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Quantitative Estimate of Regression of Lung Tumors during the Course of Radiotherapy

Toshio Kato, Tatuo Tobe, Eichyo Hirai and Katsuhiro Kawashima
Department of Radiology, School of Medicine, Gunma University, Maebashi, Japan
(Director: Prof. T. Tobe)

An attempt to describe quantitatively the speed and the extent of regression of lung tumors under the
course of radiotherapy was carried out.

Two or three diameters of spherical tumors were measured on the serial chest roentgenograms, and the
volume fractions (volume of tumor at a given time/volume of tumor at the start of radiotherapy) were cal-
culated. When the logarithm of the volume fractions was plotted against the tumor dose, a regression
curve or a dose response curve which indicated the radiosensitivity of the tumor was obtained. 19 pri-
mary cancers and 23 metastatic tumors in 15 patients were observed in this way and the followings were
coneluded.

1) Small tumors were more radiosensitive than large ones.

2) Metastatic tumors were more radiosensitive than primary cancers.

3) It was suggested that the tumor which had regrown after the completion of radiotherapy did not
regress as good as in the first radiotherapy under the course of second one.

4) It was expected that the tumors with rapid growth rate would show high radiosensitivity but the
relationship between the growth rate and the speed of regression of the tumors could not be found.

5) Clinical data usefull inconsidering about the size and interval of fractionation might be obtained
by the method of present observation, using different regimes of irradiation, in the patients with multiple

metastatic tumors, although only one case was thus conducted in this report.
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Table 1. Regression of tumor & tumor dose in primary lung cancer patient
%?22. Histologic diagnosis T"Eﬁomr ;)ize Ta;}té;}?sgse Remarks

1 Adenocarcinoma 28.4—23.8 6,000/32

2 Adenocarcinoma 30—22 5,600/54

3 Unknown™ 32.3—22.3 6,500/59

4 Adenocarcinoma 34—21 5,400/43

5 Unknown 36—20 | 2,730/26

i} Epidermoid Ca. 38—32 4,480/38

7 Unknown 42—29 5,880/45

| Unknown 43—32 7,100/42

g Unknown 43—41 2,925/17
10 Unknown 45—39 5,930/58
11 . Adenocarcinoma 47.5—40 9,648/40 Massive-dose irrad
12 Adenocarcinoma 52—45 2,970/34 Preop. irrad.
13 Unknown 53.5—38 6,318/47 Split-dose irrad.
14 Epidermoid Ca. 54—46 5,280/33 Recurrence 57--57 ; 4,180/25
15 Unknown 57—41 11,900/42
16 Unknown 61—36 6,045/29
17 Epidermoid Ca. 61—38 10,660/60 Split-dose irrad.
18 Unknown 64—52 5,200/21
19 Unknown T5—40 7,072/30
20 Undiff. Ca. 78—66 1,980/10 Preop. irrad.
21 Adenocarcinoma 100—87 6,000/49
22 Epidermoid Ca. 110—61 4,260/28 Massive.dose irrad.
23 Unknown 125— 110 6,620/43 Massive-dose irrad.

* Unknown :

Table 2.

Cytologic diagnosis only or no histologic diagnosis.

Regression of tumor & tumor dose in metastatic lung cancer patient

(1212(1)3:3 Original lesion Histologic diagnosis Tug:ln' ?_; ;éze T("%ﬁg;gw Remarks
1 | Malig. struma Unknown 10.5—~ 6 6,500/86
Swelling of cervical o ot i )
2 Lymph-nodes Ca. simplex 12.7--10.7| 1,080/18
g | Cancer of maxillary | ppigermoid Ca. 17--10.5  3,382/46
. I ’ . o - Re:
4 | Lung cancer Epidermoid Ca. 20--11 3,840/28 2;?12;?“6:, 400/30
5 | Lung cancer Epidermoid Ca. 21.2--21.2| 9,082/38 Massive-dose irrad.
6 | Testicular tumor Seminoma 24--16.5 3,996/42
Tumor of floor of S : oa_, p - Recurrence
7 e Pleomorphic adenoma 28-+-14.3] 2,700/50 15.5—10 ; 1,390/16
8 | Rectal cancer Adenocarinoma 33—28.5 3,670/64
A :41.5--16 7,000/39 -
:15.1— 2,400/30
9 | Hypogastric tumor Hemangiopericytoma E. ;%gé__ g B Jl:éplg,{fig
D:15 — 6 1,800/38
10 | Mandibular tumor Epidermoid ca. 42.5—24.5/  8,400/36 Massive-dose irrad.
11 | Prostatic tumor (?) Unknown 45.3—-15.6| .5,320/24
12 | Tumor of leg Angiosarcoma 49 —-42.5 5,796/32 Massive-close irrad.
20 Recurrence
. ) : A 50 -+ 2,706/27 56--32 ; 2,970/27
13" | Cubital tumor Hemangioblastoma D:6l —32.4 2:706;2!7 Roos ;rence’ /
55.5—34; 2,970/27
14 | Tumor of leg Osteosarcoma. 63 -—-52 7,800/41
15 | Testicular tumor Seminoma 64 —20 5,320/24
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Fig. 1~6. Regression curves of tumors

1) Figures on one end of curves indicate the serial number of patients.
2) In primary lung cancers, histologic type is shown in parentheses as follows.

(E): Epidermoid ca. (A): Adenoca. (U):

Undiff. ca.

(?): Cytologic diagnosis only or no histologic diagnosis.
3) Regression curves marked D, —2,500 and D, --5,000, drawn for the benefit of comparing
the sensitivity, are those with D, value oe of 2,500R or 5,000R respectively.
4) If the regression curve of tumor lies in the area over the D), —5,000, it would be considered

that the tumor is ,,resistant’’.

Under the D,--2,500, the tumor is ,,sensitive’’, and, the tumor of ,,moderate’ sensitivity

would lie between the two curves.

Fig, 1. Primary tumors (21~40mmg)
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Fig. 2. Primary tumors (41~7T0mmg)
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Fig. 3. Primary tumors (T1~130mmg) Fig. 5. Metastatic tumors (41~70mmd)
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Fig. 4. Metastatic tumors (21~40mmg) Fig. 6. Metastatic tumors (10.5~20mmg)
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Table 3. Radiosensitivity of tumors according to their sizes

Tumor (mmg) ~20 21~40 41~70 ! Tl~ Total
Sensitivity S M R|!S M R! S M R|S M R| S M R
A l2/6 14 US| 0n2 1121112 05 25 35 | 228 4/23 1723
Y Percent 33.225.016.6 0 8.391.7| 0 40.060.0 | 8.717.473.9
Metastatic: %€ |67 VT 07|14 36 2/4 48 18 3/8 11719 3/19 5/19
T Percent [ 85.814.2 0 | 25.0 49.8 50.0 50.0 12.5 37.5 57.9 15.8 26.3

S: Sensitive tumor

Tumor (21~~70 mmg)

S M R

218 2/18 14/18
| 11.1 16.6 72.3

M : Tumor with moderate
sensitivity
. Primary :
R : Resistant tumor
Metastatic :

snz 22 s2
| 41.7 16.6 41.7

RFEEME oMM x, BRI (Epidesmoid car-
cinoma; E) 4, [§f% (Adenocarcinoma; A)
6, HplifesEsE (Carcizoma simplex; S) 1,
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5.

BRI, Rl Toel, HenfE
CEETALORETRTEHY, ekl 1fo
FAME GEFI14) 11 &b TREMIMEL, —F
H 3/ —-a GEFG, 15) BREFLRIGER LR
Lo, —BrEhbh T 5 REROBIE L —FK
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and its recurrence
S —screcurrent Of )
o — Metastatic :
= T Case T
= 05 05F
o Primary : Case 14
€ D\Ire[:urrent .
2ozt 0t
hS
o
o 7 ‘ N S
Tumor dose (xI0°R)
10¢ 10
i AR, Metastatic: '
9, o ", Case 13
Sogf \\\ o\ X i
g \\x E’\\(‘.‘
% | Metastatic: recurrent LN
_.E Case 4 \ °\\°\‘E!-recw-rent
=M b 02p XA-recurrent
(=]
1 L L ] 1 i L 1 o
01 7 1 : 0. ; .

Tumor dose (x10°R)

©o—o Regression curve of tumor under the course of first treatment
x—x Regression curve of recurrent tumor under the course of szcond
treatment



IBfn444 5 A25H

DLTHEIZFO K %2 Lico T R 21772
To. BRSO EEEERERE D 2 h & 4 [
CThb, FicBHHE, Sz ALRLT
Hotz. LER2T B4R EAE RA—o &4T
T, PIEIRS & RSt OB O BB & Hiligz
LY %z ko,

TORREET wR_RTZELTHSB. Tiheb
b, fihoEFHconTd, FHRAREOH iR
IXEERBERE X b b Bl L CWT, R
EEORSEMIET LT WA T ERRLT WS,
ZoRRREE LT, Bk X sEERECEL
ERURETHS 5.

4) [EBOREERE L

BERTO XBER oG X o THRE a2 i
¥, exponential growth #{FELT, *ORY
JfE% doubling time (days) X LTEbLL, &
NEFRDTEE & & L T 2o hYiERE & iR
bhichoiz, '

Tinhb, KFOXES CrrIEHHIETF 28
L&, RERENEETSZEBH00OT, 20
X5 7% BT, EREm T o, SELE
exponential & LT MRV EIhTWHAE S
DEBETECOWTHRE L. %o doubling
time |I20H 7\~ L 2508 & KENRH B LT,
ZhbEF oM Th I REECES»TH
7o (SH). o

[EFEOFB 118 4li7e exponential T137n <, i
OWERER LB LR LARERFE - EE 2 bR
BOT, P& %i¥ Gompertzian equation ¥ 7~
Mayneord’s equation jz. #2535 H{HE LT, Fh
LIEFOEZ10mO o doubling time # 3R
7. Lo X5 el 130 2T, doubling
time LRESFHOHEBAY L OHNT Ricnt, zok
SHETIEROBFRIIRE LSk,

5) MREIHE: &R

BEBIESES 9 s\ Tk, 34 @EoESLE
BLk. xobo3E0EE, 9—B, C, Dix
KiE10~15mTRH LEBEDOKE X THOk. 20
3MEH, 3~4HC 1%, 9—Bix 300R X
8[E, 9—Cix 105RX13E, 9—D{% 200R X
9 E DO RBE 2 4Tic0t-. FhbofEdihitizX 6

139

CRAHZTETH2T, 1EHE, e 1
HL#HT, hb 3 HoERARIREES
PHEEALERCERERLE. Thbb, &4
CR\TIE, oM 1 EREO KN B
FicBib b g &b S FERTH 2R,

Prds 9 —ARER4L.5mE TR h A x <, 280
R X 29[E] D RSN & B AR — 5 wRT Z & <
ThHoT, o 3EHL HLES L RFHEIE
{dofz, TOFER, 1) wl~ic &L, B
DREZRFELERETHS S,

5 =B

R, EWRIED, DEED B\ 3 IniE
tE, HHBEOBNEIIEL LTIt 1o,
TOHERBREZC L oT—EET, HEOHES
XNIBLRECTH O, ARBOT BB, BEF
M OEXERNCER TS L TH O,

TSHREDFE o ST T, REDEBGRYEDL
FTHEBRRMBRIZEAEEIShizb0 s LTS
TARBRTWE, Fidbh, in vitro ##::
in vivo 0 FEBRICHE T, &< DIEH ¥ f- 1 xEH:
MG oWT, fo& x1E, Dy= 160rads, n= 2
EWCORERMES TV . BBIRMIc s 548
=TIk, B 1,000 RO EIBE X b iIEL 5 %
fEdx, LWV~ BED LD TH Y,
i, 1ERSHC X 2 BEZ R OBE - FE
iw Dy #RDBBIE, BIFcifd®Rdi-fic
FWTTH LOOREBETH Y, £TERI D
EDPTABRETHS. 20k 5 iR ERA—HE
TREAIh TR, EEH M, EBRFc
B BAEBRRES L B BicT 5 2 LinMAT
b%.

Trbb, CThOERRIE\TE, MloR
TEREN DR KA FERITCH D 5 50 TH B8, B
RAWIX DX 57 Z Lix FAAEE TH5. Suit
™%, PFEHEER s WT, BHK TR OME
HEY DR L EROBRERE LT, BRALL
A RS T R BB ARG L 7oy, R 0 i
HCRETHh O EBITWS. LT, Bl
X BB & 5 BRIRRCRD 5 5 RE, B
BAIRATEL e, SRS D IR B & ORI D

7T —



140

&, ERoMEBFNE, MEoR, ¥k LM
2DRFrr2oTELE EhaELT\w5., Till®
LR, EBOBRREZHE W BA»DIR, &
{ OFEFHIEFMMIEOTUNOE S 3 b EHETH
HELTWS. LT, AEECKT »ER
faafEss, EBRANCE DT B AR &
Z5LWERETRT LIRS F T, ok
VX, AWESIFR, BRSO 2460 (GEMS, 17)
1359 2 JBE o ElE &\ 7 split-dose irradiation
T\, FEBER o 160 GEFI9—A)
iz, ﬁ%ﬁ%ﬂﬁ#r%lﬁﬁoﬁ%ﬁm%%ﬁ
7o ERfe. ThbEIC % BEBEREOE
BRI, BEKREOBEOAR X b LB LR
AL TR, ZIUEHRIED BEERE b b
LbEbigwz &, FERMia0 BIEREE & L TH#E
REh k5. MR LT, XBEHEERS
ﬁtﬁ&&mbﬁﬁ#otﬁﬂﬁ,w%ﬁxm;
5 EEEAETFERBEIM I I OTED bR T

ek WAL, ARk Z oMo EANT
5LDTHA.
o &, AEE T BT [EHED R

%, SRR 02 EERHLTLOT
e T, EEoBEHRRRE o —20IRETH
5.

HAHRREZ ok, FRE, EBIESO
fThics\id, MEiEBIAREREEL YD
MRS ERBE I e, TR
EMZEOEHC—HTHRERTHS.

FRE L EBER BT 2 &, BBEORTH
DRKTHok. BEO BF 3k WHTion
7y, EFEEFRAEOHN, miticZ U<, MRS
DOREI G2 Ficx T\ T, EBREROFK
BMATAB LR ZOATRERXLLTWADZ EN
HEREh, LiepdioT, MEOMIX, Hbtiio
FICRN IR OV TEIRAMMBE D BRI Ferz 35\~ TEM
mEhtborELbhS.

IR 2R 53546, FCLRUEBIEIL,
B E LTickiich v, BRERHRSEEO S
HeTroN—EDOI>THS. RL, Thbix
BRIEZEKR R EMNEL, Lo ThisRiE

8

HAREZERHHESHEE H20% W25

fETe EOBERARBIER % b To b in\ - Eel/ Nt
ETTaisfEdb e iR L B L, KXV, 2o
L5 i filEEFE ST Lotk TELh
L Enh, —IEA Y BTSRRI
&Lfﬁ%#ﬁhkﬁb&%c?ua ok %
W, EBIEEEN 7, 3mua%f$% he
v, BRI 2 R Tont, £ME i iy
BEOEHETI ,@%@ﬁ}kﬁbfvfh
Fh3®E 1R, 145 AoEaeEi. BHiTo
FEHEmHE»OH LT, (bbb, B, th
B IIESS A1 RE LT critical size 1238 L foHi A
TRETHERIEH D EF 2 X)) 2o Ea
B O [BEFRE OBHIE, BIEC R RETH
=P, bhbhiiEBERES 0L Filo &
L EERBIHIC S T3,

G, BRSO BHREECER L T—Be T
ehh T\ 5ok Bilia SR Ths. ML
T, 1EofE, MR, Bt X 0hEE
BIEL b B R 2 EA T ARFTH B Z Lot
ZBRIhTw5y, BEritE, BaEREC>
WTORERITH T Wiy . EBEEES 9 1tisy-
Tix, 1E§FEY R U BHSREHET 5 =
ERHRI. T X 5 TRERENL, HRMIGEBRA
e B MO TRE T h ot s, R o5
BELCERLRET 2 0THY, S5BEEH 2
BICRATNEELS .

BERUER
RS o JREHE offiEE v E e b+ o
ERRALI. Tichh, XEFWHU L LD

¥, volume fraction (JBAHEENEEI AR/ WA AIME
TR o/ ARTE v, RELHE
LB L X o TEHE R, Sk
—REORHERRMBRTH D, BE OB
GDFE%& Lo %.

JRFEF236], BERMEINIEE 1561, 190E8 oy

TOBRER X Y RkOFHEENES .

1) VBRI &SRR .

2) BRI X b b Rz
AAE.

3) FERELESERE: oL L.



iB 444 5 A25H

4) [EFXBEIEEY O WAL & B RS
& OMBIE R = L Hikinp ot

5) ABIEHC LY, MEONT T 5K
HER @ ohs.

— W0 ERA BT B SRR k. 24 F ARE S U
BEoiRs (40, 4) ©F VTR L .

ARIRE 2, H2TEH AEEHH BT SBa(B43. 4)
ko EERE “ I RER o EHENEE " o
Eo—flThs.

B X
1) Garland, L.H.: Am. J. Roentgenol., 96

141

(1966), 604—611.

2) InEEEARMh : HEREHB&SHBRTE.

3) InEEECERAL ¢ 556 MNP UL &4 m B(IE40,
10).

4) ZEH R ER L ¢ BB HOR £, 28 (1968), 51—
57,

5) Lajtha, L.G. & Oliver, R.: Brit. J. Radiol.
35 (1962), 131--140.

6) Shimozato, Y.: GANN,55 (1964), 521—535.

T) Suit,H. et al: Radiology 84 (1965), 1100—
1107,

&) Till, J.E.:  Am. J. Roentgenol. 90 (1963),
917—927.




