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We determined the ability of PET with the thymidine analog
39-deoxy-39-18F-fluorothymidine (18F-FLT) to detect hepatocel-
lular carcinoma (HCC). Methods: In this pilot study, 18F-FLT
PET was performed in 18 untreated patients with clinically sus-
pected HCC. Routine diagnostic procedures included ultra-
sound, MRI, or contrast-enhanced spiral CT of the upper
gastrointestinal tract in all patients. At 45–60 min after the intra-
venous injection of approximately 270–340 MBq of 18F-FLT,
emission and transmission scanning was performed with a
high-resolution PET scanner. Tracer uptake in the tumor and sur-
rounding liver tissue was evaluated semiquantitatively by calcu-
lation of mean and maximum standardized uptake values (SUVs).
Results were correlated with those of the conventional imaging
methods. Results: A total of 13 of 18 tumors (sensitivity, 72%;
95% confidence interval [CI], 47%290%) showed focal
18F-FLT uptake higher than surrounding liver activity and were
detectable as hot lesions. Five tumors were characterized as
photopenic lesions or contained a mixture of hot and cold lesions
exhibiting a comparable or lower 18F-FLT uptake than the sur-
rounding liver tissue. When all lesions were considered, the
mean 18F-FLT SUV was 7.8 (range, 2.5–11.1), and the maximum
18F-FLT SUV was 9.3 (range, 2.9–14.3). Histology and clinical fol-
low-up revealed HCC in 16 patients and cholangiocarcinoma in 2
patients. In the subgroup of HCC, the sensitivity for tumor detec-
tion was 69% (11/16; 95% CI, 41%289%). Correlation analysis
demonstrated a significant positive relationship between the
proliferation marker MIB-1 and the mean SUV (r 5 0.66, P 5

0.02). Survival analysis (Cox proportional hazards regression)
for initial 18F-FLT uptake (mean and maximum SUVs) revealed in-
creased hazard ratios (mean SUV, 1.20; maximum SUV, 1.12),
but because of the small number of events, these results were
not statistically significant. Conclusion: In this pilot study, HCC
tumors showed a mixed uptake pattern for the in vivo prolifera-
tion marker 18F-FLT. A total of 69% of the HCC lesions showed
18F-FLT uptake higher than that of the surrounding liver tissue,
whereas the remaining lesions were photopenic or contained a
mixture of hot and cold lesions. High initial 18F-FLT uptake seems

to be associated with reduced overall survival and could be an
important prognostic factor if this tendency can be confirmed
in a larger prospective trial.
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Hepatocellular carcinoma (HCC) is the fourth leading
cause of cancer-related death, represents the most common
primary hepatic malignancy worldwide, and is showing an
increasing incidence in Western countries (1). Most HCCs
appear to be associated with risk factors, such as a hepatitis
B carrier state, chronic hepatitis C virus infection, hered-
itary hemochromatosis, and cirrhosis of almost any cause
(2). However, HCC can also occur in patients without
known risk factors (3).

The detection of HCC at a very early (Barcelona Clinic
Liver Cancer classification [BCLC] stage 0) or early (BCLC
stage A) stage is crucial because curative treatment options,
such as surgical resection, transplantation, or local ablation
therapy, are not applicable in advanced stages (4). So far, the
detection and staging of HCC are the domains of conven-
tional imaging modalities, such as ultrasound, CT, and MRI
(5). The main challenge of initial imaging is tumor detection
in underlying liver cirrhosis. The cirrhotic liver may contain
regenerative or dysplastic nodules as well as HCC.

For intermediate-stage HCC (BCLC stage B), arterial
embolization or chemoembolization represents an evidence-
based treatment based on positive randomized controlled
trials and meta-analysis (4). Pathologic analysis of explanted
livers demonstrated nearly complete (90%2100%) tumor
necrosis in 65%271% after arterial chemoembolization (6).
In contrast, objective response rates were only about 35%
(range, 16%261%) (7), suggesting some diagnostic incerti-
tude in assessing the response after arterial embolization by
means of conventional imaging modalities.
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PET with the glucose analog 18F-FDG proved to have
satisfactory sensitivity only for the detection of moderately
or poorly differentiated HCC; well-differentiated and low-
grade tumors were not detectable (8,9). Dual-tracer PET/
CT approaches with 11C-acetate and 18F-FDG proved to be
useful for the evaluation of HCC metastasis, although the
role of such approaches in the diagnosis of primary HCC
remains limited (10). An alternative tracer, the thymidine
analog 39-deoxy-39-18F-fluorothymidine (18F-FLT), is a
new radiopharmaceutical for clinical PET; it specifically
visualizes proliferating tissues (11,12). In the present study,
we aimed to determine the ability of 18F-FLT PET to detect
HCC and to evaluate initial 18F-FLT uptake as a rationale
for noninvasive treatment monitoring.

MATERIALS AND METHODS

Patient Population
Eighteen patients with primary liver cancer suggestive of HCC

were included in this prospective study. Diagnoses were histolog-
ically proven or based on the guidelines of the American Asso-
ciation for the Study of Liver Diseases (13). Staging procedures
included abdominal sonography, MRI, and CT of the chest and
abdomen as clinically appropriate. Histologic or cytologic confir-
mation or exclusion of the diagnosis was performed when possi-
ble. Endoscopic ultrasound–guided or CT-guided fine-needle
aspiration and biopsy were performed as clinically appropriate.
Informed consent was obtained from all patients. Clinical follow-up
was performed (mean follow-up, 12.5 mo; median follow-up, 11.5
mo), and no patient was lost to follow-up. So far, 5 patients have
died and 13 are still alive.

18F-FLT PET
18F-FLT was synthesized as previously described (14). Imaging

was performed on a whole-body high-resolution PET scanner
(ECAT HR1; Siemens/CTI, Inc.). This scanner simultaneously
acquires 47 contiguous slices with a slice thickness of 3.4 mm.
The in-plane image resolution of transaxial images was approx-
imately 8 mm at full width at half maximum, with an axial
resolution of approximately 5 mm at full width at half maximum.
Static emission images were acquired 45 min after the injection of
approximately 300 MBq of 18F-FLT (range, 270–340 MBq).
Emission data were corrected for random coincidences, dead
time, and attenuation and reconstructed by filtered backprojection
(Hanning filter with a cutoff frequency of 0.4 cycle per bin). The
matrix size was 128 · 128 pixels, and the pixel size was 4.0 · 4.0
mm. The image pixel counts were calibrated to activity concen-
trations (Bq/mL) and decay corrected with the time of the tracer
injection as a reference.

PET Data Analysis
All 18F-FLT PET scans were evaluated by 2 experienced

nuclear medicine physicians who were unaware of the clinical
data and the results of other imaging studies. Circular regions of
interest with a diameter of 1.5 cm were placed in the area with the
highest tumor activity as described earlier (15) as well as in
representative areas of normal liver tissue. Mean standardized
uptake values (SUVs) were calculated from each region of interest
with the following formula: SUV 5 [measured activity concen-
tration (Bq/g) · body weight (g)]/injected activity (Bq). For
definition of regions of interest and data analysis, we used

computer programs developed in the Interactive Data Language
(IDL; Research Systems, Inc.) with the Clinical Application
Programming Package (CAPP; Siemens/CTI, Inc.) (16).

MRI Techniques
MRI was performed in 13 patients with a 1.5-T system (Avanto;

Siemens). Sequences included T2-weighted fast spin echo and T1-
weighted gradient echo. Fat suppression techniques were used in 7
patients. In-phase and opposed-phase gradient-echo sequences
were used in 5 patients. T1-weighted imaging was repeated in
all patients after intravenous contrast enhancement during the
hepatic arterial (20- to 25-s delay) and portal venous (60- to 70-s
delay) phases. Delayed-phase imaging (5–10 min after contrast
material injection) was performed in 9 patients. All patients
received a gadolinium chelate at a dose of 0.1 mmol per kilogram
of body weight and then a 20-mL saline flush.

Helical CT Techniques
Five of the 18 patients underwent abdominal helical CT, which

included unenhanced and contrast-enhanced imaging through the
whole liver; imaging during the hepatic arterial and portal venous
phases was performed 25–35 and 60–70 s, respectively, after
initiation of the intravenous injection of contrast material. In
addition, 3 patients also underwent delayed-phase imaging
through the liver 5–10 min after initiation of the administration
of contrast material. All CT examinations were performed with
multi–detector-row scanners (Somatom; Siemens) at 180–250
mAs and 120 kVp. All patients received nonionic intravenous
contrast material (iodine at 350 mg/mL) administered at a rate of
3–5 mL/s and a volume of 120–150 mL with a mechanical power
injector (Medrad). The section thickness and reconstruction inter-
val were 5 mm, and the pitch was adjusted to allow scanning of
the complete liver within one breath hold.

Reference Methods for Assessment of Grading
and MIB Labeling Index

Histopathologic diagnosis was made from biopsy material for 9
patients and from resection specimens for 5 patients. Grading was
available for 13 tumors: 2 carcinomas were well differentiated
(G1), 9 carcinomas were moderately differentiated (G2), and 2
carcinomas were poorly differentiated (G3). In the remaining 4
patients, no specimen could be obtained; therefore, the diagnosis
was based on a combination of imaging methods, such as multi-
slice CT, MRI, and ultrasound, which were repeated if necessary.
Immunohistochemical staining for the Ki-67 antigen (monoclonal
antibody MIB-1; Dako; applied at a dilution of 1:100) was done
with an automated stainer (Ventana Benchmark). Antigen retrieval
was performed according to the manufacturer’s instructions. A
total of 2,000 tumor cells were evaluated for nuclear immunore-
activity in the most active areas of the tumors. In 2 cases, all tumor
cells were analyzed because the biopsy material contained fewer
than 2,000 tumor cells. The MIB-1 labeling index was expressed
as the percentage of cells with positive nuclear staining.

Statistical Analysis
Statistical analyses were performed with SPSS software (ver-

sion 16.0; SPSS, Inc.). Quantitative values were expressed as
mean 6 SD, median, and range. Comparisons of related metric
measurements were performed with the Wilcoxon signed rank
test, and the Mann–Whitney U test was used to compare quan-
titative data from 2 independent samples. The Fisher exact test
was used for the comparison of frequencies, and Spearman
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correlation coefficients were calculated to quantify bivariate
correlations of measurement data. Exact 2-sided 95% confidence
intervals (CIs) were reported for estimates of sensitivity and
specificity.

To investigate the overall performance of the tumor-to-liver (T/
L) ratio in the discrimination of tumors with positive and negative
PET results, we performed receiver operating characteristic (ROC)
analyses. The corresponding areas under the curve and statistically
optimal cutoff values for maximizing sensitivity and specificity
were reported. Survival analysis was performed as Cox propor-
tional hazards regression. All analyses were performed 2-sided at
a 5% level of significance.

RESULTS

Eighteen patients were enrolled in this prospective study
(17 men and 1 woman; age: mean 6 SD, 67 6 9 y; range,
48–78 y) (Table 1). HCC was histologically proven in 12
patients: in 4 patients after resection and in 8 patients by
liver biopsy (one case was suggestive of HCC). Among the
remaining 6 patients, one patient presented with primary
liver cancer strongly suggestive of HCC; histologic exam-
ination after resection of the tumor demonstrated cholan-
giocarcinoma (CCC). Another patient, who was referred
from an external medical center, had histologically diag-
nosed HCC; however, no other liver disease, risk factor for
HCC, or atypical imaging studies were found. A biopsy
performed at our institution yielded the diagnosis of CCC.
The other 4 patients had HCC diagnosed according to the
guidelines of the American Association for the Study of
Liver Diseases. They were treated accordingly, and no
doubts about the initial diagnosis were raised during
follow-up.

Imaging HCC Tumors with 18F-FLT PET

Visual Analysis. 18F-FLT PET produced high-contrast
images of proliferating structures (Fig. 1). In 13 of 18
patients enrolled, malignant tumors showed focal 18F-FLT
uptake higher than surrounding liver activity (sensitivity of
18F-FLT PET, 72%; 95% CI, 47%290%) (Fig. 1). In one of
these 13 patients (patient 4), multifocal lesions showed a
mixed pattern of increased uptake and decreased uptake
that was determined by visual analysis to be positive even
though the uptake was lower than that in the surrounding
liver tissue. In the subgroup of patients with HCC, 5 of 16
tumors did not show focally increased tracer uptake (Figs. 2
and 3) compared with the surrounding normal liver activity,
leading to a sensitivity of 69% (11/16; 95% CI, 41%289%)
(Table 1). In contrast, for the tumors in both patients with
CCC, tracer uptake was determined by visual analysis to be
positive.

Quantitative Analysis. The mean 18F-FLT uptake (SUV)
was 7.6 (median, 7.5; range, 2.5–11.1) in all studied HCC
tumors (n 5 16) and 6.3 (median, 5.7; range, 4.4–9.5) in
representative liver tissue. The average maximum 18F-FLT
uptake in all HCC tumors (n 5 16) was 9.0 (median, 8.9;
range, 2.9–14.3). Focal maximum 18F-FLT uptake was
significantly higher, at 10.2 (median, 9.1; range, 7.9–
14.3), in the subgroup of HCC tumors determined by visual
analysis to have positive PET results than in tumors with
negative PET results (mean of maximum uptake, 6.5;
median, 7.3; range, 2.9–9.0) (P 5 0.04). Focal mean 18F-
FLT uptake was also higher in HCC tumors with positive
PET results, at 8.4 (median, 7.7; range, 6.5–11.1), than in
lesions with negative PET results (mean, 5.8; median, 6.4;

TABLE 1. Patient Characteristics, MIB Labeling Index, SUVs for 18F-FLT in Liver Lesions and Liver Tissues, and Visual
Interpretation of PET Results

Tumor Liver

Patient Sex Age (y)

Tumor

type Histology Grade

MIB proliferation

index (%)

Mean

SUV

Maximum

SUV

Mean

SUV

Maximum

SUV

PET

results

1 M 75 HCC Yes 1 2–5 2.5 2.9 4.7 5.0 Negative

2 M 73 HCC Yes 3 10–25 11.1 14.3 4.4 4.9 Positive
3 M 53 HCC Yes 3 2–5 3.8 4.5 9.0 11.0 Negative

4 M 48 HCC Yes 2 20 7.0 8.2 7.7 8.3 Positive

5 M 64 HCC Yes 2 2–10 6.5 8.5 5.5 6.9 Positive

6 M 72 HCC Yes 2 2–5 9.6 11.1 7.8 9.3 Positive
7 M 74 HCC Yes 2 2–5 8.2 8.9 8.3 9.5 Negative

8 M 73 CCC Yes 2 30–50 11.1 14.3 5.0 5.8 Positive

9 M 58 HCC No NA NA 6.7 7.9 4.9 5.9 Positive

10 M 66 HCC Yes NA NA 8.2 9.1 5.0 5.4 Positive
11 M 60 HCC No NA NA 6.6 8.1 5.3 6.5 Positive

12 M 70 HCC Yes 2 10 10.7 12.3 4.6 5.7 Positive

13 M 77 HCC Yes 2 1 6.4 7.3 7.2 8.8 Negative
14 M 77 HCC Yes 2 20 7.7 9.2 5.9 6.6 Positive

15 M 67 CCC Yes 2 NA 16.8 18.8 13.5 15.6 Positive

16 M 66 HCC No NA NA 7.9 9.0 9.5 10.2 Negative

17 M 58 HCC Yes 1 30 11.1 14.3 4.8 5.9 Positive
18 F 78 HCC No NA NA 7.3 8.9 5.9 6.6 Positive

NA 5 not available.
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range, 2.5–8.2); however, the difference did not reach
statistical significance (P 5 0.09). Mean 18F-FLT uptake
and maximum 18F-FLT uptake in representative liver sec-
tions were higher in patients with negative results at visual
analysis (7.7 and 8.9, respectively; median, 8.3 and 9.5,
respectively) than in patients with positive results (5.6 and
6.5; median, 5.3 and 6.5) but did not reach statistical
significance (P 5 0.069 for both mean and maximum).

Both patients with CCC had 18F-FLT–positive results, with
mean 18F-FLT uptake values of 11.1 and 16.8; the corre-
sponding maximum 18F-FLT uptake values were 14.3 and
18.8.

T/L Ratios. The mean T/L ratio for mean 18F-FLT uptake in
HCC tumors was 1.3 (median, 1.2; range, 0.4–2.5). The T/L
ratio in the subgroup of tumors with positive results at visual
analysis ranged from 0.9 to 2.5 (mean, 1.6; median, 1.3) and
was significantly higher than that in tumors with negative
results (mean, 0.7; median, 0.8; range, 0.4–1.0) (P 5 0.001).
Some lesions showed a mixed uptake pattern (partially
increased uptake and partially decreased uptake) judged as
visually detectable despite uptake lower than that in the
surrounding liver tissue. The T/L ratio for maximum SUVs
was also higher in tumors with positive PETresults (mean, 1.6;
median, 1.3; range, 1.0–2.9) than in lesions with negative PET
results (mean, 0.7; median, 0.8; range, 0.4–0.9) (P , 0.001).
The T/L ratios for the 2 patients with CCC were 1.2 and 2.2
(mean SUVs) and 1.2 and 2.5 (maximum SUVs).

ROC Analysis. In the subgroup of HCC tumors, ROC
analysis of the use of the T/L ratios of the mean SUVs to
separate tumors with positive PET results from tumors with
negative PET results revealed a T/L ratio of 1.0 to be the
optimal cutoff (area under the curve, 0.985). All tumors
with negative PET results (5/5) had T/L ratios of less than
or equal to 1.0 (specificity, 100%; 95% CI, 48%2100%),
and 10 of 11 lesions with positive PET results had T/L
ratios of greater than 1.0 (sensitivity, 91%; 95% CI,
59%299%) (P , 0.001). ROC analysis of the use of the
T/L ratios of the maximum SUVs for tumor discrimination

FIGURE 1. (A and C) Axial 18F-FLT PET (A) and axial MRI
(C) scans of patient with multifocal HCC (patient 17). A
shows increased 18F-FLT uptake (black arrow) and C
displays corresponding MRI section (white arrow). (B and
D) Hematoxylin–eosin staining (magnification, ·20) (B) and
immunohistochemical staining for MIB-1 (magnification,
·20) (D). MIB labeling index was 30%.

FIGURE 2. (A and C) Axial 18F-FLT PET (A) and MRI (C)
scans of patient with unifocal HCC (patient 3). Images show
mixed uptake pattern in hepatic lesion (black arrow) (rated
visually as negative for 18F-FLT). (B and D) Hematoxylin–
eosin staining (magnification, ·20) (B) and immunohisto-
chemical staining for MIB-1 (magnification, ·20) (D). MIB
labeling index was 2%25%.

FIGURE 3. (A and B) Axial CT views of arterial-phase (A)
and venous-phase (B) scans of patient with unifocal HCC
(patient 1). (C and D) Axial (C) and coronal (D) views of
corresponding 18F-FLT PET scans. Images show decreased
18F-FLT uptake in tumor lesion compared with physiologic
liver uptake (arrows). MIB labeling index (not displayed) was
2%25%.
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again led to an optimal cutoff of 1.0, resulting in T/L ratios
of less than 1.0 for all lesions with negative PET results
(specificity, 100%; 95% CI, 48%2100%) and T/L ratios of
greater than or equal to 1.0 for all lesions with positive PET
results (sensitivity, 100%; 95% CI, 72%2100%).

Helical CT and MRI Findings for HCC Tumors

Helical CT and MRI demonstrated an obvious tumor in all
patients. The HCC was solitary in 9 patients. Two patients
had a dominant mass with smaller satellite lesions. Nine of
the HCC tumors were multifocal. The average diameter of
the largest mass was 8.4 cm (range, 2.5–20 cm). The dom-
inant HCC was in the right lobe in 15 patients and in the left
lobe in 3 patients. The HCC was bilobed in 2 patients. There
was no evidence of calcifications, central scar, fat, or ab-
dominal lymphadenopathy. Dilated intrahepatic bile ducts
were present in one patient.

Correlation of Tumor Grading and MIB Labeling
Index with Visual Analysis of 18F-FLT PET and
Quantitative Values

HCC tumors were graded as well differentiated, moder-
ately differentiated, and poorly differentiated in 2, 7, and 2
patients, respectively; both CCC tumors were graded as
moderately differentiated. One of the 2 well-differentiated
HCC tumors had positive 18F-FLT PET results. Of the
2 poorly differentiated HCC tumors, one had positive
18F-FLT PET results and one had negative results. The
MIB labeling index was available for 11 of the 16 HCC
tumors and for one of the 2 CCC tumors. For the assessable
tumor tissue, the MIB labeling index ranged between 1%
and 30% (Figs. 1 and 2). Correlation analysis demonstra-
ted a significant positive relationship between the MIB
labeling index and the mean SUV (r 5 0.66, P 5 0.02). All
7 tumors with an MIB labeling index of greater than or
equal to 5% had positive 18F-FLT PET results, whereas 4 of
the 5 tumors with an MIB labeling index of less than 5%
had negative 18F-FLT PET results (P 5 0.01). A separate
analysis for HCC and CCC was not performed because of
the small amount of available tumor tissue.

Clinical Follow-up

The mean follow-up after the 18F-FLT PET examination
was 12.5 mo (median follow-up, 11.5 mo). So far, 5 patients
have died and 13 are still alive. No patient was lost to follow-up.
Survival analysis (Cox proportional hazards regression) was
performed for initial 18F-FLT uptake (mean and maximum
SUVs) and for the MIB labeling index. The hazard ratios
were 1.20 for the mean SUVand 1.12 for the maximum SUV;
however, because of the small number of events, the
corresponding CIs (0.93–1.56 for mean SUV; 0.89–1.41 for
maximum SUV) did include 1 and so failed to demonstrate
statistical significance.

DISCUSSION

HCC is a relatively rare disease in Western countries but
is one of the leading causes of cancer death worldwide.

Although MRI and multiphase, contrast-enhanced CT are
considered to be mainstay diagnostic tests for imaging
HCC, the differential diagnosis of hepatic tumors, moni-
toring of the response to treatment, and the detection of
recurrent disease or progression remain challenging, and
further research is required. Noninvasive imaging of the
proliferation fraction was recently suggested to be a suit-
able approach for the functional characterization of tumors
and for early detection of the response to treatment. In
1998, Shields et al. reported that the thymidine analog 18F-
FLT is a suitable PET radiopharmaceutical for the specific
imaging of proliferation (17).

In the present in vivo study, a significant correlation of
18F-FLT uptake with the proliferation fraction of HCC (r 5

0.66, P 5 0.02), as assessed by Ki-67 immunohistochem-
istry, was demonstrated. Despite the recruitment so far of
only a small number of patients, our data indicate that 18F-
FLT PET can be used to noninvasively assess the prolifer-
ative activity of HCC. This finding is consistent with reports
indicating a significant correlation between 18F-FLT uptake
and tumor proliferation for other solid neoplasms, including
non–small cell lung cancer (18), colorectal cancer (19),
breast cancer (20), lymphoma (21), and sarcoma (22). To
date, it remains to be determined whether specific imaging of
the proliferation fraction is of any benefit for the management
of proven HCC or undefined lesions clinically suspected of
being HCC. However, one may speculate that focal 18F-FLT
uptake has the potential to identify HCC with higher prolif-
erative activity and, accordingly, higher biologic aggressive-
ness. Whether 18F-FLT PET also can indicate which patients
may benefit from radiotherapy or chemotherapy or can iden-
tify an early response to treatment remains to be determined.

Currently, MRI and multiphase CT are performed most
frequently for the detection, staging, and management of
hepatic tumors. The sensitivity of MRI for the detection
of HCC is slightly higher than that of CT, with values of
between 75% and 94% (23). The diagnosis of HCC is
considered to be very likely for tumors larger than 20 mm
and in the presence of markedly increased serum a-feto-
protein levels (.400 mg/L) (23). However, for lesions
smaller than 20 mm, the specificity of a-fetoprotein is
insufficient for the diagnosis of HCC, and a biopsy is
recommended. Tumors leading to biliary obstruction can be
additionally imaged with magnetic resonance cholangio-
pancreatography or endoscopic retrograde cholangiopan-
creatography. The respective sensitivity and specificity for
the differentiation of malignant from benign causes of
biliary obstruction have been reported to be 81% and
70% for magnetic resonance cholangiopancreatography
and 74% and 70% for endoscopic retrograde cholangio-
pancreatography (24). Delayed contrast-enhanced CT has
been reported to increase tumor detection with a sensitivity
of 74% and a specificity of 82%.

PET with the glucose analog 18F-FDG does not have a
high sensitivity for the detection of HCC because highly
differentiated tumors have the ability to accomplish gluco-
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neogenesis and therefore can convert FDG-6-phosphate to
FDG. Consequently, the trapping of the radiopharmaceuti-
cal is reduced, resulting in a lower sensitivity. The sensi-
tivity of 18F-FDG PET can be increased to 62.5% by
delaying the acquisition of PET data for 2–3 h (25).
Therefore, the current role of 18F-FDG PET in HCC applies
only to the detection of extrahepatic tumor deposits in
patients with 18F-FDG–avid primary lesions. In a pilot
study (26), a change in therapeutic management in 26% of
patients resulted from the detection of extrahepatic tumor
deposits. However, the role of 18F-FDG PET or 18F-FDG
PET/CT in the staging and management of HCC needs to
be evaluated in prospective studies with more patients.

Several primary tumors were also determined to have
negative 18F-FLT PET results by visual interpretation,
resulting in a reduced sensitivity (69%) for the detection
of HCC. This finding corresponds to a reduced sensitivity
of 18F-FLT PET for other solid neoplasms (lung cancer
(27,28), colorectal cancer (19), and pancreatic cancer (29)).
In these tumor subtypes, tracer uptake markedly lower than
that of the standard radiotracer 18F-FDG has been observed.
Therefore, no superiority of 18F-FLT over 18F-FDG regard-
ing the detection and staging of cancers has been described
in the latter studies. Our study indicates that the 69%
sensitivity of 18F-FLT PET for the detection of HCC is not
inferior to the sensitivity of 18F-FDG PET (40%270%)
(10,25,30).

The sensitivity of PET may be increased with other
innovative tracers enabling molecular tumor imaging. Re-
cently, Ho et al. reported that HCC with negative 18F-FDG
PET results may be visualized with PET and 11C-acetate,
which is a substrate for b-oxidation and a precursor for the
biosynthesis of amino acids and fatty acids (10). The
authors demonstrated 18F-FDG uptake predominantly in
poorly differentiated HCC tumors, whereas 11C-acetate
accumulated in well-differentiated cancers. 11C-acetate
was also specific for HCC and did not accumulate in
metastatic liver lesions or CCC. In another study (10), the
same group demonstrated high sensitivity, specificity, and
accuracy for detecting extrahepatic metastases from HCC
(98%, 86%, and 96%, respectively). There was also a
change in therapeutic management because of the detection
of metastases not revealed by standard imaging modalities.
11C-choline has also been suggested for imaging HCC, but
the use of 11C-choline is hampered by physiologically high
uptake of the radiotracer in the liver (31).

Hybrid scanners such as PET/CT scanners integrate
morphologic information and metabolic information and
allow increased sensitivity as well as specificity of nonin-
vasive imaging. Recently, it was reported that contrast-
enhanced PET/CT enabled the detection of a larger number
of hepatic lesions than nonenhanced PET/CT. However,
because of false-negative PET findings in up to 40% of
HCC tumors, 18F-FDG PET is most frequently included in
a clinical work-up as a problem-solving tool rather than as
a standard imaging test.

Survival analysis revealed a trend toward higher hazard
ratios for mean and maximum SUVs for 18F-FLT (hazard
ratios of 1.20 and 1.12 per one-unit increment, respec-
tively), but because of the small number of events, the
corresponding CIs (0.93–1.56 for mean SUV; 0.89–1.41 for
maximum SUV) did include 1 and so failed to demonstrate
statistical significance. Hypothetical calculations supposing
2 additional events in patients with high initial 18F-FLT
uptake and presuming an additional follow-up at 6 mo also
did not result in statistical significance. The main limiting
factor of this survival analysis was the small size of the
study population, which remains an unaddressable issue
because of the low incidence of HCC in Europe. Never-
theless, high initial 18F-FLT uptake seems to correlate with
reduced overall survival and could be an important prog-
nostic factor if this tendency can be confirmed in a larger
prospective trial.

Several limitations must be considered in applying our
results to the clinical situation. First, the number of
included patients with HCC (18) was small, and the high
correlation of tracer uptake with the proliferation fraction
may not carry over into a larger series. Second, lower rates
of detection of liver lesions smaller than 10 mm is a well-
known limitation of PET. The reduced sensitivity for small
liver lesions is caused predominantly by partial-volume
effects and respiratory motion artifacts. Because of the
increased background activity of 18F-FLT, presumably
resulting from the glucuronidation of 18F-FLT in the liver,
sensitivity for the detection of small lesions may also be
reduced with 18F-FLT PET. Third, the study population did
not cover all histologic subtypes of HCC, and the rate of
false-negative findings may increase if patients with highly
differentiated cancers are imaged with 18F-FLT PET.

CONCLUSION

The present in vivo study indicates that imaging the
proliferative activity of HCC with the in vivo proliferation
marker 18F-FLT is feasible. The sensitivity of 69% for
detecting HCC is lower than the corresponding values
published for CT and MRI. However, the approach of
molecular imaging of proliferation may, in combination
with anatomically based imaging modalities, increase spec-
ificity and aid in the differential diagnosis of benign and
malignant tumors. The observed association between high
initial 18F-FLT uptake and reduced overall survival needs to
be confirmed in a larger prospective trial, evaluating the
potential of risk stratification and treatment selection using
18F-FLT PET.
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