
a consequence of cellular mutations rises sharply with
increased tumor volume (5). The tumoral growth fraction is
at maximum for tumor cell numbers of l0@_l08 tumor cells,
which equals 1 mg to 1 g of tumor tissue (6). These data
emphasize the necessity of detecting small, fast-growing
tumor manifestations. Early detection of small tumor mani
festations might provide the chance to improve conservative
treatment for this usually fatal disease. Also, careful hepatic
evaluation continues to be vital for the proper selection of
patients who are potential operative candidates.

Spiral CT, performed during the peak level of hepatic
parenchymal enhancement, is considered the mainstay of
noninvasive hepatic staging (7). However, smaller liver

nodules (<1 cm) are frequently missed (8â€”10).This was
found to be the most common reason for inaccurate preopera
tive assessment with spiral CT (8,10,11). MRI may be more
sensitive than standard CT techniques (12), but patient
numbers in published studies are small and some authors
doubt its advantages over CT (13, 14). Intraoperative ultra
sound is considered the most sensitive technique for meta
static detection. However, it lacks specificity and is appli
cable only to patients who already have been selected for
operative procedures (15). Other limitations are the detec
tion of superficially located lesions, the presence of focal
nonsteatosis and the differentiation of hyperechogenic metas
tases from hemangioma (16). CT during arterial portography
(CTAP) is considered equally sensitive as intraoperative
ultrasound; sensitivity values approach 90% (1 7,18). How
ever, it requires arterial angiography and its specificity is low
because of a high prevalence of false-positive findings
caused by focal hepatic parenchymal perfusion defects
(19,20).

Approximately 50% oflesions 15 mm in diameter in CT
are benign (21). Because lesions of this size may be difficult
to differentiate from malignant lesions with anatomically
based imaging techniques, a more specific method should
improve diagnostic accuracy.

Functional imaging not only may provide additional
information based on biochemical alterations in tissue
increasing the specificity of the diagnostic work-up but also
may detect lesions in the absence of anatomical changes.
The glucose analog [18F]fluorodeoxyglucose (FDG) is the
most common PET tracer used in oncology. Because of its
metabolic characteristics, FDG is trapped in tissues with
increased glucose metabolism (22), a common metabolic

Weevaluatedthepotentialoftheglucoseanalog[18F]fluorodeoxy
glucose (FDG) as a PET tracer for the hepatic staging in 168
patients designatedfor resective pancreaticsurgery.Methods:
Metastatic liver disease was confirmed or excluded dunng
surgeryor with CTfollow-upfor at least6 mo. Provenmetastases
were then retrospectivelyidentifiedon preoperativeCT (gold
standard). Hepatic PET scans of all patients were interpreted
blindly.Any focal FDG uptake was considered malignant. Both
proven hepatic metastasesand suspicioushepatic PET lesions
were then compared,lesionby lesion,with CT. Standardized
uptake values (SUV) and tumor-to-liver ratios (TIL) were deter
mined for the most intense lesion of each patient. Results:
Sensitivity of FDG PET was 68% (15 of 22 patients). The lesion
detection ratewas 97% (28 of 29 metastases)for lesions >1 cm
and 43% (16 of 37 metastases) for lesions 1 cm. Specificity
was 95% (138 of 146 patients).Six of eight patientswith
false-positive results had marked intrahepaticcholestasis (ver
sus 3 of 15 patientswith true-positivelesions),one had an
infrahepatic abscess and one had a right basal pulmonary
metastasis. The SUV and T/L were 4.6 Â±1.4 and 2.3 Â±1.1,
respectively, for malignant lesions and 4.1 Â±1.5 and 1.9 Â±0.3,
respectively,for false-positivelesionsand thereforeare of limited
value. Conclusion: FDG PET provides reliable hepatic staging
for lesions>1 cm.False-positiveresultsareassociatedwiththe
presenceof markedintrahepaticcholestasis.For lesions 1 cm,
FDGPETcandefinemalignancyin43%ofsuspiciousCT lesions
intheabsenceofdilatedbileducts.
KeyWords:FDG PET;pancreaticcancer;livermetastases
J NucI Med 1999;40:250â€”255

he prognosis for pancreatic carcinoma is poor. In 70%
of patients who undergo pancreatectomy, occult liver metas
tases that may already have existed at the time of surgery are
one of the most common sites of treatment failure (1â€”3).
Surgery is considered the only curative therapy. However,
once hepatic metastases are present, a curative resection is
not possible. Conservative attempts to improve survival
include radiochemotherapy. Novel experimental therapeutic
strategies include gene therapy, immunotherapy and antisen
ese oligonucleotides (4).

The incidence of chemo- or radio-resistant tumor cells as
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feature of many solid malignancies, including cancer of the
pancreas (23â€”25).

It has been shown that FDG accumulates in liver metasta
ses from colorectal carcinoma (26) and that FDG PET can be
used for liver staging (27). PET appears useful, selecting
patients with apparently curable colorectal cancer metasta
ses to the liver for hepatic resection (28). Other observers

have demonstrated the ability of PET to monitor changes
in metabolism of hepatic lesions during chemotherapy (29â€”31).

Only preliminary reports about the hepatic staging of
pancreatic carcinoma with PET were available (23â€”25).
Therefore, we evaluated the ability of FIX) PET to detect
hepatic metastases in patients scheduled for pancreatic
surgery. We correlated our findings with CT follow-up or
intraoperative findings. We sorted our results according to
lesion size and identified reasons for false-positive FDG
PET results.

MATERIALS AND METHODS

Patient Population
Between April 1992and August 1995, a total of 189consecutive

patients designated for resective pancreatic surgery received abdomi
nal PET. Twenty-one patients were excluded because hepatic status
could not be obtained because of incomplete follow-up data. Of the
remaining 168 patients (95 men, 73 women; median age 56 Â±13
y), 94 had pancreatic carcinoma and 74 had benign pancreatic
disease.

Computed Tomography. Contrast-enhanced CT scans were ob
tamed in various institutions to identify hepatic metastases. Be
cause oflimited availability, only 12% were the spiral technique. In
general, contiguous sections 8- to 10-mm thick were obtained,
before and during rapid intravenous injection of about 100 mL of a
60% iodinated contrast agent.

PET PET was performed by using a commercially available
scanner (ECAT 931â€”08â€”12;Cli Siemens, Knoxville, TN) that
allows simultaneous acquisition of 15 contiguous slices in one bed
position. Primary and secondary slices were 6.75-mm thick.
Patients fasted for at least 12 h before the study. Transmission
imaging for attenuation correction was performed before emission
scans with a 67Gefl'@Garing source in at least three bed positions,
starting at the liver dome. Acquisition time was 10 mm per bed
position.

FDG was synthesized according to standard procedures (32).
Furosemide (20 mg) was injected intravenously to reduce artifacts
due to high radioactivity in the renal collecting system. About I h
after intravenous injection of 270â€”370MBq (7â€”10mCi) FDG, the
patient was repositioned with laser-guided landmarks and the
recording emission scans were begun. Images were reconstructed
with an iterative reconstruction algorithm (33).

Image Interpretation
All CT scans were interpreted at each institution by experienced

radiologists. One of the authors retrospectively analyzed patient
images that showed intrahepatic lesions at the initial scan or during
the follow-up period and had other evidence of hepatic involve
ment (e.g., intraoperative findings). Any liver lesion was reported
by localization and size. Hepatic status at the time of PET scanning
was determined in awareness of clinical and CT follow-up.

All PET studies were retrospectively re-interpreted with respect

to the presence and location of hepatic lesions. This was done by
another author, blinded to other imaging tests or clinical data
except pancreatic lesion of unknown nature. Transversal, coronal
and sagittal slices were viewed with varying image normalization
on the workstation's screen with standard ECAT 6.0 software. Any
focal increased FDG uptake was considered malignant.

For quantitative interpretation, a region of interest (ROI)
analysis was performed in all patients who presented suspicious
hepatic PET lesions. A circular ROl, 1 cm in diameter, was placed
over the most intense lesion of each patient. A second ROI, 3.1 cm
in diameter, was placed over normal liver tissue. The ROl data
were processed in two ways: as a standarized uptake value (SUV;
activity concentration Â±injected dose/body weight) and as a
tumor-to-normal liver ratio (TIL).

Data Analysis
Metastatic involvement of the liver at the time of pancreatec

tomy was confirmed or excluded by CT follow-up over a period of
at least 6 mo and by combined intraoperative hepatic palpation with
biopsy of suspicious lesions, if possible. During CT follow-up,
malignancy was considered proven if lesions grew more numerous
or larger in diameter. All lesions identified during the follow-up
period were traced back to the time of pancreatectomy. Therefore,
even small lesions (3â€”10mm) could be positively identified as
malignant in the preoperative CT. Metastatic disease was ruled out
in patients who did not show any new or progressive lesions during
the follow-up period.

All proven hepatic metastases and all suspicious hepatic PET
lesions were compared with the corresponding preoperative CT,
lesion by lesion. Results were sorted according to lesion size. All
metastases that were not detected by PET were considered false
negatives and all PET lesions in patients without malignant liver
disease were considered false-positives.

RESULTS

Twenty-four patients were determined to have metastatic
liver disease. In 2 patients, the PET study was technically
inadequate (liver not completely imaged) and thus was
excluded from the study. The remaining 22 patients are
listed in Table 1.

Ten patients were found to have metastatic liver disease at
combined surgical and histopathologic examination. In 12
patients, confirmation of hepatic involvement was obtained
by CT follow-up. A total of66 malignant lesions were found.
The mean number of hepatic metastases per patient was
three (range 1â€”10).The mean diameter ofthe lesions was 1.3
cm (range 0.3â€”4cm).

Sensitivity of FDG PET was 68% (15 of 22 patients). The
lesion detection rate was 97% (28 of 29 metastases) for
lesions > 1 cm and 43% (16 of 37 metastases) for lesions 1
cm. Specificity was 95% (138 of 145 patients). Figure 1
illustrates a small intrahepatic metastasis that clearly shows
focally increased FDG accumulation. In 8 patients, PET
provided false-positive results (Table 2). Six of these
patients had marked intrahepatic cholestasis (Fig. 2), versus
3 of 15 patients with true-positive lesions; 1 had an
infrahepatic abscess and 1 had a right basal pulmonary

metastasis. PET failed to show metastatic hepatic lesions
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Patient Age Range of lesion Lesion detection rate
no. Sex (y) Size(cm) @1cm >1 cmSUVT/LPatientdetection1

F 66 0.8 0/1â€”â€”â€”FN2

M 51 0.5â€”1.0 0/3â€”â€”â€”FN3
M 64 0.9â€”1.2 4/42/25.52.6TP4
M 39 0.5â€”2.5 2/72/23.11.9TP5
M 69 0.5 1/1 â€”3.81.4TP6
F 75 0.5â€”1.3 0/20/1â€”â€”FN7
M 65 0.5 0/1â€”â€”â€”FN8
M 67 4.0 â€” 1/13.81.6TP9
F 55 2.0 â€” 1/13.31.7TP1

0 M 37 1.5 â€”1/17.65.7TP11
M 62 1.0 0/1â€”â€”â€”FN12
M 46 0.5â€”3 2/23/34.22.5TP13
F 56 0.5â€”1.3 2/21/16.02.8TP14
M 60 2.2 â€”1/14.23.0TP15
M 66 1â€”1.5 1/23/34.51.9TP16
F 48 0.3â€”4 0/37/74.42.4TP17
M 75 0.3 011â€”â€”â€”FN18
M 51 0.8â€”2.0 0/23/37.32.3TP1

9 M 53 0.5â€”1.0 3/3 2/23.51.6TP20
M 52 0.5 1/1 â€”3.51.4TP21
F 69 1.0 0/1â€”â€”â€”FN22
M 71 5.0 â€”1/14.02.3TP16/37

28/294.6 Â±I .42.3 Â±I.115/22â€”

= not applicable; FN = false-negative; TP =true-positive.Standardized

uptakevalue(SUV)andtumor-to-liverratio(TIL)werecalculatedforthe mostintenselesionofeachpatient.

TABLE I
Patientand LesionCharactensticsin22 PatientswithConfirmedLiverMetastasesof PancreaticCancer

with 7 patients (false-negatives). The calculated SUV and
TILratiowere4.6Â±1.4and2.3Â±1.1,respectively,for
malignant lesions and 4.1 Â±1.5 and 1.9 Â±0.3, respectively,
for benign lesions (Fig. 3).

DISCUSSION

FDG PET provides reliable hepatic staging for lesions >1
cm but for smaller lesions, sensitivity is limited. However, in
the absence of intrahepatic cholestasis, specificity reaches
values near 100%, even in small lesions. This finding may be
of considerable significance when few or single lesions
cannot reliably be graded malignant or benign with a
morphological method. Alternatively, equivocal CT findings

might be verified by MRI (which is highly accurate in
detecting cysts or hemangiomas) or laparoscopic techniques
(i.e., direct visualization and histologic examination). These
alternatives warrant further studies.

According to studies concerning liver staging in patients

with colorectal carcinoma, the sensitivity of FDG PET is
90%â€”97%, with a specificity ranging from 88% to 100%
(24,25,34,35). The observed supposedly lower sensitivity
for PET found in our study does reflect the lower sensitivity
for small lesions 1 cm (Table 1). In agreement with our
findings, Vitola et al. (27) reported that of four malignant
lesions measuring < 1 cm, two were seen and two were
missed with PET. The mean diameter of the lesions was 3 Â±

2 cm, which is much larger than our lesions (Table 1). Other
authors did not report lesion size. Therefore, our results are
not necessarily different from previous findings if lesion
sizes are considered.

In our study, one metastasis > 1 cm was not detected. This
patient presented multilocular peritoneal metastases diag
nosed with PET. The liver lesion was located near the liver
surface and was erroneously considered peritoneal.

The limited sensitivityof FDG PET for small lesionsmay
have several causes: the activity in small lesions is underes
timated because of the partial volume effect, but this
underestimation could be reduced by improving the spatial
resolution of PET; movement artifacts may be reduced by
breath gating ofthe measurement and by avoiding reintroduc
tion of the patient to the scanner; the high physiological
FDG uptake of the liver (background) obscures lesions (36);
some lesions may have a low glucose avidity; timing for data
acquisition after FDG administration may not be optimal;
patient fasting may be too short and lead to an unnecessary
high liver FDG uptake; and the duration of imaging may be
tooshort.

A general limitation of this study is the â€œgoldstandardâ€•
used. The most accepted standard is still provided by
invasive procedures such as intraoperative ultrasound com
bined with direct surgical examination and biopsy of the
liver. In our study, verification was obtained in 10 cases from
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PatientAgeNumberno.
Sex (y) Diagnosis of lesions SUV IlL

23 F 51 1 5.7 2.4

/

FIGURE1. CT(top)andPET(bottom)imagesofpatientwith FIGURE2. CT(top)andPET(bottom)imagesoffalse-positive
pancreatic carcinoma. Small intrahepatic metastasis is evident patient with marked intrahepaticcholestasis. Focally increased
(arrow). FDG uptake,suggestiveof metastasis, is evident. On CT scan,

region-of-interestcircle is drawn intoone of dilatedbile ducts.

TABLE 2
Characteristics of 8 Patients with

False-Positive PET Findings

8

.

.
7

6 â€¢ â€¢!
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5

I

I 8
a â€¢â€¢

4 .
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.

.3 ..

..

2
Tru F.Is.

Pos@vâ€¢Pos@vâ€¢

Rightbasal
pulmonary
metastasis

24 M 49 Cholestasis
25 M 63 Cholestasis
26 M 53 Cholestasis
27 M 53 Subhepatic

abscess
M 69 Cholestasis
M 55 Cholestasis
F 81 Cholestasis

2 2.6 1.7
8 2.6 1.5
1 5.2 2.3
1 3.0 1.8

28
29
30

Average

1 3.0
2 6.0
1 5.0

4.1 Â±1.5

2.1
2.0
1.6

1.9 Â±0.3

Standardizeduptakevalue (SUV)and tumor-to-liverratio (TIL)
werecalculatedforthemostintenselesionofeachpatient.Cholesta
siswasdiagnosedbyCT bydilatingintrahepaticbileductsto >3 mm
atthelevelofsecond-degreeportalbranches.

FIGURE3. SUVs.Calculated
mean Â±SD is given for most
intenselesionin each patient.
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histologic examination of the lesions. The other 12 were
verified by a CT follow-up. Only a few CT scans (12%) were
performed with the spiral technique. Additionally, the scans
were of varying quality because they were performed at
different institutions. Advanced CT techniques (e.g., dual
phase helical CT) and/or MRI techniques (dynamic MRI
with gadolinium or newer contrast agents for liver) might
have revealed more lesions. Therefore, the lesion detection
rate for small lesions and patient sensitivity may have been
overestimated in our study.

False-positive results were found in eight patients. In one
patient, a right basal pulmonary metastasis could not be
differentiated from a hepatic lesion and another patient had a
subhepatic abscess. The other six patients had marked
intrahepatic cholestasis (Fig. 3). Intrahepatic cholestasis
may lead to inflammatory reactions or abscesses in the bile
duct system. It is well known that FDG accumulates in
infectious processes, activated immunocompetent cells and
granulation tissue (37,38). Therefore, positive PET scans of
patients with suspected concomitant infectious processes or
with marked intrahepatic cholestasis should be interpreted
with caution.

Quantitative evaluation was performed for all suspicious
hepatic PET lesions. No significant difference in the SUVs
or T/L between benign (false-positive) and malignant le
sions could be found. This result might be attributed to the

fact that only lesions that have been considered malignant by
visual image interpretation have been quantified. We did not
measure any other benign lesionsâ€”such as cysts or heman
giomaâ€”because they obviously had no focally increased
FDG uptake.

PET provides a method that is based not on morphological
but primarily on functional tissue characteristics. Therefore,
in the context of this study, PET is complementary to CT by
adding specific information concerning the nature of the
lesions. The combination of CT and PET could have resulted
in accurate classification of liver metastases in 43% of CT
lesions that were@ 1 cm 3â€”6mo before definite diagnosis of
metastatic disease to the liver.

CONCLUSION
The results of this study indicate that for lesions > 1 cm,

PET detects nearly all metastases in the absence of intrahe
patic cholestasis. For lesions 1 cm, PET allows the
confirmation of malignancy in about one-half of the lesions
that are frequently of indeterminate nature according to
morphological based imaging tests. The combination of both
imaging modalities may be superior to the single techniques.
For small lesions, a negative PET scan is of no value.
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