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18F-FDG PET has been shown to be of high diagnostic accuracy
for the evaluation of recurrent colorectal cancer. However, the
limited availability of PET scanners precludes 18F-FDG assess-
ment of many patients for whom the study is indicated. An
alternative is the SPECT system in coincidence mode. The aim
of this study was to determine the role of dual-head camera
18F-FDG coincidence imaging (DHC 18F-FDG) in patients with
recurrent colorectal cancer. Methods: Sixty-seven DHC 18F-
FDG studies were performed on 62 patients with suspected
recurrent colorectal cancer. Reports of contemporary CT were
available for the purpose of correlation for 61 of the studies. The
final diagnosis of the imaging findings was based on histology
or clinical and imaging follow-up of at least 6 mo. Results: In
lesion-based analysis, 103 tumor sites were suspected on DHC
18F-FDG, CT, or colonoscopy. Ninty-three of them were found to
be true tumor sites. For DHC 18F-FDG, the sensitivity was 88%,
specificity was 80%, positive predictive value (PPV) was 98%,
negative predictive value (NPV) was 42%, and accuracy was
87%. For CT, the sensitivity was 63%, specificity was 10%, PPV
was 85%, NPV was 3%, and accuracy was 57%. In patient-
based analysis, DHC 18F-FDG differentiated patients with recur-
rent cancer from disease-free patients with a sensitivity of 91%,
specificity of 73%, PPV of 94%, NPV of 62%, and accuracy of
88%. DHC 18F-FDG detected tumor sites in 12 (67%) of 18
patients with elevated carcinoembryonic antigen and negative
CT findings. Conclusion: DHC 18F-FDG is an adequate readily
available technique for assessment of recurrent colorectal can-
cer and has a diagnostic accuracy better than that of CT.
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Colorectal cancer (CRC) is the second most common
cause of cancer-related death in the United States. Although
metastatic disease is detected at the time of diagnosis in
approximately 20% of patients, up to 40% of patients will
suffer from recurrence or metastatic spread even after cur-
ative resection of the primary tumors. Unlike some other
malignancies of the gastrointestinal tract, patients with lim-
ited metastatic spread from CRC will benefit from surgical
resection, with cure rates of up to 25%, provided that
extirpation of all disease is accomplished. The outcome of
patients with recurrent or metastatic colorectal cancer de-
pends on early diagnosis and appropriate selection of pa-
tients for either surgery or nonsurgical modes of treatment.
The cornerstone for selection is preoperative imaging (1–6).

CT has been the conventional imaging modality for iden-
tifying and localizing metastatic disease. Its sensitivity in
this clinical setting, however, varies between 29% and
100% (average, 71%) according to different studies, with
hepatic and lymph node metastases being the most fre-
quently missed tumor sites (7–10).

Functional imaging is rapidly developing as a whole-
body method to detect metastases. The most widely cited is
18F-FDG PET, the sensitivity of which ranges between 82%
and 100% for the detection of extraluminal CRC (6,9,11–
16). The number of available dedicated PET scanners, how-
ever, is still limited, and PET is therefore inaccessible to a
large number of patients. Multihead conventional gamma
cameras that are used in the routine practice of nuclear
medicine have been modified recently to use in the coinci-
dence mode for the detection of positron emitters, enhanc-
ing the potential for imaging a greater number of patients
with FDG (17,18). Several studies have been reported on
the use of coincidence imaging of FDG for the detection of
various malignancies, including lymphoma, head and neck
tumors, breast cancer, pulmonary lesions, renal malignan-
cies, and others (19–21).

Received Jul. 27, 2001; revision accepted Jan. 16, 2002.
For correspondence or reprints contact: Einat Even-Sapir, MD, DSc, De-

partment of Nuclear Medicine, Tel-Aviv Sourasky Medical Center, 6 Weizman
St., Tel-Aviv, 64239 Israel.

E-mail: evensap@tasmc.health.gov.il

COINCIDENCE IMAGING IN COLORECTAL CANCER • Even-Sapir et al. 603



In this study, we report our experience with dual-head
camera 18F-FDG coincidence imaging (DHC 18F-FDG) in
the evaluation of patients with suspected recurrent or met-
astatic CRC.

MATERIALS AND METHODS

Patient Population
The study was retrospective. Between June 1999 and February

2001, 73 DHC 18F-FDG studies were performed for the assessment
of suspected recurrent or metastatic disease in 67 patients with
CRC. 18F-FDG studies were performed twice on 4 patients and 3
times on 1 patient during the study period. All patients had
undergone surgery for the removal of the primary colorectal tumor.

Indications for DHC 18F-FDG were as follows: (a) elevated
carcinoembryonic antigen (CEA) levels and negative CT or
colonoscopy findings (n � 18 studies); (b) the need to evaluate the
extent of disease before surgical removal of a local recurrence
(n � 17 studies) or of metastases (n � 35 studies); and (c) the need
to differentiate between residual tumor and fibrosis in pelvic
masses remaining after treatment (n � 3 studies).

We reviewed the medical records of all study patients, which
included the clinical data, laboratory results, and reports of CT and
colonoscopy performed within 8 wk of the 18F-FDG study. CT
result reports (not films) were available for correlation for 61 of the
67 18F-FDG studies. Outpatients brought CT films for correlation
at the time of the 18F-FDG study. The CT report was kept in the
patient’s records, as were changes made in the original CT report
when read concomitantly with the 18F-FDG.

Six studies on 5 patients were excluded from the analysis of
results because of a follow-up of �6 mo for 3 normal studies and
because the final diagnosis could not be assessed for 3 additional
studies. The final study data were thus retrieved from 67 studies on
62 patients (28 women, 34 men; age range, 32–85 y; mean age,
62 � 13 y).

Surgery was performed within 1 mo after the 18F-FDG study on
37 patients: 11 patients referred because of elevated CEA levels
(indication a), 24 patients referred for evaluation of the extent of
the disease (indication b), and 2 patients referred for differential
diagnosis between viable tumor and fibrosis (indication c).

18F-FDG Imaging
The patients fasted for at least 4 h before administration of

18F-FDG. Bladder catheterization was performed to minimize in-
terference from urinary bladder activity. In the last 23 patients to
be assessed, 20 mg furosemide (Lasix; Hoechst-Roussel Pharma-
ceuticals, Somerville, NJ) were administered intravenously to
eliminate uptake in the renal collecting system.

On the basis of the patient’s weight, 370–592 MBq (10–16
mCi) 18F-FDG were injected intravenously. Imaging started 60–
150 min after injection. The timing of imaging was determined by
measurements of the ratio between detected and processed pho-
tons. The chest, abdomen, and pelvis were imaged in 2 or 3 steps.
If bowel activity and tumor sites needed to be differentiated,
acquisition was repeated after changing the patient’s positioning.

Dual-Head Coincidence Technique. DHC 18F-FDG studies were
performed using a dual-head gamma camera with coincidence
imaging capacity (Millenium VG; General Electric Medical Sys-
tems, Milwaukee, WI). The system is equipped with two 1.6-cm-
thick, large-area (54 � 40 cm) NaI(Tl) detectors. For coincidence
detection of 511-keV photons, the system has a coincidence-timing

circuitry for the coincidence detection of 2 events that hit the
respective opposed detectors within less than a 6.5-ns timing
window. Slit collimators containing thin layers of lead, tin, and
copper (graded absorber) were used to prevent activity from out-
side the field of view. The only type of scatter that cannot be
reduced by the graded absorbers is that in the crystal itself. These
scatter events, termed Comptons, are 511-keV photons that collide
in the crystal but lose only part of their energy, while the remaining
energy leaves the crystal in the form of another photon. The energy
that is measured for Compton events is �340 keV. Compton
events may result in degradation in resolution but they improve
sensitivity. The system offers 3 modes of operation: a high-reso-
lution mode that uses only photopeak–photopeak (P–P) coinci-
dence pairs, a normal mode that uses photopeak–Compton (P–C)
coincidence pairs in addition to the P–P pairs, and a high-sensi-
tivity mode that also uses Compton–Compton (C–C) coincidence
pairs. We used 2 combinations of energy windows: 511 keV �
10% for P–P events and 132–321 keV for P–C events in cases of
poorer sensitivity.

Not all single photons that pass the septa collimators are ac-
cepted and processed. The manufacturer’s suggested optimal im-
aging timing after injection for the system is when the ratio
between the processed photons and the detected single photons is
in the range of 85%–92%. This ratio was achieved in our patients
between 60 to 150 min after injection.

Data acquisition lasted 30 min, corresponding to 10 rotations of
the gantry. The matrix size was 128 � 128. The data were stored
in a list mode (CLIST) in a 30- to 40-MB file. Reconstruction was
done either on Xpert or on eNTERGA workstations. The propri-
etary algorithm, COSEM (coincidence list ordered set expectation
maximization), which is a 3-dimensional algorithm that directly
processes the CLIST, was used for the reconstruction of the CLIST
(17,22).

Image Interpretation and Analysis of Results. DHC 18F-FDG
images were interpreted by 2 nuclear medicine experts who were
unaware of the clinical data and the results of other imaging
modalities. Abdominal lesions were called if they were detected
outside the region of bowel activity, renal collecting systems, or
residual urinary bladder activity. A pathologic lesion in the gas-
trointestinal tract was noted only if a site of increased uptake
persisted on repeated acquisitions.

The final diagnosis of the imaging findings, either scintigraphic
or CT, was based on histopathologic results obtained at surgery or
by biopsy, on a correlation between 18F-FDG and contemporary
CT and colonoscopy findings, and on clinical and CT follow-up of
at least 6 mo.

Lesion-Based Analysis. In the analysis of results of detected
tumor sites, 18F-FDG or CT findings were categorized as true-
positive for tumor (TP), true-negative (TN), false-positive (FP),
and false-negative (FN) using similar criteria for both modalities.
A scintigraphic lesion was considered TP if (a) the lesion was
confirmed by biopsy; (b) CT or colonoscopy performed at the
same time as the 18F-FDG study or at a later follow-up detected a
pathologic lesion at the same location as 18F-FDG; or (c), in
patients with elevated CEA levels and negative CT who had not
undergone surgery, an 18F-FDG uptake suggestive of metastatic
disease in normal-sized lymph nodes or the peritoneal seeding was
considered to reflect true tumor sites if a rapid deterioration oc-
curred clinically.

Scintigraphy was considered TN for lesions detected on CT or
colonoscopy if the lesion was negative on histology or if the lesion
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disappeared or remained unchanged on CT for at least 6 mo
without treatment.

Scintigraphy was considered FN in sites of a positive biopsy
obtained within 1 mo of the 18F-FDG study or if a suspected tumor
that had been revealed on CT, but not on 18F-FDG, showed
progression on follow-up.

An 18F-FDG site of uptake interpreted as tumor was considered
FP if it was negative for tumor histology or if there was no
evidence of tumor on clinical and CT follow-up for at least 6 mo
without treatment.

Patient-Based Analysis. To assess the role of 18F-FDG in the
differentiation of disease-free patients and those with recurrent or
metastatic disease, a positive 18F-FDG study was considered TP if
it detected tumor sites in patients with active disease and was
considered TN if it was negative in disease-free patients.

Statistical Analysis
The sensitivity, specificity, positive predictive value (PPV),

negative predictive value (NPV), accuracy, and 95% confidence
intervals were calculated for DHC 18F-FDG and for CT (23).

RESULTS

Lesion-Based Analysis
One hundred three tumor sites were suspected on the

18F-FDG study, CT, or colonoscopy. They included lesions
in the liver (n � 33), pelvis (n � 17), abdominal lymph
nodes (n � 15), extraabdominal lymph nodes (n � 5), lungs
(n � 10), colon or at the previous site of surgery (n � 10),
bone (n � 2), ovary (n � 2), pancreas (n � 2), peritoneal
seeding (n � 2), adrenal (n � 1), abdominal wall (n � 1),
kidney (n � 1), breast (n � 1), and thyroid (n � 1). The
final diagnosis was based on histopathologic results ob-
tained at surgery or by biopsy, by correlation between
18F-FDG findings and contemporary CT or colonoscopy,

and by clinical and CT follow-up of at least 6 mo. Ninety-
three the 103 suspected lesions were true tumor sites, of
which 15 (16%) were extraabdominal (Fig. 1).

On 18F-FDG imaging, 82 of the 103 suspected lesions
were TP, 8 were TN, 11 were FN, and 2 were FP, resulting
in a sensitivity of 88%, specificity of 80%, PPV of 98%,
NPV of 42%, and accuracy of 87%.

Correlation with CT reports was available for 93 of the
103 suspected lesions: 52 were TP, 1 was TN, 9 were FP,
and 31 were FN, resulting in a sensitivity of 63%, specificity
of 10%, PPV of 85%, NPV of 3%, and accuracy of 57%.
Table 1 summarizes the statistical results of lesion detection
by DHC 18F-FDG and CT according to regions.

Patient-Based Analysis
Fifty-six studies were done on patients with disease and

11 were done on disease-free patients. Fifty-one 18F-FDG
studies were TP, 8 were TN, 3 were FP, and 5 were FN.
DHC 18F-FDG differentiated patients with tumor from dis-
ease-free patients with a sensitivity of 91%, specificity of
73%, PPV of 94%, NPV of 62%, and accuracy of 88%.

In the 18 patients referred for an 18F-FDG study because
of elevated CEA levels and negative CT and colonoscopy,
12 DHC 18F-FDG studies were positive for tumor (67%),
detecting abdominal lymph node involvement (n � 5), lung
metastases (n � 3), peritoneal seeding (n � 2), liver me-
tastases (n � 1), and a pelvic mass (n � 1). Figures 2 and
3 illustrate 2 of the latter patients. DHC 18F-FDG studies
were negative in the other 6 patients: 3 of them continued to
have no evidence of disease on follow-up, whereas the
tumor sites became detectable later on follow-up CT or
further DHC 18F-FDG study in the other 3 patients (2 had

FIGURE 1. Unexpected extraabdominal disease in 64-y-old woman with known perirectal recurrent adenocarcinoma. DHC
18F-FDG study was assessed for staging before surgery. In addition to recurrent tumor (long arrow), sites of increased uptake were
also detected in left breast (short arrow) and left axilla (arrowhead), suggesting second metastatic primary cancer. Left hydrone-
phrosis and hydroureter were also detected. Removal of perirectal tumor and mastectomy with axillary dissection were performed
during surgery.
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liver metastases, 1 had presacral lymph nodes). In this group
the sensitivity was 80%, specificity was 100%, PPV was
100%, NPV was 50%, and accuracy was 83%. Seven pa-
tients were referred for surgery after the DHC 18F-FDG
studies that were positive for tumor.

DISCUSSION
18F-FDG is avidly concentrated in CRC. Its clinical ap-

plications in patients with recurrent or metastatic CRC
include screening (mainly in the case of elevated CEA
levels and negative or equivocal CT), staging of recurrent
disease and determination of extent and operability, and
differentiation of recurrent tumor from scar tissue after
therapy (5,6,13,24,25). Several studies have shown that
18F-FDG PET has a higher sensitivity, specificity, and pre-
dictive accuracy than CT for the detection of recurrent CRC
(6,8,9,12,13,24–26). PET has an additional diagnostic value
compared with conventional diagnostic modalities in 20%
of the patients with presumed resectable localized disease
(27). Whole-body FDG findings of several studies have
been reported to result in alteration of staging and patient
management in 30%–50% of the patients (8,12,14,26,
28,29). On the basis of these results, in some institutions the
first step in the algorithm for the evaluation of patients
presenting with recurrent CRC is the performance of 18F-
FDG PET (30). These data, however, reflect the use of
dedicated PET devices that, at least at present, are still
limited in number and therefore inaccessible for the assess-
ment of many patients with this common disease.

Conventional gamma cameras that are used in the routine
practice of nuclear medicine for the detection of single
photon emitters have been modified recently to also be
applicable for the detection of positron emitters, raising the
potential of imaging a greater number of patients with FDG.
Attempts to improve the resolution and sensitivity of these

TABLE 1
Statistical Analysis of Lesion Detection by DHC 18F-FDG and CT According to Regions

Region Modality n*
Sensitivity†

(%)
Specificity†

(%) PPV† (%) NPV† (%)
Accuracy†

(%)

All DHC 18F-FDG 103 88 (80–94) 80 (44–97) 98 (92–100) 42 (20–66) 87 (79–93)
CT 93 62 (51–73) 10 (0.2–44) 85 (74–93) 3.1 (0–16) 57 (46–67)

Liver DHC 18F-FDG 33 77 (58–90) 100 (29–100) 100 (85–100) 30 (7–65) 79 (61–91)
CT 33 77 (58–90) 0 (0–70) 88 (70–97) 0 (0–41) 70 (51–84)

Lymph nodes DHC 18F-FDG 21 100 (83–100) 0 (0–97) 95 (76–100) 0 (0–97) 95 (76–100)
CT 18 29 (10–56) 100 (2.5–100) 100 (48–100) 8 (0.2–36) 33 (13–59)

Pelvis DHC 18F-FDG 17 100 (79–100) 100 (2.5–100) 100 (79–100) 100 (2.5–100) 100 (80–100)
CT 14 77 (46–95) 0 (0–97) 91 (59–100) 0 (0–71) 71 (42–92)

Lung DHC 18F-FDG 10 100 (66–100) 100 (2.5–100) 100 (66–100) 100 (2.5–100) 100 (69–100)
CT 8 28 (4–71) 0 (0–97) 67 (9–99) 0 (0–52) 25 (3–65)

Bowel and
primary tumor
bed

DHC 18F-FDG 10 75 (35–97) 50 (1–99) 86 (42–99) 33 (0–90) 70 (35–93)

CT 9 86 (42–100) 0 (0–84) 75 (35–97) 0 (0–97) 67 (30–92)
Other‡ DHC 18F-FDG 13 82 (48–98) 100 (16–100) 100 (66–100) 50 (7–93) 85 (55–98)

CT 11 67 (30–93) 0 (0–84) 75 (35–97) 0 (0–71) 55 (23–83)

*n � number of lesions.
†95% confidence intervals are in parentheses.
‡Other: bone, n � 2; ovary, n � 2; peritoneal seeding, n � 2; pancreas, n � 2; breast, n � 1; thyroid, n � 1; adrenal, n � 1; abdominal

wall, n � 1; kidney, n � 1.

FIGURE 2. A 74-y-old man with elevated CEA levels and
negative CT. DHC 18F-FDG study detected several sites of
increased uptake, suggesting diffuse abdominal metastatic
spread. Patient was referred for chemotherapy; however, rapid
clinical deterioration followed and he died 4 mo after scan was
obtained.
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cameras for FDG imaging include adding dual-head coin-
cidence electronics, increasing the thickness of the NaI(Tl)
crystals, and using iterative algorithms for reconstruction
(17,18,30,31). The technique has been shown to have a high
spatial resolution and sensitivity, but it is degraded by the
proportion of scatter and random coincidence events. The
limited sensitivity is a major problem that affects the quality
of the images and may result in a failure to detect small
lesions. Comparison of the performance of a dual-head
SPECT camera operated in a coincidence mode with that of
a PET scanner revealed that the coincidence technique can
depict many of the lesions depicted with PET, particularly
in the lungs, but has a lower sensitivity for lesion detection
in the abdomen (15).

The purpose of this study was to assess the role of DHC
18F-FDG in patients with suspected recurrent CRC, a tumor

known to commonly recur in the abdomen and pelvis. The
results indicate an improved overall tumor detection for
DHC 18F-FDG compared with CT. Although the high-res-
olution CT technique has a basic anatomic resolution better
than that of DHC 18F-FDG, the latter was more accurate for
tumor detection, particularly in the case of normal-sized
metastatic lymph nodes and peritoneal spread (Figs. 2–4),
as well as for differentiating tumor from fibrosis or changes
caused by prior surgery. Abdominal and pelvic sites of
physiologic 18F-FDG uptake were a potential cause for
difficulties in image interpretation because the longer ac-
quisition time of a whole-body coincidence study, com-
pared with that of PET, is associated with filling of the
bladder and the renal collecting system. These physiologic
sites of 18F-FDG uptake increase the proportion of scatter
events. For this reason, our patient preparation protocol

FIGURE 3. A 54-y-old woman with ele-
vated CEA levels and negative CT and
colonoscopy. DHC 18F-FDG study de-
tected increased sites of uptake in presa-
cral region (arrow). Presence of tumor tis-
sue at this location was confirmed on
histologic examination.

FIGURE 4. Unsuspected metastatic disease in 61-y-old woman with known recurrent colon carcinoma and negative CT for
metastases. DHC 18F-FDG study was performed for staging before surgery. In addition to local recurrence in right abdomen (arrow),
2 other sites of uptake were detected, suggesting lymph node metastases (arrowhead). Latter diagnosis was confirmed on
histologic examination.

COINCIDENCE IMAGING IN COLORECTAL CANCER • Even-Sapir et al. 607



included bladder catheterization and, recently, the adminis-
tration of diuretics as well. In most cases, bowel activity
was identifiable by its characteristic linear pattern or on
3-dimensional cine. The presence of tumor in the bowel
itself was not commonly interpreted and was interpreted
only if a focus of uptake was detected as being unchanged
on repeated acquisitions (Fig. 4). Chest CT is not always a
routine practice in the follow-up of patients with colorectal
disease. The benefit of the whole-body imaging protocol of
DHC 18F-FDG was reflected in the 16% rate of tumor
lesions found outside the abdomen and pelvis.

CEA monitoring is only 59% sensitive and 84% specific
for the detection of colorectal recurrence (32). Valk et al. (9)
performed whole-body PET on 33 patients with elevated
CEA levels and negative CT. PET was TP in 67% of the
patients, with a PPV of 95% and an NPV of 85% (9).
Flanagan et al. (33) assessed the role of FDG PET in 22
patients with unexplained elevation of CEA levels and
found a PPV of 89% and an NPV of 100%. In this study, the
DHC 18F-FDG detected sites of tumor in 67% of the 18
patients with elevated CEA levels and normal CT or
colonoscopy results. The PPV determined was 100%; how-
ever, the NPV was 50%, which probably reflects a higher
FN rate of the coincidence mode compared with dedicated
PET studies.

Our study had several limitations. This was a retrospec-
tive investigation. The enrolled patients were preselected by
the referring physician to undergo a DHC 18F-FDG study.
The lower accuracy of the CT technique compared with that
of DHC 18F-FDG is caused, in part, by a bias in patient
selection because approximately one third of the study
cohort was referred for scintigraphy to assess the cause of
elevated CEA levels in the presence of negative CT. Reports
(not films) of the CT studies were available for correlation.
In addition, an accurate diagnosis of suspected tumor sites
was not always possible, as often occurs in studies assessing
tumor detection. Some of our patients had unresectable
disease (e.g., peritoneal tumor seeding), and rapid clinical
deterioration was the only indication that the scintigraphic
findings might represent true tumor sites. It should be borne
in mind that, when one is assessing tumor detection by a
new imaging modality, some suspected tumor sites cannot
be characterized histologically and, when one is comparing
the results of different imaging modalities, the more sensi-
tive technique will provide its own standard of criteria (9).

CONCLUSION

When a PET scanner is not available, DHC 18F-FDG
imaging is an alternative technique that can be used in a
complementary manner to conventional imaging modalities
for the assessment of recurrent CRC. Coincidence imaging
with upgraded SPECT cameras allows wider accessibility of
18F-FDG imaging to patients with recurrent metastatic dis-
ease.
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