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99m-galactosyl-neoglycoalbumin

(99mTC..NGA) is one of

Human hepatocellular carcinoma (HCC)is the most frequent

these ligands that maintains

pnmaty hepatic malignancy and its diagnosis by conventional

to the hepatic binding protein (HBP) receptor residing at
the cell surface membrane of hepatocytes (3). Technetium

methodsis stilldifficult.Wehypothesized
thattheexpressionof

specific and exclusive

binding

specific receptors could possibly be used to improve in vivo
localization of HCC with specific receptor-based radioligands.
Methods: In initialin vitro studies, receptor binding of
@Tc
galactosyl-neoglycoalbumin (@Tc-NGA) and 1231-Tyr-(A1
4)-in

99m-NGA scanning was successfully applied for the evalu
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METhODS

ation of liver morphology as well as liver functional capacity
(4â€”9).Also insulin recognizes abundant numbers of spe
cific receptors at hepatocytes, suggesting the use of 1@I@
sulin to HCC was investigated.Scintigraphywas performed in Tyr-(A14)-insulin for in vivo liver scintigraphy (10â€”12). In
45 patients with histologically confirmed HCC using either
@â€˜Tc-NGA
(75-150 MBq;25-50 nmole, n = 27) and/or 123@ addition, insulin was shown to stimulate the growth of
Tyr-(A14)-insulin
(100â€”150
MBq;7.5â€”10
p.g, n = 30). Results: normal and malignant cells (13,14).
Hepatocellular carcinoma (HCC) is one of the most
HCC (1256 Â±290 pmole bound/mg protein, Kd = 3.4 Â±2.9
common
cancers in men with highly uneven geographic
nM) expressed a 1000-fold higher number of specific receptors
distribution.
Whereas its worldwide annual incidence has
for 1231-Tyr-(A14)-insulin
compared to normal liver tissue (2.4 Â±
0.8 pmole bound/mg protein, Kd = 4.2 Â±2.4 nM), whereas been estimated to be 250,000 to 1 million (15), it accounts
HCC did not express receptors specific for
@Fc-NGk@@Jl
HCC for only 1.5% of all cancers and to approximately 16,000
lesions were identifiedas cold spots after injectionof @â€˜@Tc
deaths in the United States (16). There is a well known
NGA,whereas 123I-Tyr-(A14)-insulin
accumulated in these le relationship of HCC with prior hepatitis B and C viral
sions, indicating HCC-to-normal liver ratios of 1.6 Â±0.4 in the infections (15,17,18) and a preponderance in men, with a
mean. Subtraction images obtained from planar studies visual
male-to-female ratio of about 4:1 (15,19). Additional etio
ized 1231-Tyr-(A14)-insulin
in HCC lesions detected by @â€˜@Tc
logic factors have also been discussed (15). A number of
NGA as cold spots. Conclusion: This hepatocyte receptor
specific, double-tracer method using @â€œTc-NGA
and 1231-Tyr imaging modalities are used to detect HCC, but, radionu
(Al4)-insulin could become clinically useful in the diagnosis of clide scanning techniques currently play only a minor role
in the diagnosis of HCC (20 ). In an approach to visualize
HCC.
HCC, we used two specific hepatocyte receptor-seeking
Key Words: iodine-123-Tyr-(A14)-insulin; technetium-99mradioligands, 99mIcNGA and â€˜231-Tyr-(A14)-insulin.
galactosyl-neoglycoalbumin; hepatocellular carcinomas

n recent years, receptor-based
radiopharmaceuticals
have been used for localization diagnosis of certain tumors.
For instance, radiolabeled octreotide (1 ) or vasoactive in
testinal

peptide

(2) have been used to localize

endocrine

tumors or adenocarcinomas. Several hepatocyte receptor
seeking ligands have also been developed. Technetium

Radioiodination of Insulin
Insulin (NOVO Nordisk, Copenhagen, DK) was radioiodinated
using the lactoperoxidase method as previously described (10,12).
A specific activityof about 150 MBq/1O .tg (i.e., 1 IU) â€˜23I.Ty@...
(A14).insulin was prepared. Briefly, to a polypropylene microvial
were added 116 @g
purified human insulin in 30 pA0.01 M HC1, 30
@tl
0.1 M Na-phosphate buffer, pH 7, about 400 MBq [1231]NaI in

0.02M NaOH(30pi), 340ng( 10nmole)H202in 10 @.d
H20 and
10 @g
lactoperoxidase in 10 @.d
H2O. The reaction mixture was

slowly vortexed for 5 mm. Isolation and purification were per
formed by direct preparative high.performance
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Carcinomas

liquid chromatog

raphy (HPLC) (reversed-phase; column: Nucleosil 100 C-18, 5
pm, 4 X 290 mm (Machery & Nagel, DUren, Germany); eluant:
70% (v/v) aqu. 0.2 M NH4OAc, 0.01 M phosphate pH 3, 20%

â€¢
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CH3CN, 10% i-propanol;flow 1 ml/min) of the reaction mixture.
The â€˜231-Tyr-(A14)-insulin
peak was collected into a vial contain
ing 1 mg human serum albumin (HSA) and was vacuum-evapo
rated to about 100 @tl.After dilution with phosphate-buffered
saline (PBS) containing 0.5% HSA, the final product was filtered
through a low-protein adsorption membrane. Product identity and
radiochemical purity (>98% in all preparations) was inherently
established by high-resolution HPLC using a
@I-Tyr-(A14)-insu
lin standard (Amersham International, Buckinghamshire, UK)

and a separate analytical HPLC (identical to the preparative
HPLC system) for analysis. Free iodide was additionally quantified
by cellulose acetate electrophoresis and amounted to less than 1%
determined 20 hr after labeling. Isolated radiochemical yield of
â€˜231-Tyr-(A14)-insulin
in the HPLC peak (retention time 23.3 mm)
was about 50% (the other 50% was the sum of inorganic iodine

presence of the same unlabeled ligand (100 nM, nonspecific bind
ing). In competition experiments, the membrane fractions were
incubated with 5 tiM labeled ligand in absence (total binding) and
presence of increasing concentrations (0.001â€”1000nM) of the
same unlabeled ligand. After incubation for 45 mm at 4Â°C,the
reaction mixture was diluted 1:10 with assay buffer and rapidly
centrifuged (5000 g, 10 mm, 4Â°C)to separate membrane-bound

from free ligand. The resulting pellet was washed twice with assay
buffer and counted in a gamma counter for 1 mm. Specific binding
was determined as the difference of total and nonspecific binding.
Binding data were calculated according to Scatchard (22) using
the Ligand program.
Patients

species (3.2 mm), â€˜231-Tyr-(A19)-(11.2 mm), â€˜231-Tyr-(B26)(20.7

Fifty-seven consecutive patients were analyzed in this study.

mm), â€˜231-Tyr-(B16)(21.5 mm) and â€˜2312Tyr-insulin
(30.6 mm), in
order of elution.

Forty-five patients had histologically verified HCC. Six patients
with liver metastases spread from intestinal adenocarcinomas, four
patients with liver cirrhosis and two patients with benign cystic liver
adenomas served as controls (n = 12). Histopathoiogy was obtained

Preparation and Labeling of NGA
Synthesis of NGA was done as described previously (6â€”9). from biopsy material or at surgery. The location of the carcinomas
Briefly, D( +)-galactose was acetylated and brominated to aceto
was established by CT and/or US. All patients undergoing 1231.
bromo-galactose and reacted to tetra-acetyl-@3-D-galactosyl-thio Tyr-(A14)-insulin receptor scanning received sodium perchlorate
pseudourea which, by reaction with chloroaceto-nitrile, formed
(3 x 400 mg) for thyroid gland blockage starting 1 day before the
cyanomethyl-2,3,4,6-tetra-O-acetyl-f3-D-thiogalactose
(A). A solu
injection.
tion of 0.1 M of(A) and 0.01 M CH3ONa in absolute methanol was
Initially, either NGA (n = 15) or insulin (n â€”10) receptor
used as stock solution containing an average of 0.055 M 2-imino
scanning was performed to explore both scintigraphic methods. In
2-methoxyethyl-1-thio-j3-D-galactose (B, coupling reagent). An al
the next study phase, both scans were performed in the same
iquot of B (125 s.d; 0.055 M) was evaporated to dryness and patients within 1 to 6 wk between the imaging sessions (n = 5).
redissolved in fresh 0.2 M borate buffer (pH 8.6). A precise Finally, the imaging protocol allowed injection of both tracers in a
amount of HSA was added and incubated overnight at room single study (n â€”15) as described below. The control subjects also
temperature to produce the final NGA ligand. NGA was routinely received both tracers in a single study.
isolated by repetitive ultrafiltration through the membrane with a
20-kD exclusion limit separating unbound coupling agent into the
filtrate. A molar ratio of coupling agent/HSA of 138 was used,
resulting in about 21 galactose residues per HSA molecule. NGA
was labeled with 99mTc to yield a specific activity of 150 MBq/50

nmole NGA. The final 99mTc.NGA preparation was filtered
through a sterile 0.2-sm membrane.

Radiochemical

purity was

routinely monitored by cellulose-acetate electrophoresis in 0.1 M
barbital buffer (pH 8.6) run at 300 V for 20 mm and was >97%.

The labeling yield after filtration amounted to about 95%; the in
vitro stability at room temperature

GammaCameraImaging
The patients were positioned supine under a gamma camera
equipped with a general-purpose, low-energy collimator (140
keV). In initial studies of both 99mTcNGA and â€˜231-Tyr-(A14)insulin, dynamic imaging was performed at a rate of two frames

per minute and a matrix of 128 x 128pixels over a region covering
the liver and heart. Total acquisition time was 30 mm. If indicated,
SPECT (matrix size 128 x 128 pixels, 360Â°(6Â°/step)rotation)
acquisitions of the liver were performed after completion of the
dynamic study.

exceeded 24 hr.

InVitroBindingStudies
PreparationofHCC Tissue Homogenates. The HCC and normal
liver specimens were obtained from six patients at surgery and

In 20 of the 45 patients with HCC (8 women, 12 men, aged
46â€”78yr, Table 1) both 99mTc@NGAand â€˜23I-Tyr-(A14)-insuiin

immediately frozen under liquid nitrogen. Diagnosis was con

receptor scanning were performed. In five of these patients, Se
quential anterior scans were recorded, allowing a time interval of

firmed

6 wk maximum between both investigations. In the other 15 pa

by histopathology.

Tumor

cell membrane

fractions

were

prepared according to established techniques (7,21). Tissue was
cut into pieces, put into 50 mM Iris HC1 buffer, pH 7.5, and
homogenized by ultrasound-turrax. The cell homogenate was cen
trifuged at 5000 g for 10 mm at 4Â°C,washed and resuspended

in

assay buffer containing 50 mM Tris HC1, pH 7.5, 5 mM MgCl2,

1 mMCaCl2and0.1M NaC1at a concentration
of 100p.g

protein/mi.
The conditions of the assay system were essentially the same as

tients, as well as in the 12 control subjects, both iigands were

applied in a single study. In these patients, 300K cts were acquired
after injection of 99mTcNGA in an anteroposterior view and
â€˜231-Tyr-(A14)-insuiin
was intravenously injected while the patient
remained in the same supine position. Gamma camera acquisition
was then performed for additional 300K cts. Subtraction images
and ROIs were obtained using standard Toshiba (Tokyo, Japan)
software.

reported earlier (21 ). In initial experiments, the time course of
association of binding as well as the temperature dependency were

studied, indicating that equilibrium of binding was reached after a

Statistical

Malysis

the

Statistical comparison between the means was made with the

membrane fractions were incubated with increasing concentra
tions of labeled ligand (0.01â€”100
nM) in absence (total binding) or

Student's t-test for unpaired data at a confidence level of 95%.
Values are presented as means Â±s.d.

30-mm incubation
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time at 4Â°C.In saturation

experiments,
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TABLE I
Technetium-99m-NGModine-123-Tyr-(A14)-lnsulin
PatientAgeno.
Sex
1

M

(yr)

CT/USfindings

@â€˜Tc-NGA

Multiple lesions in segments II,Ill,

66

Receptor Imaging of HCC
1231-Tyr-(Al
4)-insulin

Cold spots in all segments

Accumulation in all segments

Cold spots in both segments
Cold spots in all segments

Accumulation in both segments
Accumulation in all segments

Accumulationin this segment
Accumulationin both segments
Accumulationin both segments
Accumulationin both segments
Accumulationin this area
Accumulationinthis segment
Accumulationin both segments

w, VIIand\.lll
2
3

M
M

78
64

Two lernonsin segmentsVII and Vill
Multiple lesionsin segmentsV, Vi,

4

F

68

Single lesion in segment \.ll

5
6

M
F

59
52

Two lesions in segments Viland Vill
Two lesions in segments Vand VI

7

F

64

Two lesionsin segmentsV and VII

8
9

M
F

53
56

Single @on
in lobesquadratus
Singlelesionin segment Vii

10
11

M
M

65
51

Two Ie@onsin segments W and VI
Singlelernonin segmentVII

Cold
Coki
Cold
Cold
Cold
Cold
Cold
Cold

12

F

67

Two lesions in segments Vand VIII

Cold spots in both segments

Accumulation

13

F

65

Muthp@Ie@onsin segmentsIV and

Coki spots in all segments

Accumulation in all segments

14

M

46

Two lesions in segments

Cold spots in both segments

Accumulationin segment V,
decreased accumulationin

15

M

69

Multiple lesions in segments

Cold spots in aDsegments

Accumulationin allsegments

16

F

72

Cold spots in all segments
Accumulation
Multiplelesions in segments IV,VII,
VIII
ie@onsin segments VIand VIICoki
spots in both segmentsAccumuie@on
lesionin segment VIICold
spot inthis segmentAccumulation
lesions in segments VIIand VIIICold
spots in both segmentsAccumulation
ie@onsin segments Vand VIIICoki
spots in both segmentsAccumuis@on

VUand Vill
spot in this segment
spots in both segments
spots in both segments
spots in both segments
spot in this area
spot in this segment
spots in both segments
spot in this segment

Decreased accumulation in this
segment
in both segments

VIIand VIII
V and VIII

segment VIII
V, VII

and VIII

17M64Two
segments18F59Single

segment19M78Two
segments20M70Two

Patients 1-5 underwentdynamicacquisffions.Patisnts 6-20, afteridentificationofcold spots on

in all segments

in both
inthis
in both
in both segments

@1c-NGA
images inthe anteropostenorview,

had 1@l-Tyr-(A14)-insuIinimaging Significant 1@I-Tyr-(Al4)-insuIinaccumulation was demonstrated in 18 of 20 patients.

RESULTS
InVitroBindingof Iodine-123-Tyr-(A14)-Insulin
and
Technetium-99m-NGA

to Normal Uver and HCC Tissue

tually no binding of 99mIc@NGAin HCC was observed.
The respective binding data were 2.4 Â±0.8 pmole 123I
Tyr-(A14)-insulin/mg

protein for normal liver tissue (Kd

4.2 Â±2.4 nM, IC50 for unlabeled insulin 8.3 Â±3.9 nM)
For normal liver cell homogenates, specific and satu
rable binding was obtained for both â€˜23I-Tyr-(A14)-insu and 1256 Â±290 pmole â€˜231-Tyr-(A14)-insulin/mgprotein
of HCC tissue (p < 0.001; Kd 3.4 Â±2.9 nM; IC50 for
lin and 99mTcNGA Scatchard plot analysis of the satu
ration data indicated a single class of high affinity unlabeled insulin 6.9 Â±3.0 nM). Normal liver bound 0.78
binding sites for â€˜231-Tyr-(A14)-insulin (Fig. 1) and a
high- and low-affinity binding class for 99mTc@NGA(6, 7).

Â±0.2 pmole 99mTcNGNmg

protein

with high affinity

(Kd 1.4 Â±0.7 aM) and 5.2 Â±1.8 pmole 99mIcNGNmg

On HCC, a remarkably higher number of specific 123!.. protein with low affinity (Kd 14.4 Â±4.6 nM). The IC50 for
Iyr-(A14)-insulin receptors was identified, whereas vir
unlabeled NGA amounted to 21.7 Â±5.2 nM. For HCC
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0

0.25

FIGURE 1. In vitro binding of 123I-Tyr

(A14)-insulin
to normalliver(left)and HCC

0.2

tissue (right). Iodine-l23-Tyr-(@A14)-insuIin
bound to both normal liverand HCC tin
sue. Scatchard analyses indicated a B@
(maximal binding capacity) of 1.4
i@mole/mgprotein for normal liverand of
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1078 pmoie/mg proteinfor HCC tissue,
correspondingK@values were 3 and 4
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FIGURE3. VIsualization
of a singleHCClesionwith1

FiGURE 2. VIsualizationof multipleHCC lesions with @Tc-NGA and 1231-Tyr-(A14)-insulin
in Patient 2. Immediatelyafter intravenous
and 123I-Tyr-(A14)-insulin
in Patient 1. (A)Afterintravenous injection injectionof @â€˜@â€˜Tc-NGA
(150MBq,50nmoleNGA),theHCClesion

of@Tc-NGA
(1
5M
0 Bq,
50
nmole
NGA,
the
receptor
tracer
was
rapidly trapped by normal human liver,whereas the HCC lesions
appeared as clear cold spots in segments II, Ill, IV,VII,VIII.(B)
lodine-123-Tyr-(A14)-insulin (150 MBq, 10 p.g insulin) bound to all
NGA-indicated

was indicated by a single cold spot in segments VIVVIIIof the liver
(A).lodine-123-Tyr-(A14)-insulin
(150 MBq; 10 @g
insulin)produced
significant in vivo binding to the same HCC lesion (B).

HCC lesions.

InVivoBindingof Iodine-123-Tyr-(A14)-Insulin

InVivoBindingof Technetium-99m-NGA

Iodine-123-Iyr-(A14)-insulin
scintigraphy
was per
formed in 30 patients with HCC. HCC lesions were present
in multiple sites in 18 patients and in single site in 12
patients.

NGA scintigraphy was performed in 27 patients with
HCC. HCC lesions were present in multiple sites in 19

the receptor tracer was found in CT/US and NGA-verified

tissue, no specific binding of 99mIc@NGA was observed
within the ligand ranges investigated (7).

After injection of â€˜231-Tyr-(A14)-insulin,
accumulation of

HCC lesions (Figs. 2â€”3).On average, the insulin uptake
patients and in a single site in 8 patients.
The liver was the only organ to accumulate 99mTc@NGA. calculated for tumor lesions was higher compared to sur
In all patients, cold spots were demonstrated after 99mTc@ rounding normal liver. In the mean, the HCC-to-normal
liver ratios amounted to 1.6 Â±0.4 at peak maximum (6â€”10
NGA injection in CT/US visualized tumor lesions (Figs. 2,
mm). This demonstrates
increased uptake of â€˜231-Iyr
3).
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FIGURE4. Visualization
oftwo HCClesionsbysubstractionscintigraphyinPatient7.Tenminutesafterinjectionof 75 MBq
(25 nmole) static anterior imaging was performed. Two HCC lesions were indicated in segments VIIand V (A).Frfteenminutes after start of
the study,1231-Tyr-(A14)-insulin
(100MBq, 10 @g)
was injectedand anotherantetiorstaticacquisitionwas performedin the sameposition.

Iodine-123-Tyr-(A14)-insulin
boundto bothHCClesions(B).Aftersubtraction
of @â€œTc-NGA
obtainedfrom1231-Tyr-(A14)-insulin,
remaining
radioactMtylocatedboth HCClesionsites (C).

(A14)-insulin by HCC and, thus, increased receptor bind
ing. Individual patient data, however, indicated that in
19/30 patients significantly increased HCC-to-normal liver
ratios were found (1.9 Â±0.4), in 8 patients HCC uptake of
â€˜@I-Tyr-(A14)-insulin was not different to the surrounding
normal liver (1.1 Â±0.2) and in 3 patients HCC uptake of
â€˜231-Tyr-(A14)-insulinwas decreased (0.7, 0.8 and 0.9, re
spectively).

DualHepatocyte-SpecificReceptorImaging:Labeled
Insulin and NGA Subtraction Study
Twenty patients

(6 patients

with liver metastases

spread

from intestinal adenocarcinomas, 4 patients with liver cir
rhosis and 2 patients with benign liver adenomas) and 12
control subjects had both 99mTc..NGA and 1231-Tyr-(A14)insulin receptor-studies. In five of these patients, dynamic
studies indicated a mismatch of the scan results (Figs. 2 and

FiGURE5. Technetium-99m-NGAand 1231-Tyr-(A14)-insulin
scanning ina patientwitha single livermetastasis spread froman intestinal
adenocarcinomaTen minutes after injectionof @â€œTc-NGA
(75 MBq, 25 nmole),static anterior imagingwas performed.Two large
metastatic adenocarcinoma lesions were visualized as cold spots in segments IVNand VII(A).Fifteen minutes after the start of the study,

1231-Tyr-(A14)-insulin
(100MBq;10p.g)wasinjectedandanteriorstaticacquisitionwasperformed.Incontrastto HCClesions,1231-Tyr
(A14)-insulindid not accumulate in metastatic adenocarcinoma lesions (B).

Dual-Tracer Visualization of Hepatocellular Carcinomas â€¢
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3), i.e., cold spots after 99mTcNGA injection and significant
accumulation of IBI@Tyr@(A14)@insulin.

57Co-bleomycin, rose bengal, HIDA or DISIDA were also

In the other 15 patients as well as in all 12 control
subjects, both ligands were applied in a single study. After

imaging of HCC were introduced by Goldenberg et al. who
reported a high sensitivity for iodine-labeled monoclonal
antibodies raised against alpha-fetoprotein (AFP) (30,31).

identification of cold spots during

@mTc@NGA
scanning,

â€˜@I-Tyr-(A14)-insulin
was injected while the patient was
still in the same supine position under the gamma camera.
In 13 of these patients, each of the HCC lesions detected as
cold spots during wmTc@NGAscanning showed significant
accumulation of â€˜231-Tyr-(A14)-insulin.
As shown in Figure
4, subtraction

of 99mTcNGA from â€˜231-Tyr-(A14)-insulin

images indicated increased insulin receptor binding to HCC
lesions. In the control subjects, however, cold spots ob
served on 99mIcNGA scans were not concentrated on
â€œ@I-Tyr-(A14)-insulin
images (Fig. 5).

found to be of limited value (27â€”29).New implications for

Whereas lower radioimmunoscanning sensitivities (32)
were also reported since the original description (30,31 ), a
comparative study of our NGA/insulin receptor scanning

technique with immunoscintigraphy in patients with HCC
may be a useful approach in the future.

In this study, we found that â€˜231-Tyr-(A14)-insulin
binds to the liver by a receptor-mediated process (10,11).
The use of â€˜231-Tyr-(A14)-insulinallows direct imaging
of insulin binding to target organ sites and provides a
new dimension to the in vivo study of insulin kinetics and
metabolism. The rationale for using â€˜23I-Tyr-(A14)-insu
lin scanning to evaluate HCC was based on our observa
tion that this radionuclide is taken up a 1000-fold more

DISCUSSION

In this study, we report excellent visualization of histo
logically verified HCC using 99mTcNGA and 123ITy@
(A14)-insulin. HCC lesions were visible as cold spots on

99mTcNGA scanning and concentrated radioactivity after

by HCC as opposed to normal liver tissue. The finding
was verified through in vitro studies showing a higher
number of specific binding sites for â€˜231-Tyr-(A14)-insu
lin expressed on HCC.

We found that a defect detected on a NGA scan will

injection of â€˜231-Tyr-(A14)-insulin.Specificity of this dual

receptor tracer scanning procedure was documented by no
accumulation of â€˜231-Tyr-(A14)-insulin
in cold spots visual

show an accumulation in which the abnormality was due
to HCC. Hepatocytes normally concentrate a large frac

ized on NGA scans in hepatic metastases spread from

tion of the injected dose of radiolabeled insulin because

adenocarcinomas, cirrhotic livers or cystic benign liver ad
enomas.

normal liver also contains insulin receptors. This also
means that tumor imaging in the liver involves detection
of increased uptake within normal liver uptake. Indeed,
in 19 of our patients, HCC lesions had significantly
increased HCC-to-normal
liver ratios, but in 8 patients
insulin uptake (binding) was not significantly different
from the surrounding normal liver uptake and in 3 pa
tients the HCC lesion showed decreased â€˜23I-Tyr-(A14)-

Iechnetium-99m-NGA

was introduced to assess func

tional hepatic mass in addition to liver morphology and is
specific for the hepatic binding protein (HBP) receptor
which resides at the plasma membrane of hepatocytes (3).

Therefore, the liver is the only tissue which selectively
accumulates 99mTcNGA after intravenous injection. Tech

netium-99m-NGA provided excellent hepatic images in all
patients immediately after injection. We found that hepa
tomas do not express HBP receptor sites in vitro; this lack
of sites was obviously responsible for the appearance of
cold spots in the NGA images. This technique also has a

similar limitation for hepatoma detection as compared with
conventional 99mlcsulfur colloid liver imaging, which has
been the method of choice for the initial evaluation of

HCC, as it is a sensitive but nonspecific screening test
(16,23,24). As with @mIc@sulfur
colloid scanning, whenever
a defect is detected on 99mTcNGA images, another study is

needed to characterize the cold nodule to increase the
diagnostic accuracy of liver scan since the nodule could be
a cyst, neoplasm, anatomical variant or some other condi

tion. It was suggested that subtraction images obtained of
colloid from a 67Ga-citrate scan (25,26) might increase the
specificity for detection of mismatched lesions which could
be indicative of HCC. Subsequent studies, however, have
shown that one-third of hepatomas fail to show selective

uptake of 67Ga-citrate, as 67Ga-citrate may also accumulate
in non-HCC lesions such as abscess, metastases from ade
nocarcinomas and in lymphomatous disease (24,26). Other
tumor-seeking
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agents,

such as [75Se]selenomethionine,

insulin uptake. These differences in accumulation of 123!..
Tyr-(A14)-insulin is possibly explained by low numbers
or absence of insulin receptors, coverage of insulin re
ceptors by locally produced ligands or dedifferentiation
of HCC cells. Such mechanisms may also be the reason
for the decreased accumulation of â€˜231-Iyr-(A14)-insulin
reported in HCC lesions of Patients 11 and 14 (Table 1).

CONCLUSION
Our results indicate that combined use of wmTc@NGA
and â€˜23I-Tyr-(A14)-insulincould be helpful in the clinical
diagnosis of human HCC. This dual-receptor-tracer
meth
odology indicates sensitivity as well as specificity in the
diagnosis of HCC. This method in combination with

SPEC!' might provide distinct localization of HCC and
could provide quick, noninvasive and safe identification of
masses seen on US and/or CT.
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