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1. BARMTE ZX(Ee] HEAE

1) 2AH 28-(direct action) : FAFH o] A Eh e
slatolnt G WS DNA 59 critical targetel] &
HA gt MEE Fole AL ZF A FA=
alpha particle #-& high LET®AH A4 H-g€dot
(Johns ¥, 1969).

2) 7+d #&(indirect action) ; 2o Y& BB
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242} WALA o] WA ZE8e free radicalsE A
3 o)A o] critical targete] F2dd HFHow
NEE Fole Hog, WA/l gamma or xray 2L
low LET A A 22 A&} (Fig 1).
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Fig 1. The oxygen fixation hypothesis.
About two thirds of the biological damage produ-
ced by x-ray is by indirect action, mediated by
free radicals. The damage produced by free radi-
cals in DNA can be repaired under hypoxia but
may be “fixed” (made permanent and irrepara-
ble) if molecular oxygen is available.

2. ME g=IM
1) Radiation damage®] ¥&

a. Lethal damage ; ¥]719 7 v s &340z
HNEAPLTE 23 &4 B3th

b. Sublethal damage ; A& A ¥ $78}of A
7] MEEA el glod dA AT o] HBE &
Eo] Ao AZE ¢ = £45 D (Bellis,
1969).

c. Potentially lethal damage ; WA ZALE 4
X399 2xi}l £ nx X AHAIE A
2978 §7 26 wEA AEYEo] JFE Ue
392 TETH(Bellis, 1969 ; Hahns, 1973 5 Little
5, 1973).

2) AXAEY A

a. muscle, nerve, secretory celle3 e #35l¢
AMEAME MELFY 75 S FH3E 3$E ¢
3y

b. hematopoietic stem cells®} Zo] AH &34

FAske AXdAME 58S Fdse e 2
3t} (Barendsens, 1960).

D ANE YETA

ZAHE AL ) A E ) AESHO BAE se-
milog grapholl UEMA Ao g2 M X EFo] ula}r
Afe] EFHY BEAS 7N ok A A
HARGE AHFE ZdoA FHew AFEn

Mg FodMe AXez W o Jug =
NP2 E F49 ‘shoulder’ 8la &) HEe 2
Foll mebA ‘shoulder’ o] Wol9} FA Helel 7]&
717} 2 A Jepdth, $42 alpha particle#&
high LET beam%-o) A1+ initial shoulder’} §lo] A
S5EH Hdoz vepdoh AE YE2FTHAL $53
o2 M%) 943t o#7}A] survival model
HERo} HF wE2EE AL o3 glod,
#HT7A two component model(multitarget model

ok

>

with single-hit component)# linear quadratic mo-
delo] Bol A& ot AAE FA7L F2 A}
£+ 8} (Fig 2).

3. Radiosensitivity in the cell cycle

FUF N EAS cell cycleo) whal A Ao} th 3t
Aol B 2o]lE W Zr) Mitotic phased] A
7V #@¢Ae]l Eom  Sphase(DNA  synthetic
phase) 8] FutE7}F 714 radioresistant3}tH Gray %,
1986; Sinclair%, 1966). Z2]3 G-2 phasex= ¥l &
FeAdo] ¥ ol WAMMA A E@FALEE
olf% 9 x o7 QUrh & WALH L Z=AEE
radiosensitive celle] WA 3l resistant cell5T
FE cell synchronizationg XA A7, e
AZAAR Y HAe 7175 delde AEAEE
cell cyclingg 714322 radiosensitive phase®] A
XEo] oA 283 FH(Terasimas, 1963).

4. Linear Energy Transfer(LET)

WARde] 248 ERE of @9 dolwd xHd)
AGE oRe F& FAFe AFEA, ¢
kev/micron®. 2 ¥ A|FH} AQ7A 2F o duyAE
Aggcie AL vz 2 3o &4 718k Aotk
YA}7} & alpba particle, neutron, proton$-& %3}
He gatAnt g M E g wFAN A
g2 2 & LET#S 7HA9 X-rayy} gamma ray
T2 5ol Bopr ol AL 4o AT
st beamo) £33t E 2 LET %] wok 24
LET &9 Fxol watx 24 27t 2 B7 3 (Jo-
nes%, 1969).
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Fig 2. Survival-curve shape for mammalian cells exposed to radiation. For o-particle or low-energy neutrons, the
dose-response curve is a straight line from the origin. For x-or B-ray, the dose response curve has an
initial linear slope, followed by a shoulder; at higher doses the curve tends to become straight again. A;
There are two components of cell killing: one is proportional to dose(aD), while the other is proportional
to the square of the dose(BD?). The dose at which the linear and quadratic components are equal is the
ratio of o/B. The linear-quadratic curve bends continuously but is a good fit to experimental data for the
first few decades of survival. B; The curve is described by the initial slope(D,), the final slope(Do), and
a parameter that represents the width of the shoulder, either n or Dq.

High LET radiation
Densely ionizing radiation; alpha particle
Intermediate ionizing radiation; Neutron
Low LET radiation
sparsely ionizing radiation; X- or gamma ray

5. A&

A 718 8% dose-modifying agent 24 fully
aerated tissuex= HY|ALA radiosensitive3}x 9k vk
hypoxic tissuet> ©}F radioresistant3t}(Gray %,
1953; Hills, 1971). 28l <313 capillaryoll Al 4t
&7 383 THE & Ae Ade Wil 1500 A
xzol22 A9 thrfe] FU%-& central hypoxic cored
7}A13 A tH(Denekamp¥®, 1977). o] A& FE 37
#13lo] hyperbaric oxygen tankt} @33 442X T E
Fole Al Fol] MiEHAo ) o}F] Yio] Y
AHEE T Sle RS gith AA M E BEx
ALE A et £ W3 hemoglobin®] o] #x}el
Az 3ol 333 g A2z 715 % hemog-
lobin level® 12.0mg/dlo}d =& 8 F8cH Moul-
der’s, 1984; Thomlinson%:, 1968) (Fig 3). At4 9}
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Fig 3. The dependence of radiosensitivity on oxygen
concentration.
Most of change of sensitivity occurs as the oxy-
gen concentration increases from zero to 30mm
Hg. A further increase of oxygen content to that
characteristic of air or even pure oxygen at high
pessure has little further effect. A sensitivity hal-
fway between anoxia and full oxygenation occurs
for a partial pressure of oxygen of about 3 mm
Hg, which corresponds to about 0.5%.
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Ao ApA o] o8] FZ A FAE free radi-
calo] DNAE ¥43td &4-& 43| &4 788
irreversible form©.& 3133} sublethal repair-
mentE Aedte Rolth(Fig 1.18li ast &
3 THE 248 28 €& AESH ane)
Y AAE MLV A9E 2HN9A dr198Eo
205 ZAMI#e| 8]E OER(oxygen enhance-
ment ratio)o]2ti 3 oh&e Hog AL
(Hall, 1988).

OQER = Dose(hypoxic celis)/Dose(aerated cells)

OER#} X or gamma ray 2} -2 sparsely ionizing
radiation?! 3% o7l 25-3.0 A= & kol A ATt al-
pha particle®} Z+& high LET beam& 2t 3 3}of
HEg WA gk & OERghol 10]th

6. Relative Biologic Efficiency(RBE)

WAL O] EFo| webx BERH A 7]
gz veidt Mz gE& A BESY &
#E vH& 7] 938t, standard beame A3l
U3 AESH 490E el 7] Y3t LaEE
standard beamol W3 tested beam®] HFH|E
RBEg}31 3tt}, Standard beam 2. 2+ cobalt-60-&
F2 A3t LET7F 2 beam2 RBE#: FtUh
RBEZ& ©h&9 2oz At} (Barendsens,
1963; Broerses, 1973).

RBE =dose(standard beam)/dose(tested beam)

7. OER, LET, RBE2t2| AISZA

LET7} 27}shd RBEE FAlo] $718HAge LET
o] ol=A % o] AHR overkill effecto] 23t @
38 RBEZto] Z4A3dh} w2 OEREE LETZtol
Z7hsbd 7% eH(Fig 4).
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Fig 4. Variation of the OER and the RBE as a function
of the LET of the radiation involved. Note that
the rapid increase of RBE and the rapid fall of
OER occur at about the same LET, 100keV/pm.
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8. B8 X Al(Fractionation)

WA E A BERANSE olfE o HYEH
“Four R's"2tarste wo] & 2dvh(Hall, 1988).

a) Repair of sublethal damage; normal cello] tu-
mor cellt} repair rate’t ¥o.n 2 Moz F
FAEE &Y F Je olHol Ak

b) Reassortment of cells within the cell cycle; ra-
diosensitivedt X7} WA £2 B2 resistant3 Al
¥ 2 synchronization®t}, wely EEFALE 31H
olAE Y F It

¢) Repopulaton; X gFolgl: Ao}l 9=
e AN 4L gk

d) Reoxygenation; 9ol T35 A2 9] dole
2 W3yl gldx 1A E o Eg8xAtdeig %
AEE Ad FAstnE dolgle M FFse
A Fe FUEA Eoh

9. Time, Dose, and Fractionation

WA G AA AR 2 Al7E 28] 3 frac-
tion size®] ZA| welx] 2 A vebdt}. Strand-
quist ploti= FUF WALHA 475 el Mz &
230& APH o2 73}, total dosedt overall treat-
ment timeZe] TAE WP oo o]HE& o433l
BANE A&l B2 AFEEC] AR oYy At
FEEE 7HAA Aok 7 9 A A8 A2 Ellis7}
THE NSD systemol ™, #Zolle o 9 S 243
CRE$} BED(biologically effective dose) system<
st ARgso] 2a JAoH(Ellis, 1971).

el Gz A o] AR 2AMEE jEg-2 A A|
27} A2 729t & early responding tissue$} late
responding tissueZ At} Early responding tis-

FHA

suedll £3h= A& skin, mucosa, intestinal epithelium
%-0]™ late= spinal cord, kidney, lung, bladder %
o|t}, Early responding tissue¥ X &717t3} AA R
Al #Fol o s A FEFS o} ¥ late responding
tissuet™ F2 fraction sizedl] Q)& A &€} Frac-
tion size® ZA8I3L, fraction 3+E Fo|H HIE
ARAZAANFL FUER2E late effect”} T 454
L}el} radiation deformityE& & 4 o) =g
g7+ dAsL A RARFHFE F7HAIE
early effecte 9 4 2 late effects 98
1t} (Thames%, 1982). 28| I fractionZ| & F &l ¢
317 oA 1 ol g F7IAFE WA B R E
E Aol ¥ &}, Fraction size$} 3]<r0f] m}2lA hyperf-

ractionation® accelerated treatment2 EF3§t}
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(Thames%, 1983; Withers%, 1978).

Hyperfractionation; 71¥ %2&-& early and late ef-
fect& 7Hed S0 o9 A8 AHE ¥o|7] 9%
Holth. AA ARV FHXNE A 68F2
A5k 3HFo) 28] A g&hr] Wil AH ANEI P
@279 2v¥]2 60-803 2 Z7igct EF 13 X
BA%e FAXEY 18 ARFETD $EA FHo
okgt &tm, W7} Feje W =F @e douh
dE 59 FHXRNA T T 180cGyE A}
AT 31E 120cGyE 23] ZAMSIH 7l 4-6A13
Az tAHE Tt oYY S AME-31HA early reac-
tiong 28 F71eh, X8 AA & P T EF late
effects o}F ZHAFth

Accelerated Treatment; ©] *'H & £ X & 9} total
dose®} fraction numbere F Y30t &% §d X
BA%E 23] Ngslee AN AEV)0L deg
FAgh F 180cGyH 13] X RE ‘180cCy X2’ 2
Agjdt. o|g8A 273H early reactione] ©}F
AstAl U o]zle] g AAME A
wekA A F5 Fuzlel 125 AE AAY L AHA
ABNFE 27 F2AZ of NEgwgEe EXe
ol WA FAste FYAAM HEF FUHAEY
248 JAE7) A% Aol i FAF FFdA
F 2 AHE-319, tumor doubling time®] 59 ©]3& &
Zhol AME-31E ol F2 HABRE dertu o
Late effect= fraction number9} fraction size?} %

Yyl el FAR 2t Lok
AR Byt

WARY FFEe AP dFoly £ o
X gy &t G8AE A8, EF AR
+ PRI EY S AT o] Eofel FAME <
AEE AFATE AdAee] § Fofolth WA
FTFEY 71EL ot TG Fokot T ©A
AR g H2dn AHg3te Fuvle]l OE ¥
ojtt.

1. SAMX|F 2| FA

2z @47t Asd g@xbe) AAdH, FE
W9 2 QA F-g BAA BAFSH oF 311, 0] Z 9]
Az PEe dAske 48 A87t €0

&2 A0 wet AL sk, A8AY,
WAMAZAL A &5 A7 A A S AR F A E8S
A ARF FAFee] A7 A7 ehatet
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Fig 5. Flow chart in radiation therapy.

Hzsle F8e FHPAE FARN(Fig 5).
2. Radiosensitivity and Radiocurability
Radiosensitivity= Ao thdle] F o] o

e Axe £x8 9visy o] AAF 7S

7EA 3 F4:38] S v EslE A EEo] g7y

(Bergonies%, 1959). Z8]1 A %] wa} sensitive

(lymphoma, germ cell origin tumors), intermediately

sensitive(most epithelial tumors), resistant(mesen-

chymal origin tumors)tumor $L8% TEY &

Stk
Radiocurability= X S5 98] EYHTES 3]

AN AsA AFAE 5 e 7HedE v gt Cura-

bility == sensitivity ¢} ¥ 3] 3 A& ohr). €| & EW

urdel A9 sensitivitys 2o curabilitye ¥

2.1 myelomat L ¥}, 2eju} o) 2 radiosen-

sitive¥ FFo] AR oo, MAMAXNEF 13

NE Atoiel A @3l (complete regression) & Q1

72%7F 287 53 ALRo xNgd3s A4 F

e A& @S AHEEo Hustgth(JacobsE,
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1986).

3. Probability of Tumor Control

ZAMAFE FHAFIE AR E F7HG e AL
olml &3 QY& ApdeolA XzAMFL gxe A
Hel A55H, 249 B4 & FUo T/, 27,
WA, A Toll s Agdch et
FT¥ 27eh Al oiel dwkERQ g dge
A2 g3 2rH(Table 1).

Subclinical diseased 735~ 7 4500-5000cGy 4 =
ZAEHE 90% o] de] AF&E E& 4 Utk 2}
surgical marginol FUYAHE7} Hold ojBr} o] &
6000-6500cGy S ZAlsta]otut =i}

Aoz EFAHE FTYY A$, 6000cGy(T1
stage) ol A 8000cGy(T4 stage) Y=+ ZA}slool
@t} (Fletcher, 1980; Meoz%, 1978).

olehgko] Fofo] Avlo whel A9 HALN e
ZANS L F+9] Az A e AFERE 2]
918+ shrinking field technique& |8 %c}(Fig 6).

4. Normal Tissue Effects

HALA A SR EE ALY £ AHT A
ZA o WAL g HEE sy, oW}
total dose, fractionation schedule, treated volumeol
webA] ttE Al vebdth(Montague, 1968). &AW
3}+= microvascular or support tissue® &4}o] 93
oz FA3, XFEA acceptable complication
ratex th7) 5-10% REo]ch YA &3 el
Al 7198 whe} acute(first 6 mo), subacute(second 6
mo), late2 FEJIch HAM Sl JES mix =
e e [HAlA G, 83, FE0Yg,

&4 Folth 28)i o EXE T3
HIAXNEE 3 &35 A F leng o
e ZAMFE A= Aol Frh WA
o3 FWFol ved e ARE EAEE W
Ho 2 TD 5/5, TD 50/55 AH&-gtc}. A== 53¢t
5% FA= 50%9 FHFol vetd & AdE AR
FE EAZFTH(Tab 2).

Therapeutic Ratio(Gain) ; A9 §HZFo s F

9] tumor control& A& § Y& ZAAEFE 27
!

A% PHOZ, Fig 79 Lol $IAU9 240] ¥o]
A5 S FYFol ol ARY F ' Tl =

on] #2402 e wol A 4 Ak (Fow-
lers, 1983).

T. gain factor(TGF) =% tumor control/
% significant complication

Table 1. Curative Doses of Radiation for Different
Tumor Types

2000-3000 cGy
Seminoma
Central nervous system
Acute lymphocytic leukemia

3000-4000 cGy
Seminoma
Wilms’ tumor
Neuroblastoma

4000-4500 cGy
Hodgkin’s disease
Lymphosarcoma
Seminoma
Histiocytic cell sarcoma
Skin cancer(basal and squamous)

5000-6000 cGy

Lymph nodes, metastatic

Squamous cell carcinoma, cervix cancer,
and head and neck cancer

Embryonal cancer

Breast cancer, ovarian cancer

Medulloblastoma

Retinoblastoma

Ewing’s tumor

Dysgerminomas

6000-6500 cGy
Larynx(<1cm)
Breast cancer, lumpectomy

7000-7500 cGy
Oral cavity(<2cm, 2-4cm)
Oro-naso-laryngo-pharyngeal cancers
Bladder cancers
Cervix cancer
Uterine fundal cancer
Ovarian cancer
Lymph nodes, metastatic(1-3cm)
Lung cancer( <3cm)

8000 c¢Gy or above
Head and neck cancer(>4cm)
Breast cancer(>5cm)
Glioblastomas(gliomas)
Osteogenic sarcomas(bone sarcomas)
Melanomas
Soft tissue sarcomas(>5cm)
Thyroid cancer
Lymph nodes, metastatic(>6cm)
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(at 5 weeks, 5000 cGy)

Initial port around gross tumor Reduced volume
Covers gross tumor with
some margin. Usually
will carry to 7000cGy
total dose.

(at 6 or 7 weeks)

“BOOST" portal

For very infiltrating tumor
or large nodes to be
treated by external irradi-
ation only, additional
500-1000cGy to
7500-8000cGy total
dose.

Fig 6. Shrinking field technique.

Table 2. Class 1 Organs: Fatal/Severe Morbidity Following Cumulative Doses of Radiation Delivered With Stan-

dard Fractionation

Whole or
Organ Injury TDss  TDus (Field Sive or
Length)
Bone marrow Aplasia, pancytopenia 250 450 Whole
3000 4000 Segmental
Liver Acute and chronic 2500 4000 Whole
hepatitis 1500 2000 Whole(strip)
Stomach Perforation, ulcer, 4500 5500 100cm
hemorrhage
Intestine Ulcer, perforation, 4500 5500 400cm
hemorrhage 5000 6500 100cm
Brain Infarction, necrosis 5000 6000 Whole
Spinal cord Infarction, necrosis 4500 5500 10cm
Heart Pericarditis, pancarditis 4500 5500 60%
7000 8000 25%
Lung Acute and chronic 3000 3500 100cm
pneumonitis 1500 2500 Whole
Kidney Acute and chronic 1500 2000 Whole(strip)
nephrosclerosis 2000 2500 Whole
Fetus Death 200 400 Whole
5. Dose Optimization and Treatment Planning Heoll A At} s1eu) fE AR 1A

ArAYE AAGR N 2AL AN AW AANRE ¥ 4% S} Ag& Bt FUe Fabol
oo} @k & TAAAF F& DAANRA] oA e ES b Be NS 2

gehd dEy) dEelth Wl THHARE ¥ Ase

Aol sk o) =

JH xg Heke] 75-
[e]

e e ol 97} 7Hedt A= EAT A 80% AE ZAtstodol "t thge X gdFH A
o FUtHE o= 2 FHEFL 438 + I & FHst] AT 27k 43 g Helth(Pe-

wel
2y
o3

A rE AEAHY JHsAol sl AF rez, 1977).
§ FANE 43N SHos WA A D 7Fed 28 e A 39 ¥9E
¥l N&s sbed Tl A7A de B3| gpetstoior ot
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Fig 7. Different therapeutic ratio exist in different clinical circumstances depending on the radiosensitivity(dose-

response curve) for the tumor versus critical normal tissue in the treatment field. A; favorable, B; unfavorable.

2) F¢ol WARH 54 olshstelor v, 3

FAE) Aol 7hEAel B2 FAE AEWA
F g
3) NEEAE AP(SAH ke 14F)

O 7P A9 ARWPS YD F WA
Ag wEo} e soolu GEAus HHARE
AY g,

5) AAe) AeAFH WAE 24P ol 3

S LS EICERECEE IR FE DS
54, #9902 3% A4 23 5& weA
wzshe]of gk,

6) $7te) AAFHE shotsteiop Gk

7 Ved vad Aude ddn,

o Be QAN ARAYL YA Ha,

o]u] radiation physicists} A Fzle] AtgHE
Zerste] HAo Algo] HEE =HFo)

6. M=o it Local Control2| &t

Zgagel AsE g 37kA gz vehdth
Z local failure only, distant metastasis only, and local
failure with distant metastasise]t}, 28 94 A
olg) MEE FaAE A BAIA O ol
Uehte Aoz BugD ok gebd FANGE
S Fold Bl AAAE £Y F on g HA
AELE wole A7 dvh A FELS AN
o BAGZE PMed FHESE FTUHAIIA g=
Hel M e IS 2AElE Aol Fri(Suit F,
1986).

7. HEX| 2 (combined modality treatment)

7t @Yo dEAYoRw oAHro FAHE

Adg 4 glou, 2 AR whoh wEH @A
Ak olAe Hse] NudHE Fel7l skl
BPANRE AEsgon asne 94 $o 2
Hg i 9ok 4 WEe) W% BHES Aoy

gk
Indicatin
surgery ; $E808 AA 7 %‘iOM Lia=a
irradiation 3 2 AAsE Ry Fe A
gHow IH 101 M 7hedol =2 Ml v

n—@ Z 34 o—}l\—%l AR

chemotherapy; micrometastasis(adjuvant), che-
mosensitive tumor(neoadjuvant, definitive), &2 di-
sseminated disease(palliative) d 73-$-

Limitation

Surgery; a) Inadequate removal of the gross tu-
mor, leading to a local recurrence.

b) Inadequate resection of microextensions of tu-
mor in the tissue adjacent to gross mass

¢) Undetected metastasis to regional lymph no-
des

d) Systemic micrometastasis

Radiation Therapy(same as surgery in most as-
pect)

a) Inadequate eradication of the primary tumor

b) Regional microextensions or metastasis to the
lymph nodes, which may not be included in the irra-
diated volume

¢) Clinically inapparent distant metastasis at the

time of initial therapy
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Table 3. Indications for Combined Surgery and Radiation Therapy

Tumors with low cure rates by either surgery or radiation therapy
Anaplastic tumors with a great potential for vascular invasion

Tumors with a great potential for local or regional recurrence
Tumors with a great potential for residual disease after surgery

To preserve function
To preserve cosmesis

Chemotherapy;

a) Tumor cell burden, since chemotherapy is more
effective against a small number of tumor cells.

b) Proportion of clonogenic cells. Cytotoxic agents
are more effective in proliferating cell.

¢) Variations of cell sensitivity to drugs throughout
the proliferative cell cycles.

d) Chemoresistance.

Combination Therapy

1). Combination of irradiation and surgery

o] W& &AW A FeF RAE YFH
indication& 3¢t Zh g/l FeARAL FEF
Bo a#rh $oin sk, g AWz zolvt
RE A (PerezF, 1977; Roswit’s, 1975) (Table
3).

2) Combination of irradiation with chemothe-
rapy

}ge FYse AT 2A0] BebA, neoadju-

vant, adjuvant, definitive palliative treatment® -

TUMOR CELL BURDEN AND
EFFECTIVENESS OF THERAPY

1
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Fig 8. Diagrammatic representation of the use of diffe-
rent treatment modalities to eliminate a given
tumor cell burden.
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A& ohg3 2t} 1) the effectiveness of concomitant
or sequential administration of two method of the-
rapy 2) the toxicity of combined modality 3) the
salvage rate for patients failing initial treatment with
a single modality.

Principle of integrated management(Fig 8).
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