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Method of Calculating TDF Biological Equiva-

lent for Optimal Treatment Dose in Fraction-
ated Intracavitary Irradiation of
Carcinoma of the Uterine Cervix

Yuzuru Kutsutani-Nakamura'’, Shigeo Furukawa'’,
Katsuyoshi Tabushi®”*, Atsuo Akanuma'’,
Susumu Kubota®, Takashi Nakano",
Shinroku Morita", Kenjiro Fukuhisa'’
and Tatsuo Arai

Intracavitary irradiation therapy for carcinoma of the uter-
ine cervix used with high or low dose rate irradiation is frac-
tionated in Japan. The optimal treatment dose is determined
according to the biological effect on both diseased and
healthy tissues. The equations of modified NSD and TDF
biological equivalents were recalculated from Arai's clinical
data, which were used to examine the optimal time-dose-frac-
tionation relationship for high and low dose rate intracavitary
irradiation on squamous cell carcinoma of the cervix uteri.
The optimal time-dose-fractionation relationship at point A
is expressed as follows:

D == NSD Nn.lb To06
where NSD is 17.75 get for high dose rate and 31.78 get for
low dose rate.

TDF =K nd 47 x00o
where K is 1.46 for high dose rate and 0.62 for low dose rate.

The range of the optimal total dose to point A given by one
fraction per week was 30.7 Gy for 4 fractions and 38.3 Gy
for 8 fractions in high dose rate irradiation. In the case of low
dose rate irradiation, the optimal total dose given by one frac-
tion per week and the dose rate of 75.0 ¢cGy/h was 55.0 Gy
for 4 fractions. The maximum dose difference between our
result and Arai's was about 10%. The dose modification ratio
for high dose rate and low dose rate is 1.79.
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THLENDH L. EWFHREZIE L7 MiEO—>(2
Orton 512 & ) $#18 & 1L7-TDF (time, dose and fractionation
factor) Bt ELEAS—HRIZFIH STV B A9 | (i G-I EH}
O ELEHERED, R E RIS OB A IE ML O
HREYPENTNH R R -THBY, F7-{LEEREO
Ba 0RO EEIIOVTIIBETR VY, =R
(T SHIE P BREH I BT B 508 & MR D W T
7728, FOEEEMEH L CERSEOTDRR S
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5 &
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Orton (2 & V) {08 E N7/ NGURTAHEIZ BT 2 TDFEFE LI
R SRR AT B L OGRS OTDE % 2 2N TDEw S
LUTDFRCEDLT L, ()BIUQ)RTHRINLYY, /e
Oh &N EHHEERST S & OGR AR IR 4, n & cld 34
MOMEME L L CEEOBR 2 FhEhET.

TDFi, = n d'"-5 X—wn.l?lo-—.!. . . (l)
TDFie =476 - 103 "% ¢ - -« « (2)

C 2T, ()OS ERB OTDFIIIMETES OTDE &
LT—MISFIHSA TR DT, FHidE Thbbik
W DRI R TH Y, 1 [i§Ed Gy CHE I H T
n[EBRS L 72BEDTDECH 5. (2) O E R IBE OTDF
MBS OERARE A G E L, RErcGy/h T ¢ RIS L
ZBEDOTDFTH %, HHEIIBE L7256 Q)R S h,
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Fig.1 Total dose to point A plotted against the number of frac-
tions for high dose rate intracavitary treatment of carcinoma of
the uterine cervix.

TDF = TDF:1 8 tor+ TDFz2 =+« = = = = - (3)
72720, 8twr={T/(T+R)}*+ « « - - - - (4)

2T, TIZESHIM(E), RIZEBEMREAE(H), ald%e
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WBTIEHT, HHEHIEN & BIHHETOR S FEORE T Zh
FhabBTET L, NSDB L UTDFO—fxiEEhEN(5)
BXUe)RickhEENS.

NSD=DN=T# -« « « « « « « « v o v v (5)
TDF = Knd" x5 #™ « « « « « « « « v o« (6)
2L, A=l=(a+B) = v v 00 (7)
K = 100/TDFuwi = 100/NSD"A + + + + =« - (8)
TDFuwi = NSD/A = K N d/Ax## « « - - - - )

T, (5)RIIMAMENSD % 5 2 HEEDRAEDGY,
HREF (4&0) m%ENE, FBEHETH L oMoMEEZRL,
NSDIEEETHANL % get” (Gy equivalent therapy) & 3 5. (6)
KXOTDFIZ | PI#EdGy, FE4FREIMEx B Tnlal S L 72RO
TDFTH 4. (8)ADOKIIiE#HE L % ATDF«TDFa & L
7Dl % HAEAL, BIZIE100 12T B 0DERTHE.
NSD & TDF & O##IZ(9): X TR SN, MBEHEEEN &nldth
FNHBHEIE L TV LR LE L TR WO IBSTEIZL
T, b Lo NOFFOTDFIITDFa & % 5.

(1) & (6) XDTDFOR % Wl d 5 &, d'd%cGy, dA’Gy

L BATASRL > TWABLY, (5)RONSDORK Ta=0.24, B=

0.11& L, NSD=17.78get& ¥ % L WF Il & 2 5. D
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Fig.2 Total dose to point A plotted against the number of frac-
tions for low dose rate intracavitary treatment of carcinoma of the
uterine cervix.
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(15)BLU(16)TH Lf::b< LEER L e R R D
INEBREIZ R TWAZ L FHENE,

A& [F CBR 7 — % %}H WTHE LR L 0fFR L
Wiges 4 L& - TwWaE, FF/ GO EELiversage (2
& B 59 % B TGRSR B G O MRS ) 4 st SR AR
DOIBGHEEN AR L, SRR OB R 5 AR
BaE AR -7 7 EICLTRO 7L DTH S, 1%
HNNSDEMERIZ (17) N TEES 5.

D=I11ONMTM ¢ ¢ o v v v v v v (17)

Z 2T, R RGO RFRENIE S fEE s, Kb
Nizab .,t UBDEIZFNZN04B L 0U0.11THY, KT
ROOLNIAEEIZTKELRRY, B2 DfEATREV. L
7L, NSDIZ11.0get& /&,

SelE 6 OFEF A Table 21777, R O L5 E =R
WA o4 4 ~ 5 MRS TI329Gy, 8 ~ 10/ T
41Gy, 12~15[E4TI345Gy, HEAREFRIBHOLEIL3 ~
5 [AMBSITS2Gy TdhA. Table 1RSI DR TOfME I
B 2 LSRRI TIIRRO DY 4 ~ 5 [ TIdH
10%m <, 8 -ro[|ﬁ’.’.§q‘f~:iuh3%1_11 {, 12~15[aBET
ZFEES %M < 22 ), —H IRt RIRET D 3 ~ 5 [IERSITIX
AHROD T H5 % < LoTwh, KFOHERLTERL L OE
DHNZETN% T, Zldbiwv,

SEfE S O 7z Liversage Ot = B o0 BB SHERH] %
AR IR O BT B 29§ 5 JEk T ﬁbf_ﬂﬁﬁfﬂﬁﬂi 5
MAHZAHY$ 50T, AR OB R EIL 5 fFI2 L7

Table 1 Optimal total dose to point A given by one fraction per
week for high and low dose rate intracavitary irradiation
of carcinoma of the uterine cervix.

No. of High dose Low dose
fractions rate (Gy) rate (Gy)
3 28.01 50.15
4 30.71 55.00
5 32.98 59.06
8 38.34 (36.15) 68.64
10 41.18 (38.83) 73.72
12 43,65 (41.16) =
15 46.88 (44.21)

() : Optimal total dose given by 3 fractions per week.

Table 2 Optimal total dose to point A calculated by Arai's formula for
intracavitary irradiation of carcinoma of the uterine cervix by
high and low dose rate and one fraction per week.

No. of High dose Low dose
fractions rate (Gy) rate (Gy)
3 23.34 44.42
4 27.02 51.45
5 30.28 57.65
8 38.48 (34.56) 73.26
10 43.12 (38.72) 82.09
12 47.32 (42.50) -
15 53.03 (47.62)

() : Optimal total dose given by 3 fractions per week.
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flilc o TWwh, KO (15)BLU06)NTRINS £
R OR T, (RERENOFEHIE T R EA SRR
gt & i Iﬁéﬂ 7 B (EARIE SR IR O B O % SRed B & 9.4
[ZAH4 L, Liversage® 5 ff& K845, LaL, AAL7Z:
IS IR EOMTIZE { THI0NREDETH 5.
RETH S Nz R YT ONSD DI L Ellis®NSD D
& % L A 1B NAENSDIZ17.75ger TEllis ) 18.0get
DR, FloaB XUBII2VWTIRAROEIXEFNEFN
0268 & U~o 06 CEllis?0.243 £ 170.11 & 5B HHVKE
%\ T2\, Table 31CENisONSDOR & W TigFS 7
HiRTBERER M, RS EEREOMELL TG
T, R E DB TIIFHTI6%REERL RoTHD,
NSDOfEi&16%1%<, Thbb155getil T 5 L ARRTHS
NIFERE £ 2%LJ m“c——ﬁcf% #ﬁ;?ﬂm@?}if*ﬁﬁ 16%15:<

&&wtﬁﬁﬁg\,MﬁDﬁﬁ%(&éa@%aEm¢
(B, NSDOEE1T%IEE /NS T 5 Al 3 O] B4
ZBRVCTHLEIZ £ 10% ThH A, FEILNOEEH17% < L
TEEORALL TH 5.

DEnZ hs, wisatsciagtiond LISk TH
VSN TV ANSD-TDFRHER Z W TEE#HE T KDL L
Ho(1T%FEEE) L R BA%, FOREZETNWIEHTE
B, B ANRIRTERCOMEEHEONS, FEEEOR) Hilko
TIIFEROMEIKRE R LOT, HESIIATET S,

Liversage!¥TDF, CRE (cumulative radiation effect) 3 &
CHZGOHE: L X D/ANLRGERO SRR B X UK
FLR RIS O OE VR BREDN S DT — F & BEIZE
HrL, #EL LTTDFY—FR(, FHTI%DEN D>
72 EHE L TWAY, I 2 THW RIS OTDFEHA
SIS OTDRRERTH ), RE|CHL W fEIZH
17%DHETH 205, BEHABHEChHY, FIF—HL TV
LEEZTNA

ABMTHOLNLFHERLTES L ORRERE IR LHD
1' L AEIIERES, LALIITHEREL-WwWIE

b LIBEAT S a— W REL B2 256, 2% ) B
%ﬁ%@&hﬁﬁtth.lﬂﬁ%kiﬁ%\bh e E
RIS A AT Eb o RS RSN, EEICFIAY
HYLENHD. FOH, FKESIZL KD HNINSDEHE

Table 3 Comparison of total dose to point A calculated by Ellis's
formula for intracavitary irradiation of carcinoma of the

uterine cervix by high dose rate and one fraction per week.
No. of Ellis Dose ratio
fractions (Gy) Arai's Ours
3 32.03 1.37 (1.16) 1.14 (0.98)
4 35.42 1.31 (1.11) 1.15 (0.99)
5 38.30 1.27 (1.08) 1.16 (1.00)
8 45.15 1.17 (0.99) 1.18 (1.02)
10 48.82 1.13 (0.96) 1.18 (1.02)
12 [46.73] 1.10 (0.93) 1.14 (0.98)
15 [50.52] 1.06 (0.90) 1.14 (0.98)

[ ]1:Optimal total dose given by 3 fractions per week.
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0.263 £ 1f0.0612, NSD D% i I T117.75get,
fEH R RIS CTld31.78get & L72(15)30U2 & b, TDFEHE:
BIhonfiz HwT(le)X TSNS,

ek IS O & ONSD-TDFRHE R 2 FE kb T
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FIHY 256385 WMIET 52 LENH 5.
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DT, HmFEDEL DAL Orton® 2) X TR X ML ATDF
AEAEZHOCTHIEST 2080 5.

TzE#bBI12047:0), SIFFESHIRHRS & OB e - BER A
FOMRT— 7 2RI SETWR A 2 S SR 2 8 e 5
LET.

LB, KL O-—#IE International Congress of Radiation
Oncology 1993 (June 1993, Kyoto) |28 W TH#E L 7.

) Ellis i 2D O BT Zrad (= ¢Gy) & BV 7285, NSDO
fif & ret (rad equivalent therapy) & L7z T, Gy % V27278 get
&7,

w6 OrtonDTDFREF T o0 Bt MR L, 38 1 ], 2 [a], 3 [a], 4 [q]
BLUS BIMFETES72H, 3010, 2.15H, 1.59H 8 X U°1.33
HAENZNHV STV B 0T 4 INSD-TDFEMER TIL =
NEDEEHWA,

X (73
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