°āâÚÛČóÛòÕÖ¬îâñÿäĆÈÖ¬îâæúÂìâóÂāÕãÖäÈÕ­èã 
 3.  ÂóäÿßõćâÂóäÖîÛëÚîÈÃîÈÿÌææ°âñÿäĆÈ (Enhance  
tumor response) 

ÂóäÿßõćâÂóäÖîÛëÚîÈ (enhancement effect) 
ëóâóä×ĀãÂÿÜ»Ú 3 ËÚõÕ Åøî supraadditivity, additivity 
Āæñ subadditivity Ì÷ćÈëòÈÿÂÖÉóÂÂóäÖîÛëÚîÈÃîÈ
Â­îÚâñÿäĆÈìäøîÿÚøĈîÿãøćîÜÂÖõ è¬óÂóäÖîÛëÚîÈÚòĈÚ
âóÂÂè¬ó ÿØ¬óÂòÛ ìäøî Ú­îãÂè¬óÝæäèâÃîÈÂóä
ÖîÛëÚîÈÉóÂäòÈëöäòÂêó ĀæñÿÅâöÛČóÛòÕ āÕãîóéòãÂóä
ÅČóÚèÔÉóÂìæòÂÂóäÃîÈ  Isobologram  Analysis ( 6 ) 
ìäøî Median effect Principle Analysis ( 7 )  Āâ­è¬óÿÜ»Ú 
subadditive enhancement effect ÂĆîóÉÉñâöÜäñāãËÚ°
âóÂÂè¬óĂì­ÂóääòÂêóîã¬óÈĂÕîã¬óÈìÚ÷ćÈÂĆăÕ­ ãÂÖòèîã¬óÈ
ÿË¬Ú ÝæÉóÂäòÈëöäòÂêóÖ¬îÂ­îÚâñÿäĆÈÿØ¬óÂòÛ 3+ ĀæñÉóÂ
ÿÅâöÛČóÛòÕĂÚÂ­îÚâñÿäĆÈËÚõÕÿÕöãèÂòÚÿÜ»Ú 2+ Āæñÿâøćî
Ăì­ä¬èâÂòÚÿÜ»Ú 4+ Ì÷ćÈÿÜ»Ú subadditive ÂĆãòÈÕöÂè¬óÂóä
äòÂêóÕ­èãèõÙöÿÕöãè ĂÚÖòèîã¬óÈÿÕöãèÂòÚ additive effect 
ÉñăÕ­ÝæÖîÛëÚîÈÿØ¬óÂòÛ 5+ Āæñ suppra-additive 
effect ÿË¬ÚăÕ­Ýæ 7+ ÿÜ»ÚÖ­Ú 

îã¬óÈăäÂĆÕöÛóÈÅäòĈÈÂóäĂì­ãóÿÅâöÛČóÛòÕ 
ä¬èâÂòÛäòÈëöäòÂêó îóÉĂì­ÝæÖîÛëÚîÈÃîÈÂ­îÚâñÿäĆÈ
Ú­îãÂè¬óÂóäĂì­ÂóääòÂêóÕ­èãèõÙöĂÕèõÙöìÚ÷ćÈ ÿäöãÂ
ÜÐõÂõäõãóÕòÈÂæ¬óèè¬ó ´Diminutionµ 
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4.  ÜÐõÂõäõãóØóÈËöèèõØãóÉóÂÂóäĂì­äòÈëöÿÅâöÛČóÛòÕ 
(Biologic Mechanisms of  Interaction) 

ÂóäĂì­ãóÿÅâöÛČóÛòÕË¬èãÿßõćâÂóäÖîÛëÚîÈ
ÃîÈÿÌææ°âñÿäĆÈÖ¬îäòÈëöäòÂêó āÕãÜÐõÂõäõãóØóÈËöèèõØãó 
ÕòÈÚöĈ 
Á ÜÐõÂõäõãóĂÚäñÕòÛāâÿæÂùæ 
ãóÿÅâöÛČóÛòÕØČóæóã DNA āÕãÖäÈ ĀæñÿëäõâåØÙõċ

ÂóäØČóæóã DNA ÉóÂÂóäÊóãäòÈëö ÂóäÊóãäòÈëöÂäñÖù­Ú
Ăì­ÿÂõÕÂóäØČóæóã DNA āÕãØČóæóãÿÛë ØČóæóã alkabile 
site ØČóĂì­ÿÂõÕ single strand break Āæñ double strand 
break  ÂóäØČóæóãÕòÈÂæ¬óèÂäñÖù­ÚĂì­ÿÌææ°Ì¬îâĀÌâ
ÖòèÿîÈ ×­óìóÂÌ¬îâăâ¬ăÕ­ã¬îâØČóĂì­ÿÌææ°ÖóãĂÚØöćëùÕ 
ÕòÈÚòĈÚÂóäĂì­ãóÿÅâöÛČóÛòÕä¬èâÂòÛÂóäÊóãäòÈëöØČóĂì­ 
DNA ×úÂØČóæóãìæóãÖČóĀìÚ¬ÈĀæñØČóĂì­ÿÌææ°ÖóãăÕ­
È¬óãÃ÷ĈÚ 
ãóÿÅâöÛČóÛòÕîîÂåØÙõċãòÛãòĈÈÂæăÂÂóäÌ¬îâĀÌâÃîÈ

ÿÌææ°ìæòÈăÕ­äòÛäòÈëö ( sublethal Āæñ potential lethal 
damage repair ) ÿË¬Ú Cisplatin, Hydroxyurea Āæñ 
Nitrosourea ëóâóä×ãòÛãòĈÈÂäñÛèÚ ÂóäÌ¬îâĀÌâ
ÕòÈÂæ¬óèìæòÈÉóÂăÕ­äòÛäòÈëö (8) 

ÂäñÛèÚÂóäëä­óÈĀæñÌ¬îâĀÌâ DNA âòÂÉñ
ĂË­ pathway ÿÕöãèÂòÚ  ãóÿÅâöÛČóÛòÕÌ÷ćÈãòÛãòĈÈÂäñÛèÚÂóä
ëä­óÈ DNA Âæ¬óèÅøîÿÜ»Ú  DNA synthesis inhibitors  âö
ÝæÖ¬î nucleoside ìäøî nucleotide metabolisms ÿâøćîĂì­
ä¬èâÂòÛÂóäÊóãäòÈëöã¬îâØČóĂì­ÿÌææ°âñÿäĆÈÌ¬îâĀÌâ
ÖòèÿîÈăâ¬ăÕ­ ãÂÖòèîã¬óÈÿË¬Ú 5 FU ãòÛãòĈÈ thymidylate 
synthase ĀæñæÕÜäõâóÔ nucleotide triphosphate pool 
ØČóĂì­ÿÂõÕ cell cycle redistribution (9) Āæñ ÂóäĀÖÂîîÂ
ÃîÈ DNA  ÚČóăÜëú¬ÂóäÖóãÃîÈÿÌææ°ĂÚØöćëùÕ (10)   
ÚîÂÉóÂÚöĈ 5FU ãòÈëóâóä×ĀØäÂÖòèÿÃ­óăÜĂÚ DNA 
Āæñ RNA ĂÚäúÜÃîÈ fluoro-deoxyuridine Ì÷ćÈÿÜ»Úßõê

Ö¬îÿÌææ°(11,12) ĀæñØČóĂì­ÂäñÛèÚÂóäÌ¬îâĀÌâ DNA âö
ÜäñëõØÙõáóßæÕæÈ 

Gemcitabine ÿÜ»Ú pyrimidine analogue Ì÷ćÈ
îîÂåØÙõċāÕãæÕÜäõâóÔ deoxynucleoside triphosphate 
pool Āæñ ĀØäÂÖòèÿÃ­óăÜĂÚ DNA ÿË¬ÚÿÕöãèÂòÛ 5FU âö
ÝæãòÛãòĈÈÂóäÌ¬îâĀÌâ DNA ÿË¬ÚÂòÚ(13) 

 
Á ÜÐõÂõäõãóĂÚäñÕòÛÿÌææ° 
Âóää¬èâÂòÚØČóæóãÿÌææ°ĂÚäñãñÖ¬óÈąÃîÈ

èÈÉäËöèõÖÃîÈÿÌææ° ( cytokinetic cooperation ) ÿÌææ°ĂÚ
äñãñ G2 Āæñ M ÿÜ»ÚäñãñØöćăèÖ¬îäòÈëöØöćëùÕ (14,15) 
ĂÚÃÔñØöć äñãñ S ÕøĈîÖ¬îäòÈëöØöćëùÕ ãóÿÅâöÛČóÛòÕÌ÷ćÈîîÂ
åØÙõċÖ¬îÿÌææ°ĂÚäñãñ S Ë¬èãØČóæóãÿÌææ°Ì÷ćÈăâ¬ăèÖ¬î
äòÈëö ãóØöćîîÂåØÙõċÖ¬îÿÌææ°äñãñ S ÿË¬Ú Camptothecin 
(16) ÿÜ»ÚÖ­Ú 

ÂóäĂì­ãóÿÅâöÛČóÛòÕ Ë¬èãĂì­ÿÂõÕÂóäÿÅæøćîÚÖòè
ÃîÈÿÌææ°âñÿäĆÈăÜëú¬ mitotic phase Ì÷ćÈÿÜ»ÚË¬èÈØöćăèÖ¬î
äòÈëöäòÂêó (cell phase distribution changes) 

ÝæÖ¬îÃÚóÕÂ­îÚâñÿäĆÈĀæñ vascular supply 
ÿâøćîÂ­îÚâñÿäĆÈâöÃÚóÕÿæĆÂæÈÉóÂÂóäÊóãäòÈëöìäøîãóÿÅâö
ÛČóÛòÕ ØČóĂì­âöìæîÕÿæøîÕăÜÿæöĈãÈÕöÃ÷ĈÚ ĀæñãóÿÅâöÛČóÛòÕ
ÿÃ­ó×÷ÈÂ­îÚâñÿäĆÈăÕ­ âóÂÃ÷ĈÚ ĂÚÃÔñÿÕöãèÂòÚáóèñ
îîÂÌõÿÉÚØöćëúÈÃ÷ĈÚ ( reoxygenation ) ØČóĂì­Â­îÚâñÿäĆÈ
ÖîÛëÚîÈÖ¬îäòÈëöäòÂêóăÕ­ÕöÃ÷ĈÚăâ¬è¬óÿÌææ°ÚòĈÚÉñîãú¬ĂÚ
äñãñ G2 ìäøî M ìäøîăâ¬ÂĆÖóâ (17) 

ÝæÖ¬îÿÌææ°Ì÷ćÈÃóÕîîÂÌõÿÉÚ ( hypoxic cell )  
Âæ¬óèăÕ­è¬ó ÿÌææ°ØöćÃóÕîîÂÌõÿÉÚÿÜ»ÚëóÿìÖùìÚ÷ćÈÃîÈ
Åèóâæ­âÿìæèÉóÂÂóääòÂêóâñÿäĆÈÕ­èãäòÈëöäòÂêó (18) 
Mitomycin C Āæñ Cisplatin âöåØÙõċØöćÉČóÿßóñÖ¬îÿÌææ°Øöć
ÃóÕîîÂÌõÿÉÚ É÷ÈâòÂÉñ×úÂÿæøîÂĂË­ĂÚäòÈëöÿÅâöÛČóÛòÕāÕã
îîÂåØÙõċØòĈÈĀÛÛ additive Āæñ supraadditive effect (19) 
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ãóØöćÉòÕÿÜ»Ú radiosensitizer Ý¬óÚØóÈÿÌææ°ØöćÃóÕ
îîÂÌõÿÉÚÚöĈÚîÂÉóÂãóÿÅâöÛČóÛòÕ  ÿË¬Ú Nimorazole (20) 

Ì÷ćÈĂË­ĂÚâñÿäĆÈéöäêñĀæñæČóÅî 
ÂóäÿÜæöćãÚĀÜæÈÂóäÿÂõÕ apoptosis ìâóã×÷È 

ÂäñÛèÚÂóäÖóãÃîÈÿÌææ°Ì÷ćÈÿÂõÕìæòÈÉóÂÿÌææ°ăÕ­äòÛ
îòÚÖäóã ÿË¬Ú äòÈëöäòÂêóìäøîÿÅâöÛČóÛòÕ Ì÷ćÈÂæăÂÚöĈë¬èÚ
ìÚ÷ćÈ×úÂÅèÛÅùâāÕã p53 gene ãóÿÅâöÛóÈËÚõÕ ÿË¬Ú 
Anthracycline, Paclitaxel Āæñ Cyclophosphamide 
ëóâóä×îîÂåØÙõċÂäñÖù­ÚĂì­ÿÂõÕ apoptosis ÿßõćâÃ÷ĈÚ (21) 

ÂóäÜ¨îÈÂòÚÂóäĀÛ¬ÈÖòèĂìâ¬ÃîÈÿÌææ°âñÿäĆÈ
äñìè¬óÈÂóäÊóãäòÈëö (inhibition of tumor repopulation 
during fractionated radiation therapy) 

ÂóäÊóãäòÈëöÌ÷ćÈâòÂĂË­ÿèæó 4-7 ëòÜÕóì° îóÉ
ÿÂõÕÂóäĀÛ¬ÈÖòèÃîÈÿÌææ°âñÿäĆÈĂÚäñìè¬óÈÂóäÊóãäòÈëö 
ãóÿÅâöÛČóÛòÕË¬èãæÕîòÖäóÂóäĀÛ¬ÈÖòèÃîÈÿÌææ°âñÿäĆÈ
ĀæñÚČóăÜëú¬ÝæÂóäÅèÛÅùââñÿäĆÈØöćÕöÃ÷ĈÚ  

ÂæăÂØöćØČóĂì­ÿÂõÕÂóäÿÖõÛāÖÃ÷ĈÚĂìâ¬      ( re-
growth ) (22) ãòÈëóâóä×îÙõÛóãăÕ­ÉóÂ growth factor(23) 
ãóØöćãòÛãòĈÈ epidermal growth factor receptor    ( EGFR ) 
ëóâóä×Ë¬èãæÕÂóäÿÖõÛāÖÃîÈÿÌææ°âñÿäĆÈ Âóä
Ì¬îâĀÌâ DNA(24) ĀæñãòÛãòĈÈ tumor angiogenesis (25,26 ) 
ÚîÂÉóÂÚöĈãòÈË¬èãÂäñÖù­ÚÂóäÿÂõÕ apoptosis ìæòÈÉóÂ
ăÕ­äòÛÂóäÊóãäòÈëö  ÂóäãòÛãòĈÈ EGFR ëóâóä×ãòÛãòĈÈāÕã
ãòÛãòĈÈÿîÚăÌâ° tyrosine kinase ìäøî îîÂåØÙõċÿÜ»Ú 
monoclonal antibody Ö¬î EGFR ÿË¬Ú Cetuximab 

ÂóäãòÛãòĈÈ angiogenesis Âóäëä­óÈìæîÕÿæøîÕ
âöÅèóâÉČóÿÜ»ÚĂÚÂóäÿÖõÛāÖÃîÈÂ­îÚâñÿäĆÈ É÷ÈâöÅèóâ
ßãóãóâìóëóäãòÛãòĈÈÂóäëä­óÈìæîÕÿæøîÕ ÿË¬Ú 
angiostatin, combetastatin Āæñ TNP-470 ÿÜ»ÚÖ­Ú (27,28) 

5.  ÂóääòÂêóĀÛÛÝëâÝëóÚË¬èãĂì­ëóâóä×æÕ toxicity 
ÉóÂîöÂ modality ìÚ÷ćÈ  (Protection of normal tissue 
from irradiation damage) 

ÂóäæÕÜäõâóÔäòÈëöÿâøćîĂË­ multimodality 
treatment Ë¬èãĂì­æÕ Toxicity Øöćăâ¬ß÷ÈÜäñëÈÅ°ÃîÈîöÂ 
modality ìÚ÷ćÈ  ìæòÂÂóäÚöĈÿìĆÚăÕ­ËòÕĂÚâñÿäĆÈĂÚÿÕĆÂ 
ÿË¬Ú ÂóäĂË­ãóÿÅâöÛČóÛòÕ ëóâóä×Ë¬èãæÕÜäõâóÔäòÈëöÖ¬î
ëâîÈĀæñăÃëòÚìæòÈĂÚÝú­Ü§èã ALL ØöćØČó CNS 
prophylasis  ÂóäæÕÜäõâóÔäòÈëöÚöĈîÙõÛóãăÕ­ÉóÂĂì­ãó
ÿÅâöÛČóÛòÕË¬èãæÕÜäõâóÔÿÌææ°âñÿäĆÈ  ÿË¬ÚÉóÂ 100 Âäòâ 
ÿÜ»Ú 30 Âäòâ Ì÷ćÈË¬èãĂì­ëóâóä×ÂČóÉòÕÿÌææ°âñÿäĆÈāÕãĂË­
ÜäõâóÔäòÈëöÚ­îãæÈ  ÚîÂÉóÂË¬èãæÕÜäõâóÔäòÈëöĀæ­è 
ÛäõÿèÔØöćÊóãäòÈëö ( irradiation field ) ãòÈâöÃÚóÕÿæĆÂæÈ 
ÿâøćîăÕ­äòÛãóÿÅâöÛČóÛòÕ  Öòèîã¬óÈÿË¬Ú Ýú­Ü§èã bulky 
mediastinal Hodgkin³s disease Ăì­ÂóääòÂêóÕ­èãÿÅâö
ÛČóÛòÕĀæ­èÉ÷ÈâóĂì­äòÈëöäòÂêóÿÜ»Ú consolidation ÿÊßóñ
ÛäõÿèÔØöćâöÂ­îÚÿìæøîîãú¬ (residual tumor)      ìæòÂÂóäÚöĈ
ãòÈĂË­ëČóìäòÛÂóäĂì­ neoadjuvant chemotherapy 
 
6. Ë¬èãĂÚÂóääòÂêóĀÛÛëÈèÚîèòãèñ (Organ presser-
vation regimens) 

ÉóÂÂæăÂÖ¬óÈ ą ÕòÈăÕ­Âæ¬óèÃ­óÈÖ­Ú Ë¬èãØČóĂì­
ÂóääòÂêóāÕãăâ¬Ö­îÈÝ¬óÖòÕ ìäøîØČóÝ¬óÖòÕĀÛÛëÈèÚ
îèòãèñăÕ­ÝæÂóääòÂêóÕöÿØöãÛÿØ¬óÂòÛÂóääòÂêóÕ­èãèõÙö
âóÖäÑóÚ ØČóĂì­âöÅùÔáóßËöèõÖØöćÕöÃ÷ĈÚ ÿË¬Ú ÂóääòÂêó
âñÿäĆÈÿÖ­óÚâäñãñÿäõćâĀäÂ  ÂóääòÂêóâñÿäĆÈäúØèóäìÚòÂ  
ÂóääòÂêóâñÿäĆÈæČóăë­ÖäÈ  ÂóääòÂêóâñÿäĆÈÂäñÿßóñ
Ü¹ëëóèñ  ĀæñÂóääòÂêóâñÿäĆÈ soft tissue sarcoma ÿÜ»Ú
Ö­Ú 
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ÖóäóÈÿèæóØöćÿìâóñëâĂÚÂóäĂì­äòÈëöÿÅâöÛČóÛòÕ 
ÂóäÊóãäòÈëöāÕãÜÂÖõĂË­ÜäõâóÔäòÈëö 2 Gy Ö¬î

ÅäòĈÈ  ëòÜÕóì°æñ 5 ÅäòĈÈ  ØòĈÈìâÕ 7 ëòÜÕóì°  Ì÷ćÈÿâøćîĂì­
ä¬èâÂòÛãóÿÅâöÛČóÛòÕ ĂÚÜäõâóÔĀæñÖóäóÈÂóäĂì­ÜÂÖõ 
îóØõ ØùÂ 3-4 ëòÜÕóì° îóÉâöÝæÃ­óÈÿÅöãÈÉóÂÂóääòÂêó
ëúÈÃ÷ĈÚ   ÕòÈÚòĈÚÂóäÜäòÛÿÜæöćãÚÖóäóÈÂóäÊóãäòÈëö ìäøî
ÜäòÛÜäõâóÔãóÿÅâöÛČóÛòÕÿßøćîË¬èãæÕÝæÃ­óÈÿÅöãÈÉ÷ÈÿÜ»Ú
ëõćÈØöćÉČóÿÜ»Ú ĂÚîÕöÖâöÂóäĂË­äòÈëöäòÂêóĀæñãóÿÅâöÛČóÛòÕ
ëæòÛÂòÚìäøîÖ¬îÿÚøćîÈÂòÚ (alternative, sequential 
radiochemotherapy) ĀÖ¬îòÖäóÂóääîÕËöèõÖăâ¬ăÕ­ÿßõćâÃ÷ĈÚ
ÉóÂèõÙöÕòÈÂæ¬óè  äñãñÖ¬îâóÉ÷ÈâöÅèóâßãóãóâ
ÜäòÛÿÜæöćãÚÖóäóÈāÕãĂË­äòÈëöÿÅâöÛČóÛòÕßä­îâÂòÚ 
(concurrent radiochemotherapy) āÕãæÕÜäõâóÔäòÈëöÖ¬î
ÅäòĈÈ (dose/fraction) æÕÜäõâóÔäòÈëöäèâ (total dose) 
ìäøîæÕÜäõâóÔãóÿÅâöÛČóÛòÕÖ¬îÅäòĈÈ ÿÜ»ÚÖ­Ú (29,30) Āâ­è¬ó
ÉñâöÝæÂóäèõÉòãìóÖóäóÈÿèæóÂóäĂì­äòÈëöÿÅâöÛČóÛòÕ āÕã
îóéòãÖòèîã¬óÈÿÌææ°âñÿäĆÈĂÚìæîÕØÕæîÈ ìäøîĂÚ
ëòÖè°ØÕæîÈ ìóÂĀÖ¬ĂÚÅèóâÿÜ»ÚÉäõÈÿÌææ°âñÿäĆÈĂÚ
âÚùêã°âöÅèóâìæóÂìæóãäñÕòÛÿÌææ° (cellular 
heterogeneity) ëõćÈĀèÕæ­îâĂÚäñÕòÛÿÌææ° (micro-
environment) Å¬ó pH ìæîÕÿæøîÕØöćâóÿæöĈãÈĀæñáóèñ
ÃóÕîîÂÌõÿÉÚ  ÕòÈÚòĈÚÉ÷ÈÉČóÿÜ»ÚÖ­îÈâöÂóäèõÉòãØóÈÅæöÚõÅ
ÿßøćîãøÚãòÚĀÝÚÂóäĂì­äòÈëöÿÅâöÛČóÛòÕ ëČóìäòÛâñÿäĆÈĀÖ¬
æñËÚõÕ 
 
Ã­îÿëöãÃîÈÂóäĂì­äòÈëöÿÅâöÛČóÛòÕ 

Āâ­è¬ó ÂóäĂì­äòÈëöÿÅâöÛČóÛòÕÉñâöÜäñāãËÚ°ÕòÈ
ăÕ­îÙõÛóã×÷ÈÂæăÂÂóäîîÂåØÙõċâóĀæ­èÃ­óÈÖ­Ú ĀÖ¬Åèóâ
æ­âÿìæèÉóÂÂóääòÂêóāÕãĂË­äòÈëöÿÅâöÛČóÛòÕÂĆãòÈßÛăÕ­ 
āÕãëóâóä×îÙõÛóãăÕ­ÉóÂ 

1. ÿÌææ°âñÿäĆÈÕøĈîÖ¬îØòĈÈÿÅâöÛČóÛòÕĀæñäòÈëöäòÂêó ăâ¬è¬ó
ÉñÕøĈîãóÖòĈÈĀÖ¬Â¬îÚÂóääòÂêóìäøîÿÂõÕ mutation ìæòÈ
ÂóääòÂêó 

2. ÂóäÿÂõÕ vascular fibrosis ÉóÂäòÈëöäòÂêó ØČóĂì­ãó
ÿÅâöÛČóÛòÕÿÃ­ó×÷ÈÂ­îÚâñÿäĆÈăÕ­ãóÂÃ÷ĈÚ 

3. ÂóäĂì­äòÈëöÿÅâöÛČóÛòÕ îóÉÂ¬îĂì­ÿÂõÕÝæÃ­óÈÿÅöãÈÖ¬î
ÿÌææ°ÜÂÖõ Āæñä¬óÈÂóãÃîÈÝú­Ü§èãâóÂÃ÷ĈÚ ØČóĂì­
Ýú­äòÂêóÖ­îÈæÕÜäõâóÔãóÿÅâöÛČóÛòÕìäøîÜäõâóÔäòÈëö  
ÿÜ»ÚÝæĂì­āîÂóëØöćÉñØČóæóãÂ­îÚâñÿäĆÈæÕæÈ ìäøî
ÝæÃ­óÈÿÅöãÈÚöĈîóÉäùÚĀäÈÉÚØČóĂì­ÛÕÛòÈÜäñāãËÚ°
ÉóÂÂóäÿßõćâîòÖäóÂóääîÕËöèõÖ 

 
ÝæÃîÈäòÈëöÿÅâöÛČóÛòÕÖ¬îÿÚøĈîÿãøćîÜÂÖõ 
1. ÝæÂäñØÛäñãñÿÊöãÛßæòÚ (Acute effects) 

ÝæÃîÈäòÈëöÿÅâöÛČóÛòÕÖ¬îÿÚøĈîÿãøćîÜÂÖõÃ÷ĈÚîãú¬
ÂòÛìæóãÜ¹ÉÉòã îóØõ ËÚõÕÃîÈãóÿÅâöÛČóÛòÕ ÜäõâóÔãó
ÿÅâöÛČóÛòÕ  ÂóäÛäõìóäãóÿÅâöÛČóÛòÕ  ÜäõâóÔäòÈëöØöćăÕ­äòÛ
Ö¬îÅäòĈÈ  ÜäõâóÔäòÈëöäèâ  ÖóäóÈÂóäĂì­äòÈëöÿÅâöÛČóÛòÕ  ( 
schedule of radiochemotherapy ) Āæñ ËÚõÕÃîÈÿÚøĈîÿãøćî
ØöćăÕ­äòÛäòÈëö   ÕòÈÿìĆÚăÕ­ÉóÂÖóäóÈØöć 1 

ÂóäÊóãäòÈëöāÕãèõÙöÂóäÿÜæöćãÚÜäõâóÔäòÈëöÖ¬î
ÅäòĈÈ  āÕãÿÊßóñîã¬óÈãõćÈ hypofractionation ăâ¬ÅèäĂì­
ä¬èâÂòÛãóÿÅâöÛČóÛòÕÿßäóñÉñâöÝæÃ­óÈÿÅöãÈĂÚäñãñ
ÿÊöãÛßæòÚâóÂ 
2. ÝæÂäñØÛäñãñãóè (Late effects) 

ÝæÂäñØÛäñãñãóè ÿÂõÕÉóÂÝæÃîÈäòÈëöÖ¬î
äñÛÛìæîÕÿæøîÕÞîã ( microcirculation ) Āæñ fibro-
connective tissue ØČóĂì­ÂóäØČóÈóÚÃîÈîèòãèñÚòĈÚÿëöã
ăÜ ÃÔñÿÕöãèÂòÚÝæÉóÂÿÅâöÛČóÛòÕâöÝæÖ¬îÿÌææ° 
parenchyma Öòèîã¬óÈÿË¬Ú stem cell depletion  ÕòÈÚòĈÚ 
ÝæÂäñØÛÖ¬îîèòãèñĂÕîèòãèñìÚ÷ćÈ îóÉÿÂõÕÉóÂÂæăÂ
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ĀÖÂÖ¬óÈÂòÚăÜ ÿË¬Ú ãó Doxorubicin âöÝæÖ¬î myo-
cardium ĀÖ¬ÂóäÊóãäòÈëöâöÝæÖ¬îìæîÕÿæøîÕ Ì÷ćÈÚČóăÜëú¬

áóèñìòèĂÉæ­âÿìæèăÕ­ÿË¬ÚÿÕöãèÂòÚ 

 
ÖóäóÈØöć 1 ĀëÕÈÜ¹ÉÉòãĀæñÝæÂäñØÛØöćÿÂõÕÖ¬îÿÚøĈîÿãøćîÜÂÖõ  
Factor Efffect on Tissue 

Radiotherapy  
Hypofractionation Increase late effects 
Hyperfractionation Increase acute effects, decrease late effects 
Increased total radiation dose Increase acute and late effects 
Large field of radiation Increase acute effects 
Chemotherapy  
Increased dose Increase drug-specific acute and late toxicity 
 Increase acute toxicity of  radiotherapy 
Duration of exposure  
 Bolus Increase toxicity of proliferative tissues 
 Infusion Decrease acute toxicities in general 
 Possible increase radiotherapy interaction on  

tumors and normal tissues 
Type of drugs  
Cell-cycle dependent Increase toxicity of proliferating tissue 

( eg. Alkylating agents, 5 FU, bleomycin ) 
Cell-cycle independent Increase toxicity in all tissues 

( eg. Anthracyclines, actinomycin D ) 
Limited organ interaction Vincristine- neuropathy 
Multiple organ interaction Doxorubicin-cardiac, gastrointestinal effects 
Timing/scheduling of Modalities  
Sequential Decrease side effects 
Concurrent ( Simultaneous ) Increase acute and possible increase late effects 
Normal tissue type  
Critical CNS, lung, heart, kidney, and liver toxicity 
Noncritical Skin, bladder, esophagus toxicities 
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èõÙöæÕÝæÃ­óÈÿÅöãÈÖ¬îÿÚøĈîÿãøćîÜÂÖõÉóÂÂóäĂì­äòÈëöÿÅâö
ÛČóÛòÕ 

ÿØÅÚõÅØóÈäòÈëöäòÂêóÿÜ»ÚèõÙöìÚ÷ćÈØöćË¬èãæÕ
ÝæÃ­óÈÿÅöãÈÖ¬îÿÚøĈîÿãøćîÜÂÖõ āÕãÂóäĂË­ÜäõâóÔäòÈëöÖ¬î
ÅäòĈÈăâ¬ÿÂõÚ 1.8 Gy   ÂóäæÕÛäõÿèÔÂóäÊóãäòÈëöĂì­
ÅäîÛÅæùâÿÊßóñÛäõÿèÔØöćâöÂ­îÚâñÿäĆÈ ÿÜ»ÚÖ­Ú  ăâ¬Åèä
ĂË­ hypofractionation ìäøî hyperfractionation ä¬èâÂòÛ
ãóÿÅâöÛČóÛòÕ ÿßäóñâöāîÂóëÿÂõÕÝæÃ­óÈÿÅöãÈÿÊöãÛßæòÚ
ëúÈ  ìóÂâöÅèóâÉČóÿÜ»ÚÉñÖ­îÈÜäòÛæÕÜäõâóÔĀæñ
äñãñÿèæóĂì­ãóÿÅâöÛČóÛòÕÕ­èãÂóäÛäõìóäãóÿÅâöÛČóÛòÕ 
ÿË¬Ú infusion ìäøî bolus ÿÜ»ÚîöÂèõÙöìÚ÷ćÈØöćË¬èãæÕ
ÝæÃ­óÈÿÅöãÈÖ¬îÂóääòÂêó ÿË¬Ú ÂóäĂì­ 5FU infusion 
ä¬èâÂòÛÂóäÊóãäòÈëö âöÝæÃ­óÈÿÅöãÈÖ¬îăÃÂäñÕúÂÚ­îãÂè¬ó
ĀÛÛ bolus  ĀÖ¬îóÉâöÝæÃ­óÈÿÅöãÈÖ¬îäñÛÛØóÈÿÕõÚ
îóìóäâóÂÂè¬ó   ÕòÈÚòĈÚìóÂâöÂóäÊóãäòÈëöÛäõÿèÔÿËõÈ
ÂäóÚ Āæñ ÂäñÕúÂëòÚìæòÈ ( Ì÷ćÈÂÕăÃÂäñÕúÂâóÂ )  Âóä
ÿæøîÂĂË­ 5FU infusion É÷ÈÿÜ»ÚØóÈÿæøîÂØöćÕöÂè¬óÂóäĂË­ 
bolus ÿÜ»ÚÖ­Ú 

ìæöÂÿæöćãÈãóÿÅâöÛČóÛòÕØöćâöÝæÃ­óÈÿÅöãÈÖ¬î
îèòãèñØöć×úÂäòÈëö ÿË¬Ú ìæöÂÿæöćãÈ Doxorubicin ìóÂâöÂóä
ÊóãäòÈëö×úÂìòèĂÉ  æČóăë­ìäøîÝõèìÚòÈ,  ìæöÂÿæöćãÈãó 
Bleomycin Āæñ Actinomycin D ìóÂÖ­îÈÊóãäòÈëö
ÛäõÿèÔÿÚøĈîÜîÕ, ìæöÂÿæöćãÈ Vincristine ìóÂÖ­îÈÊóã
äòÈëöÛäõÿèÔ CNS Āæñ ìæöÂÿæöćãÈÂóäĂË­ Cisplatin ÿâøćî
ÊóãäòÈëöÛäõÿèÔăÖ ÿÜ»ÚÖ­Ú  îã¬óÈăäÂĆÕö ×­óÉČóÿÜ»ÚÖ­îÈĂË­
ãóÕòÈÂæ¬óè ÉñÖ­îÈæÕÜäõâóÔãóæÈìäøîÿÜæöćãÚăÜĂË­ãó
ÿÅâöÛČóÛòÕØöćâöåØÙõċÅæ­óãÅæ÷ÈÂòÚ ĀÖ¬ăâ¬âöÝæÃ­óÈÿÅöãÈÖ¬î
îèòãèñÚòĈÚ ÿË¬ÚÿÜæöćãÚÉóÂ Cisplatin  ÿÜ»Ú Carboplatin  

 èõÙöîøćÚą Ì÷ćÈË¬èãæÕÝæÃ­óÈÿÅöãÈ ÿË¬Ú ÿÜæöćãÚ
ÖóäóÈÂóäĂì­äòÈëöÿÅâöÛČóÛòÕÿÜ»ÚĀÛÛ sequential, 

alternate ĀØÚØöćÉñÿÜ»ÚĀÛÛ concurrent radiochemo-
therapy ÿÜ»ÚÖ­Ú 
 
ëäùÜ 

ÂóäĂË­äòÈëöÿÅâöÛČóÛòÕ ÿÜ»ÚèõÙöìÚ÷ćÈÿßøćîË¬èãÿßõćâ
ÜäñëõØÙõáóßĂÚÂóäÂČóÉòÕÿÌææ°âñÿäĆÈ ÂóäÿÃ­óĂÉ×÷È
ÂæăÂÂóäîîÂåØÙõċÖæîÕÉÚÝæÃ­óÈÿÅöãÈ ĀæñèõÙö
ìæöÂÿæöćãÈÝæÃ­óÈÿÅöãÈ Ë¬èãĂì­ĀßØã°ØóÈÕ­óÚâñÿäĆÈèõØãó
ëóâóä×ÿÃ­óĂÉ  ÜäñãùÂÖ°ĂË­āÕãîóéòãÃ­îâúæØöćÿËøćî×øîăÕ­
ÉóÂÝæÂóäèõÉòãØóÈÅæöÚõÅ  ÿßøćîĂì­ÿÂõÕÜäñāãËÚ°ëúÈëùÕ
Ö¬îÝú­Ü§èãâñÿäĆÈ 
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ÂóäÊóãäòÈëö 3 âõÖõ ĀÛÛÜäòÛÅèóâÿÃ­â  
(Intensity Modulated Radiation Therapy, IMRT) 

 

 

 
ĂÚîÕöÖĀßØã°äòÈëöäòÂêóîóéòãáóß×¬óã

ÿîĆÂÌÿäã° ĂÚÂóäÂČóìÚÕÃîÛÿÃÖĀæñØõéØóÈæČóäòÈëö āÕã
îóéòãÅèóâëòâßòÚÙ°äñìè¬óÈÖČóĀìÚ¬ÈÃîÈÂ­îÚâñÿäĆÈ
ĀæñÂóãèõáóÅÃîÈÂäñÕúÂ ĂÚØéèääêØöć 1980 âöÂóä
ßòÓÚóÿîĆÂÌÿäã°ÅîâßõèÿÖîä° ( CT scan ) ĀßØã°äòÈëö
äòÂêóÉ÷ÈÿäõćâĂË­Ã­îâúæáóß×¬óã 3 âõÖõĂÚÂóäèóÈĀÝÚÂóä
ÊóãäòÈëö āÕãîóéòãÂóäĂË­ÿØÅāÚāæãöĂÚÂóäëä­óÈáóß
ĀæñÿæöãÚĀÛÛÂóäÊóãäòÈëöÉäõÈĂÚÅîâßõèÿÖîä°ØöćÿäöãÂè¬ó 
virtual simulator ÿßøćîĂì­ăÕ­ØõéØóÈĀæñÃîÛÿÃÖÃîÈæČó
äòÈëöØöćÉñÊóãĂÚÝú­Ü§èã āÕãâöÿÜ¨óìâóãÿßøćîĂì­äòÈëöÊóã
ÛäõÿèÔÂ­îÚâñÿäĆÈăÕ­Āâ¬ÚãČóÃ÷ĈÚ ĂÚÃÔñÿÕöãèÂòÚ
ëóâóä×æÕÜäõâóÔäòÈëöÖ¬îîèòãèñÜÂÖõ ÿäöãÂÂóäÊóã
äòÈëöāÕãîóéòãÃ­îâúæÉóÂáóßÿîĆÂÌÿäã°ÅîâßõèÿÖîä°ĂÚ
ÂóäèóÈĀÝÚÂóääòÂêóè¬ó ÂóäÊóãäòÈëö 3 âõÖõ (Conformal 
Radiation Therapy, 3D CRT)(1)  

ÂóäÊóãäòÈëö 3 âõÖõ îóéòãáóß×¬óãÿîÂÌÿäã°
ÅîâßõèÿÖîä° (CT scan) Āæñáóß×¬óãÅæøćÚĀâ¬ÿìæĆÂ 
(MRI) ĂÚÂóäË¬èãèóÈĀÝÚÂóäÊóãäòÈëö ÅČóÚèÔÜäõâóÔ
äòÈëöĀæñÿßõćâÅèóâĀâ¬ÚãČóĂÚÂóäÊóãäòÈëöăÜãòÈÛäõÿèÔØöć
âöÂ­îÚâñÿäĆÈ (gross tumor) ĀæñÛäõÿèÔØöćâöÅèóâÿëöćãÈ
Ö¬îÂóäæùÂæóâÃîÈâñÿäĆÈ (subclinical disease)  áóß×¬óã
ØóÈäòÈëöÿìæ¬óÚöĈĂì­Ã­îâúæØóÈÂóãèõáóÅ (anatomical-
based imaging) Ì÷ćÈÛóÈÅäòĈÈäòÈëöĀßØã°ăâ¬îóÉÉñ
ÖòÕëõÚĂÉăÕ­îã¬óÈĀâ¬ÚãČóè¬ó äîãāäÅ (lesion) ØöćÿìĆÚÚòĈÚ
ÿÜ»ÚâñÿäĆÈìäøîăâ¬ ÿßäóñâöÅèóâăèĀæñÅèóâÉČóÿßóñÖćČó 

 
PET (Positron Emission Tomography) ÿÜ»Ú

ÅèóâÂ­óèìÚ­óØóÈÿèËéóëÖä°ÚõèÿÅæöãä° Ì÷ćÈĂì­Ã­îâúæØóÈ
Ëöèáóß (biological-based imaging) āÕãÊöÕëóäÿáëòË
äòÈëöĂì­Ýú­Ü§èã ëóäÿáëòËäòÈëöØöćÚõãâĂË­Åøî FDG 
(Fluorodeoxyglucose) Ì÷ćÈÿÜ»ÚîÚùßòÚÙ°ìÚ÷ćÈÃîÈ 
glucose  ÿÌææ°âñÿäĆÈ ÉñâöÂóäĂË­ÂæúāÅëëúÈÂè¬ó ØČóĂì­
ÿìĆÚÛäõÿèÔØöćâöÿÌææ°âñÿäĆÈËòÕÿÉÚÃ÷ĈÚ(2-6)  ÚîÂÉóÂÚöĈãòÈâö
ÂóäßòÓÚóëóäÿáëòËäòÈëöîøćÚÿßøćîÛîÂÃîÛÿÃÖÃîÈ
Â­îÚâñÿäĆÈÛäõÿèÔØöćÃóÕîîÂÌõÿÉÚ (tumor hypoxia)(7) 
ÿßøćîË¬èãĂì­ĀßØã°äòÈëöäòÂêóèóÈĀÝÚÂóäÊóãäòÈëöăÕ­ÕöÃ÷ĈÚ  

Magnetic Resonance Spectroscopy/ Imaging 
(MRSI) ÿÜ»Úáóß×¬óãÅæøćÚĀâ¬ÿìæĆÂÌ÷ćÈëóâóä×ÛîÂ
Ã­îâúæËöèáóßÃîÈÿÌææ°âñÿäĆÈ ÿË¬Ú îòÖäóë¬èÚ Choline 
Ö¬î Citrate Ì÷ćÈÉñëúÈÃ÷ĈÚĂÚÿÌææ° âñÿäĆÈÖ¬îâæúÂìâóÂ(8-9) 
ÿÜ»ÚÖ­Ú 
 Āâ­è¬óÉñâöáóß×¬óãØóÈäòÈëöìæóÂìæóãÖóâØöć
ăÕ­Âæ¬óèÃ­óÈÖ­Ú ÂóäÊóãäòÈëö 3 âõÖõãòÈâöÃ­îÉČóÂòÕÛóÈ
ÜäñÂóä ÿË¬Ú Ö­îÈîóéòãÜäñëÛÂóäÔ°ÃîÈÝú­èóÈĀÝÚĂÚ
ÂóäèóÈØõéØóÈæČóäòÈëöÌ÷ćÈÖ­îÈîóéòãÿèæóĀæñÅèóâ
ËČóÚóÎĂÚÂóäÿÜæöćãÚØõéØóÈæČóäòÈëö (beam 
configuration) ÂóäÿÜæöćãÚÜäõâóÔäòÈëö (beam dose) Âóä
ĂË­æõćâÜäòÛÅèóâÿÃ­âäòÈëö (wedge) ÿßøćîĂì­ÂóäÂäñÉóã
ÜäõâóÔäòÈëö (dose distribution) ÿÜ»ÚĀÛÛØöćÖ­îÈÂóä Ì÷ćÈ
ìóÂÜäñÿâõÚĀæ­èăâ¬ÿìâóñëâÉñÖ­îÈâöÂæòÛăÜèóÈĀÝÚ
ÌĈČóĀæñÜäñÿâõÚÌĈČó ( trial and error ) ÉÚÂè¬óÉñăÕ­Âóä
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ÂäñÉóãäòÈëö Ì÷ćÈÿÜ»ÚØöćÚ¬óßîĂÉ ÿäöãÂÂóäèóÈĀÝÚ
ÕòÈÂæ¬óèè¬óÂóäèóÈĀÝÚÂóäÊóãäòÈëöĀÛÛăÜÃ­óÈìÚ­ó 
(forward planning) Ì÷ćÈÿÜ»ÚèõÙöØöćÿëöãÿèæóĂÚÂóäèóÈĀÝÚ
Å¬îÚÃ­óÈâóÂ ÚîÂÉóÂÚöĈãòÈăâ¬ëóâóä×ÂČóìÚÕÜäõâóÔ
äòÈëöÛäõÿèÔÂ­îÚâñÿäĆÈÛóÈÖČóĀìÚ¬ÈÿßøćîÿæöćãÈ
áóèñĀØäÂÌ­îÚÖ¬îîèòãèñÜÂÖõ ăÕ­ĀÂ¬ Â­îÚâñÿäĆÈØöćâö
æòÂêÔñÿÜ»ÚäúÜÿÂøîÂâ­óæ­îâäîÛîèòãèñëČóÅòÎ ÿË¬Ú 
âñÿäĆÈāßäÈìæòÈÉâúÂÌ÷ćÈîãú¬ĂÂæ­ÿÅöãÈÂòÛ Ö¬îâÚĈČóæóã 
ÿë­ÚÜäñëóØÖóĀæñÿë­ÚÜäñëóØăÃëòÚìæòÈÿÜ»ÚÖ­Ú  
Â­îÚâñÿäĆÈØöćîãú¬ËõÕÂòÛîèòãèñëČóÅòÎ ìäøîÝú­Ü§èãØöćÿÅã
ăÕ­äòÛäòÈëöäòÂêóâóĀæ­èĀÖ¬âöÅèóâÉČóÿÜ»ÚÖ­îÈÊóãäòÈëöÌĈČó
ĂÚÖČóĀìÚ¬ÈÿÕõâÌ÷ćÈîóÉØČóĂì­îèòãèñÃ­óÈÿÅöãÈÿÂõÕ
áóèñĀØäÂÌ­îÚÉóÂÂóäÊóãäòÈëö  
 ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âÿäõćâÿÃ­óâóâö
ÛØÛóØîã¬óÈËòÕÿÉÚĂÚØéèääêØöć 1990 ÿâøćîÿØÅāÚāæãö
ÅîâßõèÿÖîä°ĀæñÿÅäøîÃ¬óãâöÅèóâÿäĆèëúÈÃ÷ĈÚĀæñÿËøćî×øî
ăÕ­âóÂÃ÷ĈÚ É÷ÈâöÂóäßòÓÚóÂóäÊóãäòÈëöëóââõÖõĀÛÛÜäòÛ
ÅèóâÿÃ­â (IMRT) Âæ¬óèÅøî ĂË­ÜäõâóÔäòÈëöØöćâöÅèóâÿÃ­â
Ö¬óÈ ą ÂòÚ (intensity-modulated beam) ĂÚĀÖ¬æñæČóäòÈëö 
(beam angle) āÕãĂË­æČóäòÈëöÉóÂìæóãØõéØóÈäèâÉùÕ
éúÚã°ÂæóÈ ÿßøćîĂì­ăÕ­ÂóäÂäñÉóãäòÈëöØöćÖ­îÈÂóä ØòĈÈÚöĈ
āÕãîóéòãÂóäÅČóÚèÔÅèóâÿÃ­âäòÈëöāÕãÅîâßõèÿÖîä°
ÿäöãÂè¬óÂóäèóÈĀÝÚã­îÚÂæòÛ (inverse planning ìäøî 
computer optimization) ÿßøćîĂì­ăÕ­ÂóäÂäñÉóãÜäõâóÔ
äòÈëöÖóâØöćĀßØã°Ö­îÈÂóä  Ã­îâúæÉóÂĀÝÚÂóäÊóãäòÈëö
ëóâóä×ë¬ÈÖäÈÝ¬óÚäñÛÛÿÅäøîÃ¬óãăÜãòÈÿÅäøćîÈÊóãäòÈëö 
Āæñëóâóä×ÅèÛÅùâÂóäÜ¢ÕÿÜ¢ÕÃîÈèòÖ×ùÂČóÛòÈäòÈëö        
( multileaf collimator, MLC  äúÜØöć 1) Ì÷ćÈîãú¬ÛäõÿèÔìòè
ÊóãäòÈëöăÕ­āÕãîòÖāÚâòÖõ ÿßøćîĂì­ăÕ­æČóäòÈëöØöćâöÅèóâÿÃ­â
ÿË¬ÚÿÕöãèÂòÛØöćÅČóÚèÔăÕ­   
 

äúÜØöć  1 ĀëÕÈ áóßÃîÈèòÖ×ùÂČóÛòÈäòÈëö (multileaf 
collimator, MLC) ëóâóä×ÜäòÛäúÜä¬óÈăÕ­ÖóâË¬îÈÿÜ¢Õ
æČóäòÈëö (beam aperture) ØöćÖ­îÈÂóä 

 
 
ÂóäÊóãäòÈëöÜäòÛÅèóâÿÃ­âÿäõćâÿÜ»ÚØöćÚõãâ

ÖòĈÈĀÖ¬ÛäõêòØ NOMOS ÝæõÖìòèÊóãäòÈëöÜäòÛÅèóâÿÃ­â
ĀæñÌîàĀèä°ĂÚÂóäÅČóÚèÔã­îÚÂæòÛÌ÷ćÈÿäöãÂè¬ó 
MIMiC fan beam delivery device  Āæñ Peacock IMRT 
planning system ÿâøćîÖ­ÚØéèääêØöć 1990 Ö¬îâóĂÚÂæóÈ
ØéèääêØöć 1990 É÷ÈÿäõćââöÂóäßòÓÚóÂóäÊóãäòÈëöĀÛÛ
ÜäòÛÅèóâÿÃ­âāÕãĂË­ MLC ÿäöãÂè¬ó cone beam MLC-
based IMRT Āæñæ¬óëùÕĂÚÜ£ 2007 ăÕ­âöÚèòÖÂääâÃîÈ
ÿÅäøćîÈÊóãäòÈëöĀÛÛĂìâ¬îöÂÅäòĈÈ Ì÷ćÈăÕ­âöÂóäÜäòÛÜäùÈ
ëâää×ÚñĂì­ÿÅäøćîÈÊóãäòÈëöäù¬ÚĂìâ¬ ÿËøćîâÖ¬îÂòÛ
ÅîâßõèÿÖîä°ăÕ­îã¬óÈëâÛúäÔ°âóÂãõćÈÃ÷ĈÚØČóĂì­äñÛÛ
ëóâóä×ÅèÛÅùâÅèóâÿäĆèĂÚÂóäìâùÚÃîÈÿÅäøćîÈ ĂÚ
ÃÔñÿÕöãèÂòÚÂĆëóâóä×Üæ¬îãäòÈëöÅèóâÿÃ­âĀæñäúÜä¬óÈ
Ö¬óÈą îîÂâóÖæîÕÿèæóĂÚÃÔñØöćÿÅäøćîÈìâùÚäîÛÖòè
Ýú­Ü§èãÕ­èãÿäöãÂè¬ó ´ ÂóäÊóãäòÈëöìâùÚäîÛÖòèĀÛÛÜäòÛ
ÅèóâÿÃ­â µ ( Volumetric Modulated Arc Therapy : 
VMAT ) 
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ËÚõÕÃîÈÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â  
ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âëóâóä×ĀÛ¬ÈăÕ­ÿÜ»Ú
ËÚõÕÖ¬óÈ ą ÕòÈÚöĈ 
1. ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âĀÛÛăâ¬ìâùÚØõéØóÈ
æČóäòÈëöĂÚÃÔñÊóãäòÈëö (fixed gantry IMRT) 

ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âËÚõÕÚöĈ ÉñÖ­îÈ
ÂČóìÚÕÉČóÚèÚĀæñØõéØóÈæČóäòÈëöÂ¬îÚ Āæ­èÉ÷ÈĂì­
ÅîâßõèÿÖîä°ÅČóÚèÔÅèóâÿÃ­âÃîÈæČóäòÈëöĂÚĀÖ¬æñ
ØõéØóÈ āÕãÂóäÜäòÛÅèóâÿÃ­âÃîÈæČóäòÈëöîóéòãÂóäĂË­ 
MLC ìäøîÂóäĂË­èòÖ×ùÕúÕÌòÛäòÈëö (tissue compensator) 
Ì÷ćÈëóâóä×ĀÛ¬ÈÿÜ»Ú 
Á Dynamic MLC (DMLC) ìâóã×÷È ÂóäÊóãäòÈëö
ÜäòÛÅèóâÿÃ­âāÕãîóéòãÂóäÿÅæøćîÚÖòèÃîÈ MLC
ĂÚÃÔñØöćÊóãäòÈëö (beam on) Ì÷ćÈØČóĂì­æČóäòÈëöâö
ÅèóâÿÃ­âĂÚĀÖ¬æñßøĈÚØöćĀÖÂÖ¬óÈÂòÚÖóâÅèóâÿäĆè
ÃîÈÂóäÿÅæøćîÚÖòèÃîÈ MLC Ì÷ćÈÅèÛÅùâÕ­èãÿÅäøćîÈ
ÅîâßõèÿÖîä° Ã­îÕöÅøîĂì­ÅèóâæñÿîöãÕÃîÈÅèóâ
ÿÃ­âÃîÈæČóäòÈëö (spatial resolution) âóÂ ÂóäÊóã
äòÈëöèõÙöÚöĈÿÜ»ÚèõÙöØöćĀßä¬ìæóãØöćëùÕĂÚÜäñÿØéăØã 

Á  Static MLC (SMLC) ìäøî ́ Step · and · Shootµ 
ìâóã×÷È ÂóäÊóãäòÈëöÜäòÛÅèóâÿÃ­âāÕãîóéòãÂóä
ÿÜæöćãÚäúÜä¬óÈÃîÈäúÿÜ¢ÕæČóäòÈëö (ÿäöãÂ è¬ó subfield)
āÕãĂË­  MLC   ÂóäÿÅæøćîÚÖòèÃîÈ MLC  ÉñÿÂõÕÃ÷ĈÚ
ĂÚÃÔñØöćăâ¬ăÕ­ÊóãäòÈëö (beam off) ÿØ¬óÚòĈÚ ÚòćÚÅøî 
beam on ĂÚĀÖ¬æñ subfield Āæ­è beam off ÿßøćîÜäòÛ
äúÜä¬óÈÃîÈ subfield Āæ­èÉ÷È beam on îöÂÅäòĈÈìÚ÷ćÈ 
ÉÚÂäñØòćÈÊóãäòÈëöÅäÛØùÂ subfield ÂóäÊóãäòÈëöèõÙö
ÚöĈÉñĂË­ÿèæóĂÚÂóäÊóãäòÈëöÖ¬îÅäòĈÈâóÂÂè¬óÂóäÊóã
äòÈëöĀÛÛ dynamic MLC ĀæñĂì­ÅèóâæñÿîöãÕÃîÈ
ÅèóâÿÃ­âäòÈëö (intensity fluence) Ú­îãÂè¬óĀÛÛ 
dynamic MLC 

Á Compensator-based IMRT ìâóã×÷È ÂóäÊóãäòÈëö
ÜäòÛÅèóâÿÃ­âāÕãîóéòãÅèóâĀÖÂÖ¬óÈÃîÈÅèóâ
ìÚóÃîÈèòÖ×ùÕúÕÌòÛäòÈëö (tissue compensator) ÿË¬Ú
ÛäõÿèÔØöćÖ­îÈÂóäĂì­ÜäõâóÔäòÈëöâöÅèóâÿÃ­âÚ­îã 
èòÖ×ùÕúÕÌòÛäòÈëöÛäõÿèÔÚòĈÚÉñìÚó ĂÚØóÈÖäÈÂòÚ
Ã­óâìóÂÖ­îÈÂóäÜäõâóÔäòÈëöâöÅèóâÿÃ­âÚ­îã Åèóâ
ìÚóÃîÈèòÖ×ùÕúÕÌòÛäòÈëöĂÚÛäõÿèÔÕòÈÂæ¬óèÉñÛóÈ   
Âóäëä­óÈĂì­èòÖ×ùÕúÕÌòÛäòÈëöâöÅèóâìÚóÛóÈÖ¬óÈÂòÚ
ăÜîóéòãÂóäÅČóÚèÔÕ­èãÿÅäøćîÈÅîâßõèÿÖîä° Āæñâö
ÿÅäøćîÈëä­óÈèòÖ×ùÕúÕÌòÛäòÈëöĂì­ìÚóÛóÈÖóâÖ­îÈÂóä 
èõÙöÚöĈÖ­îÈîóéòãîùÜÂäÔ°Å¬îÚÃ­óÈâóÂĀæñÖ­îÈØČó
èòÖ×ùÕúÕÌòÛäòÈëöĂÚĀÖ¬æñæČóäòÈëöÃîÈÝú­Ü§èãĀÖ¬æñÅÚ 
ØČóĂì­èõÙöÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âËÚõÕÚöĈăâ¬
ÿÜ»ÚØöćÚõãâ 

2. ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âāÕãìâùÚØõéØóÈæČó
äòÈëö (Arc-based IMRT) 
 ÂóäìâùÚØõéØóÈæČóäòÈëöÿÜ»ÚäúÜāÅ­ÈäîÛÖòè
Ýú­Ü§èãË¬èãĂì­ëóâóä×æÕÜäõâóÔäòÈëö Ô.ÉùÕĂÕÉùÕìÚ÷ćÈ 
āÕãâöìæòÂÂóäÅøîâöÂóäÿÜæöćãÚäúÜä¬óÈÃîÈæČóäòÈëö (field 
aperture)ĂÚĀÖ¬æñîÈéóÃîÈÂóäìâùÚØõéØóÈæČóäòÈëö ØČó
Ăì­ÂóäÂäñÉóãÜäõâóÔäòÈëöÕöÂè¬óÂóäÊóãäòÈëöĀÛÛ fixed 
gantry IMRT (10) ĀÖ¬âöÃ­îÿëöãÅøîÜäõâóÖäÃîÈÿÚøĈîÿãøćî
ÜÂÖõØöćăÕ­äòÛÜäõâóÔäòÈëöÜäõâóÔÖćČóÉñâóÂÃ÷ĈÚ (low 
radiation dose to high volume) 
Á MIMic-based IMRT ăÕ­äòÛÂóäßòÓÚóāÕãÛäõêòØ 

NOMOS ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âËÚõÕÚöĈ 
îóéòã binary multileaf  intensity-modulating 
collimator (MIMic) ÕòÈäúÜØöć 2  Ì÷ćÈÜäñÂîÛÕ­èã 
MIMic ÉČóÚèÚ 2 Ā×è  Ā×èæñ 40 leave āÕãîóéòã
ÂóäìâùÚÃîÈÿÅäøćîÈÊóãäòÈëöäîÛÖòèÝú­Ü§èã ĀæñÂóä
ÿÜ¢ÕÜ¢ÕÃîÈ MIMic ĂÚÂóäÂČóìÚÕÅèóâÿÃ­âÃîÈæČó
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äòÈëö Ì÷ćÈÿÜ»ÚæČóäòÈëöäúÜßòÕ (fan beam) Ã­îÕöÃîÈ 
MIMic-based IMRT Åøîëóâóä×ÖõÕÖòĈÈ MIMic 
Ăì­ÂòÛÿÅäøćîÈÊóãäòÈëöØöćâöîãú¬Āæ­è ØČóĂì­ÜäñìãòÕ
ÈÛÜäñâóÔāÕãăâ¬Ö­îÈÌøĈîÿÅäøćîÈÊóãäòÈëöËÚõÕØöćâö 
MLC  Ü¹ÉÉùÛòÚÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âèõÙöÚöĈ
ÿæõÂĂË­Āæ­è 
 

äúÜØöć 2 ĀëÕÈ binary multileaf  intensity-modulating 
collimator (MIMic) Ì÷ćÈÖõÕîãú¬ÂòÛìòèÿÅäøćîÈÊóãäòÈëö äúÜ
ÿæĆÂĀëÕÈ MIMic ĂÚäñãñĂÂæ­ ÿìĆÚăÕ­è¬óÜäñÂîÛÕ­èã
Ā×èÃîÈèòÖ×ùÂČóÛòÈäòÈëö 2 Ā×è 
 

 
 

Á Helical tomotherapy ÿÜ»ÚÿÅäøćîÈæúÂÝëâäñìè¬óÈ
ÿÅäøćîÈ CT scan ĀæñÿÅäøćîÈÿä¬ÈîÚùáóÅ āÕãĂì­æČó
äòÈëöäúÜßòÕ (Fan beam) ìâùÚäîÛÖòèÝú­Ü§èã ĂÚÃÔñ
ØöćÅ¬îã ą ÿæøćîÚÿÖöãÈÝ¬óÚæČóäòÈëö ĀæñîóéòãÂóäÿÜ¢Õ-
Ü¢ÕÃîÈ MLC (1 Ā×è āÕãâö 64 leave) ÿË¬ÚÿÕöãèÂòÛ 
MIMic based MLC   ÅèóâëòâßòÚÙ°äñìè¬óÈÂóä
ÿÜ¢ÕÜ¢ÕÃîÈ MLC ĀæñÂóäÿæøćîÚÿÖöãÈÿÜäöãÛÿìâøîÚ
ÂóäÿîĆÂÌÿäã°ÅîâßõèÿÖîä°ĀÛÛ helical CT  

Á Intensity-modulated arc therapy (IMAT) ìäøî 
volumetric-modulated arc therapy (VMAT)  

ìâóã×÷È âöÂóäÿÅæøćîÚØöćÃîÈ MLC ĀæñĀÂÚìâùÚ
ÃîÈÿÅäøćîÈÊóãäòÈëö (gantry) ĂÚÃÔñØöć beam on  
Ì÷ćÈĂÚâöß.é. 2553 âöÂóäÖõÕÖòĈÈĀæ­èØöćäß.
ÉùíóæÈÂäÔ° Ì÷ćÈÿÜ»ÚÿÅäøćîÈĀäÂĂÚÜäñÿØéăØã Ã­îÕö
ÃîÈÂóäÊóãäòÈëöèõÙöÚöĈÅøîëóâóä×æÕäñãñÿèæóÂóä
ÚîÚÛÚÿÖöãÈÊóãäòÈëöÿìæøîÿßöãÈ 5-8 ÚóØö Ì÷ćÈÜäñ
ìèòãÕÿèæóÃ÷ĈÚîã¬óÈâóÂ ÿâøćîÿØöãÛÂòÛÂóäÊóãäòÈëö
ĀÛÛÜäòÛÅèóâÿÃ­â dynamic MLC ÿËøćîè¬óĂÚ
îÚóÅÖèõÙöÂóäÊóãäòÈëöĀÛÛ VMAT ÉñÿÜ»ÚØöćÚõãâ
ØöćëùÕ 

 
ÃòĈÚÖîÚĂÚÂóäÊóãäòÈëö 3 âõÖõĀÛÛÜäòÛÅèóâÿÃ­â 
( ĀÝÚáúâõØöć  1) 
 ÃòĈÚÖîÚĂÚÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â
ÿäõćâÖòĈÈĀÖ¬ĀßØã°äòÈëöäòÂêóßÛÝú­Ü§èãÅäòĈÈĀäÂ āÕã
ØÛØèÚÜäñèòÖõÃîÈÝú­Ü§èã áóß×¬óãØóÈäòÈëö ÜäñèòÖõØóÈ
ÂóäĀßØã°ĂÚîÕöÖ ăÕ­ĀÂ¬ ÜäñèòÖõÂóäÝ¬óÖòÕ ÂóäÊóãäòÈëö 
ÝæØóÈßãóÙõëáóß ĀæñÅèóâÉČóÿÜ»ÚĂÚÂóäÊóãäòÈëö
ĀÛÛÜäòÛÅèóâÿÃ­â 

Ýú­Ü§èãØöćîãú¬ĂÚÿÂÔÒ°ÂóäÊóãäòÈëöĀÛÛÜäòÛ
ÅèóâÿÃ­âăÕ­ĀÂ¬ Ýú­Ü§èãØöćâöÂ­îÚâñÿäĆÈîãú¬ĂÂæ­ÂòÛîèòãèñ
ëČóÅòÎÌ÷ćÈØÚÖ¬îäòÈëöÜäõâóÔëúÈăÕ­ăâ¬Õö Ýú­Ü§èãÉñÖ­îÈ
ëóâóä×ÚîÚÚõćÈą ăÕ­ÚóÚÿßäóñÂóäÊóãäòÈëöĀÛÛÜäòÛ
ÅèóâÿÃ­âĂÚĀÖ¬æñÅäòĈÈÖ­îÈĂË­ÿèæó Ýú­Ü§èãÖ­îÈăâ¬îãú¬ĂÚ
áóèñÊùÂÿÊõÚØöćÉČóÿÜ»ÚÖ­îÈăÕ­äòÛÂóäÊóãäòÈëöØòÚØöÿßäóñ
ÂóäèóÈĀÝÚÂóäÊóãäòÈëöĂË­ÿèæóÚóÚÂè¬óÂóäÊóãäòÈëö
ĀÛÛÜÂÖõ 

ìæòÈÉóÂĀßØã°ĀæñÝú­Ü§èãÖòÕëõÚĂÉä¬èâÂòÚØöć
ÉñĂË­ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âĂÚÂóääòÂêóâñÿäĆÈ
Āæ­è ÃòĈÚÖîÚÖ¬îăÜÅøîÂóä×¬óãáóßÿîĆÂÌÿäã°
ÅîâßõèÿÖîä° Ì÷ćÈÜ¹ÉÉùÛòÚÿÅäøćîÈÿîĆÂÌÿäã°ÅîâßõèÿÖîä°Øöć
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ĂË­ØóÈäòÈëöäòÂêóÉñâöÅùÔëâÛòÖõßõÿéêÅøî ÿÖöãÈØöćĂì­Ýú­Ü§èã
ÚîÚĀÛÚäóÛ (flat tabletop) ÿßøćîĂì­Ýú­Ü§èãÚîÚĂÚØ¬ó
ÿÕöãèÂòÛØöćÊóãäòÈëö  ÿë­ÚÝ¬óÚéúÚã°ÂæóÈÃîÈäúÿÜ¢ÕØöćĂË­ĂÚ
Âóä×¬óãáóß ( CT bore opening) âöÃÚóÕĂìÎ¬Ã÷ĈÚ 
ÿÚøćîÈÉóÂâöÂóäĂË­èòëÕùË¬èãĂÚÂóäÉòÕØ¬óÝú­Ü§èãĂì­îãú¬ÚõćÈ 
(immobilization device) Āæñì­îÈÊóãäòÈëöâöäñÛÛ
ÿæÿÌîä°Ë¬èãĂÚÂóäÂČóìÚÕÉùÕéúÚã°ÂæóÈæČóäòÈëö äèâ×÷Èâö
ÌîàĀèä°ĂÚÂóäÉČóæîÈÂóäèóÈæČóäòÈëö äèâÿäöãÂÃòĈÚÖîÚ
ÚöĈè¬ó CT simulation 
 
ĀÝÚáúâõØöć 1 ĀëÕÈÂäñÛèÚÂóäèóÈĀÝÚÂóäÊóãäòÈëö
Õ­èãÂóäÊóãäòÈëö 3 âõÖõ 
 

 
 

ÿâøćîăÕ­áóßÿîĆÂÌÿäã°ÅîâßõèÿÖîä°Āæ­è É÷ÈÚČó
áóßÿîĆÂÌÿäã°ÅîâßõèÿÖîä°âóëä­óÈáóß 3 âõÖõ ĀßØã°äòÈëö
äòÂêóâöìÚ­óØöćÂČóìÚÕÃîÛÿÃÖÃîÈÂ­îÚâñÿäĆÈāÕãîóéòã
Ã­îâúæØóÈÅæõÚõÂÃîÈÝú­Ü§èãâóË¬èãßõÉóäÔó ØòĈÈÚöĈîóÉĂË­
áóß×¬óãØóÈäòÈëöËÚõÕîøćÚÿË¬Ú MRI, PET âóÜäñÂîÛĂÚ
ÂóäÖòÕëõÚĂÉ ÚîÂÉóÂÚöĈÿØÅāÚāæãöĂÚÂóäÝëâáóß 
(image fusion) ĂÚÅîâßõèÿÖîä°Ë¬èãĂì­ĀßØã°ÖòÕëõÚĂÉ
ăÕ­ÕöÃ÷ĈÚè¬óÛäõÿèÔĂÕâöÅèóâÿëöćãÈÖ¬îÂóäæùÂæóâÃîÈāäÅ
âóÂìäøîÚ­îã  

ÂóäÂČóìÚÕÃîÛÿÃÖÃîÈÂ­îÚâñÿäĆÈÖóâÅČó
ÉČóÂòÕÅèóâÃîÈ ICRU äóãÈóÚØöć 50 Āæñ 62 (äúÜØöć 3) (11-

12) ĀÛ¬ÈÂóäÂČóìÚÕÃîÛÿÃÖÃîÈÂ­îÚâñÿäĆÈÿÜ»Ú  
Á Gross tumor volume (GTV) ÅøîÂ­îÚâñÿäĆÈÌ÷ćÈ
ÂČóìÚÕăÕ­ÉóÂÂóäÖäèÉä¬óÈÂóãĀæñÿìĆÚÉóÂ
áóß×¬óãØóÈäòÈëö Ì÷ćÈăÕ­ĀÂ¬Â­îÚâñÿäĆÈÜÑâáúâõ Āæñ
Ö¬îâÚĈČóÿìæøîÈØöćßÛÂóäæùÂæóâÉóÂâñÿäĆÈ ÖæîÕÉÚ
îèòãèñîøćÚØöćâöÂóäæùÂæóâØöćÖäèÉßÛăÕ­ 

Á Clinical target volume (CTV) Åøî GTV äèâ×÷È
ÃîÛÿÃÖÃ­óÈÿÅöãÈØöćëÈëòãè¬óÉñâöÂóäæùÂæóâĀÖ¬îóÉ
ăâ¬ëóâóä×âîÈÿìĆÚăÕ­ÉóÂáóß×¬óãØóÈäòÈëö Ì÷ćÈ
ĀßØã°äòÈëöäòÂêóÉñÖ­îÈÿÃ­óĂÉÙääâËóÖõÃîÈāäÅ 
ĀæñîùÛòÖõÂóäÔ°ØöćÉñâöÂóäæùÂæóâăÜãòÈÖ¬îâ
ÚĈČóÿìæøîÈÃ­óÈÿÅöãÈ  Ýú­Ü§èãØöćăÕ­äòÛÂóäÝ¬óÖòÕ
Â­îÚâñÿäĆÈăÜĀæ­èÛäõÿèÔØöćăÕ­äòÛÂóäÝ¬óÖòÕ (tumor 
bed) ÉòÕÿÜ»Ú CTV ĀßØã°äòÈëöäòÂêóÉñÖ­îÈÚČóÃ­îâúæ
ÉóÂáóß×¬óãäòÈëöÂ¬îÚÝ¬óÖòÕ äóãÈóÚÂóäÝ¬óÖòÕ Āæñ
äóãÈóÚØóÈßãóÙõèõØãóâóË¬èãĂÚÂóäÂČóìÚÕ
ÃîÛÿÃÖÃîÈ CTV 

Á Planning target volume (PTV) ÅøîÃîÛÿÃÖØöćÂè­óÈ
îîÂăÜÃîÈ GTV Āæñ/ìäøî CTV ÿßøćîËÕÿËãÖ¬î
ÂóäÿÜæöćãÚÖČóĀìÚ¬ÈÃîÈÂ­îÚâñÿäĆÈÌ÷ćÈÿÂõÕÉóÂÂóä
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ÿÜæöćãÚĀÜæÈØóÈëäöäèõØãóÃîÈÝú­Ü§èã (internal 
margin) ÿäöãÂÃîÛÿÃÖÚöĈè¬ó Internal target volume 
(ITV) Ì÷ćÈăÕ­ĀÂ¬ÂóäÿÜæöćãÚĀÜæÈÖČóĀìÚ¬ÈØöćÿÂõÕÉóÂ
ÂóäìóãĂÉ ÂóäÿÖ­ÚÃîÈìòèĂÉ ÂóäÿÜæöćãÚĀÜæÈ
ÜäõâóÖäÃîÈÂäñÿßóñÜ¹ëëóèñ æČóăë­ĂìÎ¬Āæñ
æČóăë­ÿæĆÂ ÂóäÂæøÚÚĈČóæóã ÿÜ»ÚÖ­Ú ÚîÂÉóÂÚöĈ PTV 
ãòÈËÕÿËãÅèóâÝõÕßæóÕØöćÿÂõÕÉóÂÂóäÉòÕÝú­Ü§èãÊóã
äòÈëöĂÚĀÖ¬æñèòÚ (setup margin) Õ­èã 
 

äúÜØöć 3 ĀëÕÈáóßÜäñÂîÛÅèóâìâóãÃîÈÂóäÂČóìÚÕ
ÃîÛÿÃÖÃîÈÂ­îÚâñÿäĆÈÖóâÅČóÉČóÂòÕÅèóâÃîÈ ICRU 
äóãÈóÚØöć 50 Āæñ 62 

 
 

 
Á Planning organ at risk volume (PRV) ÅøîÂóäÿßõćâ
ÃîÛÿÃÖĂì­ÂòÛîèòãèñÜÂÖõÃ­óÈÿÅöãÈ (organ at risk, 
OAR) ÿßøćîËÕÿËã internal margin Āæñ setup 
margin ÿË¬ÚÿÕöãèÂòÛ PTV  Öòèîã¬óÈÿË¬Úÿßõćâ
ÃîÛÿÃÖĂì­ÂòÛÿë­ÚÜäñëóØăÃëòÚìæòÈÿßøćîËÕÿËã 
setup margin ìäøîÂóäÿßõćâÃîÛÿÃÖĂì­ÂòÛăÖ ÿßøćî
ËÕÿËãÂóäÿÅæøćîÚØöćÖóâÂóäìóãĂÉÿÜ»ÚÖ­Ú ÛóÈÅäòĈÈ
ÃîÛÿÃÖÃîÈ PRV îóÉÉñÌĈČóÂòÛÃîÛÿÃÖÃîÈ PTV 
Ì÷ćÈĀßØã°äòÈëöäòÂêóÉñÖ­îÈÿÜ»ÚÝú­ÖòÕëõÚĂÉè¬óÉñĂì­
ÅèóâëČóÅòÎÂòÛÂ­îÚâñÿäĆÈìäøîîèòãèñÜÂÖõĂÚ

Ýú­Ü§èãĀÖ¬æñäóã ÿßøćîĂì­îòÖäóÂóäÅèÛÅùâāäÅëúÈëùÕ 
ĀæñîòÖäóÂóäÿÂõÕáóèñĀØäÂÌ­îÚÖ¬îîèòãèñÜÂÖõ
ÖćČóëùÕ 
ÂóäÂČóìÚÕÜäõâóÔäòÈëöÖ¬îÂ­îÚâñÿäĆÈĀæñ

îèòãèñÜÂÖõÖóâÃîÛÿÃÖØöćÂČóìÚÕăÜÃ­óÈÖ­ÚÿÜ»ÚìòèĂÉ
ëČóÅòÎĂÚÂóääòÂêóÝú­Ü§èãÕ­èãÂóäÊóãäòÈëöĀÛÛÜäòÛ
ÅèóâÿÃ­â ĀßØã°äòÈëöäòÂêóĀæñÚòÂà¢ëõÂë° ÂóäĀßØã°Éñ
ä¬èâÂòÚÂČóìÚÕÉČóÚèÚØõéØóÈÂóäÊóãäòÈëö ØõéØóÈ Āæñ
ßæòÈÈóÚÃîÈæČóäòÈëö ĂÚÂóäÊóãäòÈëö 3 âõÖõÙääâÕó 
ÚòÂà¢ëõÂë°ÂóäĀßØã°ÉñÅ¬îãąÜäòÛØõéØóÈĀæñÅČóÚèÔ
ÂóäÂäñÉóãÜäõâóÔäòÈëöÉÚāÕãÂóäØČóÌĈČóąÉÚăÕ­
ĀÝÚÂóäÊóãäòÈëöØöćÕöØöćëùÕÖóâ ÿäöãÂè¬ó forward planning 
ÕòÈØöćăÕ­Âæ¬óèĀæ­èÃ­óÈÖ­Ú 

ĂÚÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â ÃòĈÚÖîÚ
ĂÚÂóäØČó forward planning Éñ×úÂØÕĀØÚÕ­èãÿÅäøćîÈ
ÅîâßõèÿÖîä° āÕãĀßØã°äòÈëöäòÂêóÉñÿÜ»ÚÝú­ÂČóìÚÕ
ÜäõâóÔäòÈëöÖ¬îÂ­îÚâñÿäĆÈĀæñîèòãèñëČóÅòÎÿäöãÂè¬ó 
dose-volume contraint ÖóâäúÜØöć 4 ÿË¬Ú ÂČóìÚÕĂì­
Â­îÚâñÿäĆÈāßäÈìæòÈÉâúÂăÕ­ÜäõâóÔäòÈëö 70 Gy āÕãĂì­
ăÃëòÚìæòÈăÕ­äòÛÜäõâóÔäòÈëöëúÈëùÕăâ¬ÿÂõÚ 40 Gy Āæñ
Ö¬îâÚĈČóæóã parotid ăÕ­äòÛÜäõâóÔäòÈëöÿÊæöćãăâ¬ÿÂõÚ 26 
Gy ÿÜ»ÚÖ­Ú ĀæñÿäöãÈæČóÕòÛÅèóâëČóÅòÎÃîÈĀÖ¬æñ
ÃîÛÿÃÖÿßøćîĂì­ÅîâßõèÿÖîä°ÅČóÚèÔÅèóâÿÃ­âÃîÈ
ÜäõâóÔäòÈëöĂÚĀÖ¬æñæČóäòÈëöÿäöãÂè¬ó computer 
optimization ìäøî inverse planning (ĀÝÚáúâõØöć 2) 
ÿßøćîĂì­ăÕ­ÂóäÂäñÉóãÜäõâóÔäòÈëöÖóâÖ­îÈÂóä  

Ã­îâúæ dose-volume constraint ÖóâäúÜØöć 4 
ÿÜ»ÚÃ­îâúæØöćÚòÂà¢ëõÂë°ĂË­ëøćîëóäÂòÛÅîâßõèÿÖîä° ÿßøćîĂì­
ÅîâßõèÿÖîä°ÚČóÃ­îâúæÚöĈăÜÿÃ­óëâÂóäØóÈÅÔõÖéóëÖä° 
(objective function) ÿßøćîĂì­ăÕ­ÅèóâÿÃ­âÃîÈäòÈëöØöć
ÿìâóñëâ (optimal fluence) ĂÚĀÖ¬æñæČóäòÈëö  
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äúÜØöć 4 ĀëÕÈÖòèîã¬óÈÂóäÂČóìÚÕ dose volume constraint ĂÚÂóäèóÈĀÝÚÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â 
 

 
 
ĀÝÚáúâõØöć 2 ĀëÕÈÃòĈÚÖîÚĂÚÂóäØČó   
inverse planning   
 

 

 
 

 

 

äúÜØöć 5 ĀëÕÈäúÜä¬óÈÃîÈäúÿÜ¢ÕæČóäòÈëöØöć
ÿÜæöćãÚăÜ (subfield) Ì÷ćÈÿÂõÕÉóÂÂóä
ÿÅæøćîÚØöćÃîÈ MLC 



[18] 

 

ÛóÈÅäòĈÈ optimal fluence ØöćăÕ­ÉóÂÂóäÅČóÚèÔ
ĂÚÃòĈÚÖîÚ (inverse planning) ăâ¬ëóâóä×ØöćÉñÚČóâó
ÊóãäòÈëöăÕ­ÉäõÈ ÿÚøćîÈÉóÂÃ­îÉČóÂòÕÃîÈÂóäÿÅæøćîÚØöćÃîÈ 
MLC É÷ÈÖ­îÈâöÂóäØČó leaf sequencing ÿßøćîË¬èãÅČóÚèÔ
ÖČóĀìÚ¬ÈĀæñÂóäÿÅæøćîÚØöćÃîÈMLC ÿßøćîĂì­ăÕ­ßøĈÚØöćÂóä
ÊóãäòÈëö (beam segment, subfield, äúÜØöć 5) ĀæñÿèæóĂÚ
ÂóäÊóãäòÈëö (beam-on time)  ÝææòßÙ°ÉóÂÂóäÅČóÚèÔ 
leaf sequencing ÚöĈÅøîÅèóâÿÃ­âÃîÈæČóäòÈëöÉäõÈ (actual 
fluence) (äúÜØöć 6) Ì÷ćÈÉñÚČóăÜÅČóÚèÔÂóäÂäñÉóã
ÜäõâóÔäòÈëö ĀæñÂäóàĀëÕÈÅèóâëòâßòÚÙ°äñìè¬óÈ
ÜäõâóÔäòÈëöÖ¬îÂ­îÚâñÿäĆÈĀæñîèòãèñÜÂÖõ (dose 
volume histogram, DVH, äúÜØöć 7)   

ĀßØã°äòÈëöäòÂêóÿÜ»ÚÝú­ÜäñÿâõÚÂóäÂäñÉóã
ÜäõâóÔäòÈëöÖ¬îÂ­îÚâñÿäĆÈĀæñîèòãèñÖ¬óÈą Ý¬óÚØóÈáóß
ÿîĆÂÌÿäã°ÅîâßõèÿÖîä°ØùÂáóß ĀæñÝ¬óÚÂäóà DVH ìóÂ
ÂóäÂäñÉóãÜäõâóÔäòÈëöăâ¬ÿìâóñëâ ÉñÖ­îÈßõÉóäÔóìó
ØõéØóÈÂóäÊóãäòÈëöĂìâ¬ ìäøîÂČóìÚÕ dose volume 
constraint Ăìâ¬ÿßøćîĂì­ÿÅäøćîÈÅîâßõèÿÖîä°ØČóÂóäÂČóìÚÕ
ÅèóâÿÃ­âæČóäòÈëöîöÂÅäòĈÈÉÚÂè¬óÉñăÕ­ĀÝÚÂóääòÂêóØöćÚ¬ó
ßîĂÉ  

 
äúÜØöć 6 ĀëÕÈÅèóâÿÃ­âÃîÈæČóäòÈëö (actual fluenze) āÕã
ÛäõÿèÔØöćâöÅèóâÿÃ­âÃîÈæČóäòÈëöâóÂÉñâöëöÃóè 

 

ÿâøćîăÕ­ĀÝÚÂóääòÂêóØöćßîĂÉĀæ­è 
ÚòÂà¢ëõÂë°ÂóäĀßØã°ÉñÚČóĀÝÚÂóäÊóãäòÈëöÚòĈÚăÜÊóã
ÉäõÈĂÚìù¬ÚØÕæîÈ (phantom) Āæ­èèòÕÜäõâóÔäòÈëöÝ¬óÚ
à¢æ°â Āæñìòèî¬óÚäòÈëö (ionizing chamber) ÿßøćîĂì­âòćÚĂÉ
ăÕ­è¬óÂóäÂóäÅČóÚèÔÅèóâÿÃ­âÃîÈäòÈëö ĀæñÂóäÿÅæøćîÚØöć
ÃîÈ MLC āÕãÅîâßõèÿÖîä°âöÅèóâĀâ¬ÚãČóÉäõÈĀæ­èÉ÷ÈÉñ
ÊóãäòÈëöÉäõÈĂì­ÂòÛÝú­Ü§èã ÃòĈÚÖîÚÚöĈÿäöãÂè¬ó plan 
validation ìäøî patient quality assurance 
 
äúÜØöć 7 ĀëÕÈÃ­îâúæØóÈë×õÖõÃîÈÜäõâóÔäòÈëöÖ¬îîèòãèñ
Ö¬óÈą Āæñ ÂäóàĀëÕÈÅèóâëòâßòÚÙ°äñìè¬óÈÜäõâóÔ
äòÈëöÖ¬îÂ­îÚâñÿäĆÈĀæñîèòãèñÜÂÖõ (dose volume 
histogram, DVH) 
 

 
 

ÂäñÛèÚÂóäèóÈĀÝÚÂóäÊóãäòÈëöĀÛÛÜäòÛ
ÅèóâÿÃ­âÿÜ»ÚÂäñÛèÚÂóäØöćîóéòãÅèóâæñÿîöãÕî¬îÚ 
ÜäñëÛÂóäÔ° Āæñ ÿèæóĂÚÂóäØČóÅ¬îÚÃ­óÈâóÂÿâøćî
ÿÜäöãÛÿØöãÛÂòÛÂóäÊóãäòÈëö 3 âõÖõ ÕòÈÚòĈÚĀßØã°É÷ÈÖ­îÈ
ÖòÕëõÚĂÉîã¬óÈäîÛÅîÛĂÚÝú­Ü§èãĀÖ¬æñäóã ĀæñîÙõÛóã
ÝæÕöÝæÿëöãÃîÈÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âÕòÈÉñăÕ­
Âæ¬óèÖ¬îăÜ 
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ÉùÕÿÕ¬ÚÃîÈÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â 
1.ÜäõâóÔäòÈëöÂäñËòÛÂòÛÂ­îÚâñÿäĆÈ (Dose 
conformality) ÿÜ»ÚÉùÕÿÕ¬ÚÃîÈÂóäÊóãäòÈëöĀÛÛÜäòÛ
ÅèóâÿÃ­â  

ÚòćÚÅøîÂóäÂäñÉóãÃîÈÜäõâóÔäòÈëö (dose 
distribution) ăÕ­äúÜä¬óÈĀæñÜäõâóÖäĂÂæ­ÿÅöãÈÂòÛ
Â­îÚâñÿäĆÈØöćĀßØã°äòÈëöäòÂêóÂČóìÚÕăè­ ĂÚÃòĈÚÖîÚÂóä
ÂČóìÚÕÃîÛÿÃÖâñÿäĆÈ (contouring of tumor) ĂÚ
ÃÔñÿÕöãèÂòÚîèòãèñëČóÅòÎĂÂæ­ÿÅöãÈÉñăÕ­äòÛÜäõâóÔäòÈëö
æÕæÈ ÉùÕÿÕ¬ÚÃ­îÚöĈØČóĂì­ĀßØã°ëóâóä×ÿßõćâÜäõâóÔäòÈëö
Ö¬îÂ­îÚâñÿäĆÈ (dose escalation) ãòÈÝæ Ăì­îòÖäóÂóä
ÅèÛÅùâāäÅâñÿäĆÈ (local control) ÕöÃ÷ĈÚ 

ÚîÂÉóÂÚöĈÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âãòÈ
ëóâóä×Ăì­ÂóäÂäñÉóãÖòèÃîÈÜäõâóÔäòÈëöÿÜ»ÚäúÜÿÂøîÂ
â­ó (U) ăÕ­ É÷ÈâöÜäñāãËÚ°ĂÚÂóäÊóãäòÈëöÛäõÿèÔØöć
Â­îÚâñÿäĆÈæ­îâäîÛîèòãèñëČóÅòÎ ÕòÈÖòèîã¬óÈÿË¬Ú 

Â­îÚâñÿäĆÈāßäÈìæòÈÉâúÂ Ì÷ćÈāîÛäîÛăÃëòÚìæòÈ ìäøî
Â­îÚâñÿäĆÈ ÿÚøĈîÿãøćîî¬îÚ (soft tissue sarcoma) ØöćāîÛ
äîÛăÃëòÚìæòÈ ÿÜ»ÚÖ­Ú (äúÜØöć 8) 
2. ëóâóä×Ü¨îÈÂòÚîèòãèñÃ­óÈÿÅöãÈăÕ­ (Normal Organ 
Sparing)   

     ÿÚøćîÈÉóÂÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­ââö
ÉùÕÿÕ¬ÚĂÚÂóäëä­óÈÂóäÂäñÉóãÖòèÃîÈÜäõâóÔäòÈëö ÕòÈØöć
ăÕ­Âæ¬óèâóĀæ­èÃ­óÈÖ­Ú ØČóĂì­ëóâóä×Ü¨îÈÂòÚîèòãèñ
Ã­óÈÿÅöãÈ ÿË¬Ú ëóâóä×ÿßõćâÜäõâóÔäòÈëöĂÚÂóääòÂêó
âñÿäĆÈéöäêñĀæñæČóÅî āÕãæÕÜäõâóÔäòÈëöÖ¬îÖ¬îâÚĈČóæóã 
parotid Ë¬èãæÕáóèñÚĈČóæóãĀì­È (xerostomia) ĂÚÂóä
ÊóãäòÈëöäòÂêóâñÿäĆÈÖ¬îâæúÂìâóÂÕ­èãÂóäÊóãäòÈëöĀÛÛ
ÜäòÛÅèóâÿÃ­â ëóâóä×æÕÜäõâóÔäòÈëöÖ¬îÂäñÿßóñ
Ü¹ëëóèñĀæñăë­ÖäÈ Ë¬èãĂì­áóèñĀØäÂÌ­îÚÖ¬îîèòãèñ
ÕòÈÂæ¬óèæÕæÈ ÿâøćîÿÜäöãÛÿØöãÛÂòÛÂóäÊóãäòÈëöĀÛÛ 3 
âõÖõ  

 
äúÜØöć 8 ĀëÕÈÉùÕÿÕ¬ÚÃîÈÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â(IMRT) ÿâøćîÿÜäöãÛÿØöãÛÂòÛÂóäÊóãäòÈëöĀÛÛ3âõÖõ(3D) Ì÷ćÈÿìĆÚ 
ăÕ­è¬óÿë­ÚĀëÕÈÂóäÂäñÉóãäòÈëöÃîÈÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â ëóâóä×āîÛäîÛÿë­ÚÜäñëóØăÃëòÚìæòÈ ĂÚ
ÃÔñÿÕöãèÂòÚãòÈË¬èãæÕÜäõâóÔäòÈëöÖ¬îÖ¬îâÚĈČóæóã parotid Õ­óÚÖäÈÃ­óâ 
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3. ëóâóä×ÊóãäòÈëöÖČóĀìÚ¬ÈÖ¬óÈąÂòÚÕ­èãÜäõâóÔäòÈëö
Ö¬óÈąÂòÚăÕ­ (Multiple Simultaneous Treatment)  

ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âëóâóä×Êóã
äòÈëöÂ­îÚâñÿäĆÈìæóã ą ÖČóĀìÚ¬Èßä­îâÂòÚ ÿË¬Ú Âóä
äòÂêóâñÿäĆÈæùÂæóâăÜØöćëâîÈ (brain metastasis) ìäøî 
âñÿäĆÈÜîÕØöćâöÂ­îÚâñÿäĆÈâóÂÂè¬ó 1 ÖČóĀìÚ¬È (multiple 
lung cancer) Ì÷ćÈĂÚÂóäÊóãäòÈëö 3 âõÖõ ØČóăÕ­ãóÂÿßäóñ
Ö­îÈâöÉùÕéúÚã°ÂæóÈæČóäòÈëöìæóãÉùÕ (multiple isocenters) 
ØČóĂì­îèòãèñÃ­óÈÿÅöãÈăÕ­äòÛÜäõâóÔäòÈëöÌĈČóÌ­îÚ ĀÖ¬ĂÚ 
ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â ëóâóä×ÂČóìÚÕÉùÕ
éúÚã°ÂæóÈæČóäòÈëöÿßöãÈÉùÕÿÕöãèĀæñÅČóÚèÔÜäõâóÔæČóäòÈëö
ßä­îâÂòÚ 

ÚîÂÉóÂÚöĈ ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â ãòÈ
âöÅèóâëóâóä×ĂÚÂóäĀÛ¬ÈÜäõâóÔäòÈëöÖ¬îÂ­îÚâñÿäĆÈ 
ÿË¬Ú âñÿäĆÈāßäÈìæòÈÉâúÂ âöÿÜ¨óìâóãÂóäÊóãäòÈëöÖ¬î 
gross tumor 2.2 Gy/fraction ĂÚÃÔñØöć subclinical 
disease Āæñ elective lymph node  ăÕ­äòÛÜäõâóÔäòÈëö 2 
Āæñ 1.8 Gy/fractions ÖóâæČóÕòÛ ÿØÅÚõÅÚöĈÿäöãÂè¬ó ´dose 
paintingµ ìäøî simultaneous integrated boost (SIB) (13-

15)Ì÷ćÈÿÜ»ÚÉùÕÿÕ¬ÚÃîÈÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â 
 

Ã­îÉČóÂòÕÃîÈÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âĀæñØõé
ØóÈÂóäßòÓÚó 

Āâ­è¬óÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â ÉñÿÜ»Ú
ÚèòÖÂääâĀì¬ÈéÖèääê Øè¬óÜ¹ÉÉùÛòÚãòÈÿÜ»ÚÿßöãÈÂ­óèĀäÂ
ĀæñãòÈâöÃ­îÉČóÂòÕØóÈÿØÅÚõÅ ÖæîÕÉÚÃóÕÈóÚèõÉòãØóÈ
ÅæöÚõÅ (randomized phase III) ÿßøćîãøÚãòÚÜäñëõØÙõáóß
ĂÚÂóääòÂêó îã¬óÈăäÂĆÖóâ ìóÂÖõÕÖóâèóäëóäØóÈÂóä
ĀßØã°ÉñßÛè¬ó âöÈóÚèõÉòãØöćÂČóæòÈîãú¬äñìè¬óÈÂóäé÷Âêó
ÚòÛăâ¬×­èÚ ĀæñÿËøćîè¬óÉñëóâóä×Ý¬óÚÃ­îÉČóÂòÕĂÚăâ¬Ë­ó 
Ã­îÉČóÂòÕÖ¬óÈ ą Åøî 

1.  Åèóâëóâóä×ĂÚÂóäÂČóìÚÕ Clinical Target Volume 
(CTV) 

ĀßØã°äòÈëöäòÂêóîóéòãÂóäÖäèÉä¬óÈÂóã 
áóß×¬óãØóÈäòÈëöÖæîÕÉÚÅèóâäú­ĀæñÜäñëÛÂóäÔ°Õ­óÚ
ÂóäÕČóÿÚõÚĀæñÂóäĀßä¬ÂäñÉóãÃîÈāäÅâñÿäĆÈ ĂÚÂóä
ÂČóìÚÕÛäõÿèÔÿÜ¨óìâóãØóÈÅæöÚõÅÃîÈÂ­îÚâñÿäĆÈ 
(clinical target volume) Ì÷ćÈăÕ­ĀÂ¬Â­îÚâñÿäĆÈ (gross 
target volume, GTV) ĀæñÜäõâóÔØöćâöÅèóâÿëöćãÈÖ¬îÂóä
Āßä¬ÂäñÉóã (clinical microscopic disease and lymph 
node at risk)  ÛóÈÅäòĈÈáóß×¬óãØóÈäòÈëöĂì­äóãæñÿîöãÕ
ĀæñÖČóĀìÚ¬ÈÃîÈÂ­îÚâñÿäĆÈăÕ­ăâ¬Õö ìäøîĀßØã°äòÈëö
äòÂêóÃóÕÜäñëÛÂóäÔ°ĂÚÂóäÂČóìÚÕÃîÛÿÃÖ
Â­îÚâñÿäĆÈ ØČóĂì­ÂóäÂäñÉóãÃîÈÜäõâóÔäòÈëöăâ¬
ÅäîÛÅæùâÂ­îÚâñÿäĆÈ ĀæñîóÉØČóĂì­Â­îÚâñÿäĆÈÂČóÿäõÛ 
(relapse) ĂÚáóãìæòÈ 
2.  Åèóâëóâóä×ĂÚÂóäÂČóìÚÕ Planning Target 
Volume (PTV) 

Planning target volume ÅøîÛäõÿèÔÿÜ¨óìâóã
ĂÚÂóäèóÈĀÝÚÂóäÊóãäòÈëö ăÕ­ĀÂ¬ ÂóäÿßõćâÃîÛÿÃÖ 
(margin) Ö¬î clinical target volume (CTV) ÿßøćîËÕÿËã
Åèóâăâ¬ĀÚ¬ÚîÚĂÚÂóäÉòÕÝú­Ü§èãÊóãäòÈëöäñìè¬óÈèòÚ 
(daily setup error ìäøî interfraction positioning) ËÕÿËã
Åèóâăâ¬ĀÚ¬ÚîÚÃîÈÖČóĀìÚ¬ÈÃîÈ CTV (ÿäöãÂè¬ó 
internal target volume ìäøî ITV) îòÚăÕ­ĀÂ¬ Âóä
ÿÅæøćîÚăìèÃîÈîèòãèñìäøîÂ­îÚâñÿäĆÈÖóâÂóäìóãĂÉ 
ÿË¬Ú Â­îÚâñÿäĆÈØöćÖòÛ, ÜîÕ ìäøîăÖ ÿÜ»ÚÖ­Ú ìäøîÂóä
ÿÅæøćîÚăìèÃîÈîèòãèñÿÚøćîÈÉóÂÜäõâóÖäÃîÈÂäñÿßóñ, 
æČóăë­, ÂäñÿßóñÜ¹ëëóèñ ÿÜæöćãÚăÜĂÚĀÖ¬æñèòÚ ÿË¬Ú 
Â­îÚâñÿäĆÈÛäõÿèÔîèòãèñëøÛßòÚÙù°ëÖäö âñÿäĆÈÖ¬îâ
æúÂìâóÂ ÿÜ»ÚÖ­Ú 
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äúÜØöć 3 ĀëÕÈÃîÛÿÃÖÃîÈÂóäÊóãäòÈëöĀæñ
Â­îÚâñÿäĆÈÖóâÅČóÉČóÂòÕÅèóâÃîÈ ICRU äóãÈóÚØöć 50 
Āæñ 62 ĂÚÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â ĀßØã°äòÈëö
äòÂêóÉñÖ­îÈÿÜ»ÚÝú­ÂČóìÚÕÃîÛÿÃÖÃîÈÂ­îÚâñÿäĆÈ ăÕ­ĀÂ¬ 
GTV, CTV, ITV Āæñ PTV āÕãßõÉóäÔó×÷ÈÅèóâëâÕùæ
ÃîÈÛäõÿèÔÕòÈÂæ¬óè ĀæñîèòãèñĂÂæ­ÿÅöãÈ  ìóÂÿßõćâ
ÃîÛÿÃÖ (margin) ÃîÈ PTV âóÂÿÂõÚăÜ ÉñØČóĂì­îèòãèñ
ÜÂÖõØöćîãú¬Ã­óÈÿÅöãÈĀØäÂÌ­îÚëúÈÃ÷ĈÚ ìäøîìóÂÂČóìÚÕ
ÃîÛÿÃÖÚ­îãăÜÂĆîóÉØČóĂì­Â­îÚâñÿäĆÈăÕ­äòÛÜäõâóÔäòÈëö
ăâ¬ÿßöãÈßîăÕ­ 

ĂÚÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âÉ÷ÈÉČóÿÜ»ÚØöć
ÉñÖ­îÈÉČóÂòÕ margin Ăì­ÿìâóñëâÕ­èãÂóäæÕ setup  
error āÕãÂóäÉòÕØ¬óÝú­Ü§èãĂì­ÚõćÈ (immobilization) ÿË¬Ú 
îóéòãìÚ­óÂóÂĂÚÂóäÉòÕéöäêñÝú­Ü§èã (thermoplastic 
mask) ÿÜ»ÚÖ­Ú 

ÂóäæÕ margin ÃîÈÂóäÿÅæøćîÚăìèÃîÈîèòãèñ
áóãĂÚâöÿÅäøćîÈâøîË¬èãÅøî target localization(16) Āæñ 
respiratory-gated radiation therapy Âæ¬óèÅøîĂÚäñìè¬óÈ
ÂóäÊóãäòÈëöâöÿÅäøćîÈâøîÉòÛÂóäÿÅæøćîÚăìèÃîÈÂóä
ìóãĂÉĀæñĀßØã°äòÈëöäòÂêóßõÉóäÔóÊóãäòÈëöĂÚË¬èÈÿèæó
ØöćîèòãèñÿÅæøćîÚăìèÚ­îãØöćëùÕ ÿË¬Ú Ë¬èÈØöćìóãĂÉÿÃ­óìäøî
ìóãĂÉîîÂëùÕ (end inspiration ìäøî end expiration) 
ĀæñâöÿÅäøćîÈ×¬óãáóßÂóäÿÅæøćîÚăìèÃîÈÂ­îÚâñÿäĆÈ ÿË¬Ú 
fluoroscope ìäøî cone-beam CT ÿßøćîÖäèÉëîÛ 
(monitor) ÖČóĀìÚ¬ÈÃîÈîèòãèñáóãĂÚìäøîÂ­îÚâñÿäĆÈ ØČó
Ăì­ëóâóä×ÊóãäòÈëöăÕ­ÖäÈÿÜ¨óìâóãâóÂÃ÷ĈÚ îã¬óÈăäÂĆ
ÖóâÿÅäøćîÈâøîÕòÈÂæ¬óèãòÈâöäóÅóëúÈâóÂĂÚÜ¹ÉÉùÛòÚ 
 
3. Ã­îâúæÂóäÖîÛëÚîÈÃîÈÂ­îÚâñÿäĆÈĀæñîèòãèñÜÂÖõ
Ö¬îäòÈëöãòÈăâ¬ĀÚ¬ÚîÚ (Uncertainties in Dose-Response 
Data) 

ÂóäÊóãäòÈëöĀÛÛÕòĈÈÿÕõâ (conventional 
radiation therapy) îóéòãÃ­îâúæÂóäÖîÛëÚîÈÃîÈîèòãèñ
ÜÂÖõÖ¬îÜäõâóÔäòÈëö Ì÷ćÈâöÅèóâÿÃ­âÿØ¬óÂòÚĂÚîèòãèñÚòĈÚ 
ą Âæ¬óèÅøîëóâóä×ØČóÚóãÜäõâóÔäòÈëöØöćØČóĂì­ÿÂõÕ
áóèñĀØäÂÌ­îÚäñãñãóè (late compli-cation) ìæòÈÊóã
äòÈëöÅäÛ 5 Ü£ ÿäöãÂè¬ó tolerance dose Ì÷ćÈĂÚØóÈÜÐõÛòÖõ
ĀßØã°äòÈëöäòÂêóãîâĂì­ÿÂõÕáóèñĀØäÂÌ­îÚÕòÈÂæ¬óèăÕ­ 
5% Øöć 5 Ü£ (Tolerance Dose 5/5) ÕòÈãÂÖòèîã¬óÈĂÚÖóäóÈ
Øöć 1  Ã­îâúæÕòÈÂæ¬óèăÕ­ÉóÂÜäõâóÔäòÈëöØöćîèòãèñÖ¬óÈ ą 
ăÕ­äòÛØöćÅèóâÿÃ­âÃîÈäòÈëöÿØ¬óÂòÚÖæîÕîèòãèñ (uniform 
dose) ĀÖ¬Ã­îâúæĂÚÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âĂÚ
îèòãèñÖ¬óÈ ą ãòÈăâ¬ËòÕÿÉÚ 

 ĂÚÜ£ 2010 âöäóãÈóÚÂóäèõÿÅäóñì°ÿÂöćãèÂòÛ
ÝæÃ­óÈÿÅöãÈÉóÂÂóäÊóãäòÈëöĀÛÛ 3 âõÖõāÕãîóéòãÃ­îâúæ
ëâòãĂìâ¬ ÚòćÚÅøîäóãÈóÚÃîÈ Quantitative Analyses of 
Normal Tissue Effects in the Clinic (QUANTEC) āÕã
ĀßØã°äòÈëöäòÂêóëóâóä×ĂË­ÿÜ»ÚĀÚèØóÈÂóäĂì­ÜäõâóÔ
äòÈëöăÕ­(17) (ÖóäóÈØöć 2 Āæñ 3) 
4.  Åèóâăâ¬ĀÚ¬ÚîÚÃîÈÂóäÅČóÚèÔÅèóâÿÃ­âĀæñÂóä
ÂäñÉóãÜäõâóÔäòÈëöÖæîÕÉÚÂóäÊóãäòÈëö 

ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âĂÚÜ¹ÉÉùÛòÚ 
Āâ­è¬óÉñâöÅèóâÂ­óèìÚ­óăÜâóÂ ĀÖ¬ãòÈ×øîè¬óÿÜ»ÚÿßöãÈ 
Ấ­óèĀäÂµ ÿØ¬óÚòĈÚ ĀæñãòÈÖ­îÈÂóäÂóäßòÓÚóîöÂâóÂ 
ëâÂóäØöćĂË­ĂÚÂóäÅČóÚèÔÅèóâÿÃ­âÃîÈÜäõâóÔäòÈëö 
(objective function) Ì÷ćÈîóéòãÂóäÜ¨îÚÃ­îâúæ ÜäõâóÔ
äòÈëöØöćÖ­îÈÂóä (dose-based) ĀæñÜäõâóÔäòÈëöÖ¬îÜäõâóÖä
ÃîÈîèòãèñ (dose-volume based) ãòÈâöÃ­îÉČóÂòÕÅøî 
treatment planning software ÛóÈäù¬Úăâ¬ëóâóä×ÅČóÚèÔ
Åèóâëóâóä×ĂÚÂóäÊóãäòÈëöÕ­èã MLC (MLC-delivery 
system) ăÜßä­îâ ą ÂòÛÃòĈÚÖîÚÂóä optimization ăÕ­ ØČó
Ăì­ìæòÈÉóÂÅČóÚèÔÂóäÂäñÉóãÜäõâóÔäòÈëöĀßØã°äòÈëö
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äòÂêóîóÉßÛè¬óÂóäÂäñÉóãÜäõâóÔäòÈëöăâ¬ÿìâøîÚÂòÛØöć
ĀëÕÈăè­ĂÚÃòĈÚÖîÚ optimization (18-23)  Ì÷ćÈâöÅèóâ
ßãóãóâØöćÉñĀÂ­ăÃĂì­ÕöÃ÷ĈÚ āÕãÚČóÃòĈÚÖîÚ leaf 
sequencing Ăë¬ÿÃ­óăÜĂÚÃòĈÚÖîÚ optimization(18-20) ìäøî
ßãóãóâÜäòÛÜäùÈëâÂóäĂÚÃòĈÚÖîÚ leaf sequencing (21-

23)  
Ü¹ÉÉùÛòÚĀßØã°äòÈëöäòÂêóĀæñÚòÂà¢ëõÂë°ÿÜ»ÚÝú­

ÂČóìÚÕ beam configuration Â¬îÚØöćÉñÿÃ­óëú¬ÃòĈÚÖîÚÂóä 
optimization Ì÷ćÈÂóäÂČóìÚÕØõéØóÈÃîÈæČóäòÈëö (beam 
angle) âöÝæÖ¬îÅùÔáóßÃîÈÂóäÂäñÉóãÜäõâóÔäòÈëö ìóÂ
âöÉČóÚèÚæČóäòÈëöÚ­îãÂè¬ó 5 ØõéØóÈ ÂóäÂČóìÚÕØõéÃîÈ
æČóäòÈëöÉñâöÅèóâëČóÅòÎÖ¬îÅùÔáóßÃîÈÂóäÂäñÉóã
ÜäõâóÔäòÈëöâóÂ ĀæñÖ­îÈîóéòãÜäñëÛÂóäÔ°ÃîÈÝú­
èóÈĀÝÚ  îã¬óÈăäÂĆÖóâ ÅèóâëČóÅòÎÃîÈÂóäÂČóìÚÕ 
beam angle ÉñæÕÚ­îãæÈìóÂâöÉČóÚèÚÃîÈæČóäòÈëö
âóÂÂè¬ó 7 ØõéØóÈ(24,25)   ÕòÈÚòĈÚÉ÷ÈâöÅèóâßãóãóâÿßøćî
ßòÓÚóÌîàĀèä°ÿßøćîĂì­ÿÅäøćîÈÅîâßõèÿÖîä°ÿÜ»ÚÝú­ÂČóìÚÕ
ØõéØóÈæČóäòÈëö(26,27) Ì÷ćÈãòÈÖ­îÈîóéòãÿèæóĂÚÂóäßòÓÚóîöÂ
äñãñìÚ÷ćÈ  

Ã­îÿëöãÿâøćîĂË­ÉČóÚèÚØõéØóÈæČóäòÈëöâóÂÃ÷ĈÚÂĆ
Åøî ÿèæóØöćĂË­ĂÚÂóäÊóãäòÈëöÚóÚÃ÷ĈÚĀæñÿâøćîÝú­Ü§èãÖ­îÈ
ÚîÚÛÚÿÖöãÈÊóãäòÈëöÚóÚÃ÷ĈÚ îóÉØČóĂì­Ýú­Ü§èãÿÂõÕÅèóâ
ăâ¬ëÛóãÖòèĀæñÃãòÛÿÃãøĈîÚ ØČóĂì­ÂóäÊóãäòÈëöăâ¬âö
ÜäñëõØÙõáóßÿØ¬óØöćÅèä Ýú­èóÈĀÝÚÉñÖ­îÈÅČóÚ÷È×÷ÈÅèóâ
ëâÕùæÃîÈÉČóÚèÚØõéØóÈæČóäòÈëöĀæñÿèæóØöćĂË­ĂÚÂóäÊóã
äòÈëöÕ­èã 
5.  ÅèóâÿëöćãÈĂÚÂóäÂäñÖù­ÚĂì­ÿÌææ°ÜÂÖõÿÂõÕÂóäÂæóã
ßòÚÙ° (Mutation) 

ÿÚøćîÈÉóÂÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âĂË­
ÉČóÚèÚØõéØóÈæČóäòÈëöâóÂÂè¬óÂóäÊóãäòÈëöĀÛÛÕòĈÈÿÕõâ
ĀæñĀÛÛ 3 âõÖõ āÕãÂäñÉóãÜäõâóÔäòÈëöÜäõâóÔÚ­îã ą

Ăì­ÂòÛîèòãèñÃ­óÈÿÅöãÈÜäõâóÖäâóÂÃ÷ĈÚ (low dose to high 
volume) ĂÚØóÈØåêÐöâöāîÂóëØöćÿÌææ°ÜÂÖõÉñÿÂõÕÂóä 
mutation(28) ăÕ­ 

ÚîÂÉóÂÚöĈÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­âãòÈ
Ö­îÈĂË­ÿèæóĂÚÂóäÊóãäòÈëö (beam-on time) ÚóÚÂè¬ó
ÜÂÖõ ØČóĂì­âöāîÂóëÿÂõÕÂóääòćèÌ÷âÃîÈäòÈëö (radiation 
leakage) ÉóÂìòèÿÅäøćîÈÿä¬ÈîÚùáóÅ ÿßõćâÜäõâóÔäòÈëöÖ¬î
ä¬óÈÂóã (total body irradiation) ĀæñîóÉÂäñÖù­ÚĂì­ÿÂõÕ
âñÿäĆÈÿâĆÕÿæøîÕÃóèăÕ­(29-31) 

Ã­îÅèääñèòÈîöÂÃ­îìÚ÷ćÈĂÚÂóäÊóãäòÈëöĀÛÛ
ÜäòÛÅèóâÿÃ­âÅøî ìóÂĂË­ßæòÈÈóÚÃîÈæČóäòÈëöëúÈÂè¬ó 15 
MeV ØČóĂì­ÿÂõÕäòÈëö neutron (neutron contamination) 
Ì÷ćÈâöÝæØóÈËöèèõØãó (biologic effects) âóÂÂè¬óäòÈëöÿîĆÂÌ°  
îóÉâöÝæØČóĂì­ÿÂõÕÂóäÂæóãßòÚÙ°âóÂÃ÷ĈÚ(32) 
6.  ÅèóâëõĈÚÿÜæøîÈØäòßãóÂäÕ­óÚÛùÅæóÂä ÿèæó Āæñ
ÂóäÿÈõÚ 

ÂóäÊóãäòÈëöĀÛÛÜäòÛÅèóâÿÃ­â ÉČóÿÜ»ÚÖ­îÈĂË­
ØäòßãóÂäÛùÅÅæ Ö­ÚØùÚÅ¬óÿÅäøćîÈâøîĀæñÂóäÛČóäùÈäòÂêó
âóÂÂè¬ó ÖæîÕÉÚÖ­îÈĂË­ÿèæóĂÚÂóäèóÈĀÝÚÂóääòÂêó 
ÂóäÜäñÂòÚÅùÔáóß ĀæñÿèæóÂóäÊóãäòÈëöÚóÚÂè¬óÂóä
ÊóãäòÈëöĀÛÛÕòĈÈÿÕõââóÂ ØòĈÈìâÕÚöĈÿÜ»ÚÂóäÿßõćâÖ­ÚØùÚÅ¬ó
äòÂêóßãóÛóæ  ØČóĂì­äòÑÛóæĀæñÝú­Ü§èãäòÛáóäñÅ¬óĂË­É¬óã
ØöćëúÈÃ÷ĈÚ 

ÕòÈÚòĈÚÝú­ÛäõìóäĂÚäñÕòÛìÚ¬èãÈóÚĀæñäñÕòÛ
äòÑÛóæÉñÖ­îÈâöÂóäÜäñËùâÂòÛÝú­ÜÐõÛòÖõÈóÚÿßøćîÂČóìÚÕ
ØõéØóÈ ÚāãÛóã ĀæñÿÂÔÒ°ĂÚÂóäÅČóÚèÔÖ­ÚØùÚÂóä
ÜäñÂîÛÂóä îöÂØòĈÈĀßØã°ÉñÖ­îÈîÙõÛóãĂì­ÂòÛÝú­Ü§èã
ăÕ­äòÛØäóÛ×÷ÈÃ­îÛ¬ÈËöĈØóÈÂóäĀßØã°ĂÚÂóääòÂêóÕ­èã
ÿØÅāÚāæãöĂìâ¬ÚöĈ ØòĈÈìâÕÚöĈÿßøćîëä­óÈëâÕùæ Āæñ
ÜäñëõØÙõÝæ ĂÚÂóäÕúĀæÝú­Ü§èãăÕ­ëúÈëùÕ  
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ÖóäóÈØöć 1 ĀëÕÈÅèóâëòâßòÚÙ°äñìè¬óÈÜäõâóÔäòÈëöÖ¬îÜäõâóÖäÃîÈîèòãèñÖ¬óÈą ØöćîóÉÂ¬îĂì­ÿÂõÕáóèñĀØäÂÌ­îÚä­îãæñ 5 
Āæñ ä­îãæñ 50 Øöć 5 Ü£ ( Tolerance dose 5/5 Āæñ 50/5 ) 

 
 áóèñĀØäÂÌ­îÚ 5 % Øöć 5 Ü£ áóèñĀØäÂÌ­îÚ 50 % Øöć 5 Ü£  
îèòãèñ 1/3 2/3 3/3 1/3 2/3 3/3 áóèñĀØäÂÌ­îÚØöćÿÂõÕ 
ăÖ 50 30 23 - 40 28 Clinical nephritis 
ëâîÈ 60 50 45 75 65 60 Necrosis infarction 
Â­óÚëâîÈ 60 53 50 - - 65 Necrosis infarction 
ÿë­ÚÜäñëóØăÃëòÚìæòÈ 5 Ìâ. 50 10 Ìâ. 50 20 Ìâ. 47 5 Ìâ. 70 10 Ìâ. 70 20 Ìâ. - Myelitis necrosis 
ÜîÕ 45 30 17.58 65 40 24.5 Pneumonitis 
ìòèĂÉ 60 45 40 70 55 50 Pericarditis 
ìæîÕîóìóä 60 58 55 72 70 68 Clinical stricture/perforation 
Âäñÿßóñîóìóä 60 55 50 70 67 65 Ulceration, perforation 
æČóăë­ÿæĆÂ 50  40 60  55 Obstruction perforation/fistula 
æČóăë­ĂìÎ¬ 55  45 65  55 Obstruction perforation/ulcer/fistula 
ăë­ÖäÈ   60   80 severe proctitis/necrosis/fistula 
ÖòÛ 50 35 30 55 45 40 liver failure 

 
 
 

ÖóäóÈØöć 2 ĀëÕÈ dose volume ĀæñîòÖäóÂóäÿÂõÕÝæÃ­óÈÿÅöãÈÉóÂÂóäÊóãäòÈëöĀÛÛ conventional fractionated 3D-CRT Öóâ 
QUANTEC (17) 

 
îèòãèñ ÜäõâóÖä Dose/Volume ÜäõâóÔäòÈëöëúÈëùÕ îòÖäóáóèñĀØäÂÌ­îÚ áóèñĀØäÂÌ­îÚ 

Brain   <60 Gy <3% Symptomatic necrosis 

Brain   72 Gy 5% Symptomatic necrosis 

Brain   90 Gy 10% Symptomatic necrosis 

Brain stem   <54 Gy <5% Neuropathy or necrosis 

Brain stem D1-10 cc <= 59 Gy  <5% Neuropathy or necrosis 

Brain stem   <64 Gy <5% Neuropathy or necrosis 

Optic nerve/chiasm   <55 Gy <3% Optic neuropathy 

Optic nerve/chiasm   55-60 Gy 3-7% Optic neuropathy 

Optic nerve/chiasm   >60 Gy >7-20% Optic neuropathy 

Spinal cord   50 Gy 0.2% Myelopathy 
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îèòãèñ ÜäõâóÖä Dose/Volume ÜäõâóÔäòÈëöëúÈëùÕ îòÖäóáóèñĀØäÂÌ­îÚ áóèñĀØäÂÌ­îÚ 

Spinal cord   60 Gy 6% Myelopathy 

Spinal cord   69 Gy 50% Myelopathy 

Cochlea Mean <=45 Gy  <30% Sensory-neural hearing loss 

Parotid, bilateral Mean <=25 Gy  <20% Long-term salivary function <25% 

Parotid, bilateral Mean <=39 Gy  <50% Long-term salivary function <25% 

Parotid, unilateral Mean <=20 Gy  <20% Long-term salivary function <25% 

Pharyngeal constrictors Mean <=50 Gy  <20% Symptomatic dysphagia and aspiration 

Larynx   <66 Gy <20% Vocal dysfunction 

Larynx Mean <50 Gy  <30% Aspiration 

Larynx Mean <44 Gy  <20% Edema 

Larynx V50 <27%  <20% Edema 

Lung V20 <=30%  <20% Symptomatic pneumonitis 

Lung Mean 7 Gy  5% Symptomatic pneumonitis 

Lung Mean 13 Gy  10% Symptomatic pneumonitis 

Lung Mean 20 Gy  20% Symptomatic pneumonitis 

Lung Mean 24 Gy  30% Symptomatic pneumonitis 

Lung Mean 27 Gy  40% Symptomatic pneumonitis 

Esophagus Mean <34 Gy  5-20% Grade 3+ esophagitis 

Esophagus V35 <50%  <30% Grade 2+ esophagitis 

Esophagus V50 <40%  <30% Grade 2+ esophagitis 

Esophagus V70 <20%  <30% Grade 2+ esophagitis 

Heart (Pericardium) Mean <26 Gy  <15% Pericarditis 

Heart (Pericardium) V30 <46%  <15% Pericarditis 

Heart V25 <10%  <1% Long term cardiac mortality 

Liver Mean <30-32 Gy  <5% RILD (in normal liver function) 

Liver Mean <42 Gy  <50% RILD (in normal liver function) 

Liver Mean <28 Gy  <5% RILD (in Child-Pugh A or HCC) 

Liver Mean <36 Gy  <50% RILD (in Child-Pugh A or HCC) 

Kidney, bilateral Mean <15-18 Gy  <5% Clinical dysfunction 

Kidney, bilateral Mean <28 Gy  <50% Clinical dysfunction 

Kidney, bilateral V12 <55%  <5% Clinical dysfunction 

Kidney, bilateral V20 <32%  <5% Clinical dysfunction 

Kidney, bilateral V23 <30%  <5% Clinical dysfunction 

Kidney, bilateral V28 <20%  <5% Clinical dysfunction 
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îèòãèñ ÜäõâóÖä Dose/Volume ÜäõâóÔäòÈëöëúÈëùÕ îòÖäóáóèñĀØäÂÌ­îÚ áóèñĀØäÂÌ­îÚ 

Stomach D100 <45 Gy  <7% Ulceration 

Small bowel  
(individual loops) 

V15 <120 cc  <10% Grade 3+ toxicity 

Small bowel  
(peritoneal cavity) 

V45 <195 cc  <10% Grade 3+ toxicity 

Rectum V50 <50%  <10% Grade 3+ toxicity 

Rectum V60 <35%  <10% Grade 3+ toxicity 

Rectum V65 <25%  <10% Grade 3+ toxicity 

Rectum V70 <20%  <10% Grade 3+ toxicity 

Rectum V75 <15%  <10% Grade 3+ toxicity 

Bladder (bladder cancer)   <65 <6% Grade 3+ toxicity 

Bladder (prostate cancer) V65 <50%   Grade 3+ toxicity 

Bladder (prostate cancer) V70 <35%   Grade 3+ toxicity 

Bladder (prostate cancer) V75 <25%   Grade 3+ toxicity 

Bladder (prostate cancer) V80 <15%   Grade 3+ toxicity 

Penile bulb Mean dose to 95% gland <50 Gy  <35% Severe erectile dysfunction 

Penile bulb D90 <50 Gy  <35% Severe erectile dysfunction 

Penile bulb D60-70 <70 Gy  <55% Severe erectile dysfunction 

 

ÖóäóÈØöć 3 ĀëÕÈ dose volume ĀæñîòÖäóÂóäÿÂõÕÝæÃ­óÈÿÅöãÈÉóÂÂóäÊóãäòÈëöĀÛÛ Stereotactic Radiosurgery (single fraction) 

Öóâ QUANTEC (17) 
îèòãèñ ÜäõâóÖä Dose/Volume ÜäõâóÔäòÈëöëúÈëùÕ îòÖäóáóèñĀØäÂÌ­îÚ áóèñĀØäÂÌ­îÚ 

Brain V12 <5-10 cc   <20% Symptomatic necrosis 

Brain stem (acoustic tumors)     <12.5 Gy <5% Neuropathy or necrosis 

Optic nerve/chiasm     <12 Gy <10% Optic neuropathy 

Spinal cord (single-fx)     13 Gy 1% Myelopathy 

Spinal cord (hypo-fx)     20 Gy 1% Myelopathy 

Cochlea Prescription dose <=14 Gy   <25% Sensory-neural hearing loss 

Liver/HCC (3 fractions) Mean <13 Gy   <5% RILD 

Liver/Mets (3 fractions) Mean <15 Gy   <5% RILD 

Liver (3 fractions) >700 cc <15 Gy   <5% RILD 
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ÛØÛóØÃîÈPET/CT ĂÚÂóäèóÈĀÝÚÂóäÊóãäòÈëö  
(PET/CT for radiation treatment planning) 

        
äòÈëöäòÂêóâöÛØÛóØëČóÅòÎĂÚÂóääòÂêóâñÿäĆÈ

ä¬èâÂòÛÂóääòÂêóîøćÚÿË¬Ú ÂóäÝ¬óÖòÕ ÂóäĂì­ãóÿÅâöÛČóÛòÕ 
ÿÜ»ÚÖ­Ú ĂÚîÕöÖÂóäÊóãäòÈëöÿßøćîĂì­āÕÚÂ­îÚâñÿäĆÈîóéòã
ÂóäÅæČóÖČóĀìÚ¬ÈÃîÈîèòãèñÖóâÂóãèõáóÅØöćÝõèìÚòÈ 
(surface anatomy) Ö¬îâóÉ÷ÈÿäõćââöÂóäĂË­äòÈëöÿîĆÂÌ°ÿßøćî
Ë¬èãÕúäîãāäÅÕ­èãÿÅäøćîÈÉČóæîÈÂóäÊóãäòÈëöĀÛÛ 2 âõÖõ
Ì÷ćÈîóéòãáóßÉóÂ fluoroscope ìæòÈÉóÂÚòĈÚÿâøćî CT âöĂË­
îã¬óÈĀßä¬ìæóãÉ÷ÈâöÂóäßòÓÚóÿÅäøćîÈÉČóæîÈÂóäÊóãäòÈëö
Õ­èãÿîĆÂÌÿäã°ÅîâßõèÿÖîä° (CT simulator) Ì÷ćÈëóâóä×
ÿìĆÚáóß 3 âõÖõØČóĂì­ĀßØã°äòÈëöäòÂêóëóâóä×èóÈĀÝÚæČó
äòÈëöÿßøćîĂì­×úÂäîãāäÅâñÿäĆÈÕöÃ÷ĈÚ Āæñëóâóä×ÿæöćãÈ
îèòãèñëČóÅòÎăÕ­ ÚîÂÉóÂÚöĈãòÈëóâóä×ÚČóáóß 3 âõÖõÉóÂ
áóßëñØ­îÚÅæøćÚĀâ¬ÿìæĆÂăàà¨ó (MRI) âóÌ­îÚáóßÂòÛ
áóß 3 âõÖõÉóÂáóßÿîĆÂÌÿäã°ÅîâßõèÿÖîä° (CT)  ØČóĂì­
ëóâóä×ÿìĆÚäîãāäÅĂÚÛóÈÖČóĀìÚ¬ÈÿË¬Ú ăÃëòÚìæòÈ 
ëâîÈ ÿÚøĈîÿãøćîî¬îÚ Ö¬îâæúÂìâóÂăÕ­ÕöãõćÈąÃ÷ĈÚ îã¬óÈăäÂĆ
ÕöØòĈÈáóßCTĀæñáóßMRI æ­èÚĀÖ¬ÿÜ»Úáóß×¬óãØöćĀëÕÈ
Ăì­ÿìĆÚÅèóâÿÜæöćãÚĀÜæÈØóÈÂóãèõáóÅØòĈÈëõĈÚ Ì÷ćÈâòÂÉñ
âöÃ­îÉČóÂòÕÅøîÃÚóÕÂ­îÚÖ­îÈĂìÎ¬ßîØöćÉñÿìĆÚÅèóâ
ÿÜæöćãÚĀÜæÈăÕ­ÿÕ¬ÚËòÕ îöÂØòĈÈÉñÖ­îÈâöÅèóâĀÖÂÖ¬óÈ
ÉóÂÅèóâìÚóĀÚ¬ÚÃîÈÿÚøĈîÿãøćîÃ­óÈÿÅöãÈ (contrast) É÷ÈÉñ
ÿìĆÚÅèóâÝõÕÜÂÖõăÕ­ Ì÷ćÈÛóÈÅäòĈÈÿÚøĈîÿãøćîÛóÈÖČóĀìÚ¬Èâö 
contrast ăâ¬ëúÈßîØöćÉñĀãÂÅèóâĀÖÂÖ¬óÈäñìè¬óÈ
ÿÚøĈîÿãøćîÜÂÖõÂòÛÂ­îÚÿÚøĈîÈîÂÿË¬Ú âñÿäĆÈëâîÈËÚõÕ 
glioblastoma âñÿäĆÈÜîÕÂòÛÛäõÿèÔØöćâö atelectasis ÿÜ»Ú
Ö­Ú ÚîÂÉóÂÚöĈäòÈëöĀßØã°âòÂÉñîóéòãÿÂÔÒ°Õ­óÚÃÚóÕ

ÿÜ»ÚëõćÈÖòÕëõÚĂÉè¬óÂ­îÚÚòĈÚąÿÃ­óÃ¬óãëÈëòãè¬óÿÜ»ÚâñÿäĆÈ
ìäøîăâ¬ ÿË¬ÚÖ¬îâÚĈČóÿìæøîÈÛäõÿèÔæČóÅîĀæñË¬îÈØ­îÈ
Ö­îÈâöÃÚóÕĂìÎ¬ÿÂõÚ 1 Ìâ. ìäøîÖ­îÈâöÂóäæùÂæóâÿÂõÚ
ĀÅÜÌúæ É÷ÈÉñëÈëòãè¬óÿÜ»ÚÂóäæùÂæóâÃîÈâñÿäĆÈÛäõÿèÔ
Ö¬îâÚĈČóÿìæøîÈÂ­îÚÚòĈÚ ØČóĂì­Åèóâëóâóä×ÃîÈáóß×¬óã
äòÈëö CTĀæñ MRI âöÅèóâăèĀæñÅèóâÉČóÿßóñÖćČó Āæñ
ĀÚ¬ÚîÚìâóã×÷ÈāîÂóëØöćÉñÿÂõÕÝæÛèÂæèÈĀæñÝææÛ
æèÈâóÂÃ÷ĈÚÖóâăÜÕ­èã 

ĂÚË¬èÈØéèääêØöćÝ¬óÚâóâöÅèóâÂ­óèìÚ­óØóÈ
ÿèËéóëÖä°ÚõèÿÅæöãä°Ã÷ĈÚâóÂìæòÈÉóÂØöćâöÂóäÅ­ÚßÛ 
Positron emission tomography (PET) ÖòĈÈĀÖ¬ÜæóãÅäõ
ëÖéòÖèääêØöć 1970(1) âöÂóäßòÓÚóÃîÈÿÅäøćîÈPET ÉóÂ
ÅèóâæñÿîöãÕÃîÈáóßÖćČó (poor spatial resolution) âó
ÿÜ»ÚÿÅäøćîÈ PET/CT Ì÷ćÈØČóßä­îâÂòÚäñìè¬óÈ CT ÂòÛ 
PET ÛÚÿÖöãÈÖäèÉÿÕöãèÂòÚ ØČóĂì­äòÈëöĀßØã°ÿìĆÚ
ÖČóĀìÚ¬ÈØöćÝõÕÜÂÖõăÕ­Āâ¬ÚãČóÃ÷ĈÚ PET ÿÜ»ÚÂóäÖäèÉìó
ÅèóâÝõÕÜÂÖõÃîÈÿâÖóÛîæõÌ÷âÉ÷ÈÉòÕè¬óÿÜ»Ú functional 
imaging îã¬óÈìÚ÷ćÈØöćÉñË¬èãÿëäõâÃ­îâúæÉóÂ anatomical 
imaging ÛóÈÅäòĈÈÿäöãÂÂóäÖäèÉĀÛÛÚöĈè¬ó molecular 
imaging ìäøî biological imaging ÂĆăÕ­ (2,3) Â¬îÚìÚ­óØöć
ÉñâöÂóäĂË­ PET îã¬óÈĀßä¬ìæóã ÂóäĂË­ functional 
imaging Õ­èã magnetic resonance spectroscopy (MRS) 
ìäøî single-photon emission computed tomograpy 
(SPECT) ÂĆëóâóä×ĂË­ĂÚÂóäÕúĀæÝú­Ü§èãâñÿäĆÈăÕ­ ĀÖ¬
ÂóäÚČó MRS Āæñ SPECT âóĂË­ä¬èâÂòÛÂóäÅČóÚèÔÂóä
ÂäñÉóãÜäõâóÔäòÈëöăâ¬ăÕ­äòÛÅèóâÚõãâ 
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áóß PET/CT âöÜäñāãËÚ°ĂÚÂóäÕúĀæÝú­Ü§èã
âñÿäĆÈîã¬óÈâóÂ ÿäõćâÖòĈÈĀÖ¬ÂóäèõÚõÉÊòã ÂóäĀÛ¬ÈäñãñÃîÈ
âñÿäĆÈ ÛîÂÂóäßãóÂäÔ°āäÅ ÂóäèóÈĀÝÚÂóääòÂêóØòĈÈ
Ý¬óÖòÕ ÊóãäòÈëö ĀæñÿÅâöÛČóÛòÕ ÖæîÕÉÚÂóäØČóÚóãÂóä
ÖîÛëÚîÈÃîÈâñÿäĆÈÖ¬îÂóääòÂêó ĀæñÂóäÖõÕÖóâÂóä
ÂČóÿäõÛÃîÈâñÿäĆÈ āÕãëóäÿáëòËäòÈëöØöćâöÈóÚèõÉòãâóÂ
ØöćëùÕÅøî 2-(fluorine-18) fluoro-2-deoxy-D-glucose 
(FDG) ÿÚøćîÈÉóÂâöÅ¬óÅä÷ćÈËöèõÖÿØ¬óÂòÛ 110 ÚóØö Ì÷ćÈ
ÿìâóñëâÂòÛÂóäÃÚë¬ÈëóäÿáëòËäòÈëöĀæñÿìâóñÂòÛÂóä
ÖäèÉĂÚÝú­Ü§èã ĂÚÛØÅèóâÚöĈÉñÂæ¬óè×÷ÈÂóäÚČóáóß 
PET/CT âóĂË­ĂÚÂóäèóÈĀÝÚÂóääòÂêóÕ­èãäòÈëöÿÜ»Ú
ìæòÂ 

ÿÜ»ÚØöćØäóÛÂòÚÕöè¬ó FDG ÿÜ»Ú glucose analog 
Ì÷ćÈìóÂÿÌææ°âöÿâÖóÛîæõÌ÷âÃîÈÚĈČóÖóæâóÂÂĆÉñÉòÛëóä 
FDG ĂÚÿÌæÚòĈÚâóÂĀæñ FDG ÂĆÉñ×úÂÕòÂăè­ĂÚÿÌæ
ÿÚøćîÈÉóÂăâ¬ëóâóä××úÂ phosphorylate Ý¬óÚ Krebs 
cycle ÿâøćîĂË­ÿÅäøćîÈ PET ÂĆÉñëóâóä×Å­ÚßÛÛäõÿèÔØöćâö
ÿâÖóÛîæõÌ÷âÃîÈÚĈČóÖóæÚòĈÚÕ­èã (äúÜØöć 1) ĀÖ¬FDGâö
Ã­îÉČóÂòÕÅøîîóÉÿÂõÕÝæÛèÂæèÈĂÚÛäõÿèÔØöćâöÂóäîòÂÿëÛ
ìæòÈÝ¬óÖòÕ ÂóäÖõÕÿËøĈî tuberculosis(4) ÿÚøĈîÈîÂÛóÈËÚõÕ
ÿË¬Ú ÿÚøĈîÈîÂÖ¬îâÚĈČóæóãËÚõÕWarthin³s tumors, colonic 
adenomas, enchondroma Āæñ uterine fibroidsìäøî
ÿÚøĈîÿãøćîÜÂÖõÌ÷ćÈĂË­ÚĈČóÖóæâóÂ (physiologic activity) 
ÿË¬Ú ëâîÈ ÖòÛ Ö¬îâÚĈČóæóã Âæ­óâÿÚøĈîìòèĂÉ ÂĆÉñÿÂõÕ
uptake FDG ĂÚÛäõÿèÔÕòÈÂæ¬óèÕ­èã Ì÷ćÈÛóÈÅäòĈÈîóÉØČó
Ăì­ĀßØã°Ýú­äòÂêóÂČóìÚÕÃîÛÿÃÖÃîÈÂ­îÚâñÿäĆÈãóÂÃ÷ĈÚ 
(5) ÚîÂÉóÂÚöĈâñÿäĆÈÛóÈËÚõÕãòÈăâ¬ uptake FDG ÿË¬Ú 
âñÿäĆÈÜîÕËÚõÕ brochoalveolar carcinoma, renal cell 
carcinoma, mucosa-associated lymphoid tissue 
lymphomas, small lymphocytic cell lymphoma,  
neuroendocrine tumors ìäøîÂóäÂäñÉóãØöćÂäñÕúÂËÚõÕ 

sclerotic bone metastases ÿÜ»ÚÖ­Ú Ã­îÅèääñèòÈîöÂÃ­î
ìÚ÷ćÈÅøî PET âöÅèóâæñÿîöãÕÃîÈáóßÖćČó (low spatial 
resolution) ìóÂÂ­îÚâñÿäĆÈâöÃÚóÕÿæĆÂÂè¬ó6-7 ââ. îóÉ
ØČóĂì­ăâ¬ÿìĆÚÂ­îÚâñÿäĆÈÂ­îÚÚòĈÚÿÚøćîÈÉóÂ partial 
volume effect ÂĆăÕ­ 
 
äúÜØöć 1 ĀëÕÈÂæăÂÂóäÕúÕÌ÷âÚĈČóÖóæ Āæñ FDG Ý¬óÚÿÃ­ó
ăÜĂÚÿÌæ ëòÈÿÂÖè¬óìæòÈÉóÂ FDG ×úÂÕúÕÌ÷âÿÃ­óÿÌæ Éñ
ăâ¬ëóâóä×ÿâÖóÛîăæÌ°Ý¬óÚ Krebs cycle ØČóĂì­ëóâóä×
ÖäèÉăÕ­Õ­èãÿÅäøćîÈ PET 

 
 
ÂóäĂË­ PET/CT ĂÚÂóäË¬èãÂČóìÚÕÃîÛÿÃÖÃîÈ
Â­îÚâñÿäĆÈ 

ĂÚîÚóÅÖÛØÛóØÃîÈÂóäÊóãäòÈëöĀÛÛÜäòÛ
ÅèóâÿÃ­â (intensity modulated radiation therapy, 
IMRT) Āæñ image guided radiation therpy (IGRT) Éñ
âöâóÂÃ÷ĈÚÿäøćîã ĀæñÉñăâ¬ÉČóÂòÕÿÊßóñāäÈÿäöãÚĀßØã°
ÃÚóÕĂìÎ¬îöÂÖ¬îăÜ ÿÜ¨óìâóãìæòÂÃîÈÂóäÚČó PET âó
ĂË­ĂÚÂóäèóÈĀÝÚÂóäÊóãäòÈëöÅøîØČóĂì­ĀßØã°äòÈëöäòÂêó
ëóâóä×ÂČóìÚÕÃîÛÿÃÖÃîÈÂ­îÚâñÿäĆÈ (gross tumor 
volume) ăÕ­îã¬óÈ×úÂÖ­îÈĀæñĀâ¬ÚãČóÃ÷ĈÚØČóĂì­
ÝæÂóääòÂêóÕöÃ÷ĈÚÖæîÕÉÚÝæÃ­óÈÿÅöãÈæÕæÈÕ­èã  ĀÖ¬ĂÚ
ÅèóâÿÜ»ÚÉäõÈîóÉăâ¬ÿÜ»ÚÿË¬ÚÚòĈÚ Âæ¬óèÅøî×­óÿÜ¨óìâóã
ÂóääòÂêóÅøîÖ­îÈÂóäèóÕÂ­îÚâñÿäĆÈĂì­ÅäîÛÅæùâÿßøćî
æÕ geographic miss ÂóäØČóPET/CTÌ÷ćÈâöÅèóâăèëúÈ 

 


