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Experimental Study of Tumor Response to Twice-a-Day Irradiation
at Smaller Doses than 2 Gy

Michitaka Yamakawa
Department of Radiology and Radiation Oncology, Gunma University School of Medicine

Research Code No. : 407.2

Key Words : MFD, Hyperfractionation,
C,H mammary carcinoma, Equivalent dose

Tumor response to twice-a-day irradiation (BID) at smaller doses than 2 Gy on mammary
carcinoma of C;H/He mouse («/f ratio=18 Gy) was studied with comparison of once-a-day irradiation
(QD) in the same overall treatment time. The dose per fraction (dsip) was ranged from 110 R to 162R in
BID, and the dose per fraction (dop) was ranged from 200R to 300R in QD fractionation (1IR=0.91 cGy).
The number of fraction was 10 or 15 in QD, and 20 or 30 in BID. The interval of fractions was 4 hours
in BID. Tumor response was assessed by tumor growth delay. MFD effect ratio, i.e., growth delay time
of BID/growth delay time of QD, was significantly smaller than the ratio estimated from FDF formula,
(a/B + dsip) X deip X Nemw/(e/B + dop) X dop X Nop, with decreasing fraction size. In the case of
dsip=120R and don=200R, estimated ratio was 1.16, but MFD) effect ratio was 0.58, regardless of 20%
increments of daily dose. To get same or more tumor response, it is necessary to prolong the overall
treatment time of twice-a-day irradiation. If the overall treatment time is same, it is estimated that the
fraction size of BID equivalent to the fractionation of daily 200R is presumably 135R to this mouse
tumor.
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EwBETAEYFENMRAE LAY, LQ =
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2, ZDOLQEFARE Y FAENTE I, BIR
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DWW, EREFY AV CEHYERY TR L
o, E¥l, 1B 1EBHELESRE/RS 102
B A ERHED 1 AFEECSOWTHEFE L0 T
HET 5,
II. RERTES & UEBRFE

A, RIS S URRES
ERBWICIZEEZ LT 0 6 ERTEALY
SHEMELLE WE L 9~108H 0 C;H/He
MepE < v 2B iz, BB CH =7 R I HAR

(92)

1 B 2 @5ER4tE (MFD) ofiEH5RIb+ 5% REMH SR

Table 1 Biological characteristics of C,H
mammary carcinoma'® (IR=0.91¢Gy)

Mammary carcinoma

Histology Adenocarcinoma
Mean survival time 40 days
Volume doubling time 4 days
Mitotic index 3%
Labeling index 30 %5
a/f ratio 2,020 R

(18 Gy)

AL (R 2Bk, ERLES X
AHEE 2Tk Table 112331, 14—
Lh4~8E L, HHROBEHME, HKEKIZT
FE L,

B. BHEES L URK B

¥ =4 v AHBM O Stabilipan2x A\ 7. X §
B &, FEE00KV, FBiH20mA, A5
WHEEEE40cm, 7 4 &~ % —1mmCu, $ERIOR/
el (Ffh=%nrF-75KeV, 2{fiE0.9
mmCu, 7 FEHLMRE=0.91cGy/R). = 2 %
HETHBMARRC AR, EEYBELTHS
ATRAET R EHLCEEL, —Erd~6T
PR L 7,

C. EBF&E

[EHM, <~ v AKBOBEES LML,
FTNAyva s AFVVRZ7 4 L2 —-THL,
ARIml %40 107MECFHB L, = v X D5 KR
WA, 2 X1058/0.2ml DEEME A BHEL, 1
1 BRCEFOESEZHRAL B X ERAY
BfA Le, EERIIHSmm © b 0% Hui,

PR T, ZUEReX LCi@% 1 E3Gy ofgH
BIHERL1B2GYES BETERYT-TH
b, ThiERHEEYFRE L (Table 2).
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bis in die) @ 1 [E##H%, 300R & Hifiiz 2 5&l
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Table 2 Various fractionation schedules and
fraction sizes applied (1R=0.91cGy)

1 Fraction/day (QD) 2 Fraction/day (BID)

Exp 1
[ 3 days/week] (21 days)
200R %10
250R %10 —s  (I80RX 2) X1
300R 10
[ 5 days/week] (19 days)
200R  x15 — (QI0Rx 2) x15
(120Rx 2) x15
Exp 2
[5 days/week] (19 days)
200R %15
270R 15 — (162Rx 2) x15
[ 7 days/week] (I5 days)
200R  X15
270R  X15 — (162Rx 2) X15
Exp 3
[7 days/week]l (10, 15 days)
300K x10 — (180Rx 2) X10
300K X15 — (180Rx 2) x15

OWFENME & I B, kB LOBETHER
BbfTo7, BT7BEETIER, QDH% 1E200R,
270R, 300R & L, BID ##% 1[E162R, 180R & L
7z, BEHEHEE10, 15E (BID #1220, 30ED
L7,

B atiisE B R U R AT,
FRSHTEIRR X 4 BfE & L7z,
D. #R¥EE

1, MEEHEMER, HMAEEE R
RBHBRE»S 2, 3EECEERY ¥A%
FACTEHIL, RESREaE 4R % f & BRI GI%h R
ZHE L, BHBFECOEEE 10mm icizbd ¥ T
DOFHAH (dr) 2 HLIERHBEOEHEEH10mm
i ETOFHEY (do) wES|E, HIEEE
AL L, BRICX D A ASPRID D,
(dy—dc)/dc#% Specific growth delay & Lz, #
hZhoBHSEECHMSEBAEE 1R 2E
B BE S s o HEFHE A B 31, Specific growth
delay # th#: L7, B EZE#HE X Student @ t
LT - Fo. 5 BElmoW\T ik, Specific grow-
th delay % i\ T dose response curve % ff§ X,
1[EI200R @ QD B+ REDLHE & 7z % BID FD

SRS 4E 1 250

1 8 2 GBHFED
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FhZhoBHSE R 2T, 1E200R ©
QD B O ¥ AEE AL H # & BID B0 P 1458
BEABOLYERN L EoHBHREL (MFD
Effect Ratio :dgp=200R) & LT, BID# o 1
MEZ LWWEEL -,

¥, ThZThofEEw20wT, LQEFA0
Fractionation Dosage Factor (FDF) #2sb#
EEINHHELXHAPNL bk,

Total Effect

=Fractionation Factor X Dosage Factor
=(a/B+d+dxhM) XD

a/8 EEDa/ft, d. 1B E, D=
Nxd: #&#E (N 5EE%E), hM: Incom-
plete Repair Factor (Repair half time 533
oo 0 & L)

BID i & QD & @ Total Effect @ tt (Total
Effectsp/Total Effectep) & SEERZH KD B R
SoEpRIEE B L., ¥721 8 2 BB ED
1 BEl§# & & Flexure dose*?2 DB RIz2u T d
ERLi,

III. #% R

1. BEIEREshiR, BI0EE R

83 HEOBE O CH FLiE o 5 HEth 47 %
Fig. 11z, ;8 5 HEOEEHEM R * Fig. 2a, 2b
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Fig. 1 Growth curves of C;H mouse mammary
carcinoma to 3 days a week irradiation: Exp. 1
(1R=0.91cGy)
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Fig. 2 Growth curves of C;H mouse mammary carcinoma to 5 days a week irradiation.
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Fig. 3 Growth curves of C;H mouse mammary carcinoma to 7 days a week irradiation,

(1R=0.91¢Gy) 3a: Exp. 2, 3b: Exp. 3

I, A7 BEOESEEM R % Fig. 3a, 3b iR
T, EBAHE O EAE H 3% Table 3
E L,

WTh ORI L B LB L, BRI
FEDBEENRD bhic, 83 HETIE, BEDE
WIEIZ300R (QD)>>250R (QD)>150R (BID) >
200R (QD) TH -t (Fig. 1), PR A
B, ERMCAHBERRD bhicds1oh, QD
FHCR1EFEEOMME & & RO LR N
% bh, 150R (BID) B£i2200R (QD) BT T\ 14
FEMHIZHRTH - 7,

B 5 BT, HEOEEIZ270R(QD) > 162
R (BID) >200R (QD) >120R (BID) > 110R (BID)
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Th -7 (Fig. 2a, 2b), 200R (QD) Bf & H~x
110R, 120R (BID) H#oZRIRBTH b, #H5M
BEBRIAFEECHE» 7 (p<0.001). 162R
(BID) BfoHERE#I12270R (QD) Bficim<, H§
JEEREHECTIE, 200R(QD)BEEH~B L AEHBK
HEE LTz (p<0.05),

87 HE T, 162R (BID) BEoHEh8 gL,
5 HEE ERAR2T0R (QD) BRI < (Fig. 3a),
200R (QD) B & ORI fEiR0.1% TH B Ic
BIERBBROERLBEDBR, 210R(QD) B LD
I FEETIRD BRI -7, 300R (QD) £
£ 180R (BID) B tb#ri, 10HM3:s X 08150
foRats bic, BIDHFXQDBEL D L RIFTH

HAAEREE $538 15
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Table 3 Mean growth delay time and specific Table 4 MFD effect ratio and theoretical ratio
growth delay (1R=0.91cGy) estimated from FDF formula (1R=0.91cGy)
Growth Specific Fraction MFD Estimation
ui%%!;g) gég]\;;h Fractionation size effect %‘BI]?
s of BID ratio formiila
e [ 3 days/week] 150R 1.16 1.47
ays/week | { ; .
Comtrol ko) (10 fractions/21 days)
200R  x10(3/W)  10.2% 3.3 0.57 [5 days/week] 110R 0.55 1.06
250R  X10(3/W)  15.4% 4.9 0.87 (15 fractions/19 days) 120R 0.58 1.16
300R  X10(3/W) 17.4£10.0 NS. 0.98 162R 1.49 1.59
150R X2x 10(3/W) 11.8+ 3.4 0.66 & day‘s/_week]! 162R 1.92 1.59
200R  x15(5/W) 22.2% 4.2 1.25 (15 fractions/15 days)
110Rx2x15(5/W) 12.3+ 3.0 ;| p<0.001 0.69
120R x2x15(5/W) 12.9+ 3.5 0.72
[Exp 2] 2.0
Control 11.3+ 2.6 -
200R  Xx15(5/W) 16.3+ 6.3 1.44 sl Exserinental
270R  X15(5/W)  26.5% 5.4 :|p<u,05 2.35 sl WFD effact ratic
162RX2X15(5/W)  24.3+ 4.6 2.15 e i O sdarsrven
200R  X15(7/W) 13.8+ 5.3 1.22 8 ol A 5 davs wonk
270R  X15(T/W) 24.7% 5.7 :|p<l].001 2.19 oa) B 7dssvent
__..]:E:'?Ei?f.l.st(..?.{w.)....?{.i::r}.i.-__?::? ________________________ 2 _'}?____ N 0.6 i D Estimated ratio
[Exp 31 So g from FOF methed
Control 14.5% 5.0 Fozp
0 Lk / . !
300R  x10(7/W) 11.8+ 2.0 ] NS. 0.81 S = - e 60 M R
180R =< 2x10(7/W) 15.5+ 5.8 1.07 Dlaale ol nl i eletilon R GBILD)
300R  XI5(7/W) 215+ 5.6 — 1.48 ) ) N )
180R % 2% 15(7/W) 26.5+ 5.3 ] p<0.05 1.83 Flg, 5 Expeenmentai MFD effect ratio and theo-

[

W
3

42

43

(=]
fn

4]
©
4a
15
w

8
0w

b (Fig. 3b), 15H o A C (TR E A Huc s
BEIRD LR (p<0.05).
Ll b o> H 8B 5E B B
delay # k¥ (Table 3), 85 BHikiic>\\T, 1H
1EBHEE 18 2 EBBHEC 1 BRENC

= v b L, doseresponse curve & L7z (Fig. 4).

N.S.: Not significant

/

(dep=200R, 1R=0.91cGy)

/d

retical ratio estimated from FDF method.

ZOEM5, 8BS BEOEE, 11200R © QD B

LRASOHE L 7B BID o 1 @A, 135R
HETHS LT Sh, A—ORMEMTRED

O 1 Fraction /daylQD)

PRETH D EHR S,
2. 28R FDFFEIC L sHEEEE D

® 2 Fractions./day(BID)

\ 2

100 (135)
Dose

Fig. 4 Dose response curve of once-daily and
twice-daily irradiation of 5 days a week treat-

200

per

ment (1IR=0.91cGy)

SERL5 41 A25H

fraction

300 R

VMBS ERBLI123, 0~40%EEOREHEE

EREILBLRDI-S5E SRR L U FDF &
b ROI-HEEEL Table 4, Fig. 5 R, 110
R, 120R (BID) BTi¥, EBREXFhFh0.55,

0.58TH b, #ETE & b~ BT EEZ R L7,
1 B E #EInT 5icoh, HEEMEEOEINNZ

DETIL,
bhis,

Specific growth
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WA T, HEHFBECRS - CIREESREYEAT
LZEEREWFNRTFCH S, FEHEHEORS
BHRCERETHERFICE, 1ERBHRE d), 5E
B (N), BAHHRE (T), &#E& (D=Nd), B8
ffRE - B3, RERREDDS, Ttsbflo
BRE LTRESOMECEME, IS e,
MIAEER, d), dofsd), EHEEBZOREE, end
point DFE V' (TCDs%, Growth delay ¥,

Colony assay 7t &) B3EF5h, “4-o0 R
& vvibh % [E11E (Repair), HE2#E/L(Reoxygena-
tion), #HAEAEI DB 45 7F (Redistribution), #E#k
DFEYE (Repopulation) 7e & D&M -
EBLp, 1EEBHD B\ L2 OE5EBE OER
F—2hb, FEBHOBHGRELYHEET L L
BT, BRH5EBHEORHGROL

BXAES TR, 1BS58RAETIR, Sbc
1 @R, 1 BRHEHE, BABELEORTFA

WrBTrE#CLT\\5, 1 ASSEBHERT
BIL Tix, 2Gy LUFoo/MRiis © o IE % et
THRRBEIT 5 ERBWE1XB\ 203008, HifEE
BRICB T HME DAL, BExDBERSE
B OWTERTHE S /MEESTO, 18 1ER
SEE 1B 2 EBHEOHESDED LEHT-
ol

Withers (& Conventional #% & Hyperfractio-
nation £ D BRI IL, WEEF D Regrowth %%
Ex4t3 % 7oz [@— o Overall time TfT 5 S B
BB ELTWBY, 2w, FhFhOBRES
#EET, QD # & BID BoRHAMARA—& LT
KBRETol, BHROHEEIZOWTE, Wil
liams & Growth delay & (XES MR 0 EH +
LToLEDRIGHATHE Y, TCD;kXESE
BA DR b HARESEOEEMEIC L b e X
NBHLLTWBR, EEROERADIGHEO BT
RS A HIE T & B R A (TCDyfl) T 0 HhliH &
FLWwEEZzbhicd, 101~2Gy BEOHE
TRAERENE o B DB ERITEETH
%. Partial tolerance ® 3 % F #* &, Top-up
B R GCHETRETH 50, 1EKEE(2E
BHDOR:D TCDso® 1 [EEE) 2 HHHT 5709,
ARBOYFENKEL LBTHESELD Y, SEIT
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1 B 2 B4 EIEHE (MFD) oHifEishRcB+ 5 EERpe

Growth delay 35 THIEB R O LB 217 - 72,
GE3 P, BS5 BEEL DICKRROBEKCilibh
TV B FEIRHET, RELSEOBBIZIT V£
HTHRE L2, 33 BE TSR (BID) B0
FHRIX300R (QD), 250R (QD) X b L RE T,
200R(QD)FFITHE VR TH - 72, B 5 BEETIL,
110R (BID), 120F (BID) # o #iiEE 458132200
R QD) HLHEAAFBIETHED S, 162R
(BID) B¥Ti2200R (QD) # b b HEICBIF i
BRRBONIH, o BIDEOHEITR T
Hole—FE LT, BEHEMbOEEHEMN O BE
NEzHA, K 1EEEINNIGEEIIT]
Bic 2 /4L C & B8 2 %0 C X 7o ATEEME AL
RRIN, Tokd, BT HERETBIDBED
1EMEYKE LTBHAERLT >0, #ES
Hi & FE#12162R (BID) HOZEISBITFTH -
e,

1 B&SERHET SN T, BB a4
REFTRL, EWNEBROBEE(FRER X o)
ek Lic s Rt oun T, BER9 -3
HUBENDH B, Douglas 13455 SR & HE 0 55
HIt (Therapeutic gain) % %4> EI& 5+ 0 afiE
Rh R/ BG5S AR DB E% S (Therapeu-
ticratio) & LT\ »%%, SEOHHCILEEES
RICOVTORE LIcDT, S5EIRHEDH
PEEAERNR /B 55 BIFR S O BTE B AL ) R % &
GEIZHRI L U ClET L, 1[E200R o 3 5%l
Bk & OB, FDF B L 2HEEL D b
HESSROET,AE D SR (Fig. 5). LQ =
74D FDF &ETix, CGHIEOE S, 110R T
i+ 6%, 120R Tix+16%, 150R TiL+47%,
162R T +59% DHEE R O M X h
foi, ERRICIE F W Fh—45%, —42%, +16%, +
49-- +92% D BEREEN R T - 72, Barendsen 539
% Wiirschrnidt £*", Beck-Bornholdt 521 4
SEIBH O FEE L F BT 5B EBRH S,
Growth delay (&5 & S AL, 1 E#E & 1289
FRLIEZVWELTVS, LAELSEOEBREENS
1%, 2Gy LI F o/ & T o &5 EBHE O FIEE
PRZBEL TR, 1ERECKIHAE CBSEL
TWwa EEZ bRk,

RRERSE #53% $1%5
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NGB TOESEBIEOHE, ERIITW,
1) OER #3/& s, 2) G, block #3% <, Redistri-
bution B3R < # Z %, 7x L HUESEHR D 185 231
#HExhay, SEOEHRTIE, L KISORHUTT
©1H2ESEBHECHIESEDRITRTSH -
fo. T hiZ, Suit 50BN TB L 5L, EE
B fh o B8 % HEI T X Teds 5 Tofe D D HIEE SR
DET EE 2 bR, SEOERTIE, HBERE
OBHTIZIe L, HEEBEREER L LicHlERLD
Bi2dxaicboTthh, toFie EECH
TRHT 1 HSHEBHENEDTHLETEHD
OTIRIE, BE v Mo T AR REY R
B35 &, EREABROMEREIC OV TILEINE
BT — vk MIZHTIRE BN, EE
B LT, BESE & v b ES & ORI, Clono-
genicity, MfRE&EE, BEMEEE, BHEOKX
X, BREER/MEL, RERERLOLTEN
NBHY, BMEBROF -2 LTOEEL FITHT
13D 5 ICIIREN S L SR TV 3%, BEOE
WEMIESE I, SEIR SRR b B o EiE
B - TWBR, b OEE T, BRLES
TR Y, BELEFOHEELSE HE 2L
TIw&EEdnTw5, LirL, Withers & DR
R bR 3 5 B & TCDsofE 1B 3
BT, HEBAE 3 ~ 5B EoRELHRE
RET 5 L, TCDsfEHIZEM L, EROEF O EE
WD R = » T BB, 1 H%Y#50.6Gy
OEENNE L B30 LT3b, ZhiAc
celerated repopulation & FEi3#t, Doubling time
DEMHIBREIhTEY, Zoficike + EE
bEYEB T HEE R R T RREESES D B,
Trott 5 % Friedmann D+ & % viED 5 — &
DHORET, 3BLLOBEMMETE, 1HY
H0.3Gy @ TCDs,DIEIIFFHE L T 54, BE
D1.2Gy BED 1 B 2 BISEIRHETH, HEils
LR O60GY L REOHREXE D 1L, B
SIS & Rk, BEEREI 6 B ELETH D,
= @ Accelerated repopulation @ B & ££38 3
%, - ORIz, Withers &5 0#ERE b 5:150.6
Gy/Bo#aBnLnECTHB ETHIE 1E1.2Gy
o Hyperfractionation # T o HE B ATHEIE O
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