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Objective
To assess the potential role of positron emission tomography
(PET) with 2-[18F]lfluoro-2-deoxy-D-glucose (FDG) in patients
with unexplained rising carcinoembryonic antigen (CEA) levels
after the treatment of colorectal cancer.

Background
A rising CEA level after the resection of colorectal cancer is an
early indicator of tumor recurrence. However, conventional
imaging techniques have limited sensitivity for detecting recur-
rent disease in such patients. Especially after surgical inter-
vention, FDG-PET is rapidly gaining an important role in es-
tablishing the extent of disease in the oncology patient.

Methods
Twenty-two patients with abnormal CEA levels and normal
results of conventional methods of tumor detection were
studied with FDG-PET. The PET results were compared with
pathologic findings (n = 9) and long-term radiologic and clini-
cal follow-up (n = 13).

Results
FDG-PET was abnormal in 17 of 22 patients. Tissue sam-
pling was available in 7 of these 17 patients; all of these
had recurrent disease. Definitive curative surgical interven-
tion was performed in four patients. Subsequent dedicated
imaging findings and clinical course confirmed the pres-
ence of extensive disease in 8 of the remaining 10 patients;
the PET results in the other 2 patients were considered
falsely positive. FDG-PET was negative in 5 of 22 patients.
No disease was found by tissue sampling (n = 2) and clini-
cal follow-up (n = 3). Overall, the positive-predictive value
for PET was 89%, (15 of 17) and the negative-predictive
value was 100% (5 of 5).

Conclusions
When conventional examinations are normal, FDG-PET is a
valuable imaging tool in patients who have a rising CEA level
after colorectal surgery.

Colorectal cancer is the second most common cancer in
the United States. The recurrence rate after initial treatment
is estimated at 30% to 40%, with most recurrences detected
within 2 years of surgery.1 Monitoring patients after cura-
tive resection of colorectal cancer is performed based on the
assumption that early detection and early treatment of re-
currence will improve the patients' survival rate.2 Conse-
quently, after the initial surgery, patients periodically un-
dergo a number of clinical and radiologic examinations.2
Serial determinations of the plasma carcinoembryonic anti-
gen (CEA) concentration is the most frequently used

method for the detection of asymptomatic recurrences.3 The
combination of an elevated plasma CEA concentration and
an abnormal computed tomography (CT), sonography, or
magnetic resonance imaging (MRI) examination can be
used to direct an additional surgical procedure.

Often, however, a rising CEA level occurs in association
with negative results of conventional imaging studies and
clinical examination. Uncertainty regarding the presence of
disease results in psychological distress to the patient and
may lead the surgeon to resort to an exploratory second-
look operation. Although, the likelihood of finding a recur-
rent tumor during a second-look surgery is quite high (near-
ly 90% in most series), the proportion of such patients
suitable for curative resection is substantially less (12%-
60%).1 Accordingly, the availability of a more sensitive
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means for localizing tumor foci and for determining resect-
ability would aid in the management of such patients.

Positron emission tomography (PET) is a functional
imaging technique that relies on changes in physiologic
or metabolic functions for the detection of disease. This
contrasts with conventional imaging techniques (e.g.,
CT), which demonstrate morphological changes associ-
ated with disease. [18F]fluoro-2-deoxy-D-glucose (FDG)
is a glucose analog and its accumulation within cells is
proportional to the rate of glucose transport and metab-
olism. The use of FDG-PET in oncology is based on the
observation that neoplastic cells exhibit increased glu-
cose utilization, and this imaging method has become an
important tool in the clinical evaluation of patients with
malignant tumors. Recent reports have documented the
value of FDG-PET for detecting and staging many dif-
ferent tumors, especially lung, breast, and colon can-
cers.4'5 In addition, PET has been shown to be particu-
larly useful in distinguishing recurrent tumors from
posttherapeutic changes.6'7

Several studies have reported a high sensitivity of FDG-
PET in the detection of recurrent colorectal cancer.46'812
However, these reports have focused mainly on the com-
parison of PET with CT. The role that FDG-PET might play
in addressing the distinct clinical problem of a patient with
postoperative elevation in plasma CEA concentration, but
normal clinical and radiologic examinations, have not been
assessed fully. Therefore, to evaluate the possible benefits
of FDG-PET in this setting, we have reviewed retrospec-
tively the records of 22 patients with previously resected
cancer who had rising CEA levels and normal results of
conventional imaging studies.

MATERIALS AND METHODS
From June 1993 to June 1996, 128 patients with a history

of colorectal carcinoma underwent FDG-PET at our insti-
tution. Twenty-two patients (age range 26-84, 17 men and
5 women) had a plasma CEA concentration greater than 5.0
ng/mL (mean 25 ng/mL) and had normal results of imaging
studies, endoscopy, and physical examinations. All 22 pa-
tients had normal CEA plasma levels after the surgical
resections of their primary tumors, but subsequently had
developed a serial rise in their CEA plasma levels on routine
follow-up examinations.

Before PET, all of the patients with a history of rectal or
rectosigmoid carcinoma underwent CT of the chest, abdo-
men, and pelvis, while patients with a prior history of colon
cancer had CT of the abdomen and the pelvis. The CT
examinations were performed no more than 4 weeks before
the PET on a fourth-generation CT unit (Siemens Soma-
tom + or Somatom +S). Images of the chest and upper
abdomen were obtained from the neck to below the level of
the liver using 10-mm contiguous slices. Oral contrast
(400-500 mL) was administered before scanning. The CT
examinations were interpreted in a routine clinical fashion.

Positron emission tomography was performed with a
commercially available scanner (ECAT Exact; CTI PET
Systems, Knoxville, TN) that allowed for simultaneous
collection of 47 transverse slices over a total span of 16.2
cm. The reconstructed spatial resolution under the clinical
imaging conditions was approximately 10 mm (full width at
half maximum). The patients fasted for at least 4 hours
before the injection of FDG and, to ensure the fasting state,
the blood glucose concentration was determined before
FDG administration. All images were performed with the
patient in the supine position. Approximately 40 minutes
after intravenous administration of 10 to 15 mCi (370-555
MBq) FDG, a series of 3 to 5 overlapping, 47-slice emission
images (each of 10-15 minute duration) were performed. A
2-minute transmission scan was performed with a rotating
68Ge/68Ga rod source immediately after each emission scan.
Attenuation correction of the emission scan was performed
with the segmentation method.'3 To ensure adequate clear-
ance of bladder activity, a Foley catheter was inserted in the
urinary bladder at the beginning of the PET study. To
minimize renal pelvicalyceal activity, which might obscure
structures in the upper abdomen, approximately 1500 mL of
normal saline solution was infused slowly throughout the
patient and, unless contraindicated, 20 mg furosemide was
administered intravenously 20 minutes after the injection of
FDG.

Image processing and reconstruction were performed on
a SUN (SUN Microsystems, Inc. Mountain View, CA)
computer workstation. Images were displayed in three or-
thogonal projections and as whole-body maximum-pixel-
intensity reprojection images for visual interpretation. All
PET images were evaluated qualitatively in a routine clin-
ical fashion, including correlation with CT images; reported
abnormalities represented the consensus of at least two
nuclear medicine physicians. The results of the PET study
were used in planning patient management at the discretion
of the referring surgeon.
The medical records, both inpatient and outpatient, were

reviewed. The PET results were correlated with histologic
findings and long-term radiologic and clinical follow-up
periods (shortest follow-up period after PET was 6 months).

Lesions that were seen by PET, but that were not
biopsied, were considered to be true-positive findings if
the disease became obvious (in the same location as
identified by PET) on a follow-up imaging study directed
by PET and within 6 months (median 11 months) of the
PET examination. Abnormal foci seen on PET that were
not verified on follow-up of this duration were considered
false-positive findings. When no abnormality was seen on
PET, and when further intervention was not performed,
this was considered to be a true-negative result, if by
other imaging modalities or by clinical follow-up, no
disease was identified within 6 months of the PET exam-
ination.
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Table 1. SUMMARY OF CLINICAL, IMAGING, AND HISTOPATHOLOGIC DATA
OF PATIENTS (n = 22)

Primary Follow-up
Tumor

Age Location/Duke CEA Recurrent Disease
Patient (yr) Stage (ng/mL) (PET) Pathology Radiology Clinical Therapy

1 68 Colon/B 40 Hepatic metastases NA - DF (48 mo) None
2 29 Rectum/Cl 33 Extensive metastases NA + PD (12 mo) Chemotherapy

(pelvis, spleen)
3 70 Rectosigmoid/B 26 Splenic metastasis + resection - DF (24 mo) Resection
4 66 Colon/Cl 10 - NA - DF (24 mo) None
5 84 Colon/B 11 - NA - DF(11 mo) None
6 65 Colon/B 38 Hepatic metastasis + resection - DF (18 mo) Resection
7 60 Rectal/B 16 Pelvic recurrence NA + PD (10 mo) Chemotherapy

Perftioneal metastases
8 70 Colon/B 11 _ - biopsy - DF (9 mo) None
9 69 Rectal/C 18 Hepatic metastases NA + PD (6 mo) Chemotherapy
10 59 Colon/C 34 Hepatic metastases NA + PD (11 mo) Chemotherapy
11 59 RectaVD 17 Pulmonary + biopsy + PD (10 mo) Chemotherapy

metastases
12 26 Rectal/B 45 - NA - DF (13 mo) None
13 62 Rectal/C2 43 Adrenal and para- NA + PD (8 mo) Chemotherapy

aortic nodal
metastases

14 67 Colon/B 19 Hepatic metastasis + resection - DF (24 mo) Resection
15 45 Colon/B 32 Peritoneal metastases + biopsy + PD (13 mo) Chemotherapy
16 69 Rectosigmoid/D 28 Hepatic and NA + PD (9 mo) Chemotherapy

pulmonary
metastases

17 56 Colon/C2 24 Peritoneal metastases NA + PD (7 mo) Chemotherapy
18 49 RectaVC 15 Presacral recurrence NA + PD (7 mo) Chemotherapy

Mediastinal nodal
metastases

19 75 RectaVC 11 Pelvic metastases NA - DF (9 mo) None
20 53 Appendix/B 11 - - biopsy - DF (13 mo) None
21 70 RectaVC2 39 Pancreatic metastasis, + biopsy + PD (14 mo) Chemotherapy

pelvic and inguinal
nodal metastases

22 71 Rectal/C 39 Pelvic metastasis + resection + DF (24 mo) Resection and
chemotherapy

NA = not available; - = no disease; + = presence of disease; DF = disease free; PD = progression of disease.

RESULTS
The clinical and pathologic features of our 22 patients are

outlined in Table 1. At the time of PET, the CEA concen-
trations in these patients ranged from 10 to 45 ng/mL.
Abnormal foci of increased FDG accumulation were seen

in 17 of the 22 patients (77%), with one lesion identified in
each of 4 patients, and more than one lesion identified in the
remaining 13 of these 17 patients. These foci of increased
FDG accumulation were identified in several locations;
spleen (2 patients), liver (6 patients), pelvis (6 patients),
chest (3 patients), abdominal and pelvic nodes (2 patients),
and the peritoneum (4 patients).

Results of tissue sampling were available in 7 of these 17
patients, all of whom had recurrent disease. Definitive cur-
ative surgical intervention was performed in four patients
because the recurrent tumor was confined to a single resect-

able location; all of these patients had normal CEA concen-
trations after surgical resection of the recurrent disease. In
the remaining three patients, only a single abnormality was
biopsied. However, because of the distribution and extent of
the abnormal foci in each of these patients, chemotherapy
was administered without further surgical intervention.

Tissue sampling was not performed in the other 10 patients
with abnormal PET studies. Subsequent dedicated imaging
findings and clinical course confirmed the presence of exten-
sive disease in eight of these patients (Table 1). These patients
received chemotherapy because their recurrent disease was not
considered amenable to curative resection (Table 1).

Overall, the positive predictive value for PET was 89% (15
of 17). False-positive results were obtained in two patients. In
one of the patients (patient 19), 2 focal areas of increased FDG
accumulation in the pelvis were interpreted as suspicious for
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local recurrence. Subsequent CT showed that these foci repre-
sented asymmetric activity in the bowel and in a bladder
diverticulum, respectively. In addition, a cystogram and a
pelvic examination under general anesthesia did not disclose
disease in these areas. This patient is alive and disease free 9
months after the PET study, and her CEA levels has returned
to normal. The PET study of the second patient (patient 1) was
of suboptimal quality because of the patient's large size, but
showed focally increased activity in the dome of the liver that
was considered suspicious for metastasis. Extensive further
radiologic and clinical evaluation of this patient failed to con-
firm this abnormality. This patient is alive and well 4 years
later. However his plasma CEA levels continue to fluctuate
from 45 to 90 ng/mL.
FDG-PET was negative for recurrent disease in 5 of the

22 patients. These patients are all alive and disease free,
with follow-up intervals ranging from 9 to 24 months. In
two of these patients, biopsy at the anastomotic site was
negative for tumor recurrence. In the remaining three pa-
tients, clinical follow-up and radiologic examinations failed
to document disease progression. The plasma CEA levels
decreased to normal in four of these patients and has re-
mained stable but elevated in one patient. The negative
predictive value for PET was thus 100%.

DISCUSSION
In recent years, FDG-PET has emerged as an extremely

useful technique in oncologic practice.4'5 Because PET detects
regional metabolic abnormalities, rather than morphological
abnormalities, it appears to be particularly helpful for assessing
patients suspected to have tumor recurrence and in patients
whom posttherapeutic alterations in anatomy make it difficult
to interpret conventional imaging studies. Moreover, it appears
that PET is more sensitive than conventional cross-sectional
imaging methods for detecting recurrent disease and distant
metastases. For example, the reported sensitivity and specific-
ity of CT for detection of liver metastases has been as low as
42% and 50%.14 CT portography is highly sensitive (80%-
90%), but has a considerable rate of false-positive findings.'4
Recent series have shown that FDG-PET has an overall sen-
sitivity of 93% to 100% and a specificity of 78% to 100% in
the detection of recurrent disease in patients treated for colo-
rectal cancer.4-6,8-10"12'15 In one report, PET altered clinical
management in 40% of the patients with recurrent disease.8
The use of CEA monitoring in the follow-up evaluation

of patients with treated colorectal cancer is based on the
general, well-documented principles that elevated CEA
concentrations will revert to normal after curative resection,
but will persist if the residual tumor is left behind. In
addition, an increase in CEA concentration on serial mea-
surements after curative surgery is indicative of tumor re-
currence.'6 The ready availability of this test and its rela-
tively low cost, and the lack of better markers for predicting
tumor recurrence, contribute to its acceptance in clinical
practice.16-18 However, there are no published randomized,

prospective studies that clearly document the benefits of
CEA monitoring, and the impact of this practice on survival
has been questioned." 6"19-22 Despite this, CEA monitoring
is widely used in the follow-up evaluation of patients with
colorectal cancer; it is estimated that nearly 500,000 patients
in the United States are undergoing such monitoring.'7
The potential role of FDG-PET in detecting recurrence in

asymptomatic patients with elevated plasma CEA concen-
trations and negative conventional imaging has been ad-
dressed in a limited fashion as a component of other studies
of the role of PET in recurrent colorectal cancer. Scott et
al." studied 16 patients with suspected recurrent colorectal
cancer; 10 of their patients had elevated CEA levels and
normal or equivocal CT findings, and PET correctly iden-
tified recurrent tumors in 8 of these patients. Similarly, in a
study by Schiepers et al.,9 of 76 patients evaluated for
recurrent colorectal cancer, 4 had unexplained elevated
CEA concentrations. PET correctly identified pelvic recur-
rence in one patient, was falsely negative in one patient, and
gave true-negative results in the remaining two patients. In
the series reported by Beets et al.,8 PET correctly detected
occult pelvic recurrence in two of three patients with neg-
ative conventional imaging studies and elevated CEA con-
centrations.
We have shown that FDG-PET is a considerable clinical

utility in the evaluation of patients whose only abnormality is
an unexplained elevation of plasma CEA concentrations after
curative colorectal surgery. FDG-PET correctly identified one
or more foci of cancer in all 15 patients in whom recurrent
disease was subsequently confirmed and was normal in 5 of 7
patients who had no evidence for recurrent disease on fol-
low-up evaluation. Of even greater importance is the impact of
PET on the management of these patients. All 22 of our
patients were potential candidates for blinded second-look
exploratory laparotomy. Guided by the results of FDG-PET,
curative surgery was attempted in only 4 of 15 patients (27%)
with disease, and it appears to have been successful in all of the
patients. Surgery was not performed in 11 patients because
FDG-PET correctly indicated that the curative tumor resection
could not be accomplished. Although there were two instances
of false-positive PET findings, they did not lead to misman-
agement of these patients; in both patients the findings were
equivocal and the referring physicians opted for additional
radiologic and follow-up studies.
An alternative, more widely available approach for detect-

ing occult foci of colorectal cancer, is radioimmunoscintigra-
phy (RIS), which uses one of several different radiolabeled
monoclonal antibodies directed against colorectal carcinomas.
Various reports on RIS have indicated a wide range of sensi-
tivities (18%-90%) and specificities (76%-97%) for the de-
tection of recurrent disease in patients treated for colorectal
cancer.23-27 The results obtained are dependent upon size and
location of the lesion and the type of monoclonal antibody and
the radionucide label employed. The best results are usually in
the detection of extrahepatic disease. The use of RIS in patients
with unexplained elevations of plasma CEA concentrations
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have been studied and a wide range of sensitivities (57%-
85%) and specificities (67%-100%) for lesion detection also
have been reported.28 3 Haseman et al.3 who studied the
largest number of such patients (140 patients), reported an
overall sensitivity of 79% and specificity of 84%. The rela-
tively high frequency of false-negative results thus limits value
of RIS in this clinical setting. Limited direct comparisons of
RIS and FDG-PET,'5'32'33 including one study where the
monoclonal antibody was labeled with Cu-64 and imaged by
PET,33 also suggest that FDG-PET is more sensitive for the
detection of recurrent colorectal cancer. However, larger con-
trolled studies of these two methods for tumor detection are
needed.
Our results suggest that FDG-PET is an effective means for

evaluating patients with unexplained elevations in plasma
CEA concentrations after treatment of colorectal cancer. A
negative FDG-PET study indicates that recurrent tumor is
unlikely in this clinical setting. FDG-PET further appears to
have a high sensitivity for detecting resectable tumor foci and
for showing when the recurrent disease will not be resectable.
FDG-PET is thus likely to reduce the number of unnecessary
operations performed in this patient population.
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