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INTRODUCTION

FDG PET is an important imaging modality in the
management of adult patients with oncologic disorders,
and has been approved by the Center forMedicare Service
for multiple indications [1]. The role of FDG PET in the
evaluation of pediatric malignancies is evolving [2,3].
PET holds great promise in assisting the management of
childhood tumors, but since these are relatively rare, the
precise roles of PET in individual malignancies have not
yet beenwell defined. There is limited literature on the role
of FDG PET in primary hepatic malignancies in adults.
In children, who have a different spectrum of primary
liver tumors as compared to adults, the data are even
sparser. In contrast to adults, childrenwith primary hepatic
malignancies typically have normal hepatic function and
normal hepatic structure in areas not involved with tumor
[4–6]. In view of the many differences between adult and
pediatric hepatic malignancies, we sought to explore the
uptake of FDG in pediatric patients with primary liver
tumors and to evaluate the potential clinical utility of FDG
PET imaging in children with liver tumors.

MATERIALS AND METHODS

Seven patients, aged 11 months to 5 years 4 months,
underwent FDG PET scanning. There were four boys,
three girls. Diagnoses were hepatoblastoma (n¼ 5) and
embryonal rhabdomyosarcoma (n¼ 2). In addition,

patients also underwent CT scans, MRI and bone scans
as clinically indicated. FDGPET scanwas obtainedwithin
2 weeks of concurrent CT, MRI, or bone scan. The FDG
PET scan procedure was explained, and written informed
consent was obtained from a parent of the pediatric
patient. Parents were instructed to maintain the child NPO
for 4 hr for scans occurring in the afternoon, or NPO after
midnight for scans occurring in the morning. Patients 1–6
received 370 MBq (10 mCi) FDG/1.7 m2 of body surface
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area, and patient 7 received 300MBq (8mCi) FDG/1.7m2.
Patients 1–5 were studied using an ECAT Exact PET
scanner (SiemensMedical Systems, Hoffman Estates, Ill).
This device contains 24 detector rings and generates 47
transverse planes. Transmission images were obtained
using rotating Ge-68 rods. Patients were placed within the
PET scanner with the liver centered in the field of view.
Positioning was accomplished on the basis of physical
findings and in conjunction with findings on CT or MR
imaging. In patients 3 and 4, a 10-min transmission scan
for attenuation correction was obtained prior to injection,
and dynamic images were obtained beginning 5 min after
injection for 10min each for 60min. In patients 1, 2, and 5,
transmission imaging was begun approximately 45 min
after injection, followed by emission imaging. Patient 6
was studied using a Siemens CTI 931 scanner. This device
contains 8 rings and generates 15 cross sectional planes.
Static images of the head were obtained beginning 45 min
after FDG administration. Patient 7 was studied using a
Siemens Biograph PET-CT scanner beginning 45 min
after injection.

Imaging data were reconstructed into transverse cross-
sectional images by means of filtered back projection and
a Hann filter with a cutoff frequency of 0.35 cycles per
projection ray, or segmentation with iterative reconstruc-
tion. From the transverse images, attenuation-corrected
imageswere constructed in the coronal and sagittal planes.
In addition, in most studies, limited ‘‘whole-body’’ views
of the chest and abdomen were obtained to screen for
metastatic disease. These views consisted of sequential
acquisitions covering 30–45 cm in the z-axis.

Patients 2–7 were sedated prior to imaging in ac-
cordancewith University ofMichigan guidelines. Patients
3 and 4 were sedated prior to injection in order to perform
dynamic imaging, and patients 2, 5–7 were sedated after
injection of FDG immediately prior to commencement of
imaging. Bladder catheters were placed in patients 2–5,
7 to facilitate clearance of FDG from the urinary tract.

RESULTS

Abnormal uptake of FDG was detected in 6 of
7 patients, in 10 of 11 scans. Table I summarizes the
FDG PET results, its correlation with other scans and
clinical course of the patient. FDG PET scans in patients
1–3 were highly concordant with CT/MRI findings. In
patient 1 FDG PET demonstrated utility in following AFP
negative patients (Fig. 1). In patient 2 FDG PET was
consistent with persistent disease (Fig. 2) as were CT/
MRI, and AFP (>50,000 ng/ml). In patient 3, both FDG
PET and CT/MRI showed excellent response to che-
motherapy, which was later confirmed by the surgery. In
patient 4 FDG PET was falsely positive secondary to
inflammatory nodules, which were confirmed by surgery
showing granulomatous disease. The CT and MRI were
also false positive, both showing nodules corresponding to
FDG uptake. Corresponding AFP levels were elevated at
447 ng/ml (normal <5 ng/ml). Following surgery, AFP
was again elevated (358 ng/ml), and CT/MRI showed
abnormal tissue at the margins of previous resection. FDG
PET demonstrated uptake in this region. These imaging
findings and elevated AFP subsequently resolved without
therapy and were thus due to regenerating liver nodules.
The patient has remained in complete remission for 2 years
without further therapy and last PET, CT, and AFP were
normal (<5 ng/ml).

In patient 5, CT and MRI were essentially unchanged
after 9 months of chemotherapy. FDG PET showed only
two foci of uptake within the mass. The AFP, quite
elevated at diagnosis (66,000 ng/ml), had fallen to normal
values by the time of the FDGPET scan. Surgical resection
showed a necrotic tumor with few viable tumor cells.
FDG PET scan more accurately displayed the response to
chemotherapy as compared to CT/MRI in this case.

In patient 6, FDG PET was obtained on clinical
suspicion of relapse and because the CT and MRI had
contradictory findings. PET, like CT was suggestive of

Fig. 1. Transverse image from FDG PET scan (left) shows scattered areas of irregular uptake within the mass in patient 1. Comparison MRI on

right shows heterogeneous signal within the mass. Renal activity is shown inferior to the mass.

FDG PET Studies of Pediatric Liver Tumors 3



metastatic focus in the brain, while MRI suggested
hemorrhage (Fig. 3). The AFP was elevated (1,920 ng/ml)
and biopsy ultimately concluded that findings were due to
metastatic disease (Fig. 3).

Patient 7 had a falsely negative PET scan (Fig. 4)
because of noncompliance with NPO guidelines. Images
showed extensive muscle uptake, with minimal visceral
uptake, particularly in the heart and liver; consequently no
tumor was visualized. Review of the CT images obtained
in conjunction with the PET scan showed that the stomach
was distended with more than 100 cc of liquid. The
patient’s father acknowledged giving the child apple

juice after the injection of FDG. Thus, the most likely
explanation for the scan findings is deposition of FDG
into muscle from insulin released in response to the
carbohydrate load from the apple juice the child drank.
A repeat scan was recommended but not performed.

DISCUSSION

The role of FDG PET scanning in the management of
patients with primary hepatic tumors is unclear. Wudel
et al. [7] describe a retrospective review of 91 consecutive
patients diagnosed with hepatocellular carcinoma. They
noted that differentiated hepatocytes normally have a
relatively high glucose-6 phosphatase activity, allowing
dephosphorylation of intracellular FDG and its egress

Fig. 2. Transverse image from FDGPET scan (left) shows large area of decreased uptake corresponding with the low density portion of the tumor

on CT (right) in patient 2. Along the periphery of the mass are areas of elevated FDG activity representing viable neoplasm.

Fig. 3. Transverse image from FDG PET scan of brain shows large

area of decreased uptake likely due to localized edema in patient 3.

Within this area is a small region of higher uptake (arrow), but less than

that of uninvolved brain, consistent with neoplasm.

Fig. 4. Anterior projection image from FDG PET scan shows

extensive muscle uptake, poor visualization of the liver, and no tumor

localization in patient 7, who was noncompliant with NPO guidelines.
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from the liver. The accumulation of FDG in hepatocellular
carcinoma is variable as a result of varying degrees of
activity of this enzyme. FDGPETwas found to be superior
to anatomic imaging in surveillance of patients with
metastatic liver disease, post radiofrequency ablation [8].

In our series of 11 scans, 1 was technically suboptimal
(due to non-fasting state) and 2 were false positives, with
FDG accumulation due to necrotizing granulomas and
regenerating liver in the same patient. Seven scans were
performed from 9 to 29 days post chemotherapy. Despite
the short time intervals between most recent chemo-
therapy and scanning, FDG avid foci were detected in
all these cases. Althoughwe prefer towait at least 3 weeks
following chemotherapy before evaluating tumor response
using FDG PET, this was usually not possible due to
limited access to the PET device, limited anesthesiology
resources, and the challenge of coordinating PET camera
availability and anesthesiology availability within a nar-
row time frame on short notice.

In our series, most of the FDG PET scans showed
concordance with CT/MRI results, AFP levels, and
postoperative findings. In 3/4 patients (patient # 3, 5, 6)
FDGPETaccurately indicated tumor response, while in 1/
4 patient (patient # 4)FDGPETwas falsely positive. In two
patients [1,5], FDG PET detected viable disease when
AFP levels were normal. In two patients (patient # 5, 6)
FDG PET predicted the biological nature of the lesions
better than CT/MRI, suggesting a role of FDG PET in
imaging of these tumors. These clinical scenarios illustrate
a very useful role of FDG PET in the management of
children with hepatic malignancies.

In summary, our report suggests that hepatic tumors
of childhood demonstrate increased glycolytic activity,

which allows them to be imaged using PETand the tracer
18F-FDG. FDG PET imaging offers a noninvasive,
physiological method to possibly assess extent of disease,
response to therapy, and the presence ofmetastatic disease.
However, inflammation and hepatic regeneration may
result in false positive findings.
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