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Evaluation of Short Term Radiotherapy with Small Number of Fractions

Goro Irie
Department of Radiology, Hokkaido University School of Medicine

Research Code No.: 600

Key Wards:  Radiotherapy, Fractionation

Since April of 1972 our department has started a clinical trial to evaluate radiotherapy with 16 fractions in
4 weeks. The purpose of the trial was to study the possibility of the routine use of short course radiotherapy to
shorten the waiting time of cancer patients for radiotherapy. To know the results as early as possible, we tried as
far as possible to maintain the physical accuracy of the treatment using plastic shells to fix the patients to the
therapy machines and to keep close follow up records by the help of a computer aided information system
developed in our department.

Survival rates of those with laryngeal cancer, cancer of the maxillary sinus and cancer of the oral tongue
treated by the 16 fractions radiotherapy, were at least as good as could be expected for radiotherapy of the
usual {ractionation.

It was shown that a few percent difference in dose (5250 and 5500 rad) makes more than 30% difference in
the local control rate in laryngeal cancer.

For cancer of the maxillary sinus the tendency of decrease in survival rate as the irradiated dose increases
when the doses were more than 5500 rad, was shown.

According to our present data more than 16 fractions appeared to be better for external radiotherapy on
cancer of the uterine cervix.

Radiation damages resulting in late subcutaneous fibrosis, radiation myelitis, diarrhea and radiation
related eosinophilia were analyzed.

The result of the studies on those radiation damages showed the effect of the fraction number (N) was
stronger and the effect of time (T) was weaker than expected by Ellis’ formula and the power of 0.58 for N and
0.023 for T seemed to be better.
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Table 1 Radiotherapy machines .

Telecobalt unit (Toshiba RCA-120-A1)
ca. 2500Ci

Betatron (Shimazu BT-32)
maximum energy 32MeV
Ralstron (Shimazu MTSW-20A)

%Co ca. 3Cix5
Linear accelerator (Toshiba LMR-15)
maximum energy 15MeV
Planning X ray unit (Shimazu RH-5)
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Fig. 1 Measured out-put dose of Co-60 teletherapy
unit plotted monthly for about three years. Solid
line represents the calculated attenuation of Co-
60 with half life of 5.263 years.
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Fig. 2 Movement of patients during each irradi-
ation on the cases of maxillary sinus cancer for
the 53 patientsxtwo fields (wedge pair) %16
fractions i.e., for the 1,856 fields.
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Table 2 Items registered to the patients
information system

Name |
Chart number
Sex

Birth date

Age

First visit date

Site of primary tumor (MOTNAC)
History of treatment on the tumor
TNM and Stage (UICC)
Pathological type (SNOP)

Starting date of radiotherapy
Quality of the radiation
Treatment unit

Treatment techniques
Treatment region

Daily dose

Present address
Registered address
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Fig. 3 Histogram of personal records after radio-
therapy. Monthly informations are represented as

follows.

0: Alive and well

1: Alive with minor radiation injury
2 : Alive with severe radiation injury
3 : Local recurrence

4 : Metastasis

5 : Dead by other disease

8 : Dead by tumor

K : Alive with unknown status

J : Dead with unknown cause

R : Radiotherapy

T : Total resection of primary tumor
+ : No information
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Table 3 Items which can be used as the keys
to identify a group of patients

Chart number

Sex

Age

Primary site

Pathological type

TNM and Stage

History of treatment on the tumor
Starting date of radiotherapy
Fraction number

Period of radiotherapy
Total dose

Irradiated part of the body
Combined therapy

Two numbers can be given for each items for
upper and lower limit respectively.
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Fig. 4 Monthly histogram of patients’ number after
radiotherapy. Distinctions are made by the
patient status such as alive (0), dead (*) and
unknown (. ).
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Fig. 5 Radiation field for larynegeal cancer.
(opposing two fields)
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Fig. 6 Shell for a patient with laryngeal cancer.,

Grfileoic. BIJio hot spot % T foib
i wedge filter % fifi Lz, UL, FEHED
WD b o, BRIFL K BHE R Hy, wedge
filter L{HHF Licws 2 23ph o7, {#Hf L7z shell
1% Fig. GiwmLic. {GHEE & AT O HXAL
BREER L T 5k, B BEEEO fodic
1%, front, back pointer %2 L T/H\ iz,
5,250rad M5} L7 15f (Table 4) 2 5,500rad
Table 4 TNM classification of patients with

cancer of the larynx treated by radiotherapy
of 5,250 rad, 16 fractions in 25-33 days

N o 1 2 3 4

0 3 1 4

1 1 1

2 1 2

3 1 1
Male: 13 Supraglottic tumor : 1]

Female : 9 Glottic tumor : 3
Total : 15 Subglottic tumor; 1
Age £ 8D = 61.7 £ 8.0

TS L 7-3961 (Table 5) o i FlbkdH % D
THot. COZRED EFHFRIL Fig. 7L Fig. 8
wRLic., iR e SE 114 463+13% L381+6
% TH2T, B CHAEOLATERCERER
Tedsots, FMEEROAEFERT, L L, Fig 9k
Fig. 10w Raffc, KEinErwRL, GHREs%
THBEDOZETHON. HREHOHBERITE 427+
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"able 5 TNM classification of patients with
cancer of the larynx treated by radiothera py
of 5,500rad, 16 fractions in 26~~33 days

I i ! |
N T~ 1 2 3 4
0 10 9 7 4
1 2 2 2 ‘
]
2 1 |
3 1 1
Male :37 Supraglottic tumor : 18
Female: 2 Glottic tumor 7
Total :39 Subglottic tumor : 4

Age += 8D = 60.34:9.9

1008852 B

SURVIVA I:nRATE (%)
(=]

i 2 3 i 5
YEARS AFTER RADIOTHERAFY

~—mes 3 Calculated (estimated) survival rate

®@@®® ; Would-be survival rate if the patients
did not suffer from cancer

© @ ® @ ; Observed survival rate (actuarial me-
thod)

sesesses s Survival rate within 4= SE of those
observed

Fig. 7 Survival of patients with laryngeal cancer
after radiotherapy of 5,250 rad, 16 fractions in
25~-33days.
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TN 28T DS <, T D8P DIEHIFIX69E
9%, HWEHHO H#ERI%391:9% T Hot. 5,500
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Fig. 8 Survival of patients with laryngeal cancer
after radiotherapy of 5,500 rad, 16 fractions in
25~.33days. (cf. Fig. 7)
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T
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Fig. 9 Survival with the functioning larynx for
patients with laryngeal cancer after radiotherapy
of 5,250rad, 16 fractions in 25~33days. (cf. Fig.

()]
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Fig. 11A, B 3 RHE 2 5% 5E L wedge pair
DEAE MRS T Ieo7e . (A Uiz shell i,
Fig. 121 7R L7ehs, 50 RHE O HEED
DL, ZEOVIAF 2 7Yy owFIAL,
WO FESEF 1, WEEYE & FER i front, back

HAREZHIE M &WeE 4i38% 48

SURVIVAL RATE (°f)
o
 d

1 2 3 4 5
YEARS AFTER RADIOTHERAPY

Fig. 10 Survival with the functioning larynx for
patients with laryngeal cancer after radiotherapy
of 5,500rad, 16 fractions in 25~-33days. (cf. Fig.
()

2 fo
EE) £
./}\;7(\ 7 B\

——

Fig. 11 Radiation fields for cancer of the maxil-
lary sinus (wedge pair fields).

Fig. 12 Shell for a patient with cancer of the
maxillary sinus,
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Table 6 TNM classification for cancer of
the maxillary sinus, used in this paper

T1 Tumor localized only to mucous membrane

T2 Tumor causing destruction of the hone
excluding the base of skull

T3 Tumor with infiltration in other anatomical
structures

T4 Tumor with infiltration in the base of skull
including pterygoid process, in the maxilla
of the other side or in the skin

Metastasis to regional lymph node (N) and
to other structures (M) are classified in the
same way as the classification of N and M
for the laryngeal cancer by UICC

Table 7 TNM classification of patients with
cancer of the maxillary sinus treated by
radiotherapy of 5,250~-5,500, rad, 16 fraction
in 25~-33 days

— T 1
N \\x 1 2 3 4
| 0 i 1 11 4
1 1 2 2
2 2
3 1 |
Male :19
Female: 5
Total :24

Age +SD = 48,2+ 18.7
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i, 5,250~5,500rad @81 7= 244 (Table 7)
&£5,750rad @4 L 72161 (Table 8) o thizTh
5. BB HERIE &« Fig. 135 Fig. 4R
Uiz, WML 27629% L 63110% Th 2ic,
BAE, “BHoAFRCERELRVD, Mo
INCRREN T LA KT+ 2 tHE L EH I Hd
5.
kb % 0 0 FUL, PR R R L (bSEgnk
DEHITE L o Hde T H 5. HIRBRY, BB
T toAsfle, FofERE Fig. IS iEL
. RERIZEOETHS T ok, DHAEE, BA
Table 8 TNM classification of patients with
cancer of the maxillary sinus treated by

radiotherapy of 5,750 rad, 16 fractions in 25
~33 days J

a1 [ 2 [ 3] 4
L0

2

!
|
|
1 | 3 |
|
|

|
|
L3

Male :192
Female: 9
Total :92]
Age + 8D =56.1+13.7

100 ez,

50+

SURVIVAL RATE (%)

3.3 T &
YEARS AFTER RADIOTHERAPY
Fig. 13 Survival of patients with cancer of the
maxillary sinus after radiotherapy of 5,250-5,500
rad, 16 fractions in 25~33days. (cf. Fig. 7)



362—(70)

1007

SURVWAIE"RATE (%)
?

1 2 3 H 5
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Fig. 14 Survival of patients with cancer of the
maxillary sinus after radiotherapy of 5,750rad,
16 fractions in 25~33days. (cf. Fig. 7)
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SURVIVAIE”RATE (%)
o

1 2 3 4 5
YEARS AFTER RADIOTHERAPY

Fig. 15 Survival of patients with cancer of the
maxillary sinus after radiotherapy of 5,250-5,750
rad, 16 fractions in 25~33days. (cf. Fig. 7)

BBIRY DA 7 — T AEEAL, BHIcS-Fu, 1
A#9250mg FFHETEA Lz, BEO RENHFTHR
D, BOHMEER O, £ 2 BEME L 2. b
FEOMER, TRTHARCTRok. B
T, BB MUFH T, 16EBS YT
foote A, $pdn: 4,000cad - L7z, 4,000rad ),
LT, ABHRIGKE X 2BEOLER L, =
Ry Cleh ot TH B, PEARL 1641 (Table
9 Ldiswdy, FoffF#RiL Fig. 16 R L1,

AARESEREREQHEE #38% H45

Table 9 TNM classification of patients with
cancer of the rmaxillary sinus treated by
arterial infusion of 5-Fluorouracil combined
with radiotherapy of 4,000 rad, 16 fractions
in 25~33 days.

. T| :
SNENEEERRY
L0 10 3 |
1 2 J
2 1
5 [.
Male 112
Female ; 4
Total :16

Age + 8D =55.8 + 12.4

1007

SURVIVAL RATE (%)
=

' 2 3 i 5
YEARS AFTER RADIOTHERAPY

Fig. 16 Survival of patients with cancer of the
maxillary sinus after arterial infusion of 5-Fluo-
rouracil 250mg per day for 12~15days during
radiotherapy of 4,000rad, 16 fractions in 25~33
days. (cf. Fig. 7)

BRERIUTI2%THY, FOEFERITBEMB
HLT, mE10% cEnhof. 5,250~5,500
rad RASEIEE (Table 7) L O EHRESY
LT TELR SO
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ORI, ZIRVETE THANE» 2 D2 b
Mg, BB, FERORLHMHARL o
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XI. HFEIC2WNT
EFN484F- 6 H A2 54912 A O], |« Ok T
1% Ra gt FHARERET Hhofe. ZOM, F
JEBFE 144 (Table 10) o, ARHOKIC L HH
Briricole.
Table 10 TNM classification of patients with
cancer of the tongue, treated by external

radiotherapy of 5,250~-5,750 rad, 16 fractions
in 25~-33 days

| T ! | f
F;R\\ 1 2 | 8 n
0

2 2 5
1 2 2
2
3 1
Male :11
Female : 3
Total :14

Age + SD = 57.8 +- 13.6

JBghy wedge pair, 3 EAEMEZFC Tk
bihtz. Lz shell 2MER R, FEREOE
HLE U FIRT BEN ER SR, iR
5,250~5,750rad % 16[a TS L7z, Z OFFD4E
R Fig. ITizR Lz, BERII60T13%TH
27z, Ra 343 Cs g, FERMEO EFY
T\, BERBHIE, SHBRS L OFR LcREni30
fl (Table 11) @b, Zo4gFREY Fig. 181z
L7z, OO ERZEILTOE8% T hotz. =8
DAEFROMITEREZE L s v 2ic. S g E R
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SURVIVAL RATE (°%)
o
<

i 2 3 i 5
YEARS AFTER RADIOTHERAPY
Fig. 17 Survival of patients with. cancer of the
oral tongue treated only by external radiotherapy
of .5,250-5,750rad, 16 fractions in . 25~33days.
(cf. Fig. 7)

Table 11 TNM classification of patients with
cancer of the tongue, treated by interstitial
irradiation of Ra needles with or without
external irradiation

™~ T
N g 1 2 3 4 .
0 4 10 3
1 2 2
2 2 4
'3 2 1 [
Male :20
Female : 1()
Total :3)

Age + 8D =58.2 = 12.6

GBI e, ERR OB TH o, L
L, NS B A 1E 5 ook, &
BHMIELFRCOWTHRT 5 LERH B L HE %
Twb.
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Fig. 18 Survival of patients with cancer of the
oral tongue treated by interstitial radiotherapy
with or without external radiotherapy.(cf. Fig. 7)
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Fig. 19 Radiation fields for cancer of the uterine
cervix. Aj;had been used from April 1972 to
July of 1973. B ; has been used since then.
(opposing two fields)
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Fig. 20 Survival of patients with cancer of the
uterine cervix treated by radiotherapy of 4,250-
6,500rad, 16 fractions in 25~33days. (cf. Fig. 7)
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Fig. 21 Burvival of patients with cancer of the
uterine cervix treated by radiotherapy of 4,000-
4,500rad, 16 fractions in 25~33days. (cf. Fig. 7)
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Table 12 Grading of subcutaneous fibrosis

1

| Grade 3.

1.0
%] ! -
g o 16 fractions ‘//
g a18-22 = //
- ’
k= e
P ’
2Z o5 N
wE " ,’
=3=] /
§§ ’
w0 7
i
— 7
e
rd
A A n—f A B
1400 16500 1800 2000
NSD (ret)

Grade 1.

Grade 2.

Slight increase of resistance of the |

skin and subcutaneous tissue without
much complains

Definit increase of resistance with
persistent complains of impaired fu-
nction with or without peripheral
edema

Hard induration of skin and subcuta-
neous tissue often makes a solid mass
involving other structures such as
muscle, blood vessel, nerve or hone
with severe functional disturbance

Fig. 22 Frequency of late subcutaneous fibrosis

vs. ret dose.
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Fig. 23 Frequency of radiation myelitis vs, ret
dose. Each broken line is so drawn as to be
parallel to the ascending part of the curve in
Fig. 22.
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Fig. 24 Frequency of radiation myelitis vs, K-
value. (cf. eq. (1) for K)

'?
\

o : Vg

é” o 16 fractions df

@ 1822 T
= L f
[«]

/

el /
=z 0 !
i W
o= /
G 0.5 /
L
o 8 /
w8 d

=)

n i

w /

= /

= /

ra
800 1000
K - value

Fig. 25 Frequency of late subcutaneous fibrosis
vs. K-value. (cf. eq. (1) for K)
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Table 15 Diarrhea scores

i Score Symptoms

i 0 I Normal

' 1 ) Diarrhea of less than 5 times a day

' 2 i Diarrhea of more than 6 times a day
B Ayl

=]
)

o 200rad /day
a 280 rad /day

MEAN ot DIARRHEA SCORES

1000 1500
NSD (ret)

Fig. 26 Grade of diarrhea vs. ret dose during rad-
iotherapy.
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Fig. 27 Eosinophilia vs. ret dose during radiothe-
rapy of uterine cervix cancer.
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Fig. 28 Grade of diarthea vs. K-value (cf. eq.
(1) for K).
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Fig. 29 Eosinophilia vs. K-value during radiothe-
rapy of uterine cervix cancer (cf. eq. (1)for K.

ret dose AV R SR To\ T O ZE SR

W
F#ie RRE ©£o\Th, ret dose DD I,



368—(76)

Ao K% % & Fig. 282 Fig. 29 iz ic
b, ZhbOBEbKoFn—itomchoT
WHEEZD.

XVL £ %

MESERE, _ESEIE TR S hiciciid i X ¢
SZRCBIL Tk, 16EIESH %4 % o B
LT, A EHREL AL,

ERETY, SMNBHEMOMOEE & T 5
&, 16EBEHI SN EBE X LBhTkh, M
BB OZRIGE ST 5. —EENS L
feB &, W LET o B s BRI LB LES
Fowler O n#fith L 42T, AEEkkDH 5
BTHh%. @ LET fsiiokitcad s mAUT
BT, PMpERHOWES L Eh NS EY
AT EEZL TS,

fEE B L ik, 16EIEAHIBEFEM:D $ DT
Tl &0 {0z ST, Ellis o b
PRESh2 IV EECHA LB HIRI L.
LicpvoCI6EIE Tk, W OB M HRat
DR E B WERICEIE R RET 5. T
RO A MY U Cfalichies, Ay sk
WEED» SBRAT 5E0RENLETHS.
Mg T R, bR % oREDETRE
Pl K & ik oA RTHELMETHY, ©
b 16MEIB AR, BEMSCE L BER
LTWAHFEERLTL%. Shukovsky o #4541z
L5EH0E T, REOELREATHED
T, ZOFILIGEIBH O TILiw i
WA, N EITIE L E O B o RESAE VD
T, REHMEEEO—2THA S . 16[EBHhTi
U5k S0 B, Stewart S50 ok
Rl —FHLT5.

LEERERE, TERTREShCBL, BErA—F
Plkwic s L c R VME T T 5 EE 2 B bh
oo Whd 7, HERCEBE ST enL
FERDHT b 5285 L Tu ey - TREER Trh s,
Lo L, FERAHER S RO TR, BoFERS
EBARLE L, BOHREET X270, ol
MEMELS R —B b e 2fe DT, Bk
CBLC, EFEEESEEL, Fhilr sk,

HAREZERHEMRESHE H8% 45

BEETED I & B LIANMCHBR LD S DOIMET LT
WA ATREMED R, —EIRR RS VB AL, A
FOMECRINNEE RO T 2% Lizh,
IEFEMOBES N, WX bLchEEshs i
DRI DD, BEHRES ROt 5
WuEEZB LT, B TEKEROT, 40
WAL EOTHERTREELEL TS,

Ellis oAREXEBIEL T, NOREH A X,
TOREREPE LT 2R L L SER %
wLcEEwB LT, XhBEHThOK. oo
Pk, DEEEAD GG X hs ki
WEEELMHEL LR IR U T 4 o Rk
TR FERL T 5.

MEEENE TLL, BRCH L CEME ML b o
BHTHREO DA BEO R E G E# 2 5o
7o, X EFERRE T, (LSO oREi s e
Mote. ChEDOWML, 16BIREHLIRZE
HMLTWEWEEDTLRNTHAD.

3T EHGT LT, 16[E5E X D 4 440E
REDF T <hTes Himd Hot-. Zof
vk, JEECHERP OREE —i s oW CE 2 5 e
PEZBR O THEE I L.

Lk, ficomELbhokdt, Fhil ke
CORELBER I AL, SBETREBEIEOR
RCOWTh, EECOWTEH, $5ELH )
R WGEIOF — 2T, ECRERIcREE Ao
bORBT, BEYECHRL, MEY XYW
CLGERTAHELELEIEL VS,

XVIL § &8

TR AR O MIBEE TR ko> 7o b i a1/ Nl
LY BRI L, 197244 A2 6 #5 EEc 5o
T, 16ME 4 BERED P 514 T ATk, i
Wi Fom thot-.

1. FoBmcBL T, P tde08Ex
FEDIN, MR- LEAE cRshi.

2. HEEETR, EERPNEShC Es Rty RmL
e

3. 3MTFEmOSNEE TR, SoE0NE
EE AR AR L.

4. ETAIE & TERC, BEREOEHEE RS



B Fb634E 4 A25H

HET BAIREM SR S hic.

5. BB OMBOBARRL, FTHRICKE SR
THEIRIN, IO HIRSE T, BEHEHREOSS
IRBEECTHIEIIR IR, ZOHLN, A
XIHEOVMBE TV EIRLTVWEEEZD
ha5.

6. /oEIREC, PPRBERLEY TRV
PRERC.

HETHCY>T, @R LEWEHSERKIEZ
Big, fEoerE L TwR W RESEEARERHK
Bl Al LETF boThh.

AW Yo TIL, YHEoLHME L L LD ETD
HBROMEARE—F, FEDFELXICH LT oMELED
MR E— R, YBEE AR o FILEEEEE, LREERD
JiE S oo 7 B AL M 4 oo B RO TELHE o %) & THW
. X, toWlkomiiic, BEFI YL Twilni
WD A X w7 T B, BLIEE T EE PRI o 2 H % i
IS, BLALWLTT SL5 R g B B o /NSRRI EG, BN
ERARFEHMERB R E=ZRE o R - REDY
LEKRTHIK.

BEofaid LTk, AMEREELB Lo E
I AHBLTHEEOR VKMo BEYET S,

X B

1) Strandqvist, M.: Studien tber die Kumula-
tive Wirkung der Rontgenstrahlen bei Frak-
tionierung. Acta. Radiol. (Suppl. 55) 1—293,
1944

2) Ellis, F.: The relationship of biological effect
to dose-time-fractionation factors in radio-
therapy. in Current topics in radiation
research, North-Holland Publishing Co., Am-
sterdam, Vol. IV. Chapter VII. 359—-397,
1968

3) Orton, C.G. and Ellis, F.:
in the use of the NSD concept in practical
radiotherapy. Brit. J. Radiol., 46: 529—537,
1973

4) Kirk, J., Gray, W.M. and Watson, E.R.:
Cumulative radiation effect. Part 1: Frac-
tionated treatment regimes. Clin. Radiol., 22:
145—155, 1971, 23: 93—105, 1972, 24: 1—
11, 1973

5) Fowler, ]J.F.: Radiation biology as applied
to radiotherapy. in Current topics in radiation
research, North. Holland publishing Co.,

Amsterdam, Vol. 11 Chapter VII. 303—-364,
1968

A simplification

6)

7)

8)

9)

10)

11)

12)

13)

14)

15

—

16)

17)

18)

19)

369—(77)

den s, EEES, SRENE, Lo B, R
NS - BUEE S B SRR © BEER o B
3. 829 [ H AR WP e alE LR, 1973,
e R, EEEE, RN, EEEk, g
N 3 s BOREREE R SEE © BB O T BFYE
i 49D, EFURS~ oW, H31E B AR
Foiaen iz, 1975,

VET RN, WHEECE, WBEEE, o R, R
g, del B, FEES B EE TSR
oW (55 #O REM 5 8B5S o
i, g2 A AL E SRS o AR, 1976.
R T, ALE ¢ ERBh X 2 e
S E R, BRI, 21 : 611—617, 1976.
TR T, AN — i, IR, MR — i,
AILEI = JBERERR o JiSE TR 58 0 4 1 3R i
ofENT. HARERBSHE, 37 685— 690,1977.
Boag, J.W.: The presentation and analysis
of the results of radiotherapy. Brit. J. Radiol.,
21: 128—138, 1948

Boag, J.W.: Maximum likelihood estimates
of the proportion of patients cured by cancer
therapy. J. Roy. Stat. Soc. (series B) 6: 15—
53, 1949

Mould, R.Y., Hearnden, T., Palmer, M. and
White, G.C.: Distribution of survival times
of 12,000 head and neck cancer patients who
died with their disease. Brit. J. Cancer, 34:
180—1890, 1976

IWFES : B oo HSHEEREYS o LFE=SRH
o4t & Lognormal = 5 0, HAER£IE,
34 : 2225, 1974.

Mantel, IN. and Haenszel, W.: Statistical
aspects of the analysis of data from retrospective
studies of disease. J. Natl. Cancer Inst., 22:
T719—748, 1959

Peto, K., Pike, M.C., Armitage, P., Breslow,
N.E., Cox, D.R., Howard, S.V., Mantel, N.,
McPherson, K., Peto, J. and Smith, P.G.:
Design and analysis of randomized clinical
trials requiring prolonged observation of cach
patient. Brit. J. Cancer, 34: 585—612, 1976,
35: 1--39, 1977 .

Fischer, J.J. and Fischer, D.B.: The determ-
ination of time-dose relationships from clinical
data. Brit. J. Radiol., 44: 785—792, 1971
Dutreix, J., Wambersie, A. and Bounik, C.:
Cellular recovery in human skin reactions:
Application to dose [raction number overall
time relationship in radiotherapy. Europ. J.
Cancer, 9: 159—167, 1973

Baclesse, I.: Clinical experience with ultra-
fractionated roentgen therapy. in ‘“‘Progress
in radiation therapy” Ed., Buschke, F. New
York, Grume & Stratton, 1958



370—(78)

20) Patterson, R.: Studies in optimum dosage.

21

22

23

24

)

—

)

)

26)

27

28

)

—

29)

30

—

31)

32

33

—

=

Brit. J. Radiol., 25: 505—516, 1952

Botstein, C.: Reduced fractionation in radi-
ation therapy. Amer. J. Roentgen., 91: 46—
49, 1964

Stewart, J.G., Brown, J.R., Palmer, M.K.
and Cooper, A.: Panel discussion on glottic
tumors. VII. The management of glottic
carcinoma by primary irradiation with sur-
gery in reserve. Laryngoscope, 135: 1477—
1481, 1975

Scanlon, P.W.: Initial experience with “Split-
Dose” periodic radiation therapy. Amer. J.
Roentgenol., 84: 632—644, 1960

Sambrook, D.K.: Split course radiation
therapy in malignant tumors. Amer. J. Roent-
gen., 91: 37—45, 1964

Holsti, L.R.: $plit-course megavoltage radio-
therapy: One year follow up. Brit. J. Radiol.,
39: 332—337, 1966

Shoboda, V.H.J.: Radiotherapy by several
sessions a day. Brit. J. Radiol.,, 48: 131—
133, 1975

Hale, B.T., Bullen, M.A., Freundlich, H.F.,
Marshal, D.H., Tudway, R.C., Godden, J.J.
and Saxena, V.S.: The use of radio-phos-
phorus in an in vitro technique for studying
human tumor activity. Brit. J. Radiol., 37:
563, 1964

dFEE, ALAEP  BFERER < 3 35
@itk Wiy, HARERSEE, 37 : 856—863,
1977.

i, A=, ALES, PRHER,
AdiE, HHEEU, DRERE : EEhcT s
4 6T MRS o By R HE o BEIR, 22 1 92—
95, 1976.

Fowler, J.F.: Experimental animal results
relating to time-dose relationships in radio-
therapy and the “ret concept”. Brit. J. Radiol.,
44: 81—90, 1971

Berry, R.J., Phil, D., Wiernik, G., Patterson,
T.J.S., Chir, M. and Hopewell, J.W.: Excess
late subcutaneous fibrosis after irradiation of
pig skin, consequent upon the application of
the NSD formula. Brit. J. Radiol., 47: 277—
281, 1974

Arcangeli, G., Friedman, M. and Paoluzi,
R.: A quantitative study of late radiation
effect on normal skin and subcutaneous tissues
in human being. Brit. J. Radiol., 47: 44—
50, 1974

Jacokson, F.: Carcinoma of hypopharynx,
clinical study of 322 cases treated at radi-

34

35

)

—

36)

37)

38)

39)

40)

41)

42)

43)

44

45

46

47

48

—

)

)

—

=

HAREZHME SRS REE H8%E H48

umhemmet from 1939 to 1947, Acta Radiol.,
35: 1--21, 1951

Atkins, H.L. and Tretter, P.: Time-dose
considerations in radiation myelopathy. Acta
Radiol., 5: 79--94, 1966

Locksmith, J.P. and Powers, W.E.: Permanent
radiation myelopathy. Amer. J. Roentgen.,
102: 916—926, 1968

FHiHE=, ATLEE, S, Wmet «
HHEM RS, 160/ 4w o TRIoZE LY
A 2zRE. HARE R &L, 36 (41 : 43, 1976.
Ghossein, N.A.: The prognostic significance
of radiation related eosinophilia. Radiology,
107: 631—633, 1973

WEILROE, R, JGLHEN « T8 S
#itf#ikic 1+ 5 Radiation related eosinophilia
(RRE) o RIE 3. BARKEE, 3708):
4, 1973.

Kellerer, AM. and Brenot, [.: Nonpara-
metric determination of modifying factors.
Rad. Res., 56: 28--39, 1973.

I e, B OB EAEREN o Bk
gt HARBEER, 29 : 14311439, 1970,
MHEPE— BB« WRIARE o MR BIAE, WMo EEK,
17 + 90—96, 1971.

PEREEYE, BB SF, EKE : LFE o B
- BRERERI © vt BR, 170 89—
99, 1971.

BATHSOME, RIS ERE ¢ VRN o AR —R i
FREEDR & T o 165 1 5% bl e — 38 o B R,
14 : 1022—1029, 1968.

Shigematsu, Y., Sakai, S. and Fuchihata,
H.: Recent trials in the treatment of maxil-
lary sinus carcinoma, with special reference
to the chemical potentiation of radiotherapy.
Acta Oto-laryngolocica, 71: 63—70, 1971
Gilbert, E.H., Goffinet, D.R. and Bagshaw,
M.A.: Carcinoma of the oral tongue and
floor of mouth: Fifteen years experience with
linear accelerator therapy. Cancer, 35: 1517—
1524, 1975

Fowler, J.F., Denckarap, P.J., Page, A.L.,
Begg, A.C., Field, 8.B. and Butler, K.: Frac-
tionation with X-rays and neutrons in mice:
Response of skin and C,H mammary tumors,
Brit. J. Radicl., 45: 237—249, 1972
Shukovsky, L.J.: Dose time volume relation-
ships in squamous cell carcinoma of the
supraglottic larynx. Amer. J. Roentgen., 69:
1—6, 1953

Stewart, J.G. and Jackson, A.W.: The ste-
epness of the dose response curve both for

tumors cure and normal tissue injury. The
Laryngoscope: 135: 1107-—1111, 1975



