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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)

&, ThEomWCEREELHERT 230, EX
HchHnrn, fhelmicfiEchdsn. L, o
DIREED I iU, Aok, BdiciE
T BIFRPFEAL L iEnh T, i
SHEREE © b O NIRRT, EAXD
iR, WBiRo@EINL, BERTREERELE 5WnE
R RB T 280 T 555,

B2 L LoD SHENEOIRE, 72
F oy 7R (shell) 1 X 5 BEEEE:OMIE, B
Bk o PFes% 17 i T BRI T R S v R R
BB E BRI EESY D L. ThE2o\nwT
W, O MERE A HERESY Y S hTw B IR
THELUTOML THS.

Co-603 B A 20T o o, RO REEET
THERITE Licds, EHE—EE o WERE %
BR LI ob Fig. 1Ch 5. - o, BRI
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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.

RAFBE S sk, Fig. TRRLIzb 0D
ko b o H 5.
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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.

12% £ 69£7% Th2lz. TOZBETIX, FHL
TN 28T DS <, T D8P DIEHIFIX69E
9%, HWEHHO H#ERI%391:9% T Hot. 5,500
rad @S L7 A LIRS 27 td, £ o
WRIT3E10%, AWREHDOHRMEERL, 53+12% T
BY, = OFOHRMBNLT0% L), L MR RAFH
FkrBEmRL TS,
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T T T T

2 3 4 5
YEARS AFTER RADIOTHERAPY

Fig. 8 Survival of patients with laryngeal cancer
after radiotherapy of 5,500 rad, 16 fractions in
25~.33days. (cf. Fig. 7)

|m-r

SURV!VAIIHRATE (%)
T

1 2 3 H 5
YEARS AFTER RADIOTHERAPY

Fig. 9 Survival with the functioning larynx for
patients with laryngeal cancer after radiotherapy
of 5,250rad, 16 fractions in 25~33days. (cf. Fig.

()]

X, ESRAEICOWT
FEOLIEDRHE LT B, FOBOE
Wb TEHT L LUTomL ths.

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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pointer ZFIf L 1.

ORI 7T ey 7T Y 3 v LTHY,
BT EM, BoEh L cat, Fic Fig. 121
ARLTRRR, shell W g7 my 2% BELT, B
BIORER, B AT 2RI L-. Hid
B = vosw v FeidEst~EBE Lz, L kDb
HETHREOERIZVCHEML, FhA ETEED
T S Sk A

Fio, BpFtko B o T LN, BER, &
[, nBERECEE L Oinholk.

UICC -tk LD TNM 8% mL Ty
DT, ik Table 6 OB FHii% HEEL
Tz,
EHEAgc ko b s o Eb D, F—

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)
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1007

SURVWAIE"RATE (%)
?

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

Imﬂﬂ.‘_'

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

PERBEO R BV O, BRI IORE -
HEEZDE, HEEEAHY L CHER RN
Ehd Fiviswv. UL, 5,750rad FRETHAIREE
ORI, ZIRVETE THANE» 2 D2 b
Mg, BB, FERORLHMHARL o
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Do b o, ol b5 o FEEA
HY, ThERBRLT, T so, EE,
BEWC Lo TRERERTHS. LrL, &
h B ROERORICEL 5.

2~ ofiEk Tk, EFRFEEC, BEARRO R
JESLFEC, TR necrotomy % & T, BLAR
PR MfTInbh TR Y, ook LA Ti%y
e a0, ZhESO RN OFR
EEZTWAS, Ll, ZOREEOE
Wb, FEBHERLETH BRI RY

Fiolnue,

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, &
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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)
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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.
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