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°“√„™â√—ß ’„π°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬‚√§¡–‡√Áßª√–°Õ∫¥â«¬

1. √—ß ’«‘π‘®©—¬ (Diagnostic Radiology) ‰¥â·°à °“√∑”‡ÕÁ°´‡√¬å (plain film,

mammogram), ultrasound, CT scan, MRI ‡æ◊ËÕ«—μ∂ÿª√– ß§åμà“ßÊ ¥—ßπ’È

- «‘π‘®©—¬‚√§ (diagnosis)

- μ√«®À“√–¬–¢Õß‚√§ (staging ¥Ÿ disease extension)

- μ‘¥μ“¡º≈°“√√—°…“ ¥Ÿ°“√μÕ∫ πÕßμàÕ°“√√—°…“ (monitor disease re-

sponse)

- μ√«®¥Ÿ°“√°≈—∫‡ªìπ´È”¢Õß‚√§ (detect disease recurrence)

- ¥Ÿº≈¢â“ß‡§’¬ß¢Õß°“√√—°…“ (evaluate treatment complication)

πÕ°®“°π’È Àπà«¬√—ß ’«‘π‘®©—¬¬—ß¡’°“√∑”À—μ∂°“√μà“ßÊ ‚¥¬„™â√—ß ’‡ªìπμ—«™à«¬

«‘π‘®©—¬À√◊Õ√—ß ’√à«¡√—°…“ (Interventional Radiology) ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√√—°…“¡–‡√Áß‰¥â·°à

- °“√∑” image-guided core needle biopsy À√◊Õ fine needle aspira-

tion ‚¥¬„™â x-ray, ultrasound À√◊Õ CT guidance ‡™àπ ºŸâªÉ«¬∑’Ë¡’°âÕπ„πªÕ¥ μ—∫

„π™àÕß∑âÕß À√◊Õ à«πÕ◊ËπÊ ¢Õß√à“ß°“¬ °“√∑” stereotactic biopsy À√◊Õ needle loca-

lization ¢Õß‡μâ“π¡

- °“√‡®“–„ à∑àÕ√–∫“¬ (drain) ‚¥¬„™â image guide ‡™àπ °“√∑” percuta-

neous nephrostomy, percutaneous transhepatic biliary drainage, °“√ drain

abscess À√◊Õ pleural effusion

- °“√∑” transcatheter oily chemoembolization (TOCE) ‡ªìπ°“√
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√—°…“¡–‡√Áßμ—∫‚¥¬„Àâ¬“‡§¡’∫”∫—¥∑“ßÀ≈Õ¥‡≈◊Õ¥·¥ß∑’Ë‰ª‡≈’È¬ß°âÕπ¡–‡√Áß‚¥¬μ√ß °“√∑”

radiofrequency ablation (RFA) §◊Õ°“√®’È∑”≈“¬°âÕπ¡–‡√Áß¥â«¬§≈◊Ëπ§«“¡√âÕπ „π

¡–‡√Áß∑’Ë°√–®“¬‰ª∑’Ëμ—∫À√◊ÕªÕ¥ °“√„™â high-intensity focused ultrasound (HIFU)

„π°“√√—°…“¡–‡√Áßμ—∫ÕàÕπ ¡–‡√ÁßμàÕ¡≈Ÿ°À¡“° ‡ªìπμâπ

- °“√∑” angiogram, venogram ‡æ◊ËÕμ√«®¥Ÿ‡ âπ‡≈◊Õ¥ À√◊Õ°“√∑” em-

bolization ‡æ◊ËÕÕÿ¥‡ âπ‡≈◊Õ¥

- °“√Ωíß‚≈À– (fiducial marker) ‡æ◊ËÕ∫Õ°μ”·Àπàß¢Õß°âÕπ‡π◊ÈÕßÕ°„π

°“√©“¬√—ß ’

2. √—ß ’√—°…“ (Radiation Oncology, Radiotherapy) ‡ªìπ°“√„™â√—ß ’‡æ◊ËÕ

√—°…“‡π◊ÈÕßÕ°À√◊Õ¡–‡√Áß ´÷Ëß®–°≈à“«√“¬≈–‡Õ’¬¥μàÕ‰ª

3. ‡«™»“ μ√åπ‘«‡§≈’¬√å (Nuclear Medicine) ‡ªìπ°“√„™â “√‡¿ —™√—ß ’ (radiop-

harmaceutical) ‚¥¬°“√°‘πÀ√◊Õ©’¥‡¢â“‰ª„π√à“ß°“¬ºŸâªÉ«¬‡æ◊ËÕμ√«®«‘π‘®©—¬À√◊Õ√—°…“¡–‡√Áß

- °“√μ√«®«‘π‘®©—¬ ‰¥â·°à °“√∑” bone scan, thyroid scan, °“√μ√«®

°“√∑”ß“π¢ÕßÀ—«„® Multi Gated Acquisition Scan (MUGA scan) °àÕπ°“√„Àâ

‡§¡’∫”∫—¥ °“√©’¥ “√‡¿ —™√—ß ’‡æ◊ËÕÀ“ sentinel lymph node (lymphoscintigraphy)

‡æ◊ËÕ∑” sentinel lymph node biopsy „π¡–‡√Áß‡μâ“π¡ °“√∑” positron emission

tomography (PET scan) ‡ªìπμâπ

- °“√√—°…“ ‰¥â·°à °“√©’¥ “√‡¿ —™√—ß ’‡æ◊ËÕ√—°…“¡–‡√Áß°√–®“¬‰ª∑’Ë°√–¥Ÿ°

(bone metastasis) °“√°‘ππÈ”·√à‰Õ‚Õ¥’π (Iodine-131) ‡æ◊ËÕ√—°…“¡–‡√ÁßμàÕ¡‰∑√Õ¬¥å

‡ªìπμâπ

√—ß ’∑’Ë„™â∑“ß°“√·æ∑¬å‡ªìπ ionizing radiation §◊Õ√—ß ’∑’Ë¡’æ≈—ßß“π ŸßæÕ∑’Ë®–

∑”„Àâ‡°‘¥°“√·μ°μ—«‡ªìπª√–®ÿ (ionization) ‰¥â ·∫àß‡ªìπ 2 ª√–‡¿∑ §◊Õ

1. ‚øμÕπ (photon) ‡ªìπ√—ß ’§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ (electromagnetic radia-

tion) ´÷Ëß‡ªìπ°≈ÿà¡æ≈—ßß“π ‰¡à¡’¡«≈ ¡’æ≈—ßß“π Ÿß„π√–¥—∫ kilovolt (KV) ∂÷ß megavolt

(MV) ‰¥â·°à ‡ÕÁ°´‡√¬å (X-ray) ·≈–√—ß ’·°¡¡“ (gamma ray)

- X-ray ‡°‘¥®“°°“√§“¬æ≈—ßß“π¢Õß excited electron ∑’ËÕ¬Ÿà√Õ∫Ê nucleus

‡æ◊ËÕ∑’Ë®–°≈—∫‡¢â“«ß‚§®√¥â“π„π∑’Ë¡’æ≈—ßß“πμË”°«à“ (characteristic X-ray) À√◊Õ‡°‘¥®“°
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√Ÿª∑’Ë 2 °“√‡°‘¥ Bremsstrahlung ·≈– Characteristic X-ray

√Ÿª∑’Ë 3

√Ÿª∑’Ë 1
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°“√∑’Ë electron ¡’§«“¡‡√Á«≈¥≈ß‡¡◊ËÕ«‘Ëßºà“πÕ–μÕ¡ (Bremsstrahlung À√◊Õ continu-

ous X-ray) ´÷Ëß‡ªìπ X-ray ∑’Ë„™â∑“ß°“√·æ∑¬å º≈‘μ‚¥¬°“√‡√àßÕπÿ¿“§ electron ‰ª™π

°—∫ target ´÷Ëß‡ªìπ‚≈À–‡©æ“–‡™àπ∑—ß ‡μπ °Á®–‰¥â X-ray ∑’Ë¡’æ≈—ßß“π·μ°μà“ß°—π‰ª X-

ray ∑’Ë„™â„π√—ß ’«‘π‘®©—¬®–¡’æ≈—ßß“πμË” (KV X-ray) ´÷Ëß “¡“√∂·¬°§«“¡·μ°μà“ß¢Õß ‘Ëß

∑’Ë¡’§«“¡Àπ“·πàπ‰¡à‡∑à“°—π‰¥â¥’ (bone, soft tissue, air density)  à«π X-ray ∑’Ë„™â„π

√—ß ’√—°…“®–¡’æ≈—ßß“π Ÿß°«à“√—ß ’«‘π‘®©—¬¡“° (MV X-ray) ´÷Ëß®–‰¥âº≈¥’„π°“√√—°…“

¡–‡√Áß∑’ËÕ¬Ÿà≈÷°„πμ—«ºŸâªÉ«¬

- Gamma ray ‡°‘¥®“°°“√ ≈“¬μ—«¢Õß “√°—¡¡—πμ√—ß ’ (radionuclide)

§◊Õ “√∑’Ë‰¡à‡ ∂’¬√ ´÷Ëß®–§“¬æ≈—ßß“πÕÕ°¡“®“°π‘«‡§≈’¬  (decay) ‡æ◊ËÕ°≈“¬‰ª‡ªìπ “√

∑’Ë‡ ∂’¬√°«à“μàÕ‰ª  “√°—¡¡—πμ√—ß ’·μà≈–™π‘¥®–„Àâ gamma ray ∑’Ë¡’æ≈—ßß“π‡©æ“– ‡™àπ

Cobalt-60 „Àâ gamma ray æ≈—ßß“π‡©≈’Ë¬ 1.25 MV

2. Õπÿ¿“§ (particle) ´÷Ëß¡’¡«≈ ‰¥â·°à electron, proton, neutron, α-par-

ticle, heavy ion ‡™àπ carbon ion ‡ªìπμâπ particle ®–¡’§ÿ≥ ¡∫—μ‘∑“ß physics ·≈–

radiobiology μà“ß‰ª®“°‚øμÕπ ‡™àπ®–≈ß‰ª‰¥â∑’Ë§«“¡≈÷°√–¥—∫Àπ÷Ëß·≈â«§“¬

æ≈—ßß“πÕÕ°À¡¥ ‰¡à¡’√—ß ’∑–≈ÿÕÕ°¥â“πμ√ß¢â“¡ À√◊Õ “¡“√∂∑”≈“¬‡´≈≈å‰¥â¡“°°«à“

‚øμÕπ

√—ß ’√—°…“ ‡ªìπ°“√„™â√—ß ’·∫∫ external use ‡æ◊ËÕ√—°…“‡π◊ÈÕßÕ°À√◊Õ¡–‡√Áß ´÷Ëß

®–‰¡à¡’ “√√—ß ’„¥Ê ºà“π°“√ absorption, metabolism, excretion/secretion ¢Õß√à“ß°“¬

 à«π‡«™»“ μ√åπ‘«‡§≈’¬√å®–‡ªìπ°“√„™â√—ß ’·∫∫ internal use ‚¥¬°“√√—∫ª√–∑“π “√

‡¿ —™√—ß ’·≈â«ºà“π°“√¥Ÿ¥´÷¡ À√◊Õ©’¥ “√‡¿ —™√—ß ’‡¢â“‰ª„π√à“ß°“¬  À≈—ß®“°π—Èπ®–ºà“π

°√–∫«π°“√‡¡μ“∫Õ≈‘ ¡·≈–∂Ÿ°¢—∫ÕÕ°®“°√à“ß°“¬

‡∑§π‘§¢Õß√—ß ’√—°…“ ª√–°Õ∫¥â«¬

1. °“√©“¬√—ß ’®“°¿“¬πÕ° (external beam radiotherapy À√◊Õ teletherapy

À√◊Õ °“√©“¬√—ß ’) ´÷Ëß·À≈àß°”‡π‘¥√—ß ’®–Õ¬ŸàÀà“ß®“°μ—«ºŸâªÉ«¬ ‚¥¬„™â‡§√◊ËÕß©“¬√—ß ’∑’Ë„Àâ

gamma ray À√◊Õ X-ray æ≈—ßß“π Ÿß„π√–¥—∫ megavolt ‰¥â·°à

- ‡§√◊ËÕß‚§∫Õ≈∑å 60 (Cobalt-60 teletherapy) ´÷Ëß„Àâ√—ß ’·°¡¡“ æ≈—ßß“π
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‡©≈’Ë¬ 1.25 MV „™â ”À√—∫‡∑§π‘§°“√©“¬√—ß ’∑’Ë‰¡à´—∫´âÕπ¡“°

- ‡§√◊ËÕß‡√àßÕπÿ¿“§ (linear accelerator; LINAC) ́ ÷Ëßº≈‘μ X-ray æ≈—ßß“π Ÿß

6-18 MV À√◊Õ„ÀâÕπÿ¿“§ electron ‡§√◊ËÕß‡√àßÕπÿ¿“§¡’À≈“¬√ÿàπÀ≈“¬·∫∫ √“§“·æß°«à“

‡§√◊ËÕß‚§∫Õ≈∑å 60  “¡“√∂„™â ”À√—∫‡∑§π‘§°“√©“¬√—ß ’∑’Ë¬ÿàß¬“°´—∫´âÕπ‰¥â

- Particle beam radiotherapy ‡™àπ‡§√◊ËÕß©“¬√—ß ’ proton, neutron,

heavy ion ¡’¢âÕ¥’„π¥â“π radiobioloby ·≈– radiation physics ‚¥¬ “¡“√∂≈¥

ª√‘¡“≥√—ß ’μàÕ‡π◊ÈÕ‡¬◊ËÕª°μ‘À√◊Õ¡’º≈„π°“√∑”≈“¬‡´≈≈å¡–‡√Áß¡“°°«à“‚øμÕπ·≈– elec-

tron ªí®®ÿ∫—π¬—ß‰¡à¡’„πª√–‡∑»‰∑¬‡π◊ËÕß®“°‡§√◊ËÕß¡’§«“¡´—∫´âÕπ·≈–√“§“·æß¡“° ·μà

§“¥«à“®–¡’„πÕπ“§μ ∑’Ëπ‘¬¡„™â„πμà“ßª√–‡∑»§◊Õ‡§√◊ËÕß©“¬√—ß ’ proton, ‡§√◊ËÕß©“¬√—ß ’

carbon ion „πª√–‡∑»≠’ËªÿÉπ

°“√©“¬√—ß ’®“°¿“¬πÕ°¡’À≈“¬‡∑§π‘§ ‰¥â·°à

- °“√©“¬√—ß ’ 2 ¡‘μ‘; conventional 2-dimensional radiotherapy ‡ªìπ°“√

©“¬√—ß ’∑’Ë„™â simple beam direction ‰¡à°’Ë∑‘»∑“ß‡™àπ anterior-posterior ·≈– lateral

‰¡à¡’°“√§”π«≥ª√‘¡“π√—ß ’‡ªìπ volume

- °“√©“¬√—ß ’ 3 ¡‘μ‘; 3-dimensional treatment planning, 3-dimen-

sional conformal radiotherapy (3D-CRT) ¡’°“√„™â¿“æ CT scan À√◊Õ MRI ¡“

„™â„π°“√«“ß·ºπ°“√©“¬√—ß ’  “¡“√∂©“¬√—ß ’‰¥â®“°À≈“¬∑‘»∑“ß (multiple beam di-

rection) „™â§Õ¡æ‘«‡μÕ√å§”π«≥ª√‘¡“≥√—ß ’

- Sophisticated technique ‰¥â·°à °“√©“¬√—ß ’·∫∫ª√—∫§«“¡‡¢â¡ inten-

sity modulated radiotherapy (IMRT), °“√©“¬√—ß ’√à«¡æ‘°—¥ stereotactic radio-

surgery (SRS), stereotactic radiotherapy (SRT), image-guided radiotherapy

(4D-IGRT) μâÕß„™â‡§√◊ËÕß¡◊Õ·≈–°“√«“ß·ºπ°“√©“¬√—ß ’∑’Ë¬ÿàß¬“°´—∫´âÕπ μâÕß°“√§«“¡

·¡àπ¬” Ÿß„Àâμ√ß‡ªÑ“À¡“¬ ‡æ◊ËÕ„Àâª√‘¡“≥√—ß ’∑’Ë°âÕπ¡–‡√Áß„Àâ‰¥â¡“°∑’Ë ÿ¥·≈–≈¥ª√‘¡“≥

√—ß ’μàÕ‡π◊ÈÕ‡¬◊ËÕª°μ‘„ÀâπâÕ¬∑’Ë ÿ¥

2. °“√„ à·√àÀ√◊ÕΩíß·√à (brachytherapy) §◊Õ°“√π”‡Õ“·√à√—ß ’ (sealed radia-

tion source) „ à‡¢â“‰ª¿“¬„π°âÕπ¡–‡√ÁßÀ√◊Õ„πμ—«ºŸâªÉ«¬™‘¥μ‘¥°—∫°âÕπ¡–‡√Áß

brachytherapy ¡’‡∑§π‘§μà“ßÊ ¥—ßπ’È
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- Intracavitary insertion §◊Õ°“√„ à·√à‡¢â“‰ª„π body cavity ‡ªìπ

‡∑§π‘§∑’Ë„™â∫àÕ¬∑’Ë ÿ¥ ‡™àπ °“√„ à·√à„π¡–‡√Áßª“°¡¥≈Ÿ° ¡–‡√Áß¡¥≈Ÿ° nasopharyngeal

carcinoma

Intraluminal insertion §◊Õ°“√„ à·√à‡¢â“‰ª„πÕ«—¬«–∑’Ë‡ªìπ∑àÕ ‡™àπ ¡–‡√Áß

À≈Õ¥Õ“À“√ ¡–‡√Áß∑àÕπÈ”¥’ ¡–‡√ÁßªÕ¥ (endobronchial brachytherapy) ¡–‡√Áß≈”‰ â„À≠à

- Interstitial implantation §◊Õ°“√Ωíß·√à√—ß ’‡¢â“‰ª„π°âÕπ¡–‡√Áß‚¥¬μ√ß ‡™àπ

head & neck cancer (tongue, floor of mouth, buccal mucosa, lip), vagina &

vulva cancer, extremity soft tissue sarcoma, breast cancer, prostate cancer

 à«π„À≠à®–Ωíß·√à·≈â«‡Õ“ÕÕ°À≈—ß®“°‰¥â√—∫ª√‘¡“≥√—ß ’∑’ËμâÕß°“√·≈â« (temporally im-

plant) ·μà¡’°“√Ωíß·√à∑’Ë∑‘Èß·√à‰«â„πμ—«ºŸâªÉ«¬‡≈¬‰¡à‡Õ“·√àÕÕ° (permanent implant) ‡™àπ„π

prostate cancer ·μàª√‘¡“≥√—ß ’∑’Ëª≈àÕ¬ÕÕ°¡“®–≈¥≈ß‰ª‡√◊ËÕ¬Ê μ“¡√–¬–‡«≈“

- °“√«“ß·√à∫πæ◊Èπº‘« (surface mould) ‡™àπ °“√√—°…“¡–‡√Áßº‘«Àπ—ß °“√

ªÑÕß°—π°“√‡°‘¥ keloid ‡ªìπμâπ

·√à∑’Ë„™â ”À√—∫ brachytherapy ¡’¥—ßπ’È

- High-dose-rate (HDR) brachytherapy ‰¥â·°à Iridium-192 ·≈– Co-

√Ÿª∑’Ë 4 ‡§√◊ËÕß©“¬√—ß ’ Cobalt-60 ·≈–‡§√◊ËÕß‡√àßÕπÿ¿“§ (Linear accelerator)
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balt-60 ∑’Ëπ‘¬¡„™â¡“°§◊Õ Iridium-192 ´÷Ëß„Àâ gamma ray æ≈—ßß“π‡©≈’Ë¬ 0.397 MV

‚¥¬®–„Àâ√—ß ’ª√‘¡“≥ Ÿß „™â‡«≈“„π°“√√—°…“ —Èπ ª√–¡“≥ 10-30 π“∑’μàÕ°“√„ à·√à 1 §√—Èß

‚¥¬∑—Ë«‰ª„ àª√–¡“≥ 3-5 §√—Èß  à«π„À≠à∑”‡ªìπ OPD case ‰¡àμâÕßπÕπ‚√ßæ¬“∫“≈¬°‡«âπ

interstitial implant

- Medium-dose-rate (MDR) brachytherapy ‰¥â·°à Cesium-137 „™â

‡«≈“„π°“√√—°…“ª√–¡“≥ 6-12 ™—Ë«‚¡ßμàÕ§√—Èß

- Low-dose-rate (LDR) brachytherapy ‰¥â·°à Iridium-192 ™π‘¥ low

dose rate, Radium-226  ´÷Ëßªí®®ÿ∫—π‡≈‘°„™â·≈â« ‡«≈“∑’Ë„™â„π°“√√—°…“π“π‡π◊ËÕß®“°

ª√‘¡“≥√—ß ’∑’Ëª≈àÕ¬ÕÕ°¡“πâÕ¬ „™â‡«≈“ª√–¡“≥ 48-72 ™—Ë«‚¡ßμàÕ°“√„ à·√à 1 §√—Èß

ºŸâªÉ«¬μâÕßπÕπ‚√ßæ¬“∫“≈ ªí®®ÿ∫—π„™â LDR brachytherapy πâÕ¬≈ß‡æ√“–¡’ªí≠À“„π

°“√ªÑÕß°—πÕ—πμ√“¬®“°√—ß ’ ¡’ radiation exposure μàÕ∫ÿ§≈“°√∑“ß°“√·æ∑¬å

LDR brachytherapy ·∫∫ permanent interstitial implant ‚¥¬„™â·√à Io-

dine-125 À√◊Õ Palladium-103  à«π„À≠à„™â„π°“√√—°…“¡–‡√ÁßμàÕ¡≈Ÿ°À¡“°

ªí®®ÿ∫—πª√–‡∑»‰∑¬ à«π„À≠à„™â HDR brachytherapy ‚¥¬„™â·√à Iridium-192

´÷Ëß¡’¢π“¥‡≈Á° ª√–¡“≥ 1x4 mm. °“√„ à·√à ®–„ à‡§√◊ËÕß¡◊Õ‡ª≈à“∑’Ë‡ªìπ∑àÕ°≈«ß (appli-

√Ÿª∑’Ë 5 ‡§√◊ËÕß high-dose-rate (HDR)

brachytherapy
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cator) ‡¢â“‰ª°àÕπ„ÀâÕ¬Ÿà„πμ”·Àπàß∑’Ë‡À¡“– ¡ ∑”°“√§”π«≥ª√‘¡“≥√—ß ’ ·≈â«®÷ß„ à·√à

‚¥¬‡§√◊ËÕß„ à·√à®–¥—π·√à‡¢â“‰ª„π applicator ∑’ËÕ¬Ÿà„πμ—«ºŸâªÉ«¬·≈–¥÷ß·√à°≈—∫‡¡◊ËÕ‰¥â√—∫

√—ß ’§√∫μ“¡∑’Ë«“ß·ºπ‰«â‚¥¬Õ—μ‚π¡—μ‘ (remote-controlled after loading technique)

‡ √Á®·≈â«‡Õ“ applicator ÕÕ°®“°μ—«ºŸâªÉ«¬ ´÷Ëß·æ∑¬å·≈–∫ÿ§≈“°√®–‰¡à‰¥â√—∫√—ß ’„¥Ê

3. °“√©“¬√—ß ’‡∑§π‘§Õ◊ËπÊ ‰¥â·°à

- Intraoperative radiotherapy (IORT) À√◊Õ°“√©“¬√—ß ’„πÀâÕßºà“μ—¥ ‚¥¬

„Àâ√—ß ’ª√‘¡“≥ Ÿß§√—Èß‡¥’¬«∑—π∑’∫√‘‡«≥ tumor bed (single high dose radiation)

À≈—ß®“°ºà“μ—¥‡Õ“°âÕπ¡–‡√ÁßÕÕ° °àÕπ∑’Ë®–‡¬Á∫ªî¥·º≈ „™â√—ß ’ electron ®“°‡§√◊ËÕß‡√àß

Õπÿ¿“§, low energy (KV) X-ray, À√◊Õ„™â HDR brachytherapy IORT ∑”„Àâ “¡“√∂

„Àâ√—ß ’ª√‘¡“≥ Ÿß‰ª¬—ß∫√‘‡«≥∑’Ë¡’§«“¡‡ ’Ë¬ßμàÕ°“√‡°‘¥ local recurrence ‚¥¬∑’Ë “¡√∂

°—πÕ«—¬«–ª°μ‘∑’Ë∑π√—ß ’‰¥âπâÕ¬‰¥â·°à small bowel, skin ÕÕ°‰ª®“° radiation field

¡’∑’Ë„™â„π¡–‡√Áß„π™àÕß∑âÕßÀ√◊ÕÕÿâß‡™‘ß°√“π, radioresistant tumor ‡™àπ retroperitoneal

sarcoma, gastric/pancreatic cancer, colorectal cancer, recurrent pelvic ma-

lignancy, ·≈– breast cancer ‡ªìπμâπ ‚¥¬¡—°®–μâÕß„™â√à«¡°—∫°“√©“¬√—ß ’ª°μ‘ IORT

®–„Àâª√–‚¬™πå„π°“√‡æ‘Ë¡ local control „π°√≥’∑’Ë “¡“√∂∑” gross tumor removal ‰¥â

(‡À≈◊Õ·§à microscopic residual tumor)

- Total body irradiation (TBI) À√◊Õ°“√©“¬√—ß ’∑—Èßμ—« „™â„π°“√∑” bone

marrow transplant „π hematologic malignancy

º≈∑“ß™’«¿“æ¢Õß√—ß ’ (Radiobiology)

º≈¢Õß√—ß ’·∫àß‡ªìπ direct effect ·≈– indirect effect ´÷Ëß X-ray, gamma

ray, electron  à«π„À≠à®–‡°‘¥ indirect effect §◊Õ√—ß ’®–∑”ªØ‘°‘√‘¬“°—∫ÕÕ°´‘‡®π„π

‡π◊ÈÕ‡¬◊ËÕÀ√◊Õ‡´≈≈å ∑”„Àâ·μ°μ—«‡ªìπª√–®ÿ (‡°‘¥ ionization) °≈“¬‡ªìπ free radical

·≈â«∑”„Àâ‡°‘¥ DNA damage  à«π direct effect §◊Õ°“√∑’Ë√—ß ’∑”„Àâ‡°‘¥ cell damage

‚¥¬μ√ß‰¡àμâÕßÕ“»—¬ÕÕ°´‘‡®π ®–‡°‘¥¡“°„π√—ß ’∑’Ë‡ªìπÕπÿ¿“§™π‘¥ heavy particle

(´÷Ëß¬—ß‰¡à¡’„πª√–‡∑»‰∑¬) À≈—ß®“°‡°‘¥ DNA damage ·≈â« º≈∑’Ë‡°‘¥μ“¡¡“‰¥â·°à

- Cell death: ∂â“ DNA damage ¡’§«“¡√ÿπ·√ß¡“° ‡´≈≈å‰¡à “¡“√∂
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´àÕ¡·´¡μ—«‡Õß‰¥â ´÷Ëß¡—°®–‡ªìπ·∫∫ apoptosis À√◊Õ programmed cell death ¡“°

°«à“·∫∫ necrosis

- Stop growth (reproductive death) §◊Õ‡´≈≈å‰¡à “¡“√∂·∫àßμ—«μàÕ‰ª

‰¥â ∑—Èß ÕßÕ¬à“ßπ’È‡ªìπ°“√∑”≈“¬‡´≈≈å¡–‡√ÁßÀ√◊Õ¬—∫¬—Èß‰¡à„Àâ‡®√‘≠‡μ‘∫‚μμàÕ‰ª

- Mutation: ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß DNA ´÷ËßÕ“®®–¡’º≈„Àâ‡´≈≈å

‡ª≈’Ë¬π·ª≈ß‰ª‡™àπ radiation-induced cancer

- Repair: ‡´≈≈å “¡“√∂´àÕ¡·´¡μ—«‡Õß‰¥â normal tissue ¡—°®–¡’§«“¡

 “¡“√∂„π°“√ repair ¥’°«à“‡´≈≈å¡–‡√Áß ∑”„Àâ°≈—∫ Ÿà¿“«–ª°μ‘‰¥â À√◊Õ¡–‡√Áß™π‘¥ radiore-

sistant ®–¡’§«“¡ “¡“√∂„π°“√ repair DNA damage  Ÿß

¡–‡√Áß·μà≈–™π‘¥¡’§«“¡‰«μàÕ√—ß ’‰¡à‡∑à“°—π ·∫àß°≈ÿà¡μ“¡ radiation sensitiv-

ity ¥—ßπ’È

- ¡–‡√Áß∑’Ë¡’§«“¡‰«μàÕ√—ß ’ Ÿß (radiosensitive tumor) ‰¥â·°à hematologic

malignancy (lymphoma, leukemia), germ cell tumor, small cell carcinoma

- ¡–‡√Áß∑’Ë¡’§«“¡‰«μàÕ√—ß ’ª“π°≈“ß ‰¥â·°à squamous cell carcinoma ·≈–

adenocarcinoma ´÷Ëß squamous cell carcinoma ®–‰«μàÕ√—ß ’¡“°°«à“ adenocarci-

noma

- ¡–‡√Áß∑’Ë¥◊ÈÕμàÕ√—ß ’ (radioresistant tumor) ‰¥â·°à sarcoma, melanoma,

glioblastoma multiforme (GBM), renal cell carcinoma

°“√„Àâ√—ß ’‚¥¬∑—Ë«‰ª¡—°®–μâÕß„ÀâÀ≈“¬§√—Èß‚¥¬·∫àß„Àâ√—ß ’∑’≈–πâÕ¬μàÕ«—π

μ‘¥μàÕ°—π®π‰¥âª√‘¡“≥√—ß ’√«¡μ“¡∑’ËμâÕß°“√ (fractionation)

º≈¢Õß fractionation ¡’¥—ßπ’È → 4Rs in radiobiology

- Repair: ‡æ◊ËÕ„Àâ normal tissue ¡’‡«≈“„π°“√ repair radiation dam-

age ‡æ◊ËÕ≈¥°“√‡°‘¥º≈¢â“ß‡§’¬ß√–¬–¬“«®“°√—ß ’ ‡ªìπ‡Àμÿº≈À≈—°¢Õß°“√·∫àß„Àâ√—ß ’

À≈“¬§√—Èß

- Redistribution of cell cycle: ·μà≈– phase ¢Õß cell cycle ¡’§«“¡

sensitive μàÕ√—ß ’‰¡à‡∑à“°—π ‡´≈≈å„π√–¬–æ—°·≈– S phase ‡ªìπ radioresistant, G2

·≈– M phase ‡ªìπ radiosensitive °“√„Àâ√—ß ’·μà≈–§√—Èß®–¶à“‡´≈≈å∑’ËÕ¬Ÿà„π radiosen-
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sitive phase ‡´≈≈å∑’Ë‡À≈◊Õ®–‡¢â“ Ÿà phase ∑’Ë‡ªìπ radiosensitive „π«—πμàÕÊ‰ª ∑”„Àâ

¡’‚Õ°“ „π°“√∑”≈“¬‡´≈≈å¡“°°«à“°“√„Àâ√—ß ’§√—Èß‡¥’¬«

- Reoxygenation: ¥—ß∑’Ë‰¥â°≈à“«‰ª·≈â««à“√—ß ’μâÕßÕ“»—¬ oxygen „π°“√∑”

„Àâ‡°‘¥ cell damage √—ß ’®–¶à“‡´≈≈å¡–‡√Áß∑’Ë¡’ blood supply ¥’ (¡’ high oxygen level)

‰ª°àÕπ ·≈â«®–‡°‘¥ reoxygenation ¢Õß°âÕπ¡–‡√Áß à«π∑’Ë‡§¬‡ªìπ hypoxia „π√–À«à“ß

course ¢Õß°“√„Àâ√—ß ’ ∑”„Àâ¡’ radiosensitivity ¡“°¢÷Èπ

- Repopulation: ‡ªìπ°“√∑’Ë‡´≈≈å·∫àßμ—«‡æ‘Ë¡¡“°¢÷ÈπÀ≈—ß®“°‰¥â√—∫√—ß ’‰ª

√–¬–Àπ÷Ëß ‡°‘¥„π∑—Èß normal cell ∑’Ë¡’°“√·∫àßμ—« Ÿß (early-responding tissue) ·≈–

cancer cell ‚¥¬‡©æ“– squamous cell carcinoma ¢Õß head & neck ·≈– cervix

®–‡°‘¥¿“«–∑’Ë‡√’¬°«à“ accelerated repopulation §◊Õ‡´≈≈å·∫àßμ—«‡æ‘Ë¡¡“°¢÷ÈπÕ¬à“ß

√«¥‡√Á«‰¥â ¥—ßπ—Èπ®÷ß§«√„Àâ√—ß ’„Àâ§√∫ dose μ“¡√–¬–‡«≈“∑’Ë°”Àπ¥ ‰¡àπ“π‡°‘π 6-7  —ª¥“Àå

‰¡à§«√¡’ radiation treatment break

∑—Èßπ’Èº≈¢Õß radiation fractionation ®–¢÷Èπ°—∫ radiosensitivity ¢Õß¡–‡√Áß

·μà≈–™π‘¥¥â«¬

ª√‘¡“≥√—ß ’ (radiation absorbed dose) ¡’Àπà«¬‡ªìπ Gray (Gy) °“√©“¬

√—ß ’·∫∫ curative treatment ª°μ‘ ®–„Àâ√—ß ’ 180-200 ‡´πμ‘‡°√¬å (cGy) μàÕ§√—Èß

Àπ÷Ëß§√—ÈßμàÕ«—π μ‘¥μàÕ°—π —ª¥“Àå≈– 5 «—π ´÷Ëß‚¥¬∑—Ë«‰ª§◊Õ«—π®—π∑√å∂÷ß»ÿ°√å À¬ÿ¥ —ª¥“Àå

≈– 2 «—π ‡√’¬°«à“ conventional fraction °“√©“¬√—ß ’‚¥¬∑—Ë«‰ª´÷Ëß„™âª√‘¡“≥√—ß ’ 5,000-

6,000 cGy ®–·∫àß©“¬ 25-35 §√—Èß „™â‡«≈“ 5-7  —ª¥“Àå

º≈¢Õß√—ß ’πÕ°®“°®–¢÷Èπ°—∫ª√‘¡“≥√—ß ’√«¡ (total dose) ·≈â« ¬—ß¢÷Èπ°—∫

ª√‘¡“≥√—ß ’∑’Ë„ÀâμàÕ§√—Èß (dose/fraction) ·≈–√–¬–‡«≈“∑’Ë„Àâ√—ß ’ (total treatment time)

¥â«¬ ‡™àπ radiation dose 4,500 cGy ∑’Ë„Àâ 180 cGy/fraction „π√–¬–‡«≈“ 5  —ª¥“Àå

®–¡’ biological effect μàÕ∑—Èß tumor ·≈– normal tissue ‰¡à‡∑à“°—∫ dose 4,500 cGy

∑’Ë„Àâ 300 cGy/fraction „π√–¬–‡«≈“ 3  —ª¥“Àå

∫∑∫“∑¢Õß√—ß ’√—°…“

√—ß ’√—°…“‡ªìπ°“√√—°…“‡©æ“–∑’Ë (loco-regional treatment) ‡æ◊ËÕ§«∫§ÿ¡‚√§„π
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∫√‘‡«≥∑’Ë„Àâ√—ß ’ μà“ß®“°‡§¡’∫”∫—¥À√◊Õ°“√√—°…“¥â«¬¬“ ‚¥¬„Àâ√—ß ’‰ª¬—ß∫√‘‡«≥∑’Ë

μâÕß°“√À√◊Õ‰ª¬—ß°âÕπ¡–‡√Áß„Àâ‰¥âª√‘¡“≥‡æ’¬ßæÕ∑’Ë®– “¡“√∂§«∫§ÿ¡‚√§‰¥â ·≈–

æ¬“¬“¡≈¥ª√‘¡“≥√—ß ’μàÕ‡π◊ÈÕ‡¬◊ËÕª°μ‘¢â“ß‡§’¬ß„ÀâπâÕ¬∑’Ë ÿ¥ ‚¥¬„™â‡∑§π‘§∑“ß√—ß ’μà“ßÊ

μ“¡∑’Ë‰¥â°≈à“«‰ª ‡æ◊ËÕ∫√√≈ÿ‡ªÑ“À¡“¬°“√√—°…“·≈–≈¥§«“¡‡ ’Ë¬ßμàÕ°“√‡°‘¥º≈¢â“ß‡§’¬ß

®“°√—ß ’„ÀâπâÕ¬∑’Ë ÿ¥ ‡æ◊ËÕ§ÿ≥¿“æ™’«‘μ∑’Ë¥’¢ÕßºŸâªÉ«¬

°“√μÕ∫ πÕßμàÕ√—ß ’∂â“¡’ gross lesion °âÕπ‰¡à‰¥â‡≈Á°≈ß∑—π∑’∑’Ë‡√‘Ë¡√—°…“ ´÷Ëß

®–μà“ß®“°°“√ºà“μ—¥  à«π„À≠à®–„™â‡«≈“  “¡“√∂¡’°“√μÕ∫ πÕßμàÕ‰ª‰¥âÕ’°À≈—ß®“°„Àâ

√—ß ’®∫·≈â« (~3-6 ‡¥◊Õπ) ‡π◊ËÕß®“° cell death mechanism ·≈– reproductive death

μ“¡∑’Ë‰¥â°≈à“«‰ª ·≈–®–·μ°μà“ß°—π‰ªμ“¡ radiosensitivity, °“√·∫àßμ—«¢Õß‡´≈≈å (¬‘Ëß

·∫àßμ—«‡√Á« ¡’°“√ √â“ß DNA ¡“° ®–¡’°“√μÕ∫ πÕß‡√Á«), ·≈–°“√√—°…“√à«¡ ‡™àπ°“√„Àâ

concurrent chemotherapy °“√„™â√—ß ’√—°…“‡π◊ÈÕßÕ°∑’Ë‚μ™â“À√◊Õ benign tumor

°âÕπ¡—°®–‡≈Á°≈ß‡≈Á°πâÕ¬ ‰¡à‰¥â¬ÿ∫À“¬‰ªÀ¡¥ À√◊Õ¡’¢π“¥‡∑à“‡¥‘¡‰¡à‚μ¢÷Èπ °Á∂◊Õ«à“

 “¡“√∂§«∫§ÿ¡‰¥â¥â«¬√—ß ’

‡ªÑ“À¡“¬¢Õß°“√√—°…“‚√§¡–‡√Áß¥â«¬√—ß ’¡’ 2 ·∫∫§◊Õ

1. °“√√—°…“·∫∫À«—ß„ÀâÀ“¬¢“¥ (curative À√◊Õ radical treatment) ®–„Àâ

ª√‘¡“≥√—ß ’ Ÿß  à«π„À≠à„™â conventional fraction „™â‡«≈“„π°“√√—°…“π“π ‡æ◊ËÕ„Àâ‰¥â

º≈ Ÿß ÿ¥„π°“√¶à“‡´≈≈å¡–‡√Áß·≈–≈¥‚Õ°“ °“√‡°‘¥º≈¢â“ß‡§’¬ß√–¬–¬“«®“°√—ß ’

2. °“√√—°…“‡æ◊ËÕ∫√√‡∑“Õ“°“√ (palliative treatment) „™â„π°√≥’∑’Ë‚√§‡ªìπ¡“°

¡’°“√·æ√à°√–®“¬·≈â«À√◊ÕºŸâªÉ«¬¡’ ¿“æ√à“ß°“¬‰¡à¥’ ‰¡à “¡“√∂∑π curative treatment

‰¥â

°“√„™â√—ß ’√—°…“·∫∫ curative treatment ·∫àß‡ªìπ

1. °“√„™â√—ß ’‡ªìπ°“√√—°…“À≈—° (radical À√◊Õ definitive radiotherapy) ‡™àπ

°“√√—°…“¡–‡√Áßª“°¡¥≈Ÿ°, head & neck cancer (nasopharynx, larynx, orophar-

ynx, hypopharynx), ¡–‡√ÁßªÕ¥, ¡–‡√ÁßÀ≈Õ¥Õ“À“√, ¡–‡√ÁßμàÕ¡≈Ÿ°À¡“° ‡ªìπμâπ

‚¥¬Õ“®®–„Àâ‡§¡’∫”∫—¥√à«¡¥â«¬

2. °“√„™â√—ß ’‡ªìπ°“√√—°…“‡ √‘¡ ‚¥¬°“√√—°…“À≈—°¡—°®–‡ªìπ surgery (adju-

vant radiotherapy, postoperative radiotherapy) ´÷ËßμÕπ∑’Ë„Àâ√—ß ’®–‰¡à¡’ measur-
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able disease ‡À≈◊ÕÕ¬Ÿà ¡—°„™â„π adenocarcinoma ·≈– radioresistant cancer ‡™àπ

breast, rectum, stomach, endometrium, prostate, oral cavity & paranasal

sinus, salivary gland cancer, sarcoma, malignant brain tumor ‡ªìπμâπ ∂â“©“¬

√—ß ’°àÕπ°“√ºà“μ—¥®–‡√’¬°«à“ preoperative À√◊Õ neoadjuvant radiotherapy ‡™àπ„π

rectal, esophageal cancer ‡ªìπμâπ „π lymphoma ®–¡’°“√„™â√—ß ’‡ªìπ°“√√—°…“

‡ √‘¡À≈—ß®“°‡§¡’∫”∫—¥

°“√‡≈◊Õ°„™âª√‘¡“≥√—ß ’ (radiation dose) ¢÷Èπ°—∫ªí®®—¬μà“ßÊ ¥—ßπ’È

- ™π‘¥¢Õß¡–‡√Áß, radiosensitivity

- Tumor size, tumor volume ‚¥¬°âÕπ¡–‡√Áß¢π“¥„À≠à ®–μâÕß°“√ª√‘¡“≥

√—ß ’∑’Ë Ÿß¢÷Èπ„π°“√§«∫§ÿ¡‚√§ μ—«Õ¬à“ß‡™àπ squamous cell carcinoma μâÕß„™â radia-

tion dose 45-50 Gy  ”À√—∫ microscopic disease, 65-70 Gy  ”À√—∫ tumor

¢π“¥‰¡à‡°‘π 3-4 cm, >70 Gy  ”À√—∫ tumor ¢π“¥„À≠à°«à“ 4 cm ‡ªìπμâπ

- μ”·Àπàß∑’Ë®–√—°…“ §«“¡∑πμàÕ√—ß ’¢Õß‡π◊ÈÕ‡¬◊ËÕª°μ‘À√◊ÕÕ«—¬«–∑’ËÕ¬Ÿà¢â“ß‡§’¬ß

(normal tissue & organ tolerance) §«“¡√ÿπ·√ßº≈¢Õß¢â“ß‡§’¬ß∑’Ë®–‡°‘¥ ‡π◊ËÕß

®“°‡π◊ÈÕ‡¬◊ËÕª°μ‘·μà≈–™π‘¥¡’§«“¡∑πμàÕ√—ß ’·μ°μà“ß°—π º≈¢â“ß‡§’¬ßμàÕÕ«—¬«–μà“ßÊ ¡’

º≈°√–∑∫μàÕºŸâªÉ«¬‰¡à‡∑à“°—π (serious complication ‰¥â·°à brainstem necrosis, my-

elopathy, optic neuropathy, kidney/liver failure, gut obstruction/perfora-

tion)

- Volume of treatment ∂â“©“¬√—ß ’∫√‘‡«≥°«â“ß ®–„Àâª√‘¡“≥√—ß ’‰¥â‰¡à¡“°

‡π◊ËÕß®“°‚¥π normal tissue ‡¬Õ–‚Õ°“ ‡°‘¥º≈¢â“ß‡§’¬ß¡“°

-  ¿“æ√à“ß°“¬¢ÕßºŸâªÉ«¬ (patient performance status) Õ“¬ÿ ‚√§√à«¡Õ◊ËπÊ

¿“«–∑’Ë¡’º≈„Àâ‚Õ°“ ‡°‘¥ radiation complication ¡“°¢÷Èπ‰¥â·°à DM, hypertension,

obesity, connective tissue disease (active SLE, scleroderma), ataxia telang-

iectasia, inflammatory bowel disease (Crohnûs disease, ulcerative colitis)

- °“√√—°…“√à«¡∑’ËºŸâªÉ«¬‰¥â√—∫ ‡™àπ °“√ºà“μ—¥ ‡§¡’∫”∫—¥ Õ“®®–μâÕßæ‘®“√≥“≈¥

ª√‘¡“≥√—ß ’≈ß

°“√„Àâ√—ß ’√—°…“√à«¡°—∫‡§¡’∫”∫—¥ ·∫àß‡ªìπ
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- „Àâ√—ß ’°—∫‡§¡’∫”∫—¥‰ªæ√âÕ¡°—π ‡√’¬°«à“ concurrent chemoradiation

‡æ◊ËÕª√–‚¬™πå„π·ßà¢Õß radiosensitization ‚¥¬®–‡æ‘Ë¡º≈¢Õß√—ß ’„π°“√¶à“‡´≈≈å¡–‡√Áß

¬—∫¬—Èß°“√ repair DNA damage ∑’Ë‡°‘¥®“°√—ß ’ (synergistic effect) „™â„π°“√√—°…“

cervix, nasopharynx, rectum, stomach, esophagus, anus, lung, locally-ad-

vanced head & neck cancer, GBM ‡ªìπμâπ ·μà®–¡’º≈¢â“ß‡§’¬ß√–À«à“ß°“√√—°…“

¡“°¢÷Èπ ¡—°®–μâÕß≈¥ª√‘¡“≥À√◊Õ™π‘¥¢Õß¬“‡§¡’∫”∫—¥≈ß

- °“√√—°…“∑’≈–Õ¬à“ßμàÕ‡π◊ËÕß°—π (sequential treatment) ‡™àπ„Àâ‡§¡’∫”∫—¥„Àâ

®∫°àÕπ·≈â«μ“¡¥â«¬√—ß ’ ‡™àπ„π breast cancer À√◊ÕºŸâªÉ«¬∑’Ë∑π concurrent

chemoradiation ‰¡à‰¥â, „π palliative treatment ‡ªìπμâπ

°“√„™â√—ß ’√—°…“‡æ◊ËÕ∫√√‡∑“Õ“°“√ (Palliative radiotherapy)

„™â‡æ◊ËÕ∫√√‡∑“Õ“°“√μà“ßÊ ∑’Ë∑”„ÀâºŸâªÉ«¬∑ÿ°¢å∑√¡“π À√◊ÕÕ“®®–™à«¬„ÀâºŸâªÉ«¬¡’

™’«‘μÕ¬Ÿà‰¥âπ“π¢÷Èπ ∂÷ß·¡â®–‰¡àÀ“¬¢“¥®“°‚√§°Áμ“¡ ‡™àπ ≈¥Õ“°“√ª«¥, stop bleed,

≈¥°“√°¥∑—∫ ¥—ß°√≥’μàÕ‰ªπ’È

- Bone metastasis ‡æ◊ËÕ≈¥ª«¥ ªÑÕß°—π°√–¥Ÿ°À—° prevent skeletal-re-

lated event

- Spinal cord compression ´÷Ëß à«π„À≠à‡°‘¥®“°¡–‡√Áß°√–®“¬‰ª∑’Ë

°√–¥Ÿ° —πÀ≈—ß ‡æ◊ËÕ≈¥°“√°¥∑—∫‰¢ —πÀ≈—ßÀ√◊Õ‡ âπª√– “∑

- Brain metastasis

- Superior vena cava (SVC) obstruction ®“°¡–‡√Áß„π™àÕßÕ° ∑”„Àâ

ºŸâªÉ«¬¡’Õ“°“√‡Àπ◊ËÕ¬ πÕπ√“∫‰¡à‰¥â, Àπâ“/§Õ/·¢π∫«¡

- Airway obstruction ∑”„ÀâºŸâªÉ«¬¡’Õ“°“√‰Õ hemoptysis ‡Àπ◊ËÕ¬ ¡’‰¢â

ªÕ¥Õ—°‡ ∫ (obstructive pneumonitis)

- ‡≈◊Õ¥ÕÕ°®“°°âÕπ¡–‡√Áß ‡™àπ cervix, breast, rectal cancer ‡ªìπμâπ

Palliative radiotherapy ®–„™âª√‘¡“≥√—ß ’μàÕ§√—Èß Ÿß (high dose/fraction)

‡æ◊ËÕ≈¥Õ“°“√Õ¬à“ß√«¥‡√Á« ·≈–§“¥«à“ºŸâªÉ«¬®–¡’™’«‘μÕ¬Ÿà‰¡àπ“π®π‡°‘¥ late radiation com-

plication ª√‘¡“≥√—ß ’√«¡‰¡à¡“°‡æ◊ËÕ‰¡à„Àâ‡°‘¥ acute complication ·≈–„™â√–¬–

‡«≈“√—°…“‰¡àπ“π palliative radiation ¡’ dose fraction ∑’Ë„™â‰¥âÀ≈“¬·∫∫ ∑’Ëπ‘¬¡„™â
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¡“°∑’Ë ÿ¥§◊Õ dose 300 cGy/day x 10 fraction, total dose 3,000 cGy „π‡«≈“ 2

 —ª¥“Àå „πºŸâªÉ«¬∑’Ë¡’ multiple organ metastasis  ¿“æ√à“ß°“¬·¬à short life expect-

ancy ®–„™â√–¬–‡«≈“°“√©“¬√—ß ’ —Èπ≈ß ‡™àπ dose 400 cGy/day x 5 fraction, total

dose 2,000 cGy „π‡«≈“ 1  —ª¥“Àå À√◊Õ 800 cGy single fraction ´÷Ëß„™â¡“°„π dif-

fuse painful bone metastasis without spinal cord compression „πºŸâªÉ«¬∑’Ë prog-

nosis §àÕπ¢â“ß¥’ ¡’ long life expectancy Õ“®®–„™â dose 250 cGy/day x 15-16

fraction, total dose 3,750-4,000 cGy „π‡«≈“ 3  —ª¥“Àå °“√„™â√—ß ’√—°…“‡æ◊ËÕ

∫√√‡∑“Õ“°“√§«√¡’ supportive & symptomatic treatment Õ◊Ëπ√à«¡¥â«¬ ‡™àπ°“√„™â

¬“√–ß—∫ª«¥ ¬“≈¥∫«¡ psycho-social support ·°àºŸâªÉ«¬·≈–≠“μ‘ ambulatory home

care ‡æ◊ËÕ„ÀâºŸâªÉ«¬‰¥â¡’«“√– ÿ¥∑â“¬¢Õß™’«‘μ∑’Ë¥’∑’Ë ÿ¥·≈–®“°‰ªÕ¬à“ß ß∫

º≈¢â“ß‡§’¬ß¢Õß√—ß ’ (Radiation complication)

®–‡°‘¥°—∫Õ«—¬«–∑’Ë‰¥â√—∫√—ß ’ ªí®®—¬∑’Ë¡’º≈μàÕ°“√‡°‘¥º≈¢â“ß‡§’¬ß¢Õß√—ß ’‰¥â·°à ra-

diation dose, volume of treatment ∂â“¡“°®–¡’‚Õ°“ ‡°‘¥º≈¢â“ß‡§’¬ß¡“°, combined

treatment ‰¥â·°à °“√ºà“μ—¥ ‡§¡’∫”∫—¥ ®–‡æ‘Ë¡°“√‡°‘¥º≈¢â“ß‡§’¬ß‰¥â, ‚√§√à«¡Õ◊ËπÊ

¥—ß∑’Ë‰¥â°≈à“«‰ª, Õ“¬ÿ¢ÕßºŸâªÉ«¬  ‚¥¬ºŸâªÉ«¬ ŸßÕ“¬ÿ®–¡’‚Õ°“ ‡°‘¥º≈¢â“ß‡§’¬ß‰¥â¡“°

ºŸâªÉ«¬‡¥Á°®–¡’‚Õ°“ ‡°‘¥º≈¢â“ß‡§’¬ß√–¬–¬“«‡™àπ º≈μàÕ growth & development,

neurocognitive/endocrine function, fertility ·≈–∑’Ë ”§—≠§◊Õ°“√‡°‘¥ second ma-

lignancy

º≈¢â“ß‡§’¬ß¢Õß√—ß ’·∫àß‡ªìπ 2 ·∫∫§◊Õ

1. º≈¢â“ß‡§’¬ß√–¬– —Èπ (acute or early complication) ‡°‘¥√–À«à“ß°“√„Àâ

√—ß ’®π∂÷ß 6 ‡¥◊ÕπÀ≈—ß®∫°“√√—°…“ ‡°‘¥®“°º≈μàÕ‡π◊ÈÕ‡¬◊ËÕ∑’Ë·∫àßμ—«‡√Á« (early-respond-

ing tissue) À√◊Õ‡°‘¥ inflammation „π∫√‘‡«≥∑’Ë‰¥â√—∫√—ß ’ ‡™àπ ‡¬◊ËÕ∫ÿ™àÕßª“°·≈–≈”

§ÕÕ—°‡ ∫®“°√—ß ’ (mucositis), ∑âÕß‡ ’¬, °“√‡ª≈’Ë¬π·ª≈ß¢Õßº‘«Àπ—ß (skin reaction,

º¡√à«ß∂â“©“¬∑’Ë»’√…–), brain edema, bone marrow suppression (∂â“©“¬‚¥π bone

marrow ¡“°), pneumonitis ‡ªìπμâπ º≈¢â“ß‡§’¬ß√–¬– —Èπ¡—°®–‡ªìπ™—Ë«§√“«  à«π

„À≠à®–§àÕ¬Ê ¥’¢÷Èπμ“¡√–¬–‡«≈“ À≈—ß®“°®∫°“√√—°…“·≈â«
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2. º≈¢â“ß‡§’¬ß√–¬–¬“« (chronic or late complication) ‡°‘¥À≈—ß®“°®∫

°“√√—°…“¥â«¬√—ß ’À≈—ß®“° 6 ‡¥◊Õπ‰ª·≈â« ¡’‚Õ°“ ‡°‘¥‰¥âμ≈Õ¥™’«‘μ ‡°‘¥®“°º≈μàÕ

‡π◊ÈÕ‡¬◊ËÕ∑’Ë·∫àßμ—«™â“À√◊Õ‰¡à§àÕ¬·∫àßμ—« (late-responding tissue) √à«¡°—∫°“√‡°‘¥ fibro-

sis À√◊Õ‡°‘¥°“√Õÿ¥μ—π¢Õß‡ âπ‡≈◊Õ¥‡≈Á°Ê (end-arteritis obliteran) ∑”„Àâ‡≈◊Õ¥‰ª‡≈’È¬ß

Õ«—¬«–π—ÈπÊ‰¡à¥’ ‡°‘¥ ischemia À√◊Õ necrosis ∑”„Àâ°“√∑”ß“π¢ÕßÕ«—¬«–∫°æ√àÕß‰ª

late complication ∂â“‡°‘¥·≈â«¡—°®–‡ªìπ‰ªμ≈Õ¥ (irreversible) ·μàºŸâªÉ«¬Õ“®®–¡’

À√◊Õ‰¡à¡’Õ“°“√°Á‰¥â ‡™àπ late radiation proctitis / cystitis „π°“√√—°…“¡–‡√Áßª“°

¡¥≈Ÿ°À√◊Õ¡–‡√ÁßμàÕ¡≈Ÿ°À¡“° ∑”„Àâ∂à“¬‡ªìπ‡≈◊Õ¥À√◊Õ ªí  “«–‡ªìπ‡≈◊Õ¥, °“√¡’æ—ßº◊¥

„π∫√‘‡«≥∑’Ë©“¬√—ß ’ (skin/subcutaneous fibrosis, contracture, trismus, lymphe-

dema), gut obstruction/perforation, º≈°√–∑∫μàÕ§«“¡®”À√◊Õ§«“¡ “¡“√∂„π

°“√‡√’¬π√Ÿâ®“°°“√©“¬√—ß ’∑’Ë ¡Õß (whole brain radiation), brain necrosis, spinal

cord myelopathy, neuropathy, lung fibrosis, xerostomia, impaired kidney/

liver function, ischemic heart disease ·≈–Õ◊ËπÊ ¢÷Èπ°—∫Õ«—¬«–∑’Ë‚¥¬√—ß ’·≈–

ª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫ πÕ°®“°π’È¬—ß¡’‚Õ°“ ‡°‘¥ radiation-induced second cancer „π

∫√‘‡«≥∑’Ë‰¥â√—∫√—ß ’ ‚¥¬‡©æ“–ºŸâªÉ«¬Õ“¬ÿπâÕ¬ ́ ÷Ëß°“√‡°‘¥ ischemic heart disease, stroke,

radiation-induced cancer °«à“®–‡°‘¥„™â‡«≈“π“π μâÕßμ‘¥μ“¡ºŸâªÉ«¬‡°‘π 5-10 ªï

·≈–®–¡’§«“¡‡ ’Ë¬ß‡æ‘Ë¡¢÷Èπμ“¡√–¬–‡«≈“∑’Ëºà“π‰ª·≈–μ“¡ª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫

™π‘¥¢Õß normal organ ·∫àßßà“¬Ê ‡ªìπ serial organ ·≈– parallel organ

- Serial organ: §◊Õ Õ«—¬«–∑’Ë∂â“‰¥â√—ß ’‡°‘π°«à“ tolerance dose ·≈â«‡°‘¥

malfunction ‰ª·¡â‡æ’¬ß à«ππâÕ¬ °Á®–∑”„ÀâºŸâªÉ«¬¡’Õ“°“√‰¥â ‰¥â·°à brain (brain ne-

crosis), spinal cord (myelopathy), cranial nerve (impaired function), GI tract

(obstruction/ perforation), skin (necrosis) ‡ªìπμâπ ®÷ßμâÕß√–«—ß‰¡à„ÀâÕ«—¬«–‡À≈à“π’È

‰¥â√—∫√—ß ’‡°‘π tolerance dose

- Parallel organ: §◊Õ Õ«—¬«–∑’Ë∂÷ß·¡â®–‰¥â radiation dose ¡“°·μà∂â“ vol-

ume ¢Õß organ ∑’Ë‚¥π√—ß ’πâÕ¬  à«πÕ◊Ëπ¬—ß “¡“√∂ function ‰¥â‡æ’¬ßæÕ°Á®–‰¡à‡°‘¥

ªí≠À“°—∫ºŸâªÉ«¬ ‰¥â·°à lung, liver, kidney ¥—ßπ—Èπ®÷ßμâÕß®”°—¥ volume ¢Õß organ ∑’Ë

‰¥â high dose radiation
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√—ß ’√—°…“„π‚√§¡–‡√Áß∑’Ëæ∫∫àÕ¬

¡–‡√Áß‡μâ“π¡ (Breast cancer)

∫∑∫“∑¢Õß√—ß ’√—°…“¡’¥—ßπ’È

1. °“√√—°…“‡ √‘¡À≈—ßºà“μ—¥ (adjuvant radiation) „π°√≥’

- Breast conservation therapy (BCT): „π invasive cancer §«√®–

μâÕß©“¬√—ß ’∑ÿ°√“¬ ‡æ◊ËÕ≈¥ local recurrence ∑’Ë‡μâ“π¡¢â“ß∑’Ë‡ªìπ  à«π ductal carci-

noma in situ (DCIS) §«√©“¬√—ß ’„π°√≥’∑’Ë¡’‚Õ°“ ‡°‘¥ local recurrence  Ÿß ‰¥â·°à

high nuclear grade (grade III), positive or closed surgical margin, tumor

¢π“¥„À≠à, ¡’ comedo necrosis, young age

- °“√√—°…“À≈—ß®“°μ—¥‡μâ“π¡·≈â« (post-mastectomy radiation; PMRT)

®–©“¬√—ß ’‡©æ“–°√≥’∑’Ë¡’‚Õ°“ ‡°‘¥ loco-regional recurrence  Ÿß ‰¥â·°à °âÕπ¢π“¥

„À≠à°«à“ 5 ‡´πμ‘‡¡μ√, involve skin or chest wall or inflammatory breast cancer

μ“√“ß∑’Ë 1 μ—«Õ¬à“ß¢Õß organ tolerance dose (radiation dose ∑’Ë∑”„Àâ‚Õ°“ ‡°‘¥ late com-

plication ‰¡à‡°‘π 5% ∑’Ë√–¬–‡«≈“ 5 ªï) ‡¡◊ËÕ„™â conventional fraction

Organ Tolerance dose (Gy) Complication

Brain 60 Brain necrosis

Spinal cord 50 Myelopathy

Small bowel 50 Obstruction, perforation

Rectum 60-65 Clinical proctitis, necrosis, fistula

Esophagus 60 Stricture, perforation

Urinary bladder 65-80 Clinical cystitis, contracture

Liver** 30 Liver failure

Lung** 17.5 Pneumonitis, fibrosis

Kidney** 20 Clinical nephritis, kidney failure

**Whole organ irradiation
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(T3, T4 tumor), positive or closed surgical margin (deep margin < 1 mm),

¡’¡–‡√Áß°√–®“¬‰ª∑’ËμàÕ¡πÈ”‡À≈◊Õß∑’Ë√—°·√âμ—Èß·μà 4 μàÕ¡¢÷Èπ‰ª (N2), N3 disease æ∫

«à“°“√„Àâ adjuvant radiation ®–≈¥ loco-regional recurrence ·≈–‡æ‘Ë¡Õ—μ√“°“√

√Õ¥™’«‘μ¢ÕßºŸâªÉ«¬Õ¬à“ß¡’π—¬ ”§—≠, ºŸâªÉ«¬∑’Ë‰¡à‰¥â adequate axillary management

‡™àπ‰¡à‰¥â∑” sentinel lymph node biopsy À√◊Õ lymph node positive ·μà‰¡à‰¥â∑”

axillary lymph node dissection (except N1 ™π‘¥ micrometastasis)

 ”À√—∫ T1-2 N1 disease (axillary lymph node positive 1-3 node)

·π–π”„Àâæ‘®“√≥“„Àâ adjuvant radiation ‚¥¬‡©æ“–∂â“¡’ risk factor Õ◊Ëπ√à«¡ ‡™àπ large

tumor (T2), closed margin, high grade, ¡’ lymph-vascular space invasion,

hormone receptor negative, ‡≈“–μàÕ¡πÈ”‡À≈◊ÕßÕÕ°¡“‰¥âπâÕ¬ (high positive nodal

ratio; > 20-25%), ¡’ extracapsular extension ¢Õß lymph node, ºŸâªÉ«¬Õ“¬ÿπâÕ¬

2. Locally-advanced / inoperable disease ‰¡à “¡“√∂ºà“μ—¥ÕÕ°‰¥â ∂÷ß

·¡â«à“®–„Àâ‡§¡’∫”∫—¥·≈â«°Áμ“¡

3. Loco-regional recurrence: ‚√§°≈—∫‡ªìπ´È”‡©æ“–∑’Ë chest wall À√◊Õ re-

gional lymph node ‚¥¬∑’Ë¬—ß‰¡à‡§¬‰¥â√—∫√—ß ’

4. Palliative treatment „π°√≥’∑’Ë‚√§‡ªìπ¡“° ¡’ distant metastasis ‡æ◊ËÕ

≈¥ local symptom ‡™àπ bleeding, pain, bone/brain metastasis, SVC obstruc-

tion, spinal cord compression ‡ªìπμâπ

 ”À√—∫ adjuvant radiation ®–©“¬√—ß ’À≈—ß®“°„Àâ‡§¡’∫”∫—¥§√∫·≈â«

ª√‘¡“≥√—ß ’∑’Ë„™â§◊Õ 50 Gy (25-28 §√—Èß) „π‡«≈“ 5-6  —ª¥“Àå §√Õ∫§≈ÿ¡ whole breast

(°√≥’ BCT) À√◊Õ chest wall (°√≥’ post-mastectomy) ∂â“ lymph node positive

®–©“¬√—ß ’∫√‘‡«≥ regional lymph node ¥â«¬ (supraclavicular LN, ± axillary LN,

± internal mammary LN) „π BCT ®–‡æ‘Ë¡ª√‘¡“≥√—ß ’∑’Ë tumor bed (boost tumor

bed) μàÕ∂÷ß 60-66 Gy „™â‡«≈“∑—ÈßÀ¡¥ 6-7  —ª¥“Àå ªí®®ÿ∫—π¡’°“√©“¬√—ß ’∑’Ë„™â‡«≈“ —Èπ≈ß

‰¥â·°à accelerated whole breast irradiation (15-16 fraction „π‡«≈“ 3  —ª¥“Àå),

accelerated partial breast irradiation; APBI (1-10 fraction „π‡«≈“‰¡à‡°‘π 1  —ª¥“Àå

·μàμâÕß‡≈◊Õ°∑”„πºŸâªÉ«¬∑’Ë‡À¡“– ¡ ‰¡à‰¥â„™â°—∫∑ÿ°√“¬
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º≈¢â“ß‡§’¬ß¢Õß√—ß ’∑’Ë¡’‚Õ°“ ‡°‘¥‰¥â

1. √–À«à“ß©“¬√—ß ’

- °“√‡ª≈’Ë¬π·ª≈ß¢Õßº‘«Àπ—ß∫√‘‡«≥∑’Ë‰¥â√—∫√—ß ’ ¡’°“√Õ—°‡ ∫ ·¥ß √–§“¬

‡§◊Õß §—π (skin erythema, irritation) º‘« ’§≈È”¢÷Èπ ·Àâß¥” (hyperpigmentation, dry

desquamation) ≈Õ°‡ªìπ·º≈ (moist desquamation) ·μà¡’‚Õ°“ ‡°‘¥πâÕ¬

2. À≈—ß©“¬√—ß ’®∫

- ∫√‘‡«≥∑’Ë©“¬√—ß ’‡ªìπæ—ßº◊¥ (skin & subcutaneous fibrosis) ·¢Áß μ÷ß

¡’ retraction  ‚¥¬‡©æ“–∫√‘‡«≥·º≈ºà“μ—¥, º‘« ’§≈È” (hyperpigment), ¡’ telangiectasia

(°√≥’∑’Ë‡°‘¥ moist desquamation)

- ·¢π∫«¡®“°∑àÕπÈ”‡À≈◊ÕßÕÿ¥μ—π (lymphedema) ‰À≈àμ÷ßÀ√◊Õμ‘¥ ¬°‰¥â

‰¡à ÿ¥ (shoulder stiffness) ‡°‘¥√à«¡°—∫°“√ºà“μ—¥‡≈“–μàÕ¡πÈ”‡À≈◊Õß∑’Ë√—°·√â

- ¡’æ—ßº◊¥∑’ËªÕ¥ (lung fibrosis) „π°√≥’©“¬ regional lymph node (su-

praclavicular, axillary, internal mammary) ´÷ËßºŸâªÉ«¬¡—°®–‰¡à¡’Õ“°“√ ·μà®–

‡ÀÁπ°“√‡ª≈’Ë¬π·ª≈ß‰¥â®“°‡ÕÁ°´‡√¬åªÕ¥ ‚¥¬‡©æ“– supraclavicular LN ´÷Ëß‡ªìπμàÕ¡

πÈ”‡À≈◊Õß∑’Ë©“¬√—ß ’§√Õ∫§≈ÿ¡∫àÕ¬∑’Ë ÿ¥ ®–æ∫¡’ fibrosis ∫√‘‡«≥ lung apex ¢â“ß∑’Ë©“¬

‰¥â ´÷ËßÕ“®®–∑”„Àâ∂Ÿ°«‘π‘®©—¬«à“‡ªìπ«—≥‚√§ªÕ¥

- Rib fracture, brachial plexopathy ¡’‚Õ°“ ‡°‘¥πâÕ¬¡“° ”À√—∫

ª√‘¡“≥√—ß ’„π adjuvant treatment Õ“®®–‡°‘¥‰¥â„π°√≥’∑’Ë©“¬√—ß ’´È”

- º≈μàÕÀ—«„® ‚¥¬‡©æ“–¡–‡√Áß‡μâ“π¡¢â“ß´â“¬À√◊Õ°“√©“¬√—ß ’∫√‘‡«≥ internal

mammary LN Õ“®®–‡æ‘Ë¡‚Õ°“ °“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥À—«„® (ischemic heart dis-

ease) „π√–¬–¬“«

¡–‡√Áß≈”‰ â„À≠à à«πª≈“¬·≈–∑«“√Àπ—° (Rectal and Anal cancer)

∫∑∫“∑¢Õß√—ß ’¡’¥—ßπ’È

Rectal cancer

1. „™â‡ªìπ°“√√—°…“‡ √‘¡√à«¡°—∫°“√ºà“μ—¥ (adjuvant treatment)

- Adjuvant À√◊Õ postoperative radiation √à«¡°—∫°“√„Àâ‡§¡’∫”∫—¥ (con-
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current chemo-radiotherapy) „π°√≥’∑’Ë°âÕπ¡–‡√Áß∑–≈ÿÕÕ°¡“πÕ°ºπ—ß≈”‰ âÀ√◊Õ¡’

adjacent organ invasion (T3, T4 tumor), ¡–‡√Áß°√–®“¬‰ª∑’ËμàÕ¡πÈ”‡À≈◊Õß (stage

III), À√◊Õ surgical margin ‰¡à free ‚¥¬‡©æ“– circumferential margin

- Neoadjuvant À√◊Õ preoperative radiation ‡ªìπ°“√©“¬√—ß ’°àÕπºà“μ—¥

„π°√≥’∑’Ëª√–‡¡‘π®“°°“√μ√«®√à“ß°“¬·≈– imaging ·≈â«§‘¥«à“¡’¢âÕ∫àß™’È„π°“√„Àâ adju-

vant radiation ¡’«‘∏’°“√„Àâ 2 ·∫∫§◊Õ 1) long-course preoperative concurrent

chemo-radiation ‚¥¬©“¬√—ß ’ conventional fraction total dose 45-50 Gy, 25-28

§√—Èß„™â‡«≈“ 5-6  —ª¥“Àå √à«¡°—∫‡§¡’∫”∫—¥ 2 cycle ·≈â«∑”°“√ºà“μ—¥ 6-8  —ª¥“ÀåÀ≈—ß

©“¬√—ß ’®∫ ‡π◊ËÕß®“°√Õ„Àâ acute inflammation ≈¥≈ß ¡’ disease response °âÕπ

‡≈Á°≈ß·μà¬—ß‰¡à‡°‘¥ fibrosis À√◊Õ adhesion ∂â“ºŸâªÉ«¬¡’ obstruction ¡“° §«√®–μâÕß

∑” colostomy °àÕπ 2) short-course preoperative radiation ‚¥¬©“¬√—ß ’Õ¬à“ß‡¥’¬«

5 Gy/fraction ∑—ÈßÀ¡¥ 5 §√—Èß„π‡«≈“ 1  —ª¥“Àå ·≈â«ºà“μ—¥¿“¬„π 1  —ª¥“ÀåÀ≈—ß©“¬

√—ß ’®∫ „™â„π operable disease ∑’Ë‰¡àμâÕß°“√ down-staging ‰¡à delay surgery À√◊Õ

chemotherapy

2. Locally-advanced / inoperable disease

3. Loco-regional recurrence: °√≥’‚√§°≈—∫‡ªìπ´È”‡©æ“–∑’ËÀ≈—ßºà“μ—¥·≈–

¬—ß‰¡à‡§¬‰¥â radiation

4. Palliative treatment „π°√≥’∑’Ë‚√§‡ªìπ¡“° ¡’ distant metastasis ‡æ◊ËÕ

≈¥ local symptom ‡™àπ bleeding, pain

„π°√≥’ locally-advanced disease ·≈– loco-regional recurrence ∂â“‰¡à

 “¡“√∂ºà“μ—¥‡Õ“°âÕπ¡–‡√ÁßÕÕ°‰¥â À√◊Õ¡’ gross residual tumor ‚Õ°“ ∑’Ë®–§«∫§ÿ¡

‚√§‰¥â¥â«¬ radiation ·≈– chemotherapy §àÕπ¢â“ßπâÕ¬ ‡π◊ËÕß®“°¡’¢âÕ®”°—¥„π‡√◊ËÕß

¢Õß normal tissue tolerance ‰¡à “¡“√∂„Àâª√‘¡“≥√—ß ’ ŸßæÕ∑’Ë®–§«∫§ÿ¡‚√§‰¥â ¥—ß

π—Èπ°“√ºà“μ—¥‡Õ“ gross tumor ÕÕ°®÷ß¡’§«“¡ ”§—≠¡“°„πºŸâªÉ«¬∑’Ë√—°…“·∫∫ curative

treatment

ª√‘¡“≥√—ß ’∑’Ë„™â„π postoperative radiation §◊Õ 50 Gy (28 §√—Èß) „π‡«≈“ 6

 —ª¥“Àå §√Õ∫§≈ÿ¡∫√‘‡«≥ pelvis °√≥’∑’Ë positive margin À√◊Õ¡’ residual tumor
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¢âÕ¥’:

- ‡æ‘Ë¡ local control ‡π◊ËÕß®“°¡’ radiation sensitivity

∑’Ë¥’°«à“·≈–≈¥ intraoperative tumor seeding

- ≈¥ radiation complication ‡π◊ËÕß®“°¬—ß‰¡à¡’ adhe-

sion ¢Õß small bowel, radiation field ‡≈Á°°«à“,

bowel segment  à«π∑’Ë‚¥π√—ß ’¡—°®–∂Ÿ°ºà“μ—¥ÕÕ°‰ª

- ≈¥¢π“¥¢Õß°âÕπ: Õ“®®–‡æ‘Ë¡‚Õ°“ °“√∑” sphinc-

ter preservation À√◊Õ‡ª≈’Ë¬π®“° inoperable ‡ªìπ

operable disease

-  “¡“√∂ predict prognosis, ∑√“∫ chemo-radi-

osensitivity ‚¥¬¥Ÿ®“° residual tumor ‡æ◊ËÕ∑’Ë®–ª√—∫

systemic treatment ∑’Ë®–„ÀâμàÕ‰ª‰¥â

¢âÕ‡ ’¬:

- ‰¡à∑√“∫ staging ∑’Ë·∑â®√‘ß μâÕßÕ“»—¬ clinical staging

´÷Ëß‰¡à·¡àπ¬”‡∑à“ pathological staging ∑”„Àâ¡’‚Õ°“ 

overtreatment ºŸâªÉ«¬∑’Ë‰¡à®”‡ªìπμâÕß‰¥â adjuvant

treatment

- ‡æ‘Ë¡Õ—μ√“°“√‡°‘¥º≈¢â“ß‡§’¬ß®“°°“√ºà“μ—¥, leak-

age, wound complication, ·º≈À“¬™â“

- ‡ªìπ°“√ delay primary treatment §◊Õ surgery

ºŸâªÉ«¬Õ“®®–ªØ‘‡ ∏°“√ºà“μ—¥‡æ√“–Õ“°“√¥’¢÷Èπ À√◊Õ

 à«ππâÕ¬Õ“®®–¡’ disease progression

- °“√„Àâ short-course preoperative radiation Õ“®

®–‡æ‘Ë¡§«“¡‡ ’Ë¬ß„π°“√‡°‘¥ late radiation compli-

cation ‡π◊ËÕß®“°„™â high dose/fraction

¢âÕ¥’:

- ∑√“∫ staging ∑’Ë·∑â®√‘ß ‡ªìπ pathological

staging ∑”„Àâ “¡“√∂«“ß·π«∑“ß°“√

√—°…“μàÕ‰¥âÕ¬à“ß‡À¡“– ¡

- Reduced surgical & wound complication,

wound healing ¥’

- ‰¡à delay surgery ‚¥¬‡©æ“–ºŸâªÉ«¬∑’Ë poor

compliance

¢âÕ‡ ’¬:

- Local control ·¬à°«à“ preoperative concur-

rent chemo-radiation

- ‡æ‘Ë¡ radiation complication ‚¥¬‡©æ“– small

bowel ‡π◊ËÕß®“°¡’ small bowel adhesion „π

pelvis, ©“¬· ß‚¥π anastomosis ‡μÁ¡Ê

°√≥’∑’Ë∑” low anterior resection, large ra-

diation field μâÕß cover perineal scar

°√≥’∑’Ë∑” abdomino-perineal resection

- Tumor ∑’ËÕ¬Ÿà§àÕπ¢â“ßμË” Õ“®®–‰¡à “¡“√∂∑”

sphincter preservation ‰¥â ∫“ß°√≥’Õ“®®–

‰¡à “¡“√∂ remove tumor ÕÕ°‰¥âÀ√◊Õ¡’ re-

sidual tumor À√◊Õ positive surgical margin

μ“√“ß∑’Ë 2 ‡ª√’¬∫‡∑’¬∫¢âÕ¥’¢âÕ‡ ’¬¢Õß preoperative ·≈– postoperative radiation

Preoperative radiation Postoperative radiation
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Õ“®®–‡æ‘Ë¡ª√‘¡“≥√—ß ’μ√ßμ”·Àπàßπ—Èπ∂÷ß 54-60+Gy ∂â“ “¡“√∂À≈∫‡≈’Ë¬ß small bowel

‰¥â postoperative radiation ¡—°®–„ÀâÀ≈—ß®“°‰¥â chemotherapy ‰ª·≈â« μ“¡ Mayo

Clinic regimen ®–©“¬√—ß ’æ√âÕ¡°—∫ chemotherapy cycle ∑’Ë 3 ·≈– 4

Õ“®®–æ‘®“√≥“„™â brachytherapy (intracavitary insertion or interstitial

implant) À√◊Õ intraoperative radiotherapy (IORT) ‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥√—ß ’μ“¡§«“¡

‡À¡“– ¡

º≈¢â“ß‡§’¬ß∑’Ë¡’‚Õ°“ ‡°‘¥‰¥â

1. √–À«à“ß©“¬√—ß ’ (√à«¡°—∫‡§¡’∫”∫—¥)

- ∑âÕß‡ ’¬ ª«¥∑âÕß ÕàÕπ‡æ≈’¬ §≈◊Ëπ‰ â ‡∫◊ËÕÕ“À“√

- ‡¡Á¥‡≈◊Õ¥¢“«μË”

- º‘«Àπ—ß∫√‘‡«≥ perineum ¡’°“√√–§“¬‡§◊Õß ≈Õ°‡ªìπ·º≈ „π°√≥’ lower

rectum À√◊Õ post APR

2. À≈—ß©“¬√—ß ’®∫

- Small bowel complication (obstruction, perforation)

- Narrowing À√◊Õ stricture ∫√‘‡«≥ anastomosis ∑”„Àâ∂à“¬Õÿ®®“√–≈”∫“°

∂à“¬°√–ª√‘∫°–ª√Õ¬

- Impaired sphincter function ‚¥¬‡©æ“– tumor ∫√‘‡«≥ lower rec-

tum ∑”„ÀâºŸâªÉ«¬°≈—ÈπÕÿ®®“√–‰¡à‰¥â

- Sexual dysfunction ‚¥¬‡©æ“–ºŸâªÉ«¬ ŸßÕ“¬ÿ ovarian function À¡¥

‰ª

- Radiation proctitis / cystitis: bleeding ¡’‚Õ°“ ‡°‘¥πâÕ¬¡“° ”À√—∫

ª√‘¡“≥√—ß ’∑’Ë„™â„π adjuvant treatment

Anal cancer ™π‘¥ squamous cell carcinoma

1. „™â°“√©“¬√—ß ’√à«¡°—∫‡§¡’∫”∫—¥ (concurrent chemo-radiation) ‡æ◊ËÕ‡°Á∫

∑«“√Àπ—°¢ÕßºŸâªÉ«¬‰«â (organ preservation) ‚¥¬©“¬√—ß ’∫√‘‡«≥ pelvis, perineum,
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·≈– inguinal lymph node 45-54 Gy „π‡«≈“ 5-6  —ª¥“Àå √à«¡°—∫‡§¡’∫”∫—¥§◊Õ 5FU

·≈– mitomycin C ∂â“ complete response °Á‰¡àμâÕß∑” APR

2. Locally-advanced / inoperable disease

3. Loco-regional recurrence: °√≥’‚√§°≈—∫‡ªìπ´È”‡©æ“–∑’ËÀ≈—ßºà“μ—¥·≈–

¬—ß‰¡à‡§¬‰¥â radiation

4. Palliative treatment „π°√≥’∑’Ë‚√§‡ªìπ¡“° ¡’ distant metastasis ‡æ◊ËÕ

≈¥ local symptom ‡™àπ bleeding, pain

º≈¢â“ß‡§’¬ß∑’Ë¡’‚Õ°“ ‡°‘¥‰¥â

1. √–À«à“ß©“¬√—ß ’ (√à«¡°—∫‡§¡’∫”∫—¥)

- ∑âÕß‡ ’¬ ª«¥∑âÕß ÕàÕπ‡æ≈’¬ §≈◊Ëπ‰ â Õ“‡®’¬π ‡∫◊ËÕÕ“À“√

- ‡¡Á¥‡≈◊Õ¥μË” ‡π◊ËÕß®“°‡§¡’∫”∫—¥∑’Ë„Àâ¡’ bone marrow suppression ¡“°

- º‘«Àπ—ß∫√‘‡«≥ perineum √Õ∫∑«“√Àπ—°·≈–¢“Àπ’∫ ¡’°“√√–§“¬‡§◊Õß

≈Õ°‡ªìπ·º≈ ¡—°®–‡°‘¥ moist desquamation ®πÕ“®®–μâÕßæ—°©“¬√—ß ’

2. À≈—ß©“¬√—ß ’®∫

- Small bowel complication (obstruction, perforation) ¡’‚Õ°“ ‡°‘¥

πâÕ¬‡π◊ËÕß®“°∫√‘‡«≥∑’Ë‰¥â high dose radiation Õ¬ŸàμË” Àà“ß®“° small bowel ·≈–‰¡à‰¥â

combined surgery

- Impaired sphincter function °≈—ÈπÕÿ®®“√–‰¥â‰¡à¥’ ∂à“¬°√–ª√‘∫°–ª√Õ¬

- Fibrosis / narrowing anal canal ‚Õ°“ ‡°‘¥πâÕ¬

- Skin & subcutaneous fibrosis ∫√‘‡«≥¢“Àπ’∫, perineum Õ“®®–¡’

lymphedema ∑’Ë¢“À√◊Õ perineum ‰¥â, ∫√‘‡«≥∑’Ë‡§¬¡’ moist desquamation ®–¡’

hypo & hyperpigment, telangiectasia ‰¥â

- Sexual dysfunction ‚¥¬‡©æ“–ºŸâªÉ«¬ ŸßÕ“¬ÿ ovarian function À¡¥‰ª

- Radiation proctitis / cystitis: bleeding ¡’‚Õ°“ ‡°‘¥πâÕ¬¡“° ”À√—∫

ª√‘¡“≥√—ß ’∑’Ë„™â
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¡–‡√ÁßÀ≈Õ¥Õ“À“√ (Esophageal cancer)
∫∑∫“∑¢Õß√—ß ’¡’¥—ßπ’È

1. „π operable disease „Àâ preoperative concurrent chemo-radiation

dose 40-50 Gy °àÕπºà“μ—¥®–‰¥âº≈¥’°«à“ surgery alone

2. „π inoperable disease „™â concurrent chemo-radiation ‡ªìπ radical

treatment dose ª√–¡“≥ 50 Gy „™â‡«≈“ 5-6  —ª¥“Àå √à«¡°—∫ nutrition support

·°àºŸâªÉ«¬∑’Ë°≈◊π‰¡à‰¥â πÈ”Àπ—°≈¥¡“° (tube feed / stent)

3. „™â‡ªìπ°“√√—°…“À≈—ßºà“μ—¥ (adjuvant / postoperative concurrent chemo-

radiation) „π adenocarcinoma ¢Õß distal esophagus / EG junction ∑’Ë LN posi-

tive, T3-4, T2 (±) ∑’Ë‰¡à‰¥â preoperative treatment À√◊Õ„π°√≥’∑’Ë¡’ residual tumor

À√◊Õ positive surgical margin „Àâ dose 45-50+ Gy „™â‡«≈“ 5-6  —ª¥“Àå °√≥’∑’Ë

°âÕπÕ¬Ÿà Ÿß °“√„Àâ postoperative radiation ®–©“¬‚¥π°√–‡æ“–·≈– anastomosis

‚Õ°“ ‡°‘¥º≈¢â“ß‡§’¬ß¡“°°«à“ preoperative radiation

4. Palliative treatment °√≥’∑’Ë‚√§‡ªìπ¡“° ºŸâªÉ«¬ poor performance sta-

tus ‡æ◊ËÕ≈¥ obstruction

º≈¢â“ß‡§’¬ß∑’Ë¡’‚Õ°“ ‡°‘¥‰¥â

1. √–À«à“ß©“¬√—ß ’ (√à«¡°—∫‡§¡’∫”∫—¥)

- ÕàÕπ‡æ≈’¬ §≈◊Ëπ‰ â Õ“‡®’¬π ‡∫◊ËÕÕ“À“√

- ‡¡Á¥‡≈◊Õ¥μË”

- Esophagitis °≈◊π≈”∫“° °≈◊π‡®Á∫

- Esophageal perforation, mediastinitis ¡’ tachycardia, fever, chest

pain

- Fistula °—∫ tracheobronchial tree „π°√≥’∑’Ë tumor invade trachea/

bronchus

- Aspiration pneumonia

2. À≈—ß©“¬√—ß ’®∫

- Pneumonitis, lung fibrosis
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- Esophageal perforation, stricture ‚Õ°“ ‡°‘¥πâÕ¬

- Spinal cord myelopathy ‚Õ°“ ‡°‘¥πâÕ¬

¡–‡√Áß°√–‡æ“–Õ“À“√ (Gastric cancer)

∫∑∫“∑¢Õß√—ß ’¡’¥—ßπ’È

1. „™â‡ªìπ°“√√—°…“‡ √‘¡À≈—ßºà“μ—¥‚¥¬„Àâ√à«¡°—∫‡§¡’∫”∫—¥ (adjuvant / post-

operative concurrent chemo-radiation) dose 45-50 Gy (5-6  —ª¥“Àå) „π LN

positive, T3-4, T2 (±) ∑’Ë‰¡à‰¥â preoperative treatment À√◊Õ¡’ residual tumor À√◊Õ

positive surgical margin

2. „Àâ preoperative concurrent chemo-radiation dose 45-50 Gy „π

selected medically-fit, initially unresectable disease (Õ“®®–æ‘®“√≥“„™â IORT

√à«¡¥â«¬)

3. Palliative treatment °√≥’∑’Ë‚√§‡ªìπ¡“° ºŸâªÉ«¬ poor performance sta-

tus ‡æ◊ËÕ∫√√‡∑“Õ“°“√ bleeding, pain

º≈¢â“ß‡§’¬ß∑’Ë¡’‚Õ°“ ‡°‘¥‰¥â

1. √–À«à“ß©“¬√—ß ’ (√à«¡°—∫‡§¡’∫”∫—¥)

- ÕàÕπ‡æ≈’¬ §≈◊Ëπ‰ â Õ“‡®’¬π ‡∫◊ËÕÕ“À“√

- ‡¡Á¥‡≈◊Õ¥μË”

- Gastritis ¡’ dyspepsia, epigastric pain

- ∑âÕß‡ ’¬

2. À≈—ß©“¬√—ß ’®∫ (‚Õ°“ ‡°‘¥πâÕ¬)

- Small bowel obstruction

- º≈μàÕμ—∫ Õ“®®–¡’ abnormal liver function

- Impaired kidney function

¡–‡√Áß·æ√à°√–®“¬‰ª¬—ßÕ«—¬«–μà“ßÊ (Metastatic cancer)

ªí®®ÿ∫—π¡’·π«‚πâ¡∑’Ë®–„Àâ local treatment „πºŸâªÉ«¬∑’Ë¡’ limited metastasis
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∑’Ë¡’ ¿“æ√à“ß°“¬·¢Áß·√ß¥’¡“°¢÷Èπ ‡æ◊ËÕÀ«—ß„ÀâºŸâªÉ«¬¡’™’«‘μÕ¬Ÿà¬“«π“π¢÷Èπ ‡∑§‚π‚≈¬’∑“ß

√—ß ’√—°…“∑’Ë¡’∫∑∫“∑ ”§—≠§◊Õ stereotactic radiation ́ ÷Ëß„™â ”À√—∫ small well-defined

target ‚¥¬„™â≈”√—ß ’¢π“¥‡≈Á° ©“¬√—ß ’‡¢â“®“°À≈“¬∑‘»∑“ß ∑”„Àâ tumor ‰¥â√—∫√—ß ’

ª√‘¡“≥ Ÿß‚¥¬∑’Ëª√‘¡“≥√—ß ’μàÕ‡π◊ÈÕ‡¬◊ËÕ¢â“ß‡§’¬ß®–≈¥≈ßÕ¬à“ß√«¥‡√Á« (rapid dose fall off)

„™â√à«¡°—∫°“√°”Àπ¥μ”·Àπàß tumor Õ¬à“ß·¡àπ¬”  ¡—¬°àÕπ„™â‰¥â‡©æ“– lesion „π

 ¡Õß·≈– base of skull ‡∑à“π—Èπ‡æ√“–μâÕßÕ“»—¬ head frame „π°“√ localized tumor

·μàªí®®ÿ∫—π “¡“√∂„™â°—∫ extracranial lesion ‰¥â ‡√’¬°«à“ stereotactic body radio-

therapy (SBRT) ∂â“„Àâ√—ß ’ª√‘¡“≥ Ÿß§√—Èß‡¥’¬« (single high dose) ‡√’¬°«à“ stereo-

tactic radiosurgery (SRS) „™â„π lesion ¢π“¥‡≈Á°·≈–Õ¬ŸàÀà“ß®“° critical normal

structure ∂â“©“¬√—ß ’¡“°°«à“ 1 §√—Èß‡√’¬°«à“ stereotactic radiotherapy (SRT) ´÷Ëß

 à«π„À≠à®–©“¬ 3-5 §√—Èß®∫„π 1  —ª¥“Àå ‡§√◊ËÕß©“¬√—ß ’ stereotactic radiation

‰¥â·°à‡§√◊ËÕß gamma knife ´÷Ëß„™â cobalt-60 ‡ªìπ·À≈àß°”‡π‘¥√—ß ’ „™â‰¥â‡©æ“– lesion

„π ¡Õß·≈– SRS ‡∑à“π—Èπ, ‡§√◊ËÕß‡√àßÕπÿ¿“§ ”À√—∫ stereotactic radiation ‡™àπ X-

knife, CyberKnife ´÷Ëß„™â‰¥â∑—Èß intracranial ·≈– extracranial lesion, ∑—Èß SRS ·≈–

SRT

Stereotactic radiation ¡’∑’Ë„™â„π brain metastasis ‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥√—ß ’∑’Ë

gross lesion ®“° whole brain radiation À√◊Õ„π°√≥’∑’Ë tumor progress À≈—ß®“°

∑’Ë‡§¬‰¥â whole brain radiation ‰ª·≈â«, limited lung / liver / spine metastasis

‚¥¬∑’Ë®”π«π lesion ‰¡à§«√‡°‘π 3-4 lesion ·≈–¢π“¥‰¡à‡°‘π 6-7 cm. ‚¥¬∂â“ lesion

¢π“¥¬‘Ëß‡≈Á°®– “¡“√∂„Àâª√‘¡“≥√—ß ’‰¥â¡“°

°“√©“¬√—ß ’ (stereotactic radiation)

 √ÿª§◊Õ√—ß ’√—°…“¡’∫∑∫“∑ ”§—≠„π°“√√—°…“¡–‡√Áß√à«¡°—∫°“√ºà“μ—¥·≈–°“√√—°…“

¥â«¬¬“ ‡ªìπ loco-regional treatment ‡æ◊ËÕ≈¥°“√°≈—∫‡ªìπ È́”‡©æ“–∑’Ë„π curative treat-

ment ´÷ËßÕ“®®–‡æ‘Ë¡Õ—μ√“°“√√Õ¥™’«‘μ¢ÕßºŸâªÉ«¬ ·≈–™à«¬≈¥ local symptom ∑’Ë∑”„Àâ

ºŸâªÉ«¬‰¡à ÿ¢ ∫“¬„π palliative treatment ‡∑§π‘§¢Õß√—ß ’√—°…“ª√–°Õ∫¥â«¬ °“√©“¬

√—ß ’®“°¿“¬πÕ° (external beam radiotherapy) ·≈–°“√„ àÀ√◊ÕΩíß·√à (brachytherapy)
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