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The usefulness of®F-FDG PET images obtained 2 hours
after intravenous injection in liver tumor
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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-flusgiucose (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 injectiodMethods and MaterialsFifteen 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 oc€castssion: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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INTRODUCTION now established as a method for clinical diagnosis to

reveal malignancies by evaluating the glucose metab-

IN NUCLEAR MEDICINE IMAGING, POSitron emission tomogra- olism of the tissue. The clinical usefulness has been

phy (PET) with F-18-fluoro-2-deoxy-glucose (FDG) is  reported in various tumors such as brain, lung and pan-
creast™

For the diagnosis of liver tumors such as hepatocellular
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images are usually obtained at 1 hour after intravenous Quantitative analysis:
FDG injection, but malignant tumors have a high glucose With reference to CT imaging, the region of interest (ROI:
metabolism and continue to gradually accumulate EDG. circle 6 mm in diameter) was placed in the highest FDG
We therefore speculated that it might be possible to obtairaccumulation area in the suspected tumor and other ROIs
clear images if FDG PET imaging was performed after the(circles 20 mm in diameter) were placed in the non-
usual one hour interval. tumorous liver tissue and in the soft tissue behind the
The purpose of this study was to evaluate the usefulnestumbar spine as the background. The mean count per
of FDG PET images in liver tumors obtained at 2 hours voxel of ROIs was used. The ratio of FDG uptake in the
after injection compared with images obtained at about 1tumor to that in soft-tissue (T/S ratio), the FDG uptake in

hour after intravenous injection. non-tumorous liver to that in soft-tissue ratio (N/S ratio)
and the FDG uptake in tumor to that in non-tumorous liver
MATERIALS AND METHODS ratio (T/N ratio) of HCCs and METAs were determined
and investigated.
Patients The Wilcoxon signed-ranks test was used to analyze

Fifteen pretherapeutical patients (10 men and 5 womengdata. A p value of less than 0.05 was considered significant.

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 RESULTS

February 2001 after written informed consent was ob-

tained. All patients underwent computed tomography The details of all patients, BS, clinical stage, C-P score,

(CT) imaging with a helical CT imaging system. Eleven tumor size, T/S ratio and T/N ratio of all hepatic lesions,

patients had 18 HCC lesions and all patients had liverN/S ratio of all cases and visual improvement in delayed

cirrhosis (LC), and the grades of LC were evaluated byimage are shown in Table 1. Seven patients showed had a

means of the Child-Pugh (C-P) score and the clinical BS level above the normal range, but their BS levels did

stage. Four patients had 15 META lesions from 3 colorectalnot exceed 130 mg/dAll HCC patients had LC, and most

carcinomas and 1 esophageal carcinoma and none of thes# which were in clinical stage as 1 and the C-P score was

4 patients had LC. Tumor sizes were measured by CTscore A.

imaging.

Prior to FDG PET studies, blood sugar (BS) levels of all Visual analysis

the patients were measured (normal range: 70-103)mg/d Visual analysis data are shown in Table 2. Of eighteen
HCC lesions, 9 in early images and 10 in delayed images

FDG PET were visually diagnosed. Visual improvement in delayed

FDG PET imaging images was observed in 5 of 9 lesions compared with early

FDG was produced with the NKK-Oxford superconduct- images. FDG accumulation was detected in delayed im-

ing cyclotron and NKK synthesis system. AHEADTOME ages in 1 lesion, in which FDG accumulation was not

IV SET-1400W-10 (Shimadzu Corp., Kyoto, Japan), detected in early images, but no visual improvement was

which has 4 detector rings providing 7 contiguous slicesobserved in the remaining 12 lesions. All 15 META

at 13 mm intervals, was employed for the PET studies.lesions could be diagnosed by means of early images, and

The effective spatial resolution was 14 mm in FWHM. visual improvement was observed in all of them in de-

Before emission scanning, transmission scans werdayed images.

performed for 10 minutes witlP&GeFf8Ga ring source for

attenuation correction. Images were obtained from 45 toQuantitative analysis

55 minutes (early image) and 115 to 125 minutes (delayed T/S ratio:

image) after intravenous injection of 185-370 MBq FDG. In early images of HCCs, T/S ratios ranged from 1.28 to

Patients fasted from at least four hours before the begin9.89 (mearx SD = 4.94 2.44), whereas those in delayed

ning of examination to the end of examination. images ranged from 1.12 to 12.93 (me:a®D = 6.24+
3.72). In delayed images, T/S ratios increased in 13 of 18
FDG PET analysis HCC lesions, and there were significant differences be-
Visual analysis: tween early and delayed images in T/S ratios (p = 0.0096)

The early and delayed FDG PET images were estimatedFig. 1).

by visual interpretation referring to CT imaging, and  In early images of META lesions, T/S ratios ranged
regions of FDG accumulation that were stronger than thefrom 4.69 to 7.49 (meat SD = 5.97+ 1.01), whereas
background uptake were considered to be abnormalthose in delayed images ranged from 5.07 to 10.43 (mean
Visual improvement by delayed image compared with + SD = 6.99+ 1.51). In delayed images, T/S ratios
early image was also analyzed, and this means that thencreased in 14 of 15 META lesions, and there were
delayed image showed more intense accumulation in thesignificant differences between early and delayed images
lesion than the early image. in T/S ratios (p = 0.0054) (Fig. 1).
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Table 2 Summarized visual analysis of all hepatic lesions s i

i T4 N =i T
_early d_elayed _ Visual HCC  META
image image improvement
=]
- - not improved 8 0 ¥
- + improved 1 0 :
+ + not improved 4 0 P
+ + improved 5 15
I - -]
HCC; hepatocellular carcinoma, META; metastatic liver 3 T a
tumor, +; visually detected;; not visually detected F - | a
a
1S mio I - ==
14 ool CIIH e IS
f—y - 5
o carfy ommage  delayed imkge  sarty mgs dhalmyedl imape
[HHCE T/K META
o
i o 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
s - 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.
R _L_
‘L _L M5 miin
o o M,
i¥
aarly imege delaved image ey hinage  delined linage I 4 &
Ti% HET IS META i
Fig. 1 The T/S ratios of HCC and META in early and delayed 1 4 N
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 i &
of META in the delayed image is significantly higher than that 2 g
in the early image. | l :
|
. L (=]
T/N ratio:
In early images of HCCs, T/N ratios ranged from 1.01 to .
4.00 (meaﬁ: SD =1.9G 083), whereas those in delayed gy image delmed image  sudy image delmved mage
images ranged from 1.166.11 (meart SD = 2.20+ NS HOE NS META

1.21). In delayed images, T/N ratios increased in 11 of 18

HCC lesions, but there were no significant differencesgjg 3 The N/s ratios of HCC and META in early and delayed

between early and delayed images in T/N ratios (Fig. 2).images. There was no significant difference between the N/S
In early images of META lesions, T/N ratios ranged ratio of HCC in the early and delayed images. The N/S ratios of

from 1.45 to 2.92 (meah SD = 2.21+ 0.42), whereas  META lesions were not statistically evaluated because the

those in delayed images ranged from 2.37 to 4.89 (meamumber of META cases was limited.

+ 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 imagesanged from 0.71 to 4.14 (mearSD = 2.57+ 1.07). In

(p = 0.0007) (Fig. 2). delayed images of HCCs, N/S ratios had increased in 4
cases, but had decreased in 7 cases. FDG accumulation
N/S ratio: between early and delayed images did not show a uniform

All 11 cases of HCC were complicated by LC, and N/S tendency. In addition, there were no significant differ-
ratios in the early images ranged from 0.83 to 3.76 (mearences between early and delayed images of HCC cases in
+ SD = 2.58t 0.99), whereas those in delayed images N/S ratios (Fig. 3).
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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).

All four cases of META were not complicated by LC or DISCUSSION
hepatitis. In early images of META cases, N/S ratios
ranged from 2.13 to 3.24, whereas those in delayed=DG PET has been recently reported as the method for
images ranged from 1.57 to 2.34. No significance testevaluating various malignant tumdr8.Since FDG is an
could be done for N/S ratios of META cases due to theanalog of glucose, it is incorporated into the cell by
small number of samples, but all the N/S ratios had glucose transporters as in glucose, and then converted to

decreased in delayed images (Fig. 3). FDG-6 phosphate (FDG-6P) after phosphorylation by
hexokinasé? FDG-6P is accumulated in the cell without
Case presentation receiving further conversio, so that the level of re-

The HCC case and the META case in which the useful-gional glucose metabolism will be reflected by radioac-
ness of delayed images was confirmed are shown irtivity in the tissue that includes the levels of FDG-6P
Figures 4 and 5. Figure 4 shows a 65-year-old male withaccumulated in the cell and FDG incorporated into the cell
recurrent HCC in S3 after right lobectomy. The FDG by glucose transporters. FDG PET in liver tumors has
accumulation in the HCC was not clearly seen in the earlybeen found to detect primary and metastatic le$idfis
image, but intense FDG accumulation was seen in thedifferentiate benign tumors from malignant tum¥rand
delayed image. The CT and FDG PET of a 78-year-oldto evaluate therapeutic results!” but no difference
male with multiple METAs in S4-S3 and S5 from colon between liver tumors and normal liver tissues in FDG
carcinoma are shown in Figure 5. In this case, althoughaccumulation has been reported in some liver tumors,
FDG accumulation could be observed in early images,especially in HCCs.
more intense FDG accumulation was shown in delayed In most previous studies, FDG PET images were
images. 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
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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
B than those on early images.

generally enhanced by increased hexokinase activity inearly images significantly differed from those in delayed
tumors and FDG may gradually accumulate in tumor images in HCC cases. In delayed images, increases in
tissuest! so that tumors may be clearly visualized by FDG T/N and T/S ratios of META lesions were larger than
PET in contrast with normal tissues, because FDG accuthose of HCCs.
mulation in normal tissues may gradually decréadé’® In regard to the reasons for these findings, Gallagher et

Recently, the delayed image was reported to be usefulll. reported that levels of glucose-6-phosphatase (G-6
for the detection of tumors and the differentiation betweenPase), a dephosphorylation enzyme of FDG-6P, were
malignant and benign mass lesidfd® By means of  exceptionally high in the liver and kidne$/sOkazumi et
visual and quantitative analysis, this study evaluatedal. evaluated klevels, which reflect hexokinase activity,
whether visual improvement in delayed images comparedand k levels, which reflect G-6 Pase activity, by using a
with early images can be achieved in liver tumors whencompartment model, and reported thalekels varied in
the time from FDG administration to image acquisition is HCC patients, althoughsKevels were almost zero in
prolonged. patients with META lesion§ They noted that theskevel

As mentioned in our results, FDG accumulation in was high and the4Ks ratio was low in cirrhotic liver that
early and delayed images was detected in about half of thehowed signs of an FDG accumulation higher than that in
HCC lesions by visual analysis. Visual improvement was normal liver. They also noted that thegl ratio in hepatic
observed in only 6 HCC lesions. FDG accumulation in all tumor lesion was similar to that in normal liver when FDG
META lesions was detected by visual analysis, and visualaccumulation in the hepatic tumor lesion was similar to
improvement was observed in all META cases. In addi- that in the normal liver. Moreover, they reported that the
tion, quantitative analysis showed significant differences ka/ks ratio in liver cancer was high when FDG accumula-
between early and delayed images of META lesions bothtion in the hepatic tumor lesion was lower than that in the
in T/N and T/S ratios. Nevertheless, only T/S ratios in normal liver®
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Based on these findings, HCC lesions may exhibit META lesions, as well as for evaluating the number of
various G-6 Pase activities. When the intracellular activ- META lesions or the level of tumor activity. Delayed
ity of G-6 Pase is high, FDG-6P accumulated in the cell isimages are expected to provide better diagnostic effects in
converted to FDG after dephosphorylation, thus returningFDG PET studies and to be used more frequently in
to the blood stream. FDG cannot be accumulated in thediagnosing liver masses.
cell, probably resulting in decreased FDG accumula-
tion.22 HCC lesions in this study were therefore thought to CONCLUSION
show various levels of FDG accumulation. Since META
lesions seldom show signs of high G-6 Pase activity, FDGIn this study the usefulness of the FDG PET image
is serially incorporated and accumulated into the tumor asobtained two hours after FDG injection was investigated
FDG-6P. and compared to that of images obtained after about one

In this study, all HCC cases were complicated by LC. hour. The FDG PET imaging obtained after 2 hours had
Almost no differences in C-P scores and clinical stageslimited usefulness for hepatocellular carcinomas but was
were seen among HCC cases, and there were neitherery useful for metastatic liver tumors. We therefore
significant differences nor a uniform trend in N/S ratios consider that FDG PET images should be obtained two
between early and delayed images of HCC cases. Théours after the injection to examine liver tumors.
presence or absence of significant differences in N/S
ratios between both images was not evaluated in META ACKNOWLEDGMENT
cases, because of the small number of cases, but N/S ratios
in delayed images were lower than those in early imagesrhe authors are greatly indebted to the staff of the Department
in all META cases. This may be related to the fact that of Radiology of Osaka City University. The authors also thank
none of the patients with META lesions were complicated PET chemistry staff and PET imaging technologists at Osaka
by LC or chronic hepatitis. City University for their contributions to this work.

T/N ratios of HCCs were lower than those of META
lesions in early and delayed images, probably because not
only HCC Ie§|on_s exhibit various G-6 Pase (’.iCtIVItles but 1. Strauss LG, Conti PS. The applications of PET in clinical
also N/S ratios in HCC cases were not uniform due to Cao ot .

.. . . oncology.J Nucl Medl991; 32: 623-648; discussion 649—
complication by LC. That is, since the level of FDG 650.
accumulation in the non-tumor liver varied in HCC cases, > choi Jy, Kim SE, Shin HJ, Kim BT, Kim JH. Brain tumor
there were no significant differences between early and  imaging with9"Tc-tetrofosmin: comparison witfTl,
delayed images in T/N ratios. Since N/S ratios in all 99mT¢-MIBI, and 18F-fluorodeoxyglucosel Neurooncol
META cases were decreased during the delayed phase, 2000; 46: 63-70.
the degree of increase in T/N ratios on delayed images was3. Sazon DA, Santiago SM, Soo Hoo GW, Khonsary A,
noticeably larger than that in T/S ratios in delayed images. ~ Brown C, Mandelkern M, et al. Fluorodeoxyglucose-

Many small tumors should be false negative cases Positron emission tomography in the detection and staging
because partial volume effects result in lower FDG accu-  ©f lung cancerAm J Respir Crit Care Metb96; 153: 417~

mulations?® Hyperglycemia is also reported to reduce the 421.
: : . 4. Keogan MT, Tyler D, Clark L, Branch MS, McDermott
FDG uptake in malignant pancreatic tumors, and detect- . . . . ,
VG, DeLong DM, et al. Diagnosis of pancreatic carcinoma:

ability of malignant tumors decreases as a réSitthis role of FDG PETAM J Roentgendl998; 171: 1565-1570.
sFudy, the T/S ratio or T/N ratio and visual improvements 5 g,gawara Y, Eisbruch A, Kosuda S, Recker BE, Kison PV,
did not show a uniform trend related to tumor size and BS  \yan| RL. Evaluation of FDG PET in patients with cervical
level. cancer.J Nucl Med1999; 40: 1125-1131.

The level of diagnostic performance including sensi- 6. Okazumi S, Isono K, Enomoto K, Kikuchi T, Ozaki M,
tivity, specificity and accuracy of ultrasonography, CT Yamamoto H, et al. Evaluation of liver tumors using fluorine-
and magnetic resonance imaging (MRI) for HCC is very 18-fluorodeoxyglucose PET: characterization of tumor and
high25 CT/MRI can detect small tumors, but these lesions ~ assessment of effect of treatment [see commehtsiicl
frequently cannot be diagnosed as malignant or benign by Med 1992; 33: 333-339.
these methods. FDG PET is functional metabolic imag- 7. Torizuka T, Tamaki N, Inokuma T, Magata Y, Sasayama S,
. . ; Yonekura Y, et alln vivoassessment of glucose metabo-
ing. In general, FDG PET is performed to assess malig-

A lism in hepatocellular carcinoma with FDG-PBETNucl
nant tumors, and the tumor activity is evaluated by the Med 1995; 36: 1811-1817.

degree of FDG accumulation. Our results show that the g Ogunbiyi OA, Flanagan FL, Dehdashti F, Siegel BA, Trask
acquisition of delayed FDG PET images can detect META  pp, Birnbaum EH, et al. Detection of recurrent and meta-
lesions easily, so that delayed FDG PET images are  static colorectal cancer: comparison of positron emission
clinically useful for assessing these lesions. Moreover,  tomography and computed tomography [see comments].
the acquisition of delayed FDG PET images may be very  Ann Surg Oncol997; 4: 613-620.

useful for evaluating chemotherapy therapeutic values for 9. Messa C, Choi Y, Hoh CK, Jacobs EL, Glaspy JA, Pege S,
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