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Methods: Thirty-two tumors in 30 patients with hepatoceliular
carcinoma (HCC) were studied preoperatively using PET with
8F.labeled 2-fluoro-2-deoxy-D-glucose (FDG) to evaluate the
metabolic activity of the lesions after interventional therapy. All
patients had received transcatheter arterial chemoembolization
therapy using iodized oil (Lipiodol, Laboratoire Guerbet, Alnay-
sous-Bois, France) before the PET study. The tumors were 2 to
18 cm in diameter. FDG uptake at 48 to 60 min after tracer
injection was used to determine the standardized uptake value
(SUV). The SUVs of the tumor and nontumor regions of the liver
were calculated to obtain the tumor-to-nontumor ratio (SUV ra-
tio). The PET results were compared with the findings of CT and
histologic examination. Results: The tumors were divided into
three types, consisting of those with increased FDG uptake
(SUV ratio of 1.07-2.66, Type A, n = 19), similar FDG uptake to
the surrounding nontumor region (SUV ratio of 0.77-1.04, Type
B, n = 7) and decreased or absent FDG uptake (SUV ratio of
0.13-0.58, Type C, n = 6). In histologic examination, viable
HCC tissue remained in all Type A and B tumors, whereas more
than 90% necrosis was found in the Type C tumors, indicating
that interventional therapy had been effective. These PET find-
ings reflected tumor viability more accurately than the extent of
intratumor Lipiodol retention on CT images. Conclusion: FDG-
PET appears to be a valuable method for the assessment of
tumor viability after interventional therapy for HCC.
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Hepatocellular carcinoma (HCC) is a highly malignant
tumor, and patients with this neoplasm generally have a
poor prognosis. Interventional therapy, such as transcath-
eter arterial chemoembolization, is considered to be an
effective palliative treatment in patients with inoperable
HCC (I-3). Even in operative cases, embolization therapy
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has been performed to decrease the activity of the tumor
and to make hepatic resection both easier and safer. CT is
generally used to assess the response to the therapy, but it
is of limited value because CT images do not directly dis-
play tumor viability.

Fluorine-18-labeled 2-fluoro-2-deoxy-D-glucose (FDG)
has proven to be a suitable tumor-seeking agent in both
experimental (4,5) and human (6-13) studies. FDG accu-
mulates in tumor tissue because of the enhanced glucose
metabolism of cancer cells and so can provide a useful
indication of tumor viability. Recent studies (12, 13) have
demonstrated the value of FDG-PET for the assessment of
glucose metabolism in HCC.

To evaluate the metabolic activity of HCC after inter-
ventional therapy, preoperative FDG-PET was performed
in patients with HCC, and the results were compared with
CT and histologic findings.

MATERIALS AND METHODS

Subjects

Thirty preoperative patients with HCC (27 men and 3 women)
with 32 tumors were studied. The patients ranged in age from 36
to 78 yr (average 59 yr). They had received interventional therapy
3 to 45 days (mean 26) before the PET study. For 20 tumors,
transcatheter arterial infusion (TAI) was performed using 3 to 5 ml
of iodized oil (Lipiodol Ultra-Fluide, Laboratoire Guerbet, Aul-
nay-sous-Bois, France) mixed with anticancer drugs. For 11 tu-
mors, transcatheter arterial embolization (TAE) was performed
using 1 X 1-mm cubes of absorbable gelatin sponge (Gelfoam,
Upjohn, Kalamazoo, MI) and iodized oil mixed with anticancer
drugs. TAI combined with percutaneous ethanol injection therapy
was performed for one tumor. The size of the tumors were 2 to 18
cm in diameter. Surgery (hepatectomy or tumor enucleation) was
performed at 1 to 40 days (mean 11) after the PET study, and the
resected specimens were evaluated histopathologically. Each sub-
ject gave written informed consent, and the study was approved
by the Kyoto University Human Studies Committee.

Preparation of Fluorine-18-Labeled FDG "

FDG was prepared as déscribed previously (14,15). Briefly,
following the production of '*F, FDG was synthesized by the
acetyl hydrofluorite method.
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Study Protocol

The PET study was performed using a whole-body PET cam-
era (PCT 3600W, Hitachi Medical Co., Tokyo, Japan), which has
eight rings providing 15 tomographic slices at 7-mm intervals with
the intrinsic resolution of 4.6-mm full width half maximum
(FWHM). The spatial resolution was 12-mm FWHM, and the
axial resolution was 10-mm FWHM after reconstruction.

The patient fasted for at least 5 hr before FDG administration.
Before FDG injection, a transmission scan was performed for 20
min using a rotating %Ge/%®Ga standard plate source for measur-
ing the attenuation factor. The number of counts was about 2000
to 3500 cps, and a filter for reconstruction was S&L*GAUSS
(sigma = 1.5). Then, without a change in the patient’s position, a
static scan was acquired for 48 to 60 min after the intravenous
administration of 148 to 222 MBq of FDG. The serum glucose
levels were measured just before the tracer injection.

Data Analysis

The PET images were compared with the corresponding CT
images to permit accurate identification of the tumor using ana-
tomic landmarks (e.g., the upper pole of the kidney, the lower part
of the heart and the shape of the gallbladder bed). For quantitative
evaluation, a region of interest (ROI) was placed over the whole
tumor region, at the level of the maximum section of the tumor.
The smallest ROI size was 12 X 12 mm in a tumor 2 cm in diameter.
A background ROI was then placed over the nontumor region of the
liver (24 x 24 mm). The average activity within each ROI was
subsequently corrected for radioactive decay, and then the stan-
dardized uptake value (SUV) was calculated, which represents the
tissue activity (in millicuries per gram) divided by the injected dose
(in millicuries) per body weight (in grams) (8, 11). Finally, the tumor-
to-nontumor ratio of the SUV (SUV ratio) was determined.

CT examinations were performed 1 to 60 days (mean 19) after
therapy. The time interval between the CT and PET studies was 1 to
29 days (mean 9). On the basis of intratumor iodized oil (Lipiodol)
retention, the lesions were divided into the following three types (1):
(1) 2+ for complete-retention type, showing complete and homoge-
neous Lipiodol retention, (2) 1+ for partial-retention type, showing
partial and inhomogeneous Lipiodol retention and (3) 0+ for no-
retention type, showing no Lipiodol retention.

Histologic Examination

The proportion of the necrotic areas relative to the cut surfaces
of the resected specimens (necrosis rate) was determined macro-
scopically and microscopically. The necrosis rate was calculated
by averaging the percent necrosis relative to three to five selected
cut surfaces corresponding to the ROI on the PET images. For
tumors greater than 5 cm in diameter, the necrosis rate was
calculated macroscopically. For those less than 5 cm in diameter,
microscopic examination in a lower power field was performed
with routine hematoxylin-eosin staining.

Statistical Analysis

Analysis of variance was used to compare the differences in
SUVs among the tumor types, and probability values less than
0.05 were considered to indicate statistical significance.

RESULTS

FDG-PET

On the basis of visual inspection, the tumors were di-
vided into the following three types: Type A (n = 19)
showed an increase in FDG uptake, Type B (n = 7) showed
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TABLE 1
Comparison Between FDG-PET Findings and Intratumor

Lipiodol Retention on CT
Lipiodol Retention
Complete Partial None
2+ 1+ 0+
Type A (n = 19) 0 16 3
TypeB(n=7) 1 2 4
Type C (n = 6) 3 3 0

FDG uptake that was similar to the surrounding nontumor
liver and Type C (n = 6) showed decreased or absent FDG
uptake. The SUVs of the tumors were 3.83 + 1.26 (2.40-
7.16) in Type A, 2.26 + 0.45 (1.67-2.94) in Type B and 0.99
+ 0.50 (0.34-1.70) in Type C. These values were signifi-
cantly different (p < 0.001). In contrast, similar SUVs were
obtained in the nontumor liver regions of patients with
these three types of tumors (2.42 + 0.38, 2.45 + 0.35 and
2.44 = 0.46, respectively, p = not significant). The ranges
of the SUV ratios were 1.07 to 2.66 in Type A, 0.77 to 1.04
in Type B and 0.13 to 0.58 in Type C. Therefore, these
three types were completely separated by the SUV ratios,
although not by the SUVs of the tumors.

Five of six Type C tumors had received relatively pow-
erful treatments, such as TAE or TAI combined with per-
cutaneous ethanol injection therapy; only 5 of 19 Type A
and 2 of 7 Type B tumors had received TAE therapy. The
time intervals between the therapy and PET were 3 to 47
days (mean 24), 10 to 45 days (mean 29) and 10 to 45 days
(mean 27) for Types A, B and C, respectively. There was
less relationship between the intervals and the PET results.

The serum glucose levels before FDG injection were 99
+ 26 mg/dl. They were almost within the normal level,
except for one patient with a Type A tumor whose glucose
level was 201 mg/dl.

Liplodol CT

Lipiodol retention in the tumor is compared with the
PET findings in Table 1. Complete Lipiodol retention was
found in one Type B tumor (Fig. 1) and three Type C
tumors. Partial Lipiodol retention was seen in 16 Type A
tumors (Fig. 2), two Type B tumors and three Type C
tumors (Fig. 3). Lipiodol was not retained in three Type A
and four Type B tumors. Thus, there was little relationship
between FDG uptake and intratumor Lipiodol retention.

The tumor diameter was measured on the CT images.
All Type B and C tumors were 2 to 3 cm in diameter. Nine
Type A tumors were 2 to 4 cm in diameter; the other ten
tumors were greater than 5 cm in diameter.

Histologic Findings
Figure 4 shows the relationship between the SUV ratio

and the necrosis rate. When the SUV ratio was more than
0.6, the treatment was not effective because the necrosis
rate was less than 75% and viable HCC tissue remained.
On the other hand, when the SUV ratio was 0.6 or less, the
treatment was effective, and HCC tissue was almost re-
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placed with necrotic tissue (the necrosis rate was 90%-
100%). With the use of the SUV ratio, it was possible to
separate viable and nonviable tumors.

In 10 Type A tumors more than 5 cm, areas of decreased
or absent FDG uptake were also visualized, which were
confirmed to be almost necrotic histologically. The Type B
tumors had lower SUV ratios in spite of the presence of
viable tumor (0%-50% necrosis).

When intratumor Lipiodol retention was compared with
the necrosis rate (Fig. 5), all of the no-retention type tu-
mors showed 0% to 50% necrosis, in which viable HCC
tissue remained. However, a wide range of necrosis rate
was seen in the partial-retention type. In addition, three of
four tumors with complete Lipiodol retention showed 90%
to 100% necrosis, whereas another one showed 25% to
50% necrosis.

The time intervals between the therapy and surgery were
9 to 85 days (mean 37). There was no significant relation-
ship between the time intervals and necrosis rate.

FIGURE 1. (A) Plain CT
scan after TAE therapy. Intratu-
mor Lipiodol retention in the lat-
eral segment was complete and
homogeneous. Lipiodol was not
washed out from the liver paren-
1 chyma of the right lobe. (B) PET
image corresponding to the CT
image. The tumor (arrowhead)
showed similar FDG uptake to
the surrounding nontumor re-
gion (Type B). The SUV ratio
was 0.77. (C) Low magnification
of the tumor (hematoxylin-eosin
stain) showed both viable HCC
tissue (arrowheads) and ne-
crotic tissue (arrow). (D) High
magnification of viable HCC tis-
sue (x200).

DISCUSSION

The present study indicated that FDG-PET is useful for
monitoring tumor viability after interventional therapy in
patients with HCC. The SUVs of viable tumors were sig-
nificantly higher than those of nonviable tumors, and the
SUV ratio of 0.6 clearly separated the viable and nonviable
lesions (Fig. 4). In addition, compared with the CT data,
the PET results showed a better correlation with the his-
tologic findings.

Glucose Metabolism of Liver Tumor

Early observation by Warburg et al. (16) demonstrated
that aerobic glycolysis was increased in malignant tumors.
FDG as a glucose analog is transported into the tumor cells
and turned into FDG-6-phosphate by glycolytic enzymes.
However, it is not further metabolized and is trapped in the
tumor tissue. On the other hand, because the liver has a
high glucose-6-phosphatase concentration (17), FDG accu-
mulation is decreased in the nontumor liver tissue at the
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tumor FDG uptake (arrowhead) (Type A). The SUV ratio was 1.52. (C) Viable HCC tissue was seen histologically (hematoxylin-eosin stain,
x200).
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FIGURE 3. (A) Plain CT scan after TAE therapy. Partial Lipiodol retention was seen in the tumor. (B) The tumor appeared as a cold spot
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onhePETimage(anowhead) (Type C). The SUV ratio was 0.39. (C) Low magnification of the tumor (hematoxylin-eosin stain) showed

complete necrosis.

time when FDG accumulation fully increased in the tumor
after FDG injection. These differences may result in visible
increased FDG uptake in HCC (12, 13) and metastatic liver
tumors (6, 7) on PET images. However, some HCCs show
relatively low FDG uptake because of high rates of dephos-
phorylation (12).

Value of Monitoring HCC

Transcatheter arterial chemoembolization, using Lipiodol
mixed with anticancer drugs, has been widely performed for
the treatment of inoperable HCC (I-3). Even in operative
cases of HCC, embolization therapy has been performed to
reduce the viability of the tumor, thereby making hepatic
resection both easier and safer. Therefore, CT performed 1
to 3 wk after the embolization therapy is recommended as a
preoperative study to evaluate the therapeutic effect because
it allows assessment of Lipiodol retention in the tumor (18).

Analysis of tumor metabolism in vivo by PET has the
potential to evaluate the effects of interventional therapy
for HCC. In these data, decreased or absent FDG uptake in
the tumor indicated more than 90% necrosis histologically.
Nagata et al. (13) performed FDG studies on 17 liver tu-
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FIGURE 4. Correlation between SUV ratio and necrosis rate (%).
The SUV ratio of 0.6 clearly separated the tumors with <75% ne-
crosis and those with >90% necrosis.
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mors before and after treatment and showed that the
changes in tumor FDG uptake were useful for the evalua-
tion of tumor viability and sometimes preceded the
changes on CT images.

Jinno et al. (1) compared CT findings with histologic
results in HCC after embolization therapy using Lipiodol.
They reported that the Lipiodol concentration in the tumor
tended to coincide with the extent of necrosis. According to
their data, tumors with complete Lipiodol retention showed
almost complete necrosis, but those with partial Lipiodol
retention had a variable degree of necrosis histologically.

In this comparative study of tumor metabolism, CT find-
ings and histologic results (Figs. 4 and 5), three of four
tumors with complete Lipiodol retention showed cold ar-
eas on the PET images, and 9% to 100% necrosis was
observed histologically. However, another tumor had re-
sidual FDG uptake, and viable cancer cells were detected
histologically despite complete Lipiodol retention (Fig. 1).
On the other hand, the tumors with partial Lipiodol reten-
tion on CT showed variable degrees of FDG uptake and
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FIGURE 5. Correlation between intratumor Lipiodol retention and
necrosis rate (%). Wide range of necrosis rate was seen in tumors
with partial retention (+1). One of four tumors with complete reten-
tion (2+) showed only 25% to 50% necrosis.
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necrosis rates, which was in agreement with the results of
Jinno et al. (7). These results suggest that FDG-PET re-
flects tumor viability more accurately than Lipiodol reten-
tion on CT images.

As a quantitative index of the metabolic activity of HCC,
Okazumi et al. (12) measured the rate constant of FDG
using a metabolic model of Phelps et al. (19) and stated that
the results were useful for evaluating the degree of differ-
entiation of HCC, especially in the case of a high rate of
dephosphorylation. However, this technique requires fre-
quent arterial blood sampling and rather complicated math-
ematical models to obtain the unknown parameters
(20,21). Thus, this technique would not seem to be widely
applicable to clinical PET studies.

Recent studies have used SUV, which relates tissue
radioactivity to the injected dose and body weight (8,11).
This index has the advantage of technical simplicity, with-
out any need for arterial blood sampling or complicated
models, although it may not be totally independent of body
weight (22). In this study, the SUV ratio was also calcu-
lated because FDG uptake of HCC is qualitatively evalu-
ated in contrast to that of the surrounding liver tissue. The
results demonstrated that the SUV ratio was better than
SUV of a tumor because the ratio clearly separated viable
and nonviable lesions, and this separation seemed almost
possible by visual analysis because decreased or absent
FDG uptake in the tumor was closely related to nonviable
lesions. To develop these points, further experiments and
longer observation intervals will be necessary.

Potential Limitations

The limited resolution of the PET scanner and respira-
tory movement of the patients may provide inherent limi-
tations for the analysis of small tumors. Type B tumors
were 2 to 3 cm in diameter, and these small tumors did not
show any hot spots on the PET images despite the pres-
ence of viable HCC histologically. Small tumors less than
2 cm in diameter were excluded from this study.

CONCLUSIONS

It is clinically important to evaluate the effect of inter-
ventional therapy on HCC. In this comparative study of
FDG-PET and histologic findings increased or similar FDG
uptake by a tumor (SUV ratio more than 0.6) suggested
residual viable tumor tissue, whereas decreased or absent
FDG uptake (SUV ratio of 0.6 or less) indicated more than
90% necrosis, which showed that the therapy had been
effective. In addition, these PET findings appeared to re-
flect tumor viability more accurately than did intratumor
Lipiodol retention on CT, although PET has substantial
limitations for small tumors. It was concluded that FDG-
PET provides a valuable method for monitoring the viabil-
ity of HCC after interventional therapy.
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