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Growth Rate of Lung Cancer and Correlation with
67Ga-Tumor Accumulation
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Tadashi Sugawara and Masahiro Nakama

Department of Radiology, Jichi Medical School
(Director: Prof. Tadashi Ohsawa)
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Correlation between growth rate of lung cancer and Ga-67 tumor accumulation was clinically investigated
which might help us to estimate the local tumor response to radiation therapy, perhaps ultimately to predict
curable treatment regimen.

Volume-doubling times (D T) were obtained in measurable lesions of 80 primary sites and 87 lung and
hilar node metastases prior to treatment.

Study has demonstrated differences in the growth rates among various pathological types of lung cancers.

The different types of lung cancers were ranked with regard to their increasing D T's: small cell car-
cinoma, large cell carcinoma, squamous cell carcinoma and adenocarcinoma.

Of 147 lesions, 119 lesions were retrospectively evaluated with Ga-67 tumor accumulation on Ga-67 citrate
scans prior to treatemnt.

Good correlation was found to exist between growth rate and degree of Ga-67 tumor accumulation, that is,
D T was decreased with an increase in Ga-67 tumor accumulation among those of equal tumor size. It is also
found that Ga-67 tumor accumulation was significantly correlated with radioresponsiveness of tumor, which
was expressed as tumor regression half time (T 1/2) derived from tumor regression curve.

Effect of tumor size on Ga-67 accumulation, difference of D T between primary sites and metastases from

lung cancers, and other ancillary date are presented and discussed.
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T, HHBEXTRETH B, XD MEHELIEEREL
Fibhdbowk, HEROWE T H 5. ik
OHFER, BIRANC %, EEAR O ik
(Volume-doubling time, DT FEgEFR) 1= X2T
RENDHZ EX, IK<MmbhTw5. NifEBER
OfififE > DT (3 RRANCBREY S h - il X SR B
EoBEONEC Lo THEBENAESZCELhDD
T, TTREEL OHERDS. _

AR, TEFOEER L “Ga-citrate DJELFIC X
HEROBHMESHE X T W5,

A\ T, HEHYDH Ga DR & ikt
BREZ OB O WTHIE LT\ 5.

Zh bR ORE, BENMAR L oBHEk
DWTRRBR T 50, DT £ - oBE#O i
oW TIEIhTwig.

ififg @ *"Ga-citrate scan | & % "Ga EFREE
b, YEBEEOMMER, O\ U, BERRE
HEATFHEhERE, FRThs EEbRS.

Bxir, MEOBERORELL To DT &
Ga HfFE O, RO, thboiiE & fhiEo
TREHEEEHE & OB o WT #E & Izt ©
T, FOFREOWTHRRS,

2. A &

1 N

W & UiclfifEEahy, BRF494E 8 A s & EH
524F 8 Hi2D#9 3 RN YBT3\~ THAHR A
AT T2 7=880 T, = & Do\~ T retrospective
B, BETLI-.

@B T, R LR (35.2%), IR
#E2961 (33.0%),/hMlifakzrefE1261 (13.6%),
KRt 56 (5.7%), DEAREE, BB\
R IibE & 2 S h ke b D116 (12.5%)
ThbH.

TNM (UICC) ##ETi%, Stage I 2141 (23.9
%), Stagel 8] (9.1%), Stagell 57| (64.8
%), bt CFMirZIdoEAE 246 (2.3%) T
B5. WEERC, WEBRHTE46 (27.3%)
BBHD 5 W B R ESHR AR 546 (61.4
%), BEOEBE 0L BERF8H 9.1%),
ofb 26l (2.3%) Th5.

AAREZRERESMER 8% He s

ZhEDIEGID 5 b, KX XoTh
H UG 7 BiilE R 3 B OYIRFTEB ¥ o~ SRS 31387
EHY, MAEIE W, BFLE#E2SE (28.7
%), WoE34E (39.1%), MRS {LiE1208

(13.8%), KiipaksbiE 2 (2.3%) * oA
1418 (16.1%) THh 5.
(2) DT o#lE

I falR FEHE80MM, Hilifih o Wil R OMHiFIES v v -8
R LS7EIC DT DT #JlIE LE .

TR F CoBEMENE, REH I, T8
TO0H (RE7 H~ES5401), EEITEH549H

(7~210H) C, WHEOKRHT H O i3 il
JaRSCHEER A L. ZhbOliRNT, FR
Bx80MEpsTE, i, S7TMETSTHE L 3 [
Lo XEEREET, TOMo b0k 2 [EO
Wi o, EEEANEL:.

DT 1 feif XM EROIERH 5\ Ik, Hiigo
[EFEE O RE L AROFSEL W 77 7 k
w7 ey b L, Collins® o FEkiz X 27 JEL
to. B EED 5\ 0k, BIBHFEOZ hERT
WEL, E#%THC ERHRLIY, A% LW
BfE, Thb 2E/HH\ I 3FOFHEL D
T DT & Li.

3 BizhRo¥E

iR R B SRS e oW, REAIR O
BEE LT, BAPmROEHEEIOZE(L & g5
B XhBlEL, EHrsrs7kesmy L,
TR BIRE AT O A D50 % w3 5 BHE % K
i, tumor regression half time (T1/22MEFR) &
Uiz, fEsfast, ah@ryfEst (3000rad LITF), &
IEBEORMOL & brE, RIEHAME, BB
37T, T12% KRG,

BEFE, I0OMV ) =72 2X§gic X b, §
%2 IR T, RERROTERY v ~HTh
SHHRFIE & AR %, RO RO SEE EEY v
AEEBER T, WHE LY S TR AT
DIE.

FRELRIERE R O BB EGT ~ 6,000~6,300
rad/20~21[E]/44~49F , # O {{h subcinical disease
3 LTk 4,500rad/15[E]/35H % FEEL LC\w5
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Fig.1 Examples of tumor activity rating. Ua. 4, ub, -, lc. 2+, 1d. 3+4. Arrows indicate tumor

locations.

H, AEEHES O R A S hoicfiE 1 900~
6,300rad -z, 3000rad L) Fo#EoiEaiz T1/2
FED BB L.

(4) %Ga-citrate v v F 757 4 —

HEEBAETIC o Ga-citrate & v F 7 5 7
4 =BT L b ok, 8864l T, JRFEH64
&, EBHL42(Eco\ T, *Ga-citrate o R
E OBV TH 2.

Wi HERY, "Ga-citrate 2mCi #4886
WCAF 4 V=V ifTot, BEX, 7ralls

A4 v/ FREEAF =5 FH, 9BKeVE40% D
-7 ORPE, HA 10em, 61fLo~Fa—v
2 ) A — 2R, EEEE 70~90cm/min,
falp@ Smm, -3y 7759 v FERE BT FicE
EL, 1 1TXE7 2 CEEEL, Bk 2HE
DAF 4 Viefhic.

DT Jeor T2 LoofiB%##5ET 5 BT, =
B O AF . % retrospective [Z{H2ZE L, Ga-
citrate DIEFFIWEL Table 1 Ok &, JLMc
LTS5 B L.
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Table 1. Rating scale for Gallium-67 tumor
activity

— ---No detectable activity

=+ ---Activity less than that of mediastinum or
thoracic spines and greater than back-
ground

1+ ---Activity equal to that of mediastinum or
thoracic spines

2+ .«Activity less than that of liver and greater
than that of mediastinum or thoracic spines

3+4---Activity greater than or equal to that of
liver

3. ® R

(1) figEo DT

DT i3 log-normal 43#fi% 1% T, #F[EH
EELT, BffFE LG4 T Table 2 12 7m L
fo. B0 icw, Kifaks bRk & £ oo
< &, B, ROFEBOE, DIBRR SO
e DT 23A3 5 = b, AR OB
THbihilc.

EBRIEAEE LD S DT AL LT 5 &
Lh, KR bR A BRI AT TR 5
Wiz, ¥EEERE, WTFhoME @ ks v T
b, EBRSFEERE IV NTHLR S R T
5. [EEELE DT o> TiE & mm 2 7o
Lz n, Fig. 2o0M<, e RP LT,
EHEOKERL DR, DT K THHHEBMENE

AREZRH A2 ME H8%E Hes

B bt DRI,  oHEESE
Bhlehsof.

B~ DJEE O K OMEL, s 5 7 |,
HEfE &7 b, exponential growth %75 L 72 4 @
3, EFRECE, sTEB52ME 91%) BB T
575618 (98%) THY, FREESME, BEBE
1, BEoBKCH, WMMROE T 45RT
logistic growth T-o7z.

ZhoDgink, EEO DT (X AHBH L
T, ThEhEREOEmZRT2, BEOHKE T
fEieoCT DT ik kinh. 2Fh, WK 2K
TIa@E@E»S5. o, BERVRETEL
FegcERCh oL, MR SMLE Tz o
FILE B Tlkiehofe 7Y, BB & BERKEo
DT oEBNFEHBNRALZ Ehb, AEOERELS
HHDEEZBRS.

(2) figgEo T1/2

B AR 0IEE - LTt T2 » DT offic
B 4 RSB B e (Fig. 3, v=0.77
p<0.001}, 2% b, RO H-HO R, XD
BEDTH EARBERT V.

ERE - oBE T, RLF VSR v 18
ek, AR CEDER S, K\ TRER
B, DT, WOFLREEEBE, RFERNE, BEE
BH, FREBEDOIHE c>Tw5 (Table 3), =

Table 2. Comparison of DT of lung cancer among different pathological types.

No. of |diameter of tumors]  geometr. mean of DT Arithm. mean of |
tumors (mm) | (days) D.T. (days)
Adenca Primary 27 40.0% 7.6% 125.0 (98.9— 159.00% 153.0k47.3*
Metastatfc 34 21.6% 3.0 57.9 (52.7— 63.6) 87.2+37.7
Primar; £ 4- . 87.6
Sq. cell Ca. l'lmal'.f. 29 54.44 7.7 65.3 (52.2— §&7.6) 78.0%13.7
Metastatic 25 27.8+ 4.7 40.9 (34.7— 48.3) 44.0% 6.6
Small cell Ca. Prlmary. 12 53.3%13.3 45.7 (35.5— 58.9) 47.8x11.1
Metastatic 12 31.4% 5.2 23.2  (18.9— 28.4) 24.3% 5.2
Large cell Ca. Prlmaryl g 60.4--23.8 58.0 (26.5— 127.0) 70.2£70.1
Metastatic 2 (29, 33) (30, 40) - 35.0
_ Primary 11 42.6112.4 70.3  (44.3— 112.0) 95.3£29.9
Metastatic 14 21.5+ 5.7 31.5 (23 — 43.1) 37.1%+13.0
Potal Primary 80 48.14- 4.5 81.7 (71.2— 93.8) 83.7£18.7
Metastatic 87 25.04% 2.2 40.3  (38.5— 42.2) 56.9+15.5

* 95% confidence limits
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Fig. 2 Correlation between DT and diameter of tumor. Solid circles indicate metastatic tumors from lung
cancers, open circles indicate primary lung cancers. (a) adenoca. (b) squamous cell ca. (c) small cell ca.
Significant correlations between two variants were observed in adenoca. (y=0.39, p<0.01) and squamous
cell ca. (y=0.48, p<0.001). No significant correlation was found to exist in small cell ca. The equaticns
for the regression lines ; log DT=0.64 log X+4-1.00 for (a), and log DT=0.45 log X --1.04 for (b), resp-

ectively, where X represents diameter of tumor.
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Tig. 3 Correlation between T1/2 and DT, Solid
circles indicate metastatic fumors from lung
cancers, open circles indicate primary lung can-
cers. Analysis showed a statistical significant corr-
elation (y =0.77, p<0.001) and the equation
for the regression line ; log T1/2=0.82 log DT
—0.15.

i, DT oS oEF LR L THD. Kk
LR DT, ERIEA T, SBoBEhe
by,

[FFEH LEB IO T12 O, &ffe L
Th%EEBIINTHE. BT S L,
JELB# T T2 wzenish 508, Bk & /Nl
RO T, FEEXdolk.

(8) ‘"Ga-citrate D4 (Table 4)

’Ga-citrate DR (+~H) 0 BRI, B
BWRBEE LT, RFLERE, MifaRS bR
Uik Mg DI ERTh 5 .

ZOIEFE, Bicda, DT KoY T1/2 i
FTHEE 0T 5.

L L, SFffdHoEHEOE N BD LA,
MFEa e U, RPEBSE, MilERs b
¥, KBRS O NN EE R A X .

Chbab, FABIMOGHROZIIE
BREOZTH S FTHEME D BE LB\,

(4) *"Ga-citrate 4EEff L DT

Table 5 2R3 2 L <, “Ga-citrate 55 ik
WO, DT A LTw5b o &8, FRIEHE
GBI O WTURERTWS. () BEE(-)
BOHBETIE (=) HoDT ik () BEXh/ L
RDTWABR, & hit () B DT 33540,
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Table 3. Comparison of T1/2 of lung cancer among different pathological types.

diameter of tumors | geometr. mean of TL/2 |
No. of tumors (mm) (days) /
Primary 10 53.1+%17.4* 32.3 (22.8--45.8)%
Adenoca. - e
Metastatic 8 31.8% 6.3 31.9 (13.4—-76.1>
Primary 15 55.54 9.4 22.8 (17.4—29.8)
Sq. cell Ca. - - =
Metastatic 13 27.6% 6.1 16.6 (12.1--22.70
= +1 13 i -
Sroall cell Ca. Primary ‘ 8 60.1%£17.1 10.8 { 6.7-17.4D
Metastatic 9 29.4+ 5.8 10.4 € 7.9--13.6D
Pri
Large cell Ca. it " 2 650 S50
Metastatic 0 = -
Primary 8 42.0£17.7 30.5 (15.2--61.3D
Others - =
Metastatic 7 20.9% 8.3 11.9 ( 7.2--19.5D
Total Primary 43 54.3% 6.6 23.0 (18.5--28.6)
Metastatic 37 27.7+ 3.0 18.1 (13.8—23.8)

* 059% confidence limits

Table 4. Positive rate for Gallium-67 scan of primary lung cancer by different pathological types.

No. of tumors | tumor size(mm) Positive scans %

Adenoca. 27 38.5% 7.3* 17 63
Ag. Cell Ca. 23 53.4+ 7.5 21 91
Small Cell Ca. 5 56.0+32.9 5 100
Large Cell Ca. 4 58.51+38.5 100
Others 6 43.7+23.7 4 67
Total 65 47.3% 5.1 51 79

*# 959% confidence limits

Table 5. Effect of tumor size and DT on Gallium-67 accumulation.

Gas67 Primary metastatic over-all Compajrison b
- bT size(mm) | n DT size(mm) || n DT ' | size(mm) of size

1.3+ 19 61.5 | 69.4% 9.9% 13 34.1| 35.6 6.0% 32 48.4 | 55.74 8.4% o oD

2. 24117 71.0 | 42.5+ 6.2 | 18 35.3|265.1+ 3.3| 35 49.6 | 33.5% 4.5 | 1 and 2 | <0.05

3. 1+ |15 95.1| 37.6k 5.7| 7 70.3 | 24.9% 4.2 | 22 86.4 | 33.54 4.7 | 2and 3 | ns.°

4. =& 7| 180.0|30.9%t 9.5| 4| 101.5|24.5£12.9 | 11| 146.3 | 28.5% 6.5| 3and 4 | ns.

5. — 7| 107.0] 32.4x 9.8 | 12 35.0 | 13.8k 4.1 | 10 52.8(20.74: 5.9 | 4and 5 | nus.
. | 3and 5 | <0.05

* 05% confidence limits

© not significant

500H o7 DT 2R3 laflrg shtnb

b EEbh, To2fxENT 2,

ZEL—HEBLRS.

() ¥
DOFEFH o DT 131210, EBH6H Eeh, i
FERITOWTIEEREN IR D, i (=) Ho
BEEHOBERE, LT, hihhIwn

EERY £RHETHEL TR L, B4) FL
2+ B, 7z, (1-0) FEE (=) FFR
T, BEOZET, BEEMVNEVWZ EXNED L
. “"Ga-citrate EFFCEREESBIS LB L
BB LRI,

Z2C, BROMSEHET 2o, 2.5cm
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Table 6. Effect of DT on Gallium-67 accumulation among the tumors of the same size.
ia-67 No. of tumers | tumor size(mm) georﬁgféé;);se)a n of Compérison of P

1. 3+ 12 34.8+ 3.8% 31.0 (25.5—37.6)* — —

2. 2+ 17 35.9% 3.1 44.4 (35.4—55.9) 1 and 2 <(0.05

3. 1+ 15 34.3x 3.5 93.4 (75.3—116.0) 2 and 3 <0.01

4, £~— 12 34.5% 4.5 112.0 (71.8—175.0) 3 and 4 n.s, °©
* 05% confidence limits
® not significant

Table 7. Correlation between Gallium-67 accumulation and T1/2,

Ca-67 No. of tumors | size of tumors(mm) gec'.?ﬁfzr'(é:;?)n G comp_e]grlist_m of P
1. 3+ 10 39.6% 7.3* 14.1 ( 9.4—21.2)* = —
2. 2+ 13 38.52 6.1 18.2 (13.6—24.5) 1 and 2 n.s. ©

_ - 2 and 3 n.s.
3. 1+ 7 39.7+£ 9.5 25.2 (20.8—30.3) 1 and 3 <0.05
el _ . 3 and 4 n.8.
" - 6 33.3%16.8 35.2 (18.3—92.3) 2 and 4 <0.05

* 05% confidence limits
not significant

Pk, 4.5cm ] FoOEEDEREOZT>WT, H
707z,

Table 6 1”32 & <, JEEFESC 1 2 A5 el
e, BERKE L2, ZoMEo DT % “Ga-
citrate ERIREE & Iled 5 &, MR < B «
b d o EdFwbh, (3+) BE (24
TR, ROt (240 BEE (1 +) B HEESY
2T, “Ga-citrate fEFED\ A DT 23T
HHT EHVHIA L.

()~ (=) BEcix, (14) #EXH DT
B3 B EAGED bhl- B HEE s 2k,

(5) “"Ga-citrate 4f§ L~ T1/2(Table 7) “Ga-
citrate #E5 & T1/2 iy, #Ho®EL DR,
T1/2 2N ThHBERRED S h, (34) B &

(14D R, (24) e (E~-) BHE<Tx
AEEIRD b, ERROEERICEE L
Hoto.

4. & B

i ORI X 2 45 (DT) o 1 4

b X b T R p PIONHNIN gy

WP OFEEL, 61~269H GHiFI17~590H),
FRE - B fE59~~136 H (7 ~381 F), /Ndfasksr L
FE24~390 (17~71H) , KilfaskaOezou
TOHEIDILL, 2PHEVHDREDHTHS
2380H, 115H (48~115H) LI h T 5.
2 OFEGICLE, 1HE125H, P LEERESSH,
KR LHEss B, /MR Mb46H ThH b
IZIEFREE D DT AR LT 5.

iEE Mo DT i BI3 23 &3D7ay A%, Charbit
L XA, BRiERHesH (RFRHE166H),
P LEBETs 8 H (FIEFEHS2H) LU
Tk, WxDIEFIONRFEERESH, Rtk
FEBHALR LT, #2355, EEENIT
SRS BT i sk oy,

JES ORI, BEC il s o
HBHRT BP0 o o SEF © b RN
v, ERBICIL T, EERNT, DT /T
HHT ERRD BN, FE R, g, E
BENKIn b O, DT k& s« @nR
HEhi.
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DT (XF—HFREI T, #FEHE O B h <
log-normal 3% 323, FOHHULIE <, Bk
HEo®EL Y YD D, WEABLOZL L,
B RSEAHEET s L, RERES L %
L,

JEB OB A M & Lk, Buc, WBEED
FDZTe b3, HEREHEE AT T & 2 HER
THDTHITH DI, MEEERO Ko i ik
L7z, BHAEORZ L& THR T35,

JEE O BRI X s WHEH B\ T, AR
B ok EFHEOBRIOWTIE, Suit BT,
EE OB HM T I & Lichs, ok, Sobel
&, SPOBENEYEET 2MEIFHER T WL
21020 g ChIREER SRR R R L) Ot
MEROTERS, MOGREBIEYR D 5 2 & %
Salazar HITHiE LT3,

JEESS o RFAR A BRIRAVWC 15 itk & LT, %t
Kb, DT oJEIH BTk,

B 0 B FEER ORI o B 5, B
REWETHLIRADA T B0, RE
ELTH, KEMBED X SCEbh%.

—75, EEBRMERHEEEEE LT, ol
ERE B TIRie A, “Ga-citrate 2%, [EE
OHFER L BIHEH B = LA T W5,

19704, Hayes 5*3.%Ga-citrate D [EE N O fF
FERAE & LT, HIFEMME Tz {, viable tumor
cell iEEfiEhnz ExW|E L. * 0,
Bichel 5% 3, ~ v AJfKEHMIEEH T,
AL, BEAEERO R\ phase o f{iifid i 453
B bEHRELL.

ANFEDWTik, Nash 5270, KR OEG
FEoBECREEYRE L, Filiohihiic
D THRSEIREE, X DB Ul X b il
{ "Ga T HZ L, O3, BHELE
%, MfEcounT, “Ga POME &, RS
BT s s LR HELTWS.

AETIX, i\ »T, DT & Ga #f
DT XM X 2R, B#shR & *'Ga
ER oMY BB Z LR R L.

Ga FEFICIESC, IS OMIESRHE © Ei

HAEFREREQME 538E Ho65

£, BEROPEOMECERCRILS KL,
CORTSBROBNPUETHS .

T offic, “Ga ERTBE T OLL T,
HIEDADE b MARE R S hish s BIowat,
Bx ORI, SEECHEE LLBbhsbo
vk, 65A% ¢ v, i & R RSO 2 41(3.1
%) T, WThb, FERERIBELERED, K
PRI & 7RI DR CIESAT &%, Bhe
B LG,

DT o, FEEHEIE LORE=S, BuR
MLl ko AR BT 50 L, MEEr S BN, W
WEELZHAT S L k2T, X EREhi
DHFEROHEENLFHETH D L bh 5.

5. # W

g2\ T, HEROEEL L T o DT jk
EHSARESIEL E LT o T1/2 JRU° “Ga-citrate [
BRI OV TR LR O 218 1c .

(1) Iififso DT ik, B, RELRERE, X
MR CRE, MMfaRS O TN E D,
EBREWThoficikwtd, FRHLY
NThHB.

(2) hhfEo T2 ., M, RPEEOE, )
flaRS L OIR T/ Th Y, DT oX/E T1j2
DFAOREEE, BOCIEOHB 4 F2 R » b h
7=,

(3) *"Ga-citrate DFEHER O O L,
DT AT 5B ED bindc.

(4) “"Ga-citrate DFFFREE O\ b DI L,
T1/2 e % MBI Bhi.

(6) “'Ga-citrate DOJEPFEET 1L, [EHED
R&EEDH, WOB#@ELdOTHwHoE RS h
7z,
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