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Gallium-67 (67Ga) is widely used for the detection of malignant tumors in many organs. But, the
mechanism for Ga uptake in tumor is still unclear.

In this study, we have investigated the relationships between tumor uptake of ¥Ga (tumor-to-
brain count ratio), ’Ga uptake in liver (liver-to-brain count ratio), blood retention rate of Ga and
blood chemistry data in 210 patients with malignant tumors.

These patients in this study were divided into three groups; the first is the group that has ¥Ga
uptake into tumor (¥Ga uptake (+) Tumor (+) group, N=101), second is the group that has no ¥Ga
uptake into tumor (¥Ga uptake (—) Tumor (=) group, N-=43), and the third is the control group, of
which tumors were resected or disappeared by therapy (Ga uptake (—) Tumor (—) group, N=66).

Liver-to-brain count ratio was closely correlated with the levels of serum transferrin and UIBC,
and negatively with serum iron level.

However, tumor-to-brain count ratio was not correlated with the levels of serum transferrin,
UIBC, and iron.

Serum haptoglobin level was closely correlated with tumor-to-brain count ratio, and negatively
with blood retention rate.

These results gave the following suggestions: 1) 87Ga may be incorporated into liver as iron
analogue; 2) the mechanism of tumor uptake of ¥Ga may be different from that of ¥Ga uptake into
liver; and 3) the degree of 7Ga uptake into tumor may be related to the degree of inflammation around
the tumor.
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Table 1 Results of *“Ga scans on 144 patients with malignant tumor

(No. of positive/No. of cases)

Disease ey —N opa:\::t ive Primary Recurrence —

' . v Lung  Liver  Bone Lg(lgeph Other
Ca.of the maxilla Squamous cell ca. 2 2 - 2/2 1/1 — -_ 1/1 -
Ca.of the nasopharynx Lymphepithelioma 1 0 = — — — = 0/1 —
Ca.of the oral cavity Squamous cell ca. 3 1 0/1 = 1/2 = = 0/1 ==
Ca.of the salivary glands  Squamous cell ca. 1 1 — 1/1 1/1 _ - — -
Adenoid cystic ca. 3 0 0/2 - 0/2 — — o —
Ca.of the larynx Squamous cell ca. 4 2 1/2 — 1/1 - - 1/3 —_
Ca.of the lung Adenocarcinoma 12 10 9/11 1/1 - — 3/3 — 0/1
Squamous cell ca. 12 11 10/10 1/2 1/1 2/2 = 5/5 =
Small cell ca. 2 2 2/2 = — = = 1/1 2/2
Mediastinal tumor Embryonal cell ca. 1 0 — - 0/1 —_ 0/1 0/1 —_
Ca.of the breast Adenocarcinoma 8 3 1/1 — 2/3 1/3 3/4 0/2 0/1
Ca.of the esophagus Squamous cell ca. 2 2 1/1 = = = = 2/2 =
Ca.of stomach Adenocarcinoma 6 3 0/5 — = 3/3 1/2 1/2 111
Eu‘:‘]'_?f the colon & the rec- s gonocarcinoma 5 3 0/1 1/1 = e 2/2 0/3 1/2
Ca.of the liver Hepatoma 3 2 2/3 - -_ — — = —
Ca.of the choledochus Adenocarcinoma 1 1 1/1 = = = = 1/1 -
Ca.of the pancreas Adenocarcinoma 1 1 1/1 - - —_ - — —
Ca.of the kidney Renal cell ca. 4 2 0/2 = e — 2/2 0/1 0/1
Ca.of the bladder & Transitional cell ca. 10 4 /7 0/1 2/2 = = 2/2 —
the other urinary Squamous cell ca. 1 1 - - - — — 1/1 —
Ca.of the prostate Adenocarcinoma 1 0 0/1 = o i . i =
Tumors of the testis aﬁl(i)grmant germ cell 0 = - — — — — 0/1,
Embryonal cell ca. 1 0 — - — o = 0/1 o
Tumors of the ovary Adenocarcinoma 5 3 1/3 1/1 = 1/1 . - 2/2
Granulosa cell tumor 2 0 = 0/1 - - - — 0/1
Ca.of the uterine cervix Squamous cell ca. 1 0 0/1 — - — -_ —_ —_
Ca.of the skin Squamous cell ca. 2 1 - - - = — 1/2 -
Malignant melanoma Malignant melanoma 5 4 2/3 1/1 - 2/2 - 1/1 1/1
Tumors of soft tissues Rhabdomyosarcoma 3 2 - 1/1 1/1 — -_ 2/3 =
Fibrosarcoma 2 2 1/1 = — = = = 1/1
Liposarcoma 1 1 - — - 1/1 - 1/1 3/4
Malignant schwanoma 1 1 1/1 = e = = o =
Spindle cell sarcoma 2 2 2/2 — = = = 1/1 -
Tumor of bone Osteosarcoma 2 2 == — s = 1/1 = 1/1
Malignant lymphoma Malignant lymphoma 20 20 11/13 -_ 0/1 — 1/1 18/19 77T
Primary unknown Adenocarcinoma 7 6 = — 1/1 1/1 2/3 1/1 3/3
Squamous cell ca. 1 1 d - -_ = — 1/1 -
Foorly differentiated ca. 4 4 - - - - 2/2 3/3 2/%
Ef;to]:elial malignant 1 1 _ _ _ . . 1/1 .

144 101 47/75 9/12 11/17 11/13 17/21 45/61 '24/30

(70.1%) (62.7%) (75.0%) (64.7%) (84.6%) (81.0%) (73.8%) (80%)
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Table 2 Blood chemistry data in three groups

Ga(+)T(+)Group Ga(—)Groups
“Ga(—)T(+)Group “"Ga(—)T(—)Group

Mean+SD N Mean+SD N Mean=+SD N
TP (g/d) 7.20+0.70 82 7.10+0.60 31 7.404:0.50 50
Alb. (g/dD 3.83+0.61 81 4.03x0.53 31 4.404:0.45%* 49
a,Glb. (g/dl) 0.34+0.10 81 0.31+0.11 31 0.25%:0.08** 47
a;Glb. (g/dl) 0.86+0.23 80 0.72+0.16"* 29 0.72+0.16** 46
BGlb. (g/dl) 0.85+0.14 79 0.81+0.13 29 0.82+0.14 46
yGlb, (g/dl) 1.24+0.39 80 1.28+0.39 31 1.19+0.30 47
Transferrin (mg/dl) 245+73 58 282472 29 270+66 52
Haptoglobin (mg/dl) 358+165 64 173+102** 29 130+106** 53
UIBC (gg/dl) 183+65 97 188+82 42 195+82 65
Iron (ug/dl) 76+50 79 93+59 30 98+40 44

Statistical comparisons were made between ¥Ga(+)T(+)Group, and *’Ga(—)T(+ )Group and ¥Ga(--)T(=)

Group. (**p<0.005, *p<0.05)

Table 3 The ratio of *’Ga uptake by liver to brain and blood retentions of Ga in thrae groups

Ga(+)T(+)Group

%"Ga(-)Groups

*Ga(—-)T(+)Group

¢Gal(—)T(=)Group

Mean+SD N Mean+SD N Mean-£SD N

Liver/Brain 6.4+2.4 62 7.3+3.5 22 7.7t3.8* 51
24hr-Blood Retention o A

Rate (%) 12.1+3.4 34 12.6+2.5 13 14.1+3.3 12
48hr-Blood Retention “oog.

Rate (%) 7.2+2.8 65 7.9+2.5 21 7.8+2.2 41

Statistical comparisons were made between 'Ga(+)T(+ JGroup, and *Ga(—)T(+)Group and “Ga(-)T(—)

Group (*p<0.05)

BAERSE 5485 $£85
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and *Ga (—) group (right).
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fEL OMICEBOEDHBI R, Mgk O
AR OADOHBZRE®: (Fig. 3 (), (d),
(D)., ZThIEFOGa DR D AZNFF v AT =
VY ERNELTRENDZ ERRETH0M, *
TRFAOEED ENRFFOTGa DB Y A ZDRE
BIRT B Z L HFBL TV BD00, WFhice
IBBELHEE LTHRYGa bR RAEh s &
HESE E i,

—H, BB/ KA v bl v 2T =
Y V&, Mg UIBC{E, fifskiE & okiciziaes
B@ERD LAY (Fig. 4 (a), (b), (©), BEELHF
T"Ga DI DAL DOEFHRID L EBbh b,
[EE DGa DEF DB 120\ TR If 3 23E8
EFTBLWAY, rSvaTz ) v T s —
%?)8)[2)13)13}’ i@?ﬂ@"Ga E’%%%E }; L‘bhf

(82)

WHTF2 7= v HTR4A5 0000 BEE 53
PERYE & = SRE20 0B85 32 L\ 5 B, [
BRBOKIENBGT 5 &\ 5 B399, [EE FH
O pH HBETD L5339, BEOY v v -2
DEEVBBEETH L W3 YL D3NS
5,

“Ga lZEH O E T B EICET LEEL
DERID 78, [EEMRORTIZTGa i) v
V= ARET H EME SR T 508999 = h
B4 58 b & 520280

Septon BME F F v A7 = ) vAkin vitro TO
BEE MR D"Ga DIR h AR AR BME R B & & »
HEG M OGa DR D IARIIL F 5V A7 =
VY AFET B LHEE Lz, Larson B3 - o3
YECRBEE, BEMRCFS v A7) v

HAERSE 4248% 85



ABREHER

—SGafEEBEZEETHA I I VA7) VI k
72— DOFERETRELTNS,

Zhboin vitro COZEEM S in vivo DIEE
THREBIE T VA7 = ) VHANELTWATH
AH EEZBRI,

Lo»L, invivo DEETIE LS v A7 =) v
BEE L T d & gl Lipw k)
ﬁQ)‘-ll]lﬂlS);ﬁ%%é.

Larson 5% Wong 5 11.Ga% + 7 v &
7= ) VeSS TEYCEE L I-ERTYGa
PEMTHELLEE IV IERFOGaDHLY
AraBEMLICZEbinvivoTh 5 ¥ A
72 ) vHEFEDOGa DR Y AR B E TS &
Ty %, L L Vallabhajosula 595 Ham-
mersley S EE D7Ga DL b A 2L E AT
HEhERBREN A LRI T & Larson b
Wong b & Eir--fERuw#HE LT %, Chan
B r S v ATV VLT RS Y
v —FAPiEERERS LB CEEOGa DELD
AzNavbr— Bl LTELLEL LS
&b in vivo DESOGa R D IAZITIE + F
VA7 =2V VB ETB L ETREL TV,

—7, Bradley 52315 UIBC fEEE D #: /K
ZHEMDO T v + OEFOGa DR A KIL =
Vbhe = AR EERTEN oI EHEL T
%, ¥z Hayes b gk% #5 L Tl UIBC &
PEME LT v b TREBOGa O Y A&
Zavire—ABLrERRL, BRZHEEDD
Sy rRTEMNST VAT =) vEERSELTME
UIBC fEEfEIC L= T v b TREBIES D Ga
O Y ALNBATHZ EHWEL, ZOERL
LEEOGa DR D AHRIT F TV A7 =V vk
NELIR\EHERI L T 5,

Scheffel 5% 5 v b FFE M fg 0 Ga D H b
AH X EBIEE, B, BX U7 » P TREIL,
BEEMAB TN v A7) ML S LK
D¥Ga DY IAZIIEEINT 5035, R T 7
VA7 =) vis LCEBI Ga IRV AE A, b
FvA7Z7 =z ) vEMLTHEEDGa DDA
HITHEM Lz S EBEL TV,

SEOEHTER, MiE~7 7 r € fHTYGa

"BBFN634E 8 A25H

(83)

1021

() T (+) HTGa (—) BRELTERICH
fET& b (Table 2), EBE/KBA 7 v & DR
IEOEWHB R Ew e (Fig. 4 (d)), Eicfueh
Ga R L MF 7 e €/ fEEOMBIZI
Ga (+) T (+) B THEOADOHBMLA AL
(Fig. 2 (a), ().

FTibb, ME~7 7 e v ENGEE LS
& EEEOGa OEL Y IASTHEML, Ol
FDGa DEIIMET T b0 EHEERSE, 0
A REEEEOYGa DR Y AL B EE C
DT L7 e EVBEBROREF L EERBIMRAS S
T EETRET D,

AT erE Va7 ) VEEILEBT S
M3EERATHMRTEEXRSZ EXHMbRTE
hea~s Mo CiEEE~€ 2 m €V LS LEIER
BOEEHR L~ 7 e O VERELE LTES,
¥ AMLERLENREIC 2 ~ 3 B TEEEEY T
THEMERICHED—2 & LTHA LR TV AHME
HRECERERE cL e R, EXEE T
77 e RN T AEEF & U CREESIRE
THOWEEREL, ThifFo 7t 7e ey
EEZRIRT D LHEE I T 54048

Ando bIIEEO <27 vt — 547 F 74
TYGa DEBMIEHEOLE S TV AL b HE
BcBiEE LIRS AR B RES) wii BEBo
BIEHTRGa REB Licw i<, FLEES
RAIETDGa DIEEWE S A A v ZHRIEIEH
LHECTHHEME L 2 B THoTc BMEL T
5 202229)26)34)38) el [MiENT L SR E vl
EHEE DGa DEL b k& & DBIR A b EE 0%
Ga DHL b AL ORE WL EE FHE O KE D 75 8%
PRENBEGT B EARE S hi,

&

SGav v F ST 7 4 BT o EMEREE Y
Ga (+) T (+) B, “Ga(—) T (-H) #, “Ga
(=) T (=) o 3B/ &HoBEOMKA
25 — & — o WTEHDGa DH Y A4 (fE
B/ KA v v b HD, FFo®Ga o b A (BF/
Wb o v b ) 33X OUFTGa BEREZRIEL,
BohcER L MBEELET — 2 L OBRITOW
THEELI,

=5
ALl



1022

D ¥Ga(—) oFTcRMENS v 27 =) V(&
B X OME UIBC i & FF/ Kb o v bl RS
CEBDEDHENED bR, ¥ f- i iekE & 5/
KBEH v b DB EEDOADHEBRRED b
Mz, SO ENBYGa IIEELWE L L THiC
WMbAENRD LHEEXNS,

2) MFEFF VA7 =) V#EIFGa (+) T (+)
FCEMETH - A, MmiE UIBCE, Mg
EHOMTEREN L, MFLrSvR7 =Y v
{#, mi% UIBC i, i ekl & B85/ KM H v v +
HE DRI & R CTHE®AD b hi
ofe, THIER L E CIRYGa ofth A LD
BEFXERL LR THEEbRS,

D MEAT /e eV ERL Y e s ) v
fEZGa (+) T (+) Btk TGa (—) Rt
LOBERHEML Tk, EelFE~7 ey
VEIRYGa (+) T (+) BECESE/KM» v v b
e EOMBEZRL, M7Ga BER L &0
FRLT.

ZHIEEREDOGa DR DAL AT+ F ey
vORBBOBKF L BELEGRNAD S - LRy
L, BEFEDGa O AR OBECIESEAEO
RIEDHRE, BEHIEESTLHEEINSD,

WeR 2 5L, HHEYN, WRMEBL - LRER
REMHREFBERHAREBICEI - LT T,

FHLOERIL, HIBE HAELHHEELSEBS, #
Bl¥ & U210 B ABESEEE LI THRELE,

X ik

1) Edwards CL, Hayes RL: Tumor scanning
with Ga citrate. ] Nucl Med 10: 103—105,
1969

2) Hartman RE, Hayes RL: The binding of
gallium by blood serum. ] Pharmacol Exp
Ther 168: 193—198, 1969

3) Gunasekera SW, King L], Lavender DJ: The
behavior of trace gallium-67 towards serum
proteins. Clin Chim Acta 39 : 401—406, 1972

4) Clausen J, Edeling C-J, Fogh J: ¢Ga binding
to human serum proteins and tumor compor-
nents. Cancer Res 34 : 1931—1934, 1974

5) Hara T: On binding of gallium to transferrin,
J Nucl Med Biol 1: 152—154, 1974

6) Vallabhajosula SR, Harwig JF, Siemsen JT, et
al: Radiogallium localization in tumors:
Blood binding and transport and the role of
transferrin. J Nucl Med 21 : 650—656, 1980

(84)

BHEHEEOEE LFck) 5 YGa L b 22k ML g — 5

7) Septon RG, Harris AW: Gallium-67 citrate
uptake by cultured tumor cells stimulated by
serum transferrin. J Nat Cancer Inst 54 : 1263
—1266, 1975

8) Larson SM, Rasey ]S, Allen WR, et al: A
transferrin-mediated uptake of gallium-67 by
EMT-6 sarcoma. L. Studies in tissue culture. J
Nucl Med 20 : 837—842, 1979

9) Bradley WP, Alderson PO, Weiss JF: Effect

of fron deficiency on the biodistribution and

tumor uptake of Ga-67 citrate in animals, J

Nucl Med 20 : 243—247, 1979

Hayes RL, Rafter JJ, Byrd BB, et al :  Studies

of the in vivo entry of Ga-67 into normal and

malignant tissue. ] Nucl Med 22: 325-—332,

1981

Scheffel U, Wagner HN, Klein JL, et al:

Gallium-67 uptake by hepatoma : Studies in cell

cultures, perfused livers, and intact rats. J] Nucl

Med 26: 1438—1444, 1985

Larson SM, Rasey ]S, Allen DR, et al: A

transferrin-mediated uptake of gallium-67 by

EMT-6 sarcoma. II. Studies in vivo (BALB/c

mice). J Nucl Med 20 : 843—§48, 1979

Wong H, Turner UK, English S, et al : The

role of transferrin in the in vivo uptake of

gallium-67 in a canine tumor. Int J Nucl Med

Biol 7: 9—16, 1930

Vallabhajosula S, Goldsmith SJ, Lipszve H, et

al: ®"Ga-transferrin and *"Ga-lactoferin bind-

ing to tumor cells: Specific versus nonspecific
glycoprotein-cell interaction. Eur ] Nucl Med

8: 267—270, 1981

Hammersley PAG, Zivanovic MA: The rela-

tionship of ’Ga uptake to citrate dose, compar-

ed with *’Ga-chloride and *Ga-transferrin in

rodent tissues and tumors. Nucl Med 19: 25

—28, 1980

Chan SM, Hoffer PB, Maric N, et al: Inhibi-

tion of gallium-67 uptake in melanoma by an

anti-human transferrin receptor monoclonal

antibody. J Nucl Med 28 : 1303—1307, 1987.

NHERF .~ b 7w € vlcBT 28 E05H

%, ABLRIEEE, 5: 205223, 1960

Nelson B, Hayes RL, Edwards CL, et al:

Distribution of gallium in human tissues after

intravenous administration. J Nucl Med 13 : 92

—100, 1972

19) Aulbert E, Haulbold U: Isolation of the ©

Gallium accumulating fraction in normal rat
liver. Nucl Med 13: 72—84, 1974
20) Aulbert E, Gebhardt A, Schulz E, et al:
Mechanism of *?Ga accumulation in normal rat
liver lysosomes. Nucl Med 15: 185—194, 1976
21) Ando A, Ando I, Takeshita M, et al: Subcel-

10

11)

12)

13)

14

e

15]

16

b

17

18

—

HAENRSEE £48% HeE



lular distribution of gallium-67 in tumor and
liver. Int J Nucl Med Biol 9: 65—69, 1982

22) Ando A, Ando 1, Sanada S, et al: Tumor and
liver uptake models of ¥Ga-citrate. Eur ] Nucl
Med 10 : 262—268, 1985

23) Hegge FN, Mahler DJ, Larson SM: The

incorporation of Ga-67 into the ferritin frac-

tion. J Nucl Med 18 : 937—939, 1977

Hayes RL, Carlton JE: A study of the ma-

cromolecular binding of *Ga in normal and

malignant animal tissues. Cancer Res 33 : 3265

—3272, 1973

Ando A, Ando I, Hiraki T, et al: *Ga-binding

substances in the tumor and liver tissues.

Radioisotopes 29 : 250—251, 1980

Ando A, Ando I, Hiraki T, et al: Mechanism

of tumor and liver concentration of *Ga bind-

ing substances in tumor tissues and liver. Int J

Nucl Med Biol 10: 1—9, 1983

27) Scheffel U, Wagner HN, Frazier JM, et al:
Gallium-67 uptake by the liver : Studies using
isolated rat hepatocytes and perfused liver. J
Nucl Med 25: 1094—1100, 1984

28) Bradley WP, Alderson PO, Eckermann WC, et
al: Decreased tumor uptake of gallium-67 in
animals after whole-body irradiation. J Nucl
Med 19: 204—209, 1978

29) Chilton HM, Witcofski RL, Watson NE, et al:
Alternation of gallium-67 distribution in
tumor-bearing mice following treatment with
methotrexate. J] Nucl Med 22 : 1064—1068, 1981

30) Scheffel U, Tsan M-F: Effect of serum un-
bound iron-binding capacity on the tissue distri-
bution of *’Ga in abscess-bearing rabbits. Nucl
Med 19 : 274—277, 1980

31) Ito Y, Okuyama S, Sato K, et al: ¢’Ga tumor
scanning and its mechanisms studied in rabbits,
Radiology 100: 357—362, 1971

32) Hoffer PB, Huberty J, Khaym-Bashi H: The
association of Ga-67 and lactoferrin. J Nucl
Med 18: 713—717, 1977

33) Lawless D, Brown DH, Hubner KF, et al:
Isolation and partial characterization of a
%"Ga-binding glycoprotein from Morris 5123C
rat hepatoma. Cancer Res 38 : 4440—4444, 1978

34) Ando A, Ando I, Sanada S, et al : Study of the
distribution of tumor affinity metal compounds
and alkaline metal compounds in the tumor
tissues by macroautoradiography. Int J Nucl
Med Biol 11: 195—201, 1984

24)

25)

26)

AREHEE

35)

36

Ly

EY))

38

R

39

—

40,

—

41

g

42,

43

44

45,

1023

Ando A, Nitta K, Ando I, et al: *’Ga accumu-
lation in inflammatory lesion and its mecha-
nism : Comparison with malignant tumor. Eur J
Nucl Med 12 : 560—566, 1987

Vallabhajosula SR, Harwig JF, Wolf W :
Effect of pH on tumor cell uptake of radiogal-
lium in vitro and in vivo. Eur J Nucl Med 7 : 462
—468, 1982

Hammersley PAG, Taylor DM : The role of
lysosomal enzyme activity in the localization
of *Gallium citrate. Eur J Nucl Med 4: 261
—270, 1979

Hayes RL, Nelson B: Swartzendruber DC, et
al: Gallium-67 localization in rat and mouse
tumors. Science 167 : 269—290, 1970
Swartzendruber DC, Nelson B, Hayes RL:
Gallium-67 localization in lysosomal-like gran-
ules of leukemic and nonleukemic murine tis-
sues. J Natl Cancer Inst 46 : 941-—950, 1971
Brown -DH, Swartzendruber DC, Carlton JE, et
al: The isolation and characterization of
gallium binding granules from soft tissue
tumors. Cancer Res 33: 2063—2066, 1973
Brown DH, Byrd JE, Carlton JE, et al: A
quantitative study of the subcellular localiza-
tion of *Ga. Cancer Res 36 : 956-—963, 1976
Takeda S, Uchida T, Matsuzawa T: A com-
parative study on lysosomal accumulation of
Gallium-67 and Indium-111 in Morris hepatoma
T316A. J Nucl Med 18: 835—839, 1977

Krauss S, Sarcione EJ: Synthesis of serum
haptoglobin by the isolated perfused rat liver,
Biochim Biophys Acta 909 : 301—-308, 1964
Merril DA, Kirpatick CH, Wilson WEC, et al :
Changes in serum haptoglobin type following
human liver transplantation. Proc Soc Exp
Biol Med 116: 748—751, 1964

Peter JH, Alper CA: Haptoglobin synthesis.
II. Cellular localization studies. J Clin Invest
45 : 314-—320, 1966

Bottinger LE: Studies in renal carcinoma. II.
Biochemical investigations, Acta Med Scand
167 : 455—465, 1960

) Muller WE, Handschumacher R, Wade MW :

Serum haptoglobin in patients with ovarian
malignancies. Obst Gynec 38 : 427—435, 1971

) Vickers M: Serum haptoglobins: A preoper-

ative detector of metastatic renal cell car-
cinoma. J Urol 112 : 310—312, 1974

FEFN635FE 8 A25H

(85)



