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ABSTRACT

The evaluation of tumors in the abdomen and pelvis using PET
has its limitations. Physiologic bowel and urine uptake of FDG,
as well as benign inflammatory uptake, provides difficulties in
image interpretation. Dual-time point PET imaging (DTPI) has
been used to differentiate malignant from benign FDG uptake.
The purpose of this study is to quantify how useful DTPI is in
interpreting suspicious abdominal or pelvic lesions. Methods: A
retrospective study of all patients with histologically proven intra
abdominal/pelvic malignancies who underwent DTPI in 2010
were included. Early images were acquired at 60.9 ± 5.6 minutes
while delayed images were acquired at 141.7 ± 36.2 minutes
after FDG injection. Visual and semi-quantitative analyses (using
SUVs) were done on both early and delayed images. Results:
DTPI was useful in reaching a more accurate interpretation in
88.6% of suspicious lesions. This was achieved by noting either
a change in pattern/configuration of uptake (thus making the
lesion likely benign/physiologic) or noting persistence and
increase in SUV (1.0 ± 1.3) in the delayed image (making the
suspect lesion more likely malignant). Conclusion: Dua/-time-point
PET imaging is useful in the interpretation of suspect lesions in
a majority of cases. Its routine use in the evaluation of patients
with intra-abdominal/pelvic malignancies should be considered.
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INTRODUCTION

The use of fluorine-' 8-fluorodeoxyglucose positron

emission tomography/computed tomography C 8F-FDG

PET/CT) in oncological medicine is well-recognized (',

2). In particular, it's role in aiding diagnosis, determining

the extent of disease, as well as in monitoring treatment

response and recurrence of intra-abdominal/pelvic
malignancies is also well-documented (3, 4, 5). The

uptake of 18F_FDG, however, is not tumor specific.

Several physiologic and benign inflammatory processes

accumulate 18F-FDG (6). In the abdomen, physiologic

FDG uptake due to bowel activity is a concern in PET

image interpretation (7). PET/CT leads to more assured
anatomic localization of areas of increased metabolic

activity. However, difficulties still arise from differentiating

inflammatory from malignant lesions and in problems

arising from misregistration of images (8).

A technique to reduce this diagnostic dilemma is to use

dual-time-point PET imaging (DTPI). This entails imaging
at the standard , hour post-FDG injection and delayed
re-imaging of the site of interest between two to three

hours later. The delayed image acquisition improves

target-to-background contrast and thereby improves

sensitivity (9). The change in configuration of physiologic

FDG bowel activity, as evidenced in delayed imaging,

also reliably excludes malignancy (10). This study aims to

determine the helpfulness of DTPI in patients with intra

abdominal/pelvic malignancies. More specifically, it aims

to determine in what percent of patients with abdomino

pelvic tumors is DTPIhelpful in interpreting suspect lesions.

METHODS

In this retrospective study, patients with histologically

proven intra-abdominal/pelvic malignancies who

underwent dual-time-point PET imaging at the SLMC

QC PETcenter in 201 0 were included. All patients were

deemed normoglycemic prior to administration of 8.0 ±
2.' mCi of FDG. Fasting blood sugar level for all patients

was'06.5 ± 22.2 mg/dL. Whole body PET/CT scans
were then acquired using a Philips Gemini TF 64 PET-CT
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scanner at 60.9 ± 5.6 minutes (early) and at 141.7 ± 36.2

minutes (delayed). Visual and semi-quantitative analyses

were performed using the maximum standardized uptake

values (SUVs) of both early and delayed images. The

change in SUV in lesions present in both early and

delayed images was also documented.

Dual time point imaging was deemed useful if the reader

becomes more confident in identifying a suspicious lesion

as malignant/metastatic (e.g. persistence and increase

in uptake in a lymph node on delayed imaging; Figure

1) or benign (e.g. change in pattern and disappearance

of suspicious uptake on delayed image; Figure 2) after

seeing the delayed image. If the interpretation remained

equivocal then it was not useful (e.g. focal uptake along
the GI tract; Figure 3).

RESULTS

Thirty-five patients (16 males, 19 females; median

age: 58 years) were included in the study.

Delayed imaging of the abdomen/pelvis was useful in 31

out of 35 (88.6%) cases and not helpful in the remaining

4 (11.4%) cases with abdominal/pelvic malignancies. The

distribution of each malignancy type included is shown in
Table 1.

Table 1. Distribution of Abdominal/pelvic Malignancies.

Malianancv tvpe Number of patients (n-35)
Colon/Rectal carcinomas

9
Pancreatic carcinoma

5
Bladder carcinoma

5
Gastric carcinoma

3
Cervical carcinoma

2
Ovarian carcinoma

2
Prostate carcinoma

2
Germ

celltumor1

(Sacrococcygeal area) Gastrointestinal stromal tumor

1

I (GIST) Renal cell Carcinoma
1

Urothelial Carcinoma
1

Fallopian Carcinoma
1

Endometrial Carcinoma
1

Biliarv Duct tumor
1

Among those in which DTPI was deemed useful, a change

in pattern/configuration or disappearance of a suspect

lesion from the delayed image was seen in 16 (45.7%)

cases. This allowed dismissal of the suspect lesion as likely

physiologic GI uptake. In 15 cases (42.9%), the suspect

lesion persisted in the delayed image with increase in

SUV (1.0 ± 1.3). In 6 of these cases, the suspect lesion is

located in already identified organs (i.e. liver, pancreas)

and soft tissue masses (as identified on CT) with average
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SUV increase of 1.9 ± 1.9. In 9 cases, the suspect lesion

is located either along the gastrointestinal tract or in

suspected lymph nodes with average SUV increase of 0.7

± 0.6. These were all characterized as either suggestive
or indicative of metastasis and or recurrence.

In the cases where DTPI was not useful, despite

persistence on delayed imaging and most with

corresponding increases in SUV (0.9 ± 0.6), the suspect

lesion was still equivocal for malignancy. Three of these

cases involved focal uptake along the GI tract (with

one of these in the post-operative site, and another

with no increase in SUV). The fourth case (mucinous

adenocarcinoma of the bladder) showed focal uptake in

the prostate (SUVearly3.7, SUVdelay3.8).

DISCUSSION

Lodge et al. noted significant differences in the time

activity response of benign and high-grade tumours.

Peak activity concentration of high-grade sarcomas was

at 4 hours, while that of benign lesions was within 30

minutes. This time difference in peak activity concentration

between benign and malignant tumors allows the use of

dual-time-point imaging to help differentiate between

the two entities (1 1).

In this study, dual time point imaging was useful

in interpreting up to 88.6% of suspected/equivocal
lesions. Change in uptake pattern and configuration or

disappearance of the lesion in the delay image was
seen in 45.7% of cases. This allowed dismissal of these

lesions as physiologic or benign findings. Based on the

prospective study by Dobert et al (10), this change in

pattern reliably excludes the presence of malignancy.

In a study by Gallagher et aI., they found that

intracellular accumulation of FDG is dependent upon two

main factors: 1) the number of membrane transporters

and 2) the ratio of hexokinase to glucose-6-phosphatase.

Both malignant and inflammatory cells have high
concentrations of membrane transporters. Malignant

cells express high levels of hexokinase and low levels of

glucose-6-phosphatase. This leads to accumulation of FDG

in these cells. Conversely, inflammatory cells have higher

levels of glucose-6-phosphatase compared to malignant

cells, and thus a lower ratio of hexokinase to glucose

6-phosphatase. As a result, FDG-6-phosphate is rapidly

dephosphorylated and cleared from inflammatory cells

over time (12). Dual time point imaging therefore, may be
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Figure 1. Increased FDG in a mesenteric node in A (early image; red arrow),

persists in B (delayed image; green arrow).

Figure 2. Focal uptake in bowel, particularly in the right lower quadrant in

A (early image), changes in pattern and with some foci disappearing in B

(delayed image).

Figure 2. Focal uptake in bowel, particularly in the right lower quadrant in

A (early image), changes in pattern and with some foci disappearing in B

(delayed image).

Figure 3. Focal bowel uptake in A (early image, red arrow) persists in B

(delayed image, green arrow).

useful in distinction between benign (inflammatory) and
malignant processes based on the change in SUV over

time (13).

42.9% of cases showed persistent lesions on delayed

imaging and an increase in lesion SUV. These were all
considered suggestive or indicative of metastasis. Focal

and increasing SUVs on delayed imaging have been

used to identify malignancy in several intra-abdominal

tumors (primary and metastatic liver disease, gallbladder

carcinoma) (14, 15). The delayed image shows improved
target-to-background ratio and thus allows for better

detection/recognition of these tumors.

In 3 cases showing focal uptake along the GI tract, and

3

despite persistence in the delayed image with increase

in SUV (1.0 ± 0.7), these lesions were still equivocal for

malignancy. In studies by Toriihara et al and Dobert et

ai, benign/normal variant focal abdominal FDG uptake
may also present with increasing SUVs over time. Caution

should be observed in interpreting these lesions (7, 10).

The use of PETin abdominal oncology is limited by the low

or variable glycolytic activity of some tumor entities (e.g.,

carcinoma of the prostate, hepatocellular carcinoma,
differentiated teratomas, and mucinous tumors) (16).

Given the carcinoma type (mucinous) and location of the

suspect prostate lesion, focal FDG uptake in this area is

not specific for malignancy.

CONCLUSIONS

Dual-time-point PETimaging is helpful in the evaluation

of patients with abdominal/pelvic tumors. In a majority
of these patients (88.6%), DTPI is helpful in differentiating

a suspicious lesion found in the early image as more likely

benign or more likely malignant after the delayed image.
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