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HYLSTA S
(Altered Fractionation Technique)

27 Aol G vAE F23 2479 shie U3
3 AIZE HA 02 WA ZAVARS Eulishs BERAM W
Aoltt, TRl WA Foll EFE-E2AL 9 (sta-
ndard fractionation), ¥H28ZA} ¥ (hyperfractionation)
745382 ) W (accelerated fractionation), 7H5HREg
ZA} 9P (continuous hyperfractionated accelerated ra-
diotherapy) 5 ThFgh BH4]2] B3RAL Hho] o] §H T
ol IFLe X gAML )7t ohTh(Table 1).

FHREZAL WS 18] AR WSEo 2 v 73

Radiotherapy schedule Dose fractions Total dose (cGy) Overall duration
Standard fractionation 35 Fx, 200cGy, daily 7000 7 weeks
Hyperfractionation 68 Fx, 120cGy, BID 8160 7 weeks
CAR 35 Fx, 200cGy, daily 7000 5 weeks
MGH accelerated split course 42 Fx, 160cGy. BID 6720 6 weeks
MDACC concomitant boost 30 Fx, 180cGy. daily plus 7200 6 weeks

12 Fx, 1580cGy, daily
CHART 36 Fx, 150cGy. TD 5400 12 days

CAR : continuous accelerated radiotherapy, CHART : continuous hyperfractionated accelerated radiotherapy
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77 = who) a1, T AL W AHA X7
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1. HRBZXA S (Hyperfractionation)

IREEFAL W) 3t F-2H9] AT (randomized trial) &
W7y A glont, BRR-EFAL W] RFEESEAL W
o nlsle] £L& AWE 7 LeEA ARE UEr] 3 o
Ag-go] AFehe ARe WHEAQ FHoR Qs v
£ AstAo|ct 6702 ATelA tumor responsed] E71E,
3N Ao EES T7HE Rusligith gREEY o
T AFelr] 34 Ax S F7HE Rasgich Wl ¥
8L 4719 AFoA B IR FAL WO R
Qg w7] FA2g-e] Tk ik

ey ti7le] Aol tumor response$t WEEES
actuarial method . ®E. 13 WF wF7] 2222 crude me-
thod® Rise] 717] 5-28-& #A4 Jrlshs A ge] vt
I e webs], PR Al who] BEREEAl
o Blated v e A®m AHE 7R eXd digt A8
FrEAo|th

2. WSESTA B (Accelerated fractionation)

el

ol
d

tions A3 Aolzt A& 5 vk FAH CAR
o]t} MDACC concomitant boost HHHo] A &8¢ &
Ao 719 % = modest accelerations A18%k W3 B x
A} o), thgk, gAs AR S YsiMe T AR
gk & o} et A7) F4 Aapr) g et e

. RTOG 9003 Trial

3
WEREEAL P P 245 FG

B3k sz

3
‘.;‘_
T

= [s3Ke] [] RY
HES oRAbe] jolE o] gdte] ATES ToldE|ain ke
dhelolt}, e}, WY RS RAL dho) TFEETIAL I
o Hdte] X g4 o] 7d=EE ol e kgt ot
A7kA) G A8 REHA &3 9lth HE RTOGe!
A FFRS A} i  BREzA vhH, MGH split 7]
s = 7R E2AF 3, MDACCY) BA1F7 A Hcon

comitant boost) & 083 71 EIAL WS Blwek 4-
arm 29 A7 At wrEEo] o]F AvlstaAl gt
(Table 2).
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N\E]'- 6712 L:IL°1]1 AT Xﬂ‘ﬂJ JU] ST W= Ha 2] EA]O. a:]aﬂH%LZ/\]. tﬂ.\ﬁ_o_ obﬂ—oﬂ AL&H=d 7}
213 = = = “ = o HO FToiT Lo Eas OHE TOo 1 p
B, o] F st AFelM AEES] ov] = S 2 BA7h ¥ REo® vkt
T = TS
RIS HE ATNN TRERA o Qg 7 © »
A g BAY 2712 Hasiglon) gEE g e 4. SNMA RS A& FY¥S APt o7 BT
8%o] hsteinta shgich ek, =) $AES EOR- gl GAS HRYazAl el Bet ATEE dukdel
TC22851 trial#h 2] 5% Al ¥l AS(TID) WS AE  FATLE Wdox & Zolxt thii-ge] Ao we
& rapid acceleration AlsH A9 w9 AzEdh A 59 SRITS FAES It YRR sRIFYY AR
A A A, FRAME, BERAR] AZE 71 So) o]d] AT FUs AREo] AL} 9o AT BHE2 ¥
A A RE7] 3280 dloR AHEE U AL W] TEETEAL W] Hlste] =4 Aol
AEEY] IS FEAL ARE TFREAL YT 2 & P APLES AR MR RS A8E
of fABHAA A& 711 GHAI)E modest accelera & T FIA7] SlsiME F7F dide] Bads ARG
Table 2. Study summary of the RTOG 9003 randomized trial
Treatment Numper of Locoregional Diseosg free Overdll survival  G3-4 Acute toxicity &3-4 Late Toxicity
patients control survival
Cfx 268 46.0% 31.7% 46,1% 35.0% 26.8%
Hfx 263 54.4% (p=0.045) 37.6% (p=0.067) 54.5% (p=0.13) 54.5% (p<0.0001) 28.0% (p=NS)
Afx-s 274 47 5% (p=0.55) 33.2%(p=0.26) 46.2% (p=0.86) 50.4% (p=0.002) 27.6% (p=NS)
Afx-C 268 54.5% (p=0.05) 39.3% (p=0.054) 50.9% (p=0.40) 58.8% (p<0.0001) 37.2%(p=0.011)

Cfx : conventional fractionation, Hfx : hyperfractionation, Afx-s : accelerated fractionation using concomitant boost, Afx-s : ac-
celerated fractionation with split course, p-value for comparison of treatment versus conventional radiotherapy
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Ao g A5 (Cytotoxicity) & FUAIZ)7] S18F o $atellA] $F REEE AJLEHA 248 ¥igkd A8
o g sk eHiFte] g 29, C225 5 AAMFE=A otk z&|u, Pignon §9 B0l & 4 gl%o] A&
%2 (biologic response modifier, BRM) #9] B¢ Q¥o] &9 ¢ Zdvt uwjshd Agarsstafe 54xes
3] A7H D vk PARARE 2 e QRoT A% AREHY) ol XF W o®E BAEri(Table 3).

B 5L TarI7] A3k radiation toxicity antago- Tt ASGEsete ol Mg ghEo| H]sle]
nisto] tigk A5 @it AR 71 EHelME F RESS ST F el B oFe] 79 ¢
A7128 HAHAAE(IMRT) & YR A & (conformal A A7 F3IA siasolor & FeAdo] Stk AzEch
radiotherapy) & AE&3o M AR ER Q8 A = AP{FEFHS BVNeA 548 A3E §= i @
2o FA8-2 AisbetaA Mg ade Fuisstaat 5 ol AR} HESlE W $F RESS ol

O
-

AT o A AAe oA YT B V12 W A4S KT Yot & 5 Qivk
A= a o] I o iz TES & E.3)
APIA S (IMRT) 9] Hoz 7hsad e AYeER Table 3. Summary of the type of first event from 3 randomized
A} ¥ Q) simultaneous integrated boost (SIB) ¥H-& 3= trials, which were us.ed neoadjuvant approach for
23 vl 5} larynx preservation (Pignon, et al)
TrE o o Chemotherapy  Control
(n=305) (n=297)
%%I §|-§II fed i} tgl\mxﬁq %% Type of first event
Recurrence or second primary™ 51% 46%
. s N N i 12%
go} 3l8t QWo] TS BEL obM Azl 9ol Locoregional recurrence 25%
- _ - o Metastasis 14% 19%
3] AEHP OB o7]elM= HC}A]'@X]EQ} A Fast Locoregional recurrence and 3% 3%
Wae] nstnat Ao P ske 9¥e AR metastass
- . . . Second primary 9% 12%
HEsl= v
H25= WH-2 neoadjuvant, COIICOII?ItElHt, adjuvant ap- L rence or 1% e
proach?} Q& 4= Stk ©] ¥ neoadjuvant approach} second primary
concomitant approach %ol B Q371 A= ct Total proportion of events 70% 62%
Alive without recurrence or 30% 38%
. Mo o159 H second primary
1 -l_%'TI" ?f 5 EI(Neoadjuvant c-hemo'therapy) * : Distribution of type of events was significantly different be-
APFEsistgHe iAo g APy SLoly RIF tween arms(p=0.001)

Table 4. Common odds ratio (OR) and risk difference (RD) with 95% confidence intervals (95%Cl) for meta-analyses of mortality
data within strata and overall

Mortality
#Comparisons/ Odds ratio Risk difference (95% CI)
Stratum and treaiment #patients (95% CI) foul (%) Low High p

1 Conventional RT both arms 13/2133 0.66(0.52,0.83)  .00041 9.2 . 38 147  .001
20) RT the same in both arms 17/2700 0.62(0.52,0.75) <.00001 10.7 6.0 154 <.00001
2b) RT same both arms, not conventional 4/ 567 0.51(0.36,0.71)  .00008 16.6 8.5 24,6  .00005
3 Conventional RT controf only 3/ 492 0.58(0.31,1.09 .093 12.5 -1 26 075
4 Type of chemotherapy used :

4a) Platinum-based CTT 10/1514 0.57(0.46,0.71)  <.00001 12.1 57 18.6 000022

4b) Mitomycin C-based CT 4/ 522 0.54(0.30,095  .032 14 24 25 017

4c) 5-Fluorouracil-based CT 3/ 535 0.66(0.39,1.10) .11 10.2 -2 22 09

4d) Bleomycin-based CT 5/ 641 0.80(0.50, 1.29) 36 5 -5 14 31
5a) Single agents only 1171936 0.63(0.48,0.81)  .0004 10.7 43 170 .00
5b) Single agents(conventional RT) 9/1687 0.68(0.51, 0.90) 006 8.6 20 15.3 011
6a) Combination CT regimens 8/1034 0.63(0.48,0.83)  .0009 11.2 5.4 17 .0002
6b) Combination CP-FU 6/ 923 0.53(0.41,069) <.00001 15.3 9.1 21.6 <.00001
Overall Resultst 20/3192 0.62(0.52,0.74) <,00001 1 6.6 153 <.00001

= 1 p-values are two-talled. T : Sensitivity analysis with removal of the estimates from the incompletely reported trial by Haselow
yields the following : 8 trials(9 comparisons) with 1195 patients ; OR, 0.53 ; 95% Cl. 0.42 to 0.66, p<.00001 ; RD, 15.4 ; 95% Cl, 9.9 to
20.9, p<.00001. ¥ : Sensitivity andlysis with removal of the trial by Haselow from all other eligible trials yields the following : 17 trials
(19 comparisons) with 2873 patients ; OR, 0.60 ; 95% Cl, 0.50 to 0.72, p<.00001 ; RD, 12 ; 95% Cl, 7.8 to 16.1, p<.00001
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Table 5. Toxicity profiles of individual platinum-based chemotherapy tridls that showed a survival benefit

Experimental Control
Study (reference)  Adverse effects CT regimen N (%) >Grade 2 N (%)>Grade 2 p-value
Merlano, et al’s Stomatitis Alternating, split-course 80 19 77 18 NR
Hematologic RT & CT(CP-IFU) 21 0 NR
Weight loss 3* 1 NR
Xerostomic 1 3 NR
Jeremic, et gl4la Stomatitis Daily low-dose CP 53 13.2 83 9.4 NR
Hematologic conventional RT 11.3 0 p=012
Weight loss 11 8 NR
Xerostomia 9.4 5.6 NR
Jeremic, et aldib Stomatitis Daily low-dose 53 13.2 53 9.4 NR
Hematologic carboplatin, 18.9 0 p=.0008
Weight loss conventional RT 19* 8 NR
Xerostomia 1.9 5.6 NR
Wendt, et al# Stomatitis BID, split-coures RT+CP 130 38.3 140 16.4 £<.001
Hematologic (IFU/LV) weeks 1,4,7 20 0 NR
Xerostomia 3.8 2.1 NR
Brizel, et al4 Stomatitis BID continuous daily RT ; 56 77 60 77 NR
Weight loss CP(FU) daily, weeks 1.6 447 29 NR
Calais, et al47 Stomatitis Carboplatin(IFU) daily for 109 71 113 39 =.005
Hematologic 4days, weeks 1,4,7 119 0 NR
Xerostomia conventional RT 9.2 53 p=10

CP : cisplatin, CT : chemotherapy, IFU

: infusional 5-fluorouracil, LV :

leucovorin, NR : not reported, RT : radiotherapy, * : Gre-

atfer than 10% weight loss. T : Percent of patients needing feeding tube

2. SN 3 315t 2@(Concomitant chemotherapy)

Hoffmann & 2313 Concomitant approach &3]
HIAMAA & el n)gto] JEES A7) H 53] plati-
num ALe] FAE ARS ATEY A S By A
#HE vEPATH(Table 4).
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STANDARD RADIATION THERAPY INTENSITY MODULATED CONFORMAL RADIATION THERAPY
1930-  P.x40-50% 1960-  P.x=50-65% 1965-  Pi=45—-60%

’
() a0 AORT
PHYSICALLY OPTIMIZED BIOLOGICALLY OPTIMIZED PREDICTIVE ASSAY BASED
RADIATION THERAPY RADIATION THERAPY BIOLOGICALLY OPTIMIZED
1985  P,=55-75% 1990-  P=60—85% RADIATION THERAPY

<

2000-  P=65-90%

Fig. 1. Advances in conformal radiation therapy.
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A, 7157 BRI HE APIA 2] el ur
obge} Fe AW RANE F o FA sleen ;1;%4

ANAE o s dAslaal sh= o] AlFsich MR
MRS, SPECT, PET B°] 2 AZY+=d 2 PET/CT
hybrid modele] AEEA £ 348 E1 9hch

3. Simultaneous Integrated Boost(SIB)

AR ARSI o) e BAAAY 47 g
ZAPAES At 4= 9l 5807 918l simultaneous
integrated boost (SIB) #h= 553 WaRTAL WL F
73%ek BRke) A 5ol Agd 5 oA =HAUh A7) 23
AZ el ZAFE FZAMAZFENTD, 4 1.8Gy 719 3 A8
717be) A AESH FEMFBED) R o)l889

Frel EARA) AP A PUz

\(
\1

12

AMd# (nominal dose
for a certain number of fraction)-2 7SI} (Table 6).
olgA Arke 742 Eﬁﬂ]ﬂ"ﬂ gk Z/\V*aho* A7z
A 5A gel ghdsh= wholtt.
A5 7178 S Sk} 4
58 Za% s @gor, A7)z
ZAF F271A] 29 AlEsor sk W
T 9%1:}‘ A7 APIXEE F o B
]7}4 9E 0w gk Fake] HAH
) 01 tﬂsé*‘?'—%}}_*} v ) A
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Computed tomography

Conformal therapy

Projection

Detectors

Rodiati
sourse

Intensity
modulator

sourse

Fig. 2. Demonstrates the concept of intensity-modulated radio-
fion therapy, an inverse planning procedure.,

Table 6. Nominal dose corresponding to normalized total dose

o b A} wHe) 8714 A
by, BAe) Ake) WY AM W AERe
o= Zidig 18, opbFg
o) B2 ANAY ST A% B
Aol i ol AEe] o] Bokvlshy, RAMZE
39 27107 % Qe WebA, old MAMIARe] F)EA
FoF AR ATZRE WA 29
S92 B R B5Folt)

7ko.
.

o’IL

0]l
]E

NIl ot HAIMA| RO HE o
(Biology-Based Combmed
Modality Radiotherapy)

o123} MR L AE FFoA Theks AEEA \ES
oIt} olg 1L kst SFof|A] HRlHo] doF=

AESE HES T35t @ﬂ?‘l o]tk (Fig. 3).
olg{dt tjorst AyEe-A WFe] oidt wEE wiEo.
% & Ay 279 o]gl WAl digh WS
g 5 thofgk BAo) siekd 4 gick dA) A
78 o235} Wl o2 Q1% DNA <3 (DNA double—
str-and break) 2] 3% (repair) #}3S ZAAFA DNA &
e 77 itk tE A o g2E, AR

9)3} signal transduction pathway, apoptosis tendency,

[

Fok T O A}
o

o)1=
L

AR

i

redox state 59 WSS FU} A AN 27 BE
3hgo] LRSS wisiAz)E 2 Soltk,
HRPAX 2] G388 S7kA)7)= FA o ok A o}
[ezha3

kst 18 oncogene product

L=

cytokine} growth factor ]
9] activation WA, TheFst enzyme activity? 23 5

o] ik} AFE 2 9} Taxanes, gemcitabine 22 nu-
cleoside analoque, topoisomerase—1 inhibitor, COX—2
enzyme inhibitor farnesyl transferase inhibitor, anti—
Sz &7
EGFR antibody% C2258} WA
7V4E WL Q) Hole|th

331, o] FM%E anti—

59 &S A

. . Nominal Dose
Nominal Dose in /

Nominal Dose in

Nominal Dose/ Norminal Dose/

Nominal Dose in

Structure NTD(Gy) 25 fractions (Gy) frogrifoonrs%:éy) 30 fractions (Gy) frozri;?wrsez((j;y) 35 fractions (Gy) frogilor:seféy)
Elective 50.0 50.0 2.00 54.0 1.80 57.9 1.65
Regional disease  60.0 5569 2.24 60.0 2.00 64.0 1.83
Primary 1 70.0 61.7 247 659 220 70.0 2.00
Primary 2 80.0 67.4 2.69 71.7 2.39 759 217
Primary 3 0.0 73.0 2,92 77.5 258 81.8 2.34

Isoeffect calculations utiized «/ A=20 and doubling time=4 days
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Fig. 3. Models illustrating the effects of ionizing radiation.

1. Anti-EGFR monoclonal antibody 225(C225)

Milas 5 2 EGFR expression level, cycline D1
level?] 7}, ARG tigh Aol BATT LS
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Table 7. Examples of toxicity antagonists in head and neck
cancer

Antagonists of Acute Toxicity  Granulocyte colony stimulating
factor

Keratinocyte growth factor
Transforming growth factor- 8
Misoprostol
Lisofylline
Antagonists of Late Toxicity Amifostine
Pilocarpine
Essential fatty acids
Pentoxyfylline

Superoxide dismutase
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