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Uneven Fractionation Radiotherapy Combined with Cisplatin for Lung Cancer
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Yoshihiro Takai!’, Shogo Yamada®, Kiyohiko Sakamoto! and Yoshihisa Kakuto®
1) Department of Radiology, Tohoku University
2) Department of Radiology, Hiraka General Hospital

Research Code No. : 604.4
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One of the main causes of difficulty in radiotherapy on non-small cell lung cancer is local
recurrence. In order to overcome local recurrences and to obtain higher local control rate, we tried to
treat them with combined therapy of uneven fractionation radiotherapy and Cisplatin. Uneven
fractionation regime is expected to bring about reoxygenation effectively compared to conventional
radiotherapy, and Cisplatin was proved to be a hypoxic cell sensitizer by Douple et al. Therefore,
combined therapy of these modalities is thought to be a reasonable method to achieve higher control
rate of tumors.

Thirty-four patients of lung cancer were treated with uneven fractionation regime combined with
Cisplatin. In uneven fractionation radiotherapy, patients were given 5 Gy on Monday and 1.0 Gy or 1.2
Gy as daily dose from Tuesday through Friday in a week and the treatment was repeated 6 or 7 weeks
in most of patients. Cisplatin of 40 or 50 mg/body was drip-infused intravenously just before the
irradiation of 5 Gy, and repeated every week. The classification in cancer stage of 34 patients was 5
patients at stage I, 3 at stage II, 11 at stage III and 15 at stage IV. Histologically, 33 cases were
non-small cell carcinoma, and 1 case was intermediated cell type of small cell carcinoma. As the results
of treatment, 7 patients (21%) showed complete response and 24 patients (71%) had partial response.
The survival rates of 24 months were calculated by Kaplan-Meier's method as 80%, 67%, 18%, 16% and
31% for stage I, II, ITI, IV and all cases, respectively. Severe lung fibrosis was found in 5 out of 20
patients who lived for more than 6 months after the beginning of the treatment.
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Table 1 Age and sex distribution of patients

Age Male Female Total
50~59 2 1 3
60~69 11 3 14
70~79 13 3 16
80~89 1 0 1
Total 27 7 34

i (43~81w%) (Table 1) T -1,
AT, RPEBELSH, MREE16H, M
FasE 3 4, /ERE (RRISIRED 16Ich o0k
(Table 2), Performance Status (%0, 1, 2,
INRERLRIL, 9, 4, THITHY, HEHTIE,
I, II, I, IVEi»shFhs5, 3, 11, 1540T

"able 4 Total irradiated dose and total CDDP
dose distribution of patients

Dose(Gy) No. of patients Dose(mg) No. of patients
40—49 3 100—1499 5
50—59 10 200—299 15
60—69 13 300—399 11
70—79 7 400-—499 3
80—89 1 .

Total 34 Total 34

Average-* SDI 63.8+9.4Gy Average+SD=270.6+73.0mg
(43.0~81Gy) (120~400mg)

Protocol 1
1. Uneven Fractionation Schedule
5Gy+1.2Gy+1.2Gy+1.2Gy+1.2Gy=:9.8Gy/week
2. Administration of CODP
40~50mg/body | drip-infusion once a week
1 2 3 4 5
Gy 1.2Gy 1.2Gy 1.2Gy 1.2Gy
| i i i !

C
40-~50mg
3hr or Thr

Average+SD : 68.4+7.5

Table 2 Histological distribution of patients

Histology No. of patients Percent
Squamous cell ca 15 44
Adenocarcinoma 16 47
Large cell ca 2 6
Small cell ca 1 3

Total 34 100

Table 3 Performance status (PS) and stage
distribution of patients

ps % | I m N Total
0 5 2 4 3 14
1 0 1 4 4 9
2 00 2 2 4
3 o 0 1 6 7
5. 3 1 15 3

MN{=)} cases ! Initial field covering pulmonary hilus and mediastinum :
29.4Gy(9.8Gyx3)
Shrinking field covering primary tumour :
29.4Gy, Total 58.8Gy
N(+) cases : Initial field covering pulmonary hilus and mediastinum :
39.2Gy(9.8Gy x4)
Shrirking field cevering pulmonary hilus and mediastinum |
19.6Gy(9.8Gy x2), Total 58.8Gy
Total dose of CODP ! 240--300mg
Protocol would be slightly changed case by case

Protocol 2
1. Uneven Fractionation Schedule
5Gy+1Gy+1Gy+1Gy+1Gy=9.0Gy/week
2. Administration of CDDP
40~50mg/body © drip-infusion once a week
1 2 3 4 5
5Gy 1Gy 1Gy 1Gy 1Gy
} | ! | |

|
e ome

MN(=) cases : Initial field covering pulmonary hilus and mediastinum |
27Gyl9Gyx3)
Shrinking field covering primary tumour :
27~36Gy, Total 54~63Gy
N{+) cases : Initial field covering pulmonary hilus and mediastinum |
36 Gy(9Gy=4)
Shrinking field covering primary tumour ©
18~27Gy, Total §4~63Gy
Total dose of CDDP : 240~300mg
Protocol would be slightly changed case by case

Fig. 1
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Bote, U, WHOETHIDEAADTE% % G
(Table 3).

2) Hi&

%S EIREEG ARE Gy, K~&¥ T
D4 AE%1.2Gy 72w L1.0Gy & L, ARBEY
9.8Gy s\ L9.0Gy ¢ T35 b TH B (Fig. 1.
28GIEETEREZELL, 290 BLBERYEED S

Fa—ATiTot,

FBSHA L 12 74963.8+9.4Gy (43~81Gy) T
H ot (Table 4), FEFRE, MFIROHFEEL ST
KBHE COMEILIFEAI & U T Protocol 1TiX
29.4Gy, Protocol 2T1327Gy £ T& L, L DHIE
FEBICH b WTRE TR b BRE A S L B T8
MBS L% DEFMOEHRE>54~68.6Gy & L
Fo, i, BEIEHE O safty-margin (3§92cm & - TH
%, 81Gy @ 1 flix AR o T IEFIT5X5cm ©
INBHEFCRHLIFITH S,

¥y AT IR, ERFEMREEARE LT
ORIE % T T 5 fodiz, RYESEBE O KRR

@ Sclita Ty 1000mé¢ drip-infusion for 3hours.

@ Metoclopramide 50mg and Methylpredonizolone 250mg in saline
100m¢ for 30minutes.

@ CDDP 40~50mg in saline 500m¢ for 1hour or 3hours.

@ Metoclopramide 50mg and Methylpredonizolone 250mg in saline
100m¢ for 30minutes.

® Saline 500m¢ for 1.5hours.

® 20% Mannitol 200mé for 30minutes.
@ Solita T3 1000m# for 3hours.

® 20% Marnitol 200mé for 30minutes.

Fig. 2 Method of CDDP administration
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Fig. 3 Plasma concentration of CDDP
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& (5Gy) #B&H3 2 ERTIC 1 RFETov L 3 R 2s
AR EE L (Fig. 2), BHEFRAO MIERE
/AL L,

FRFBRHEE L - THE L7 7 5 F 0 Mk
Bk Fig. 30k 5L, £ ORIMEX 3 KR
B, 1 REBE 3 AT oo ESET TR TR, 03:
139mg/ml &2,337+220mg/ml C 1 B[] C /555
BE LB 3 R 0 #91. 85 o M iE B 5315
Hivte, 21T 1 R ERIE A VT
W5,

v A7 7% v ol Ef &40 ~50mg/body
T AR K25~ 30mg/mAEFR ERICHY T 5,
bl o> I 7 B 13 50kg 7 B 0 4B E 0 B & 1250
mg/body 2R L 1RO F -4 ThH 5,

FVTF=v VT 7y A% 2B ] B
L60ml/min L kD 2 v 7 5 v AddkhiE, W
i E D 1B 1EOFRERET, FHEHER
270.6+73.0mg (120mg~400mg) T & -7z
(Table 4).
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1) 1RBREEHFE

i B A R oD B Aoh SR | v A e v 2D T g
MEBEERLCT LTekbd o cBAETFA
DEEO—xkZEE, CR 74, PR 24%), NC 2
B, 7REA 1 41C, FIFETEETD - 733 DZEL)
R(194% (31/33) LB/ETH .

34514 F® Kaplan-Meier #=12 & 2 £ HFRIT 6
% B59%, 127 A34%, 184 B31%, 24» A81%
ThH-tc (Fig. 4).

RPNz 2B L 24H BAHFERT 1 HA80%, II#A

R

67%, II#A18%, IVEA16% (Fig. 4), MM 7I©
100% My ——-- =y
__ i 80.0%
J i o jI—y

o T i (n=5)

E %_ !_.-_l..____l 67% |——(:=;]

c o e I === (n=11)

5 50% T Ly V===
z bt 9 = ALL CASES
a R e T =3

Li::i:;'.::'_'.l'_JLB.%J 16%
0%
0 12 24(Mos)

Time after the initiation of treatment

Fig. 4 Survival curve by stage
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%, BY¥ELBERE (1561 27%, BiE (1661 36%
TH%H Logrank test TOHEEITID LR ie
Drote, REBITEFFIE (1261) 31%, RHEFR
@WU%%T%RE@R(,&t%Wg*ﬁ,U
L (106 & 2480) 7o~ L65Gy %, LIE (1941 &
156D THFIes 27 55 v ERBER OCRAHE
BMEDERLZhD 2 70— 7RITHEERERDR
bRl oz,

Lo L PS Fllo 43R, Fig. 5 02 & { £ PS
BOEIERELTED, PS0~1& 2~ 3%
& DEIT L Lograwk test iz X 9 0.5%LITF o s
METCHEEELRDI-,

Er, WRERBAIARE S O B H B #100cm2Ll T &
101lem’A EDFIc 5137 2 FEFR Tk E ©
43%, RETLR2RCRBRR 1YL FTeAEEYR
Bic (Fig. 5).

2) BEE

BEREE L LC/R L7 Table 6 D E D3 &
AERT AT S+ ORIEB LE 2 bhi.

ZOHTIE, B, WedEmERE 45yl
TERD RS 2 68% TH - 122, BHF CELHK

1. SURVIVAL CURVE BY PERFORMANCE STATUS

100 %
r‘q'l:"L PS50, 1 —(n=23)
] L P5:2,3 - (n=11)
o
L 1
[ a2 L
z 50% L, — U (45%)
5 L]
w .
M
l——q
L.
0% i .
0 12 24(Mos)

Time after the initiation of treatment

2.SURVIVAL CURVE BY IRRADIATION FIELD SIZE

100%
Y
9 0~100em* (n=21)
& N 1 Y 101~400cm? - (n=13)
e L
e i
- B 1
= s L
Z 50% i I.EI L_u_, s
5
0 L‘L-._-I.___
B 1
[ Lome 120,
0% ] .
0 12 24(Mos)
Time after the initiation of treatment
Fig. 5
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Table 5 Primary response

Effect No. of Patients
CR 7
PR 24
NC 2
PD
Unknown 1
Total 34

Table 6 Frequency of acute adverse effect

patents  Percent
None 4 12
Leukopenia(<2,000,/mm?®) 12 35
Thrombocytopenia{ <50, 000/mm?®) 1 3
Increase of };lasma creatinine 2 6
(>1.6mg/dl)
Increase of BUN(>30mg/dl) 4 12
Acute renal failure 0 0
Nausea, Vomiting 23 68
General fatigue 18 53
Radiation pneumonitis 15 44

AR L 1 R R T, i T —BER 7
ERTH -7z, 2,000/mm*LATF o B m BRI A SE &
BBEBDORID, T DldictTRToBRESY
KIE (2~ 338D L7z 2 6, fofEfits
R77F Vv REDZ Y Bk T 5 D & cE
ELt.

B, BE, {50108 BERYH T KA
RSB (4496) TH o 7chd, BARRES & g s
%3 2 7c WHO 2 #99 Grade 3L\ it 6 & ¢
H -7,

TERRBARATH: 6 5 AL LB L 72206k, B9 X

REREOBEORENEFKE O & LVWBE
DFRMEIER R E LIz 5 P c25%Th b, 4
CEBE TR - 7oA, EFIABE IR NE T,
5B 1A 14:10% B#DBEAETS NED o ke
TED % HENKFEC L IFREE R D D, BRFERA
DALBETARRTHEEEE & e > T B,

R EERHARMERE B 5 610D ¥4 SRBALARS B B BF 0 3y
EH296.3420.5cm?, B X 8 ERIE & i3iER
LEEOBE ~hEEOMEH#E YR Lo
1061C, FBAEFEEIL75.3425.0cm?, K 0D T

HARERNSIE #48% H58
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Table 7 Grade of pulmonary fibrosis and its incidence, average irradiation
field size, irradiaded dose and CDDP dose

Irradiation

Irradiated dose  CDDP dose

Grade of fibrosis Incidence ﬁe(g;s!i)ze Gy) (mg) .
Mild 5/20025%) 47.5%+9.1 58.5:+12.6 245+32.6
Moderate 10/20(50%) 75.3+25.0 62.3+9.1 263+76.7
Severe 5/20(25%) 96.3+20.5 67.5+5.1 262463

BENE BDILd -1 5 Il TI1k47.5+9. 1cm?
ThH, Bi2HFLHEE OB ThBEEICT
5% TofERERCEEEYR DI (Table 7,
* e fREER B E h £ h67.56+5.1Gy, 62.3
+9.1Gy, 58.5+12.6GyTh b, v A7 5+ /&
FEHEFhFh262+63mg, 263+76.7Tmg, 245
+32.6mg L BEREAICRRE BRERED
EEEALNE DD E L OFEICEHEER
P Ir oz,
4, £ B

T30 0D i o B AR TR R B T IR RIS S0 5 4
HEFERI6Y% E LB BRTFEREEZHREL T2
2O, 23 h %L OHERL0% AT TH 229,
Cox (SRR 5 % S i L 1220061 o> FF /)N i
iR g L, SFBPREERAOBRETH -1
CEERBEL, RHiALokniciy, PR
HEXYEDTRLENBETH S LT
50, COEERHEE2TT 2 ) HDRTOG b,
fiE o B EIEER Ly, —onk & nPiiRE
LLTEB, BEIVEAxDT e | 2 —A%H
%'\_C l;‘ 616)"‘19)_

iz d, BFFH#EER EocdD, FLVRBH
EMEE, ERERTHEDORTWS, Bl1EOX
BB 520, Hyperfractionation®”, R¥g% 7-El
BEHEZYTH S, ZhbORBEEIC X 2 B#IE,
BEITTDELA, BAOBEENBRRETHS 1
m2Gy, & 5 EfRSEE, EiRE60~T70Gy DiEHRE
BLIEBLT, ETRFLBEIh TV,
SEOHETIE, I HIRHFTEEEOR LR A
ELT, B, EEE#EOBER{L(Reox-
ygenation) #HFHITEZ T L E X bhHTHE
g & & Douple & Richmond®iz ) - T,
EBRRMAEEES L LToPRLHE o LBEZA

ABFN63F 5 A25H

(59)

TWEY A7 S5F v EOHEYRAR, 94.7%&H
Wi WESEPR LI, Fi, £FERIXI, II
BICIERIB D T < WIBRI TR TIE 70\ 25,
L4k T 2 BRI (6/8) THY, LHFPI4
FIARFHEAEhTEY, BFEOBRELVETR
e Bbhs, B LIBERTE2 FAEFFE
18% & BIF &3S 2 IaWHIRTH -~ e, Bak%
BHT55FIREt 96 (9/11 82%) » TLHERT
Bolel ENFBELTWAEEDLRE?,
Richmond Z£0ERT — 21X B Ev AT 5 5
Vi, E. coli?BVF v+ 4 =— X~ 2 A& —V-79
M D AEFER D Do BB SR A THERT
fedd, BrETHEFHREETHMRICK VT
13, X hARERMESHRELE Lo, 1EXK
WEYAGEZENLECHD, Fiin vivo T
b /NEE TR LRI AT ST FER L T T
BRREIMEL Ied EE 2 bh, R KE IR
BRAEBHIDIIX I ERFEREZBVHRETDH
5, O EREROEBRRMPERF T
Denekamp &2 & - TREIN TV 32, #5T,
& [E3 A F 39 % 4 IR 5t 0 KRR R S RFEL RN
YRS FFVRRACHEHEIGENTHEAD LFH
zbhb,

&, #dh Ui X 5w (Fig. 3) 7 5+ 7 O MERE
7392 ,300ng/ml & 7¢ b, Douple & Richmond 7%
in vitro ® £ f 7= CDDP & L T®D10xM
(3,000ng/ml) DERELET 5 MFREYRS
 ENRTER, SEIEAKERE SO CDDP &i3E
B L T\winwad, Gullo 4%, 50mg/m?o CDDP
¥ 1B TABESREL BEROPRE2, 260~
2,600ng/ml BTk b, EAHFHKS D CDDP %
EOEFUTFTTHoTeZ EFHREL TS, W
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FThizLTh, BERICET in vitro DEE L <
N ERERFEOMAPRECTE, FOBERLET
ToiiTcER L0 L Ebh B,

¥7c8 1[0 CDDP #Hic X b, £ OEBEDOR
MIRZRIZ X - T, FBEE S D micrometastasis
OIFC IBREDA I HIFL TV,

CDDP ., {EEFMaEEs R oM, PLD RO
SLD EE % &3 5 EF, MlaN D 7 1 5 54+
YOREFRAPELED LR TE D, HEHLE
& DGRBS, BEDERE?", BREEERREY, RS,
o, Bk REER S TTHh TV 5, Pilot
study &2, HAPROSVZ EXRLT
5. & b RS & CDDP # %5 @ Timing 12
BAL T, EEOLERICES ¥ 4« OBFZEM
HY, FLEEBEBRHZEAZLR TS,
Chadrwick %%, Chinese hamster ovary cells %
RWICHERT, MEAHRREH 1 ~ 4 BRIATE 23k
412 X 5 DNA o single strand break o [8178
DT T 501, ThbbRBHEELS &1 2 BEREIL
Pz CDDP % {EH SR /el hidie b e & i~
T %32,

D-74 glioma cells A\ 727 » + fEE = 5
VIR G O EBR T, CDDP 5% RS
D24BEMERT, 1 BERERT, 6 BRI TVS v b
EFRZHEN, BHREROBE LB~ rhE
NOBBRICEREZ R Lol LT3, &
bRVGCAFERI 1IBHIIOBCE o702 &R
LT\ 533,

ERRENCE, #1E#RSOBE T, B5ED
BHEFEEHA LTV 3BT, BEHEIZ05
~3.5FHAR DS, REBHERORENE
LW o ¥ s & 4 3 v 713, Chadwick
DRI\BLTVWBHEE—FKL T3,

D dose limiting toxicity & LT D ¥{k5
FERIL, BEAED—BETH -7, B8 1E40mg
~50mg/body (#725~30mg/m?) DL T, HE
250~300mg (%7551 tolerable 7z dose TH A 5
tEZLRD,

C. Schauke-Koning £ ¥ 3E /)~ # i fifi 58 o b 5
AR B 1 [@ CDDP 20 L, /LSRR %
AR L B0 E o it & & & 230mg/m?/
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3) CDDP o &IfEH & L THE/LEER & H &
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Fliz Bz,

5) 4[E® pilot study DR L D, SHEOBE
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