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INTRODUCTION

IN NUCLEAR MEDICINE IMAGING, positron emission tomogra-
phy (PET) with F-18-fluoro-2-deoxy-D-glucose (FDG) is
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Liver tumors, especially hepatocellular carcinomas (HCCs), often exhibit no contrast with sur-
rounding non-tumorous liver tissue in F-18-fluoro-2-deoxy-2-fluoro-D-glucose (FDG) positron
emission tomography (PET) images obtained at the usual interval of one hour after intravenous
FDG injection. We evaluated the usefulness of FDG PET studies of liver tumors performed 2 hours
after intravenous injection. Methods and Materials: Fifteen pretherapeutic patients with 33 liver
tumors were studied, including 11 patients with 18 HCCs, and 4 patients with 15 metastatic liver
tumors (METAs) from 3 colorectal carcinomas and 1 esophageal carcinoma. After transmission
scans, emission scans were obtained 45–55 minutes and 115–125 minutes after intravenous
injection of 185–370 MBq FDG as early images and delayed FDG PET images, respectively. Visual
analysis of early and delayed images was performed, and the FDG uptake in the tumor to that in non-
tumorous liver ratio (T/N ratio), the FDG uptake in tumor to that in soft-tissue ratio (T/S ratio) and
the FDG uptake in non-tumorous liver to that in soft-tissue ratio (N/S ratio) were calculated for each
image. Results: In visual analysis, visual improvement seen in images was observed in 6 of 18 HCC
lesions and all 15 META lesions. In quantitative analysis, the mean T/S ratio and T/N ratio of HCCs
in early images were 4.97 and 1.90, respectively, and those in delayed images were 6.24 and 2.20,
respectively. The mean T/S ratio and T/N ratio of METAs in early images were 5.97 and 2.21,
respectively, and those in delayed images were 6.99 and 3.80, respectively. The T/S ratio of HCCs
and T/S ratio and T/N ratio of METAs were significantly higher in delayed images than in early
images. The mean N/S ratios of HCC cases were 2.58 in the early images and 2.57 in the delayed
images, but the ratio showed no constant tendency in the images. All N/S ratios of META cases were
decreased in delayed images, although the significance of the difference between early and delayed
images in N/S ratios was not analyzed because of the small number of cases. Conclusion: FDG PET
studies performed 2 hours after intravenous injection were useful for clear visualization of liver
tumors, especially metastatic liver tumors.
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now established as a method for clinical diagnosis to
reveal malignancies by evaluating the glucose metab-
olism of the tissue. The clinical usefulness has been
reported in various tumors such as brain, lung and pan-
creas.1–5

For the diagnosis of liver tumors such as hepatocellular
carcinomas (HCCs) and metastatic liver tumors (METAs),
many investigators have reported the evaluation of FDG
PET.6–10 FDG uptake by tumors in the liver is sometimes
unclear, because a high FDG accumulation is not always
found in liver tumors, especially in HCCs. FDG PET
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images are usually obtained at 1 hour after intravenous
FDG injection, but malignant tumors have a high glucose
metabolism and continue to gradually accumulate FDG.11

We therefore speculated that it might be possible to obtain
clear images if FDG PET imaging was performed after the
usual one hour interval.

The purpose of this study was to evaluate the usefulness
of FDG PET images in liver tumors obtained at 2 hours
after injection compared with images obtained at about 1
hour after intravenous injection.

MATERIALS AND METHODS

Patients
Fifteen pretherapeutical patients (10 men and 5 women,
age 61 to 83 y.o., mean 66.5 y.o.) with 33 liver tumors
underwent FDG PET in our hospital from June 1998 to
February 2001 after written informed consent was ob-
tained. All patients underwent computed tomography
(CT) imaging with a helical CT imaging system. Eleven
patients had 18 HCC lesions and all patients had liver
cirrhosis (LC), and the grades of LC were evaluated by
means of the Child-Pugh (C-P) score and the clinical
stage. Four patients had 15 META lesions from 3 colorectal
carcinomas and 1 esophageal carcinoma and none of these
4 patients had LC. Tumor sizes were measured by CT
imaging.

Prior to FDG PET studies, blood sugar (BS) levels of all
the patients were measured (normal range: 70–105 mg/dl).

FDG PET
FDG PET imaging
FDG was produced with the NKK-Oxford superconduct-
ing cyclotron and NKK synthesis system. A HEADTOME
IV SET-1400W-10 (Shimadzu Corp., Kyoto, Japan),
which has 4 detector rings providing 7 contiguous slices
at 13 mm intervals, was employed for the PET studies.
The effective spatial resolution was 14 mm in FWHM.

Before emission scanning, transmission scans were
performed for 10 minutes with a 68Ge/68Ga ring source for
attenuation correction. Images were obtained from 45 to
55 minutes (early image) and 115 to 125 minutes (delayed
image) after intravenous injection of 185–370 MBq FDG.
Patients fasted from at least four hours before the begin-
ning of examination to the end of examination.

FDG PET analysis
Visual analysis:

The early and delayed FDG PET images were estimated
by visual interpretation referring to CT imaging, and
regions of FDG accumulation that were stronger than the
background uptake were considered to be abnormal.
Visual improvement by delayed image compared with
early image was also analyzed, and this means that the
delayed image showed more intense accumulation in the
lesion than the early image.

Quantitative analysis:
With reference to CT imaging, the region of interest (ROI:
circle 6 mm in diameter) was placed in the highest FDG
accumulation area in the suspected tumor and other ROIs
(circles 20 mm in diameter) were placed in the non-
tumorous liver tissue and in the soft tissue behind the
lumbar spine as the background. The mean count per
voxel of ROIs was used. The ratio of FDG uptake in the
tumor to that in soft-tissue (T/S ratio), the FDG uptake in
non-tumorous liver to that in soft-tissue ratio (N/S ratio)
and the FDG uptake in tumor to that in non-tumorous liver
ratio (T/N ratio) of HCCs and METAs were determined
and investigated.

The Wilcoxon signed-ranks test was used to analyze
data. A p value of less than 0.05 was considered significant.

RESULTS

The details of all patients, BS, clinical stage, C-P score,
tumor size, T/S ratio and T/N ratio of all hepatic lesions,
N/S ratio of all cases and visual improvement in delayed
image are shown in Table 1. Seven patients showed had a
BS level above the normal range, but their BS levels did
not exceed 130 mg/dl. All HCC patients had LC, and most
of which were in clinical stage as 1 and the C-P score was
score A.

Visual analysis
Visual analysis data are shown in Table 2. Of eighteen
HCC lesions, 9 in early images and 10 in delayed images
were visually diagnosed. Visual improvement in delayed
images was observed in 5 of 9 lesions compared with early
images. FDG accumulation was detected in delayed im-
ages in 1 lesion, in which FDG accumulation was not
detected in early images, but no visual improvement was
observed in the remaining 12 lesions. All 15 META
lesions could be diagnosed by means of early images, and
visual improvement was observed in all of them in de-
layed images.

Quantitative analysis
T/S ratio:

In early images of HCCs, T/S ratios ranged from 1.28 to
9.89 (mean ± SD = 4.97 ± 2.44), whereas those in delayed
images ranged from 1.12 to 12.93 (mean ± SD = 6.24 ±
3.72). In delayed images, T/S ratios increased in 13 of 18
HCC lesions, and there were significant differences be-
tween early and delayed images in T/S ratios (p = 0.0096)
(Fig. 1).

In early images of META lesions, T/S ratios ranged
from 4.69 to 7.49 (mean ± SD = 5.97 ± 1.01), whereas
those in delayed images ranged from 5.07 to 10.43 (mean
± SD = 6.99 ± 1.51). In delayed images, T/S ratios
increased in 14 of 15 META lesions, and there were
significant differences between early and delayed images
in T/S ratios (p = 0.0054) (Fig. 1).
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T/N ratio:
In early images of HCCs, T/N ratios ranged from 1.01 to
4.00 (mean ± SD = 1.90 ± 0.83), whereas those in delayed
images ranged from 1.16 ± 6.11 (mean ± SD = 2.20 ±
1.21). In delayed images, T/N ratios increased in 11 of 18
HCC lesions, but there were no significant differences
between early and delayed images in T/N ratios (Fig. 2).

In early images of META lesions, T/N ratios ranged
from 1.45 to 2.92 (mean ± SD = 2.21 ± 0.42), whereas
those in delayed images ranged from 2.37 to 4.89 (mean
± SD = 3.80 ± 0.59). In delayed images, T/N ratios had
noticeably increased in all 15 lesions, and there were
significant differences between early and delayed images
(p = 0.0007) (Fig. 2).

N/S ratio:
All 11 cases of HCC were complicated by LC, and N/S
ratios in the early images ranged from 0.83 to 3.76 (mean
± SD = 2.58 ± 0.99), whereas those in delayed images

ranged from 0.71 to 4.14 (mean ± SD = 2.57 ± 1.07). In
delayed images of HCCs, N/S ratios had increased in 4
cases, but had decreased in 7 cases. FDG accumulation
between early and delayed images did not show a uniform
tendency. In addition, there were no significant differ-
ences between early and delayed images of HCC cases in
N/S ratios (Fig. 3).

Fig.  1    The T/S ratios of HCC and META in early and delayed
images are shown. The T/S ratio of HCC in the delayed image
is significantly higher than that in the early image, and the ratio
of META in the delayed image is significantly higher than that
in the early image.

Fig.  2    The T/N ratios of HCC and META in early and delayed
images are shown. The T/N ratio of HCC in the delayed image
is not significantly higher than that in the early image. The T/N
ratio of META in the delayed image is markedly significant
higher than that in the early image.

Fig.  3    The N/S ratios of HCC and META in early and delayed
images. There was no significant difference between the N/S
ratio of HCC in the early and delayed images. The N/S ratios of
META lesions were not statistically evaluated because the
number of META cases was limited.

Table  2    Summarized visual analysis of all hepatic lesions

early delayed Visual
HCC METAimage image improvement

− − not improved 8 0
− + improved 1 0
+ + not improved 4 0
+ + improved 5 15

total 18 15

HCC; hepatocellular carcinoma, META; metastatic liver
tumor, +; visually detected, −; not visually detected
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All four cases of META were not complicated by LC or
hepatitis. In early images of META cases, N/S ratios
ranged from 2.13 to 3.24, whereas those in delayed
images ranged from 1.57 to 2.34. No significance test
could be done for N/S ratios of META cases due to the
small number of samples, but all the N/S ratios had
decreased in delayed images (Fig. 3).

Case presentation
The HCC case and the META case in which the useful-
ness of delayed images was confirmed are shown in
Figures 4 and 5. Figure 4 shows a 65-year-old male with
recurrent HCC in S3 after right lobectomy. The FDG
accumulation in the HCC was not clearly seen in the early
image, but intense FDG accumulation was seen in the
delayed image. The CT and FDG PET of a 78-year-old
male with multiple METAs in S4–S3 and S5 from colon
carcinoma are shown in Figure 5. In this case, although
FDG accumulation could be observed in early images,
more intense FDG accumulation was shown in delayed
images.

DISCUSSION

FDG PET has been recently reported as the method for
evaluating various malignant tumors.1–5 Since FDG is an
analog of glucose, it is incorporated into the cell by
glucose transporters as in glucose, and then converted to
FDG-6 phosphate (FDG-6P) after phosphorylation by
hexokinase.12 FDG-6P is accumulated in the cell without
receiving further conversion,12 so that the level of re-
gional glucose metabolism will be reflected by radioac-
tivity in the tissue that includes the levels of FDG-6P
accumulated in the cell and FDG incorporated into the cell
by glucose transporters. FDG PET in liver tumors has
been found to detect primary and metastatic lesions,6–10 to
differentiate benign tumors from malignant tumors,13 and
to evaluate therapeutic results,14–17 but no difference
between liver tumors and normal liver tissues in FDG
accumulation has been reported in some liver tumors,
especially in HCCs.

In most previous studies, FDG PET images were
acquired about 1 hour after intravenous FDG adminis-
tration, and we also acquired FDG PET images 45–55
minutes after FDG administration. Glucose metabolism is

A

B

C

Fig.  4    The patient was a 65-year-old man with HCC recurring
in S3 after right lobectomy. CT showed the early enhancement
in the S3 liver margin, which showed low density during the late
phase (A). Recurrent HCC was suspected on CT. Early images
of FDG PET failed to depict FDG accumulation in the same
region in visual judgment (B). Although the T/S ratio (4.20) was
relatively high, the T/N ratio was as low as 1.14. While FDG
accumulation was visually depicted by delayed images of FDG
PET, and both T/S and T/N ratios were increased, 5.38 and 2.31,
respectively (C). Therefore, delayed images of FDG PET facili-
tated the visual evaluation. Bilateral pelves were shown at the
dorsal site (B, C).
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generally enhanced by increased hexokinase activity in
tumors and FDG may gradually accumulate in tumor
tissues,11 so that tumors may be clearly visualized by FDG
PET in contrast with normal tissues, because FDG accu-
mulation in normal tissues may gradually decrease.11,12,18

Recently, the delayed image was reported to be useful
for the detection of tumors and the differentiation between
malignant and benign mass lesions.19,20 By means of
visual and quantitative analysis, this study evaluated
whether visual improvement in delayed images compared
with early images can be achieved in liver tumors when
the time from FDG administration to image acquisition is
prolonged.

As mentioned in our results, FDG accumulation in
early and delayed images was detected in about half of the
HCC lesions by visual analysis. Visual improvement was
observed in only 6 HCC lesions. FDG accumulation in all
META lesions was detected by visual analysis, and visual
improvement was observed in all META cases. In addi-
tion, quantitative analysis showed significant differences
between early and delayed images of META lesions both
in T/N and T/S ratios. Nevertheless, only T/S ratios in

early images significantly differed from those in delayed
images in HCC cases. In delayed images, increases in
T/N and T/S ratios of META lesions were larger than
those of HCCs.

In regard to the reasons for these findings, Gallagher et
al. reported that levels of glucose-6-phosphatase (G-6
Pase), a dephosphorylation enzyme of FDG-6P, were
exceptionally high in the liver and kidneys.21 Okazumi et
al. evaluated k3 levels, which reflect hexokinase activity,
and k4 levels, which reflect G-6 Pase activity, by using a
compartment model, and reported that k4 levels varied in
HCC patients, although k4 levels were almost zero in
patients with META lesions.6 They noted that the k3 level
was high and the k4/k3 ratio was low in cirrhotic liver that
showed signs of an FDG accumulation higher than that in
normal liver. They also noted that the k4/k3 ratio in hepatic
tumor lesion was similar to that in normal liver when FDG
accumulation in the hepatic tumor lesion was similar to
that in the normal liver. Moreover, they reported that the
k4/k3 ratio in liver cancer was high when FDG accumula-
tion in the hepatic tumor lesion was lower than that in the
normal liver.6

A

B

C

Fig.  5    The patient was a 78-year-old man with multiple META
lesions in S4–S3 and S5 metastasized from colon carcinoma. CT
revealed the presence of a large mass in S4–S3, in which a
seemingly necrotic area without the enhancement was observed
(A). In addition, a low-density area was also detected in S5.
Although early images of FDG PET facilitated a visual evalua-
tion of both lesions, levels of FDG accumulation were not high
in either lesions (B). In these META lesions, T/S ratios were
5.65 and 5.29, respectively, while T/N ratios were 2.65 and 2.48,
respectively. On the other hands, levels of FDG accumulation on
delayed images were markedly higher than those on early
images (C). Therefore, delayed images of FDG PET facilitated
the visual evaluation of META lesions. On delayed images of
FDG PET, the T/S ratios of both META lesions were 6.34 and
5.84, respectively, while T/N ratios were 4.05 and 3.73, respec-
tively. Both T/S and T/N ratios on delayed images were higher
than those on early images.
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Based on these findings, HCC lesions may exhibit
various G-6 Pase activities. When the intracellular activ-
ity of G-6 Pase is high, FDG-6P accumulated in the cell is
converted to FDG after dephosphorylation, thus returning
to the blood stream. FDG cannot be accumulated in the
cell, probably resulting in decreased FDG accumula-
tion.22 HCC lesions in this study were therefore thought to
show various levels of FDG accumulation. Since META
lesions seldom show signs of high G-6 Pase activity, FDG
is serially incorporated and accumulated into the tumor as
FDG-6P.

In this study, all HCC cases were complicated by LC.
Almost no differences in C-P scores and clinical stages
were seen among HCC cases, and there were neither
significant differences nor a uniform trend in N/S ratios
between early and delayed images of HCC cases. The
presence or absence of significant differences in N/S
ratios between both images was not evaluated in META
cases, because of the small number of cases, but N/S ratios
in delayed images were lower than those in early images
in all META cases. This may be related to the fact that
none of the patients with META lesions were complicated
by LC or chronic hepatitis.

T/N ratios of HCCs were lower than those of META
lesions in early and delayed images, probably because not
only HCC lesions exhibit various G-6 Pase activities but
also N/S ratios in HCC cases were not uniform due to
complication by LC. That is, since the level of FDG
accumulation in the non-tumor liver varied in HCC cases,
there were no significant differences between early and
delayed images in T/N ratios. Since N/S ratios in all
META cases were decreased during the delayed phase,
the degree of increase in T/N ratios on delayed images was
noticeably larger than that in T/S ratios in delayed images.

Many small tumors should be false negative cases
because partial volume effects result in lower FDG accu-
mulations.23 Hyperglycemia is also reported to reduce the
FDG uptake in malignant pancreatic tumors, and detect-
ability of malignant tumors decreases as a result.24 In this
study, the T/S ratio or T/N ratio and visual improvements
did not show a uniform trend related to tumor size and BS
level.

The level of diagnostic performance including sensi-
tivity, specificity and accuracy of ultrasonography, CT
and magnetic resonance imaging (MRI) for HCC is very
high.25 CT/MRI can detect small tumors, but these lesions
frequently cannot be diagnosed as malignant or benign by
these methods. FDG PET is functional metabolic imag-
ing. In general, FDG PET is performed to assess malig-
nant tumors, and the tumor activity is evaluated by the
degree of FDG accumulation. Our results show that the
acquisition of delayed FDG PET images can detect META
lesions easily, so that delayed FDG PET images are
clinically useful for assessing these lesions. Moreover,
the acquisition of delayed FDG PET images may be very
useful for evaluating chemotherapy therapeutic values for

META lesions, as well as for evaluating the number of
META lesions or the level of tumor activity. Delayed
images are expected to provide better diagnostic effects in
FDG PET studies and to be used more frequently in
diagnosing liver masses.

CONCLUSION

In this study the usefulness of the FDG PET image
obtained two hours after FDG injection was investigated
and compared to that of images obtained after about one
hour. The FDG PET imaging obtained after 2 hours had
limited usefulness for hepatocellular carcinomas but was
very useful for metastatic liver tumors. We therefore
consider that FDG PET images should be obtained two
hours after the injection to examine liver tumors.
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