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Abstract

Purpose: To evaluate the usefulness of 2-[18F]fluoro-2-deoxy-D-glucose-positron emission tomography/com-
puted tomography (FDG-PET/CT) in the early detection of resectable recurrences of colorectal cancer (CRC) and
the impacts on the clinical disease management.
Methods: FDG-PET/CT was performed on patients with elevated serum carcinoembryonic antigen (CEA) levels
>5 ng/mL (Group 1) or suspicious recurrences without rise in serum CEA levels (Group 2). The results were
analyzed on the basis of histological data, disease progression, and/or clinical follow-up. Recurrence was
defined as evidence of recurrent lesions within 6 months of the FDG-PET/CT scan. Resectable recurrences and
changes in management were calculated based on medical records.
Results: In our study, 128 consecutive FDG-PET/CT analyses (n = 49 in Group 1 and n = 79 in Group 2) were
performed on 96 recruited patients. Recurrences were proven in 63. The overall sensitivity, specificity, and
accuracy of FDG-PET/CT were 98.4%, 89.2%, and 93.8%, respectively, and were 100%, 88.9%, and 95.9% in
Group 1 and 96.9% and 89.4% and 92.4% in Group 2, respectively. Surgical resections were performed in 38.7%
(12/31) of Group 1 patients and 53.1% (17/32) of Group 2 patients. FDG-PET/CT induced changes in planned
management in 48.4% (62/128) of all patients, which included 63.3% (31/49) of Group 1 patients and 39.2% (31/
79) of Group 2 patients (p = 0.008). After a follow-up, 3.4% (1/29) of patients who underwent surgical resection
of recurrent lesions and 34.3% (11/34) patients who did not undergo resection died at the end of study
(p = 0.004).
Conclusions: The surgical resection of limited recurrent disease, as determined by FDG-PET/CT, improves the
survival of CRC patients. FDG-PET/CT should be performed not only in patients with elevated serum CEA
levels, but also in those in whom recurrences are suspected to improve the early detection of resectable disease.

Introduction

Colorectal cancer (CRC) is increasingly the leading cause of
cancer-related mortality in Taiwan, as well as in the

Western world.1 Surgery remains the mainstay of therapy for
patients with CRC, but recurrences after curative resection of
CRC occur in 30%–40% of patients.2,3 Accordingly, various

follow-up strategies have been applied after curative surger-
ies for CRC to detect recurrent disease.

Carcinoembryonic antigen (CEA) has been widely used as
a tumor marker to detect asymptomatic or early recurrences
that might be amenable to curative surgery. The elevation of
serum CEA levels has been shown to be a sensitive marker
of recurrent CRC, with a detection sensitivity range of
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88%–91%.4,5 Increases in serum CEA levels precede clinically
apparent recurrences by an average of 1.5–6 months.6–9 The
use of this tumor marker has been shown to be cost effective,
however, additional imaging examinations are needed to
detect the exact locations and extensions of the recurrent le-
sions. Further, 30%–40% of all CRC recurrences are not as-
sociated with measurable elevations in serum CEA levels.10

Positron emission tomography with the glucose analog
tracer 2-[18F]fluoro-2-deoxy-D-glucose-positron emission to-
mography (FDG-PET) is an imaging method that is based on
the increased glucose metabolism in malignant tumors. A
meta-analysis of 11 clinical reports that encompassed 577
patients determined that the sensitivity and specificity of
FDG-PET in the detection of recurrent CRC were 97% and
76%, respectively, which led to changes in treatment for 29%
of the patients.11 A review of the literature, in which 2244
patients were evaluated for recurrences, showed that the
sensitivity and specificity of FDG-PET and computed to-
mography (CT) are 94% and 87%, and 79% and 73%, re-
spectively.12 In a prospective randomized trial of either
conventional or FDG-PET procedures during follow-up
evaluations of CRC, recurrences were detected after a shorter
time (12.1 vs. 15.4 months, p = 0.01) and were more frequently
cured by surgery (10 vs. 2 patients) in the PET group.13 Re-
cently, combined PET and CT systems (PET/CT) have
emerged as promising imaging modalities and are more
routinely applied in clinical situations. PET/CT offers the
evaluation of both metabolic activity and anatomy at the
same location in the body and is useful in the recognition of
local recurrences of CRC. The reported sensitivity and spec-
ificity of FDG-PET/CT for the detection of recurrent CRC
range from 86% to 98% and 83.3% to 98%, respectively.14–22

The early detection of recurrent disease has been reported
to improve the survival of CRC patients, particularly for
those with the potential to be surgically cured due to limited
sites of metastatic disease. Five year survival rates have been
reported to approach 40% in patients who underwent partial
hepatectomies for limited hepatic metastases and 35%–45%
in selected patients who underwent metastasectomies for
lung metastases.23–27

FDG-PET/CT might be useful in the early diagnosis of
recurrent CRC and thus might improve the survival rates of
CRC patients. The aim of this study was to evaluate the
ability of FDG-PET/CT to detect early resectable recurrent
CRC in patients with elevated serum levels of tumor markers
and/or suspected recurrence due to clinical or radiologic
evaluations, and the impact of FDG-PET/CT on the clinical
disease management.

Patients and Methods

We retrospectively collected patients with prior histories
of CRC and complete responses to treatment (primary sur-
gery and/or chemotherapy) who were undergoing FDG-
PET/CT scans, and divided them into two groups: in Group
1 patients, the decision to obtain a FDG-PET/CT scan was
based on serum CEA levels >5 ng/mL; in Group 2, FDG-
PET/CT scans were performed due to suspicions of recur-
rence in the absence of elevated serum CEA levels. At the
authors’ institution, serum CEA levels were monitored every
3 months in CRC patients after complete responses to
treatment. The exclusion criteria for this study included vital

sign instability, severe diabetes, severe illness, the confirmed
existence of 1 or more additional tumors and an inability to
remain supine for 30 minutes. From June 2006 to January
2012, 128 consecutive FDG-PET/CT studies were performed
on 96 recruited patients with prior CRC. Of these patients, 3
underwent 4 FDG-PET/CT studies, 5 patients underwent 3
studies, 13 patients underwent 2 studies, and the remaining
patients each underwent 1 study. Overall, 49 studies in 40
patients were referred due to increased serum CEA levels
(Group 1) and 79 studies in 56 patients were referred due to
various reasons in the absence of elevated serum CEA levels
(Group 2). Almost all studies in Group 1 were prescribed to
determine the source of recurrence, while many studies in
Group 2 were intended to rule out other lesions and to
identify patients who might potentially be cured surgically
due to limited sites of metastatic disease. According to the
study application forms, the indications for suspected re-
currences included suspicious or indeterminate CT scans
(n = 33); magnetic resonance imaging (n = 3); abdominal so-
nography (n = 2) and chest film (n = 1); abdominal tenderness
(n = 5); palpable mass in abdomen (n = 6) and supra-clavicu-
lar regions (n = 3), body weight loss (n = 5); elevation of other
serum tumor markers such as CA 19–9, SCC, and so on
(n = 7); poor appetite (n = 6), general malaise, and weak-
ness (n = 4); and low-level increases in the levels of serum
CEA < 5 ng/mL (n = 4). Detailed patient characteristics are
presented in Table 1. The American Joint Committee on
Cancer (AJCC) classification was used in the initial staging of
CRC. This study was approved by the institutional re-
view board and the hospital ethics committee, and all the
participants provided written informed consent.

FDG-PET/CT imaging

The patients fasted for at least 6 hours prior to the FDG-
PET/CT imaging. An intravenous catheter was placed for

Table 1. Patient Characteristics

Group 1 (n = 40) Group 2 (n = 56)

Median age, years (range) 62.0 (37–79) 60.8 (34–85)
Location of tumors

Colon 18 35
Rectum 22 20
Colon & rectum 0 1

Tumor, differentiation
Adenocarcinoma, good 20 24
Adenocarcinoma,

intermediate
16 18

Adenocarcinoma, poor 4 13
Intraepithelial

carcinoma
0 1

Stage at diagnosis
0 0 1
I 7 8
II 12 19
III 17 22
IV 4 5
Unknown 0 1

FDG-PET/CT, 2-[18F]fluoro-2-deoxy-D-glucose-positron emission
tomography/computed tomography.
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radiopharmaceutical administration, and the blood glucose
levels of the patients were measured prior to the tracer in-
jection. All of the patients demonstrated blood glucose levels
below 150 mg/dL at the time of injection. Each patient re-
ceived 370–555 MBq of 18F FDG according to the patient’s
body weight (7.03 MBq/kg). After the tracer injection, the
patients rested for 1 hour on a comfortable bed in a dark
room. Whole-body FDG-PET/CT imaging (Discovery ST-16;
GE Healthcare, Milwaukee, WI) was performed from the
head to the upper thigh while the patients were in a supine
position. A delayed image with or without the use of di-
uretics was obtained when necessary. CT scanning was
performed prior to the acquisition of the PET data using the
following parameters: 0.6 seconds per rotation: 120 kV, 100
mA, and 3.75-mm thick slices. After the completion of a plain
CT, PET images of the same areas were acquired in a two-
dimensional mode and 4 minutes of data collected per bed
position. Attenuation-corrected PET images were re-
constructed with an ordered subset expectation maximiza-
tion iterative reconstructed algorithm. The 3.75-mm thick
transaxial CT images were reconstructed at 3.27 mm inter-
vals for fusion with the PET images. PET, CT, and fused
PET/CT images were generated on a Xeleris image display
and processing platform (GE Healthcare) for review on a
computer workstation.

Image analysis

The PET, CT, and fused PET/CT images were interpreted
by two qualified nuclear medicine physicians who were al-
lowed to manipulate the image contrast, image intensities,
and three-dimensional images on a computer screen. The
final diagnoses were made by consensus. Physicians were
not blinded with regards to the reasons for the examinations
or the outcomes at the times of the image analyses. Because
this was a retrospective study, the reasons for the examina-
tion were described on the application form. Each study was
regarded as an independent event, and prior imaging, in-
cluding prior PET/CT and contrast-enhanced CT scans, were
available at the time of review for the fullest analysis. Both
physicians independently reviewed the data before devel-
oping a consensus. Any increases in FDG uptake were
compared with the corresponding anatomical findings on the
CT scan. Areas of increased FDG uptake that corresponded
to normal structures such as muscle and fat tissue or the
bowel were considered to indicate physiologic uptake or
benign processes. For lesions that demonstrated abnormal
FDG uptake, the physicians outlined the region of interest,
which indicated the area with the greatest amount of uptake.
A standardized uptake value (SUV) was semiautomatically
determined using the SUV tools that are available in the
Xeleris software (SUV = activity in the region of interest
(Bq/g)/[injected dose (Bq)/body weight (g)]). The two-
dimensional regions of interest were drawn around the tu-
mor on each transaxial slice that contained tumor tissue. A
single-pixel SUVmax was determined for each region, and
the slice that demonstrated the highest SUV was designated
as the SUVmax for the entire tumor.

Impact of FDG-PET/CT on patient management

The impact of FDG-PET/CT on patient management was
assessed by comparing the management plans before and

after the performance of FDG-PET/CT. Before FDG-PET/
CT, patients with serum CEA levels > 5 ng/mL were ex-
pected to start chemotherapy, and those without increased
serum CEA levels were scheduled for observation until any
changes were noted. The intended management was di-
chotomized as either treatment (e.g., surgery, chemotherapy,
radiation, or other treatment, alone or in combination) or
nontreatment (e.g., observation or supportive care). A major
change in management was defined as a switch from treat-
ment to nontreatment or vice versa. A minor change in
management was defined as a modification of the intended
treatment methods (e.g., from chemotherapy to a combined
surgery or radiation). Resectable recurrences were calculated
according to the surgical resections of limited metastasis on
medical records.

Statistical analysis

The results were analyzed on a pathological basis when
histological sampling was possible, on disease progression,
and/or on clinical follow-up evaluations. Recurrent CRC
was defined as the detection of recurrent lesions within 6
months of the FDG-PET/CT scan. The chi-square test was
used to determine the significance of the differences between
the two groups with respect to the detection of recurrent
disease and patient outcomes. Differences were considered
to be significant if p < 0.05. All of the calculations were per-
formed with SPSS version 12.0 (SPSS, Chicago, IL).

Results

The outcomes of the FDG-PET/CT studies in Group 1 and
Group 2 patients are listed in Table 2. Among the 128 FDG-
PET/CT studies, the mean serum CEA levels at the time of
the studies were 31.7 ng/mL (range: 5–351.9 ng/mL) and
2.2 ng/mL (range: 1–4.5 ng/mL) for Group 1 and Group 2,
respectively (p = 0.002). Recurrences were proven in 63 pa-
tients, including 31 of 49 (63.3%) in Group 1 and 32 of 79
(40.5%) in Group 2, (p = 0.012). Of the recurrences, 36 (57.1%)
were proven on a histological basis, and the others were
proven by disease progression or responses to therapy dur-
ing follow-up. Surgical resections were performed in 38.7%
(12/31) of the Group 1 patients and 53.1% (17/32) of the
Group 2 patients. As shown in Table 3, most patients (25/29,
86.2%) had liver and lung lesions (Fig. 1). Lesions in other
sites included one in the peritoneum (Fig. 2) and three in the
bowel (two in anastomotic sites and the other in the as-
cending colon). Most of the studies (26/29, 89.7%) had de-
layed scans, and 24 of these studies (24/26, 92.3%) showed
increased SUVmax on the delayed scans. Of the remaining 2
patients, the first showed a decrease from 2.5 to 1.9 in the
SUVmax of a 1.2 cm pulmonary nodule, while the second
retained a SUVmax of 1.3 in a 0.8 cm pulmonary nodule.
After discussion, both physicians reached a consensus. The
reduced or equal tracer uptake on the delayed scans was
likely due to the partial volume effect, respiration movement,
or both. After follow-up studies, 8 of the 31 (25.8%) recurrent
patients in Group 1 and 4 of the 32 (12.5%) recurrent patients
in Group 2 died at the end of study (p > 0.05). The time from
recurrence to death was 18.3 months in Group 1 and 25
months in Group 2 (p > 0.05).

The use of FDG-PET/CT allowed for the detection of 62
recurrent cancers and 7 false positives. Of the latter, four
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were proven with histological analysis, including a tubulo-
villous adenoma, a sclerosing angiomatoid nodular trans-
formation of the spleen, and one case each of second primary
lung cancer (Fig. 3) and malignant teratoma. The remaining
cases were confirmed as benign on follow-up studies and
included one case of pulmonary tuberculosis and two cases
with unknown causes of increased FDG uptake in an anas-

tomotic site and a soft tissue lesion in the left paracolic re-
gion. A false negative diagnosis was noted in a Group 2
patient, who had two recurrent presacral lesions within the
6-month poststudy period. In the remaining patients, no re-
current disease was detected during a follow-up period of at
least 6 months, which included close surveillance, the peri-
odic evaluation of serum CEA levels, and other imaging

Table 2. The Outcome of FDG-PET/CT Studies in the Group 1 and Group 2 Patients

Group 1 (n = 49) Group 2 (n = 79) p

Mean interval to last surgery, months (range) 42.1 (3–226) 33.7 (3–276) 0.25
Mean CEA level, ng/mL (range) 31.7 (5–351.9) 2.2 (1–4.5) 0.002
Mean follow-up time, months (range) 27.9 (4–60) 25.5 (6–69) 0.41
Recurrence, n (% over studies) 31 (63.3%) 32 (40.5%) 0.012
Time to recurrence, months (range) 34.9 (3–226) 24.6 (4–97) 0.23
Time from recurrence to therapy, months (range) 1.4 (0–6) 1.8 (0–6) 0.44
Histology, n (% over recurrences) 15 (48.4%) 21 (65.6%) 0.17
Surgical resection, n (% over recurrences) 12 (38.7%) 17 (53.1%) 0.25
Death, n (% over recurrences) 8 (25.8%) 4 (12.5%) 0.21
Time from recurrence to death, months (range) 18.3 (4–31) 25 (16–45) 0.42

CEA, carcinoembryonic antigen.

Table 3. FDG-PET/CT Findings and Disease Management in the 29 Patients

Who Underwent Surgical Resection of Recurrent Lesions

Case
Age

(year)
CEA

(ng/mL) Stage FDG-PET/CT findings
SUVmax

(early)
SUVmax
(delayed)

Management
changed

Follow-up
(month)

1 66 7.7 IIIB A 2 cm nodule over peritoneum 3.3 4.4 C/T to OP 20
2 58 10.4 I Local recurrence over anastomotic site 7.0 7.9 C/T to OP 37
3 69 31.8 II Ascending colon 13.6 16.2 C/T to OP 42
4 52 24.2 IIIB A 1.2 cm nodule in RLL 2.5 1.9 C/T to OP 35
5 74 351.9 IV Two nodules in liver 6.4 7.2 C/T to OP 40
6 47 98.1 IIIC A 2.3 cm nodule in liver 6.1 10 C/T to OP 24
7 49 45.6 II Two nodules in liver 9.7 13.1 C/T to OP 11
8 69 16.8 II A 5.5 cm mass in LUL 13.6 15.7 C/T to OP 11
9 63 5.4 III A 2.5 cm nodule in liver 4.0 8.9 C/T to OP 10

10 65 12.7 I A 5.5 cm mass in liver 10.6 14 C/T to OP 4
11 37 10.5 IIIB Several nodules in liver 7.4 C/T to OP 7
12 57 16.2 IV A 3.3 cm nodule in liver, a 0.7 cm

nodule in RML, and a 1.3 cm
nodule in RLL

14.4 C/T to OP 24

13 58 3.2 IIA A 0.8 cm nodule in LUL 1.3 1.3 None to OP 34
14 77 2 IIIB A 3.0 cm nodule in liver 7.9 13.3 None to OP 29
15 57 1.9 IIIB A 1.0 cm nodule in RML 2.0 2.1 None to OP 27
16 57 2.3 IIIB Several lung nodules in both lungs 5.8 None to OP 6
17 61 1.5 IIIC A 0.7 cm nodule in RLL 1.5 1.7 None to OP 16
18 60 3.4 IIIB Two isodense foci in liver 13.3 17.1 None to OP 2
19 46 < 1.0 IVB A 1.2 cm nodule in RLL 1.0 2.1 None to OP 13
20 62 2.8 III Two nodules in RLL 2.0 2.3 None to OP 13
21 55 1.6 IIA A 3.7 cm nodule in LLL 10.1 11 None to OP 12
22 48 1.9 IIIB Two nodules in liver 5.0 6.7 None to OP 12
23 67 4.4 IIIB A 1.7 cm nodule and an isodense

focus in liver
12.7 18.6 None to OP 11

24 75 1 IIIB A 1.5 cm nodule in RML 3.1 6.1 None to OP 8
25 67 3.1 IV A 1.5 cm nodule in liver 4.2 6.9 None to OP 7
26 62 1.8 IIB An isodense focus in liver 4.4 5.0 None to OP 17
27 59 3.9 I Local recurrence over anastomotic site 4.6 5.6 None to OP 36
28 48 1.5 IIIC An isodense focus in liver 2.9 3.4 None to OP 52
29 50 3.9 IIIC Several nodules in liver 4.7 7.7 None to OP 19

SUV, standardized uptake value; LLL, left lower lobe of lung; LUL, left upper lobe of lung; RLL, right lower lobe of lung; RML, right
middle lobe of lung; RUL, right upper lobe of lung; C/T, chemotherapy; OP, operation.
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FIG. 1. A 77-year-old woman
with a history of colon cancer
(moderately differentiated adeno-
carcinoma of the descending-
sigmoid junction, stage IIIB) and a
normal serum CEA level. Abdom-
inal sonography revealed a new
nodule in the liver. FDG-PET/CT
showed a 3.0 cm FDG-avid hypo-
dense nodule in the inferior portion
of the right hepatic lobe (SUVmax:
7.9, cross cursor). A partial hepa-
tectomy was performed and me-
tastasis was demonstrated by
pathological analysis. CEA, carci-
noembryonic antigen; FDG-PET/
CT, 2-[18F]fluoro-2-deoxy-D-
glucose-positron emission tomo-
graphy/computed tomography;
SUV, standardized uptake value.

FIG. 2. A 66-year-old man with a
history of colon cancer (moderately
differentiated adenocarcinoma in
the hepatic flexure of transverse
colon, stage IIIB) presented with an
elevated serum CEA level of 7.7 ng/
mL. FDG-PET/CT showed a 2 cm
nodule anterior to the pancreatic
head, abutted the right gastro-
epiploic vein (SUVmax: 4.4, cross
cursor). The pathological analysis
confirmed the presence of a meta-
static lesion. After therapy, serum
CEA levels were reduced to the
normal range. The patient remained
on clinical follow-up at the end of
the study.
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modalities. In Group 1, FDG-PET/CT detected 31 recurrent
cancers and 2 false positives, which were found to be due to
a tubulovillous adenoma and pulmonary tuberculosis. In
Group 2, FDG-PET/CT detected 31 recurrent cancers, 2
second primary cancers, and the 3 aforementioned benign
lesions. Accordingly, the overall sensitivity, specificity, and
accuracy of FDG-PET/CT were found to be 98.4%, 89.2%,
and 93.8%, respectively, in comparison to those of serum
CEA levels, which were 48.4%, 72.3%, and 60.2%, respec-
tively. With regard to each group, the sensitivity, specificity,
and accuracy of FDG-PET/CT were 100%, 88.9%, and 95.9%
in Group 1 and 96.9%, 89.4%, and 92.4% in Group 2, re-
spectively (Table 4). FDG-PET/CT induced major changes in
management in 36.7% (47/128) of the overall patients; in
Group 1, 32.7% (16/49) of the patients were moved from

treatment to nontreatment approaches and in Group 2, 39.2%
(31/79) of the patients were moved from nontreatment to
treatment approaches. Together with the surgical resections
in 12 of the 31 recurrent CRC patients and radiotherapy
approaches in another 3 patients in Group 1, FDG-PET/CT
induces changes in the planned management for 48.4% (62/
128) of the patients, which included 63.3% (31/49) in Group
1 and 39.2% (31/79) in Group 2 (p = 0.008).

For the comparison of recurrent patients with surgical
resection and those without, the mean serum CEA level at
the time of FDG-PET/CT imaging, mean SUVmax, mean
follow-up time, time to recurrence, and time from recurrence
to therapy were not found to be significantly different
(Table 5). All of the 29 (100%) patients with surgical resection
and 7 of the 34 (20.6%) patients without resection had

FIG. 3. A 79-year-old man with a
history of adenocarcinoma of rectal
cancer (moderately differentiated,
stage IIA). A nodule was noted on
the chest film and the serum CEA
level of 2.9 ng/mL was within the
normal range. FDG-PET/CT
showed a 1.9 cm pleural-based
nodule over the left upper lobe
(SUVmax: 5.0, cross cursor) and no
FDG-avid lesions elsewhere. After a
wedge resection of the left upper
lobe, the pathological analysis
showed a moderately differentiated
adenocarcinoma of pulmonary
origin.

Table 4. Performance of Serum Carcinoembryonic Antigen Levels

and FDG-PET/CT in the Detection of Recurrent Cancer

TP FP TN FN Sensitivity Specificity Accuracy

Serum CEA (n = 128) 30 18 47 32 48.4%a 72.3%b 60.2%a

FDG-PET/CT (n = 128) 62 7 58 1 98.4%a 89.2%b 93.8%a

Group 1 FDG-PET/CT (n = 49) 31 2 16 0 100% 88.9% 95.9%
Group 2 FDG-PET/CT (n = 79) 31 5 42 1 96.9% 89.4% 92.4%

ap < 0.001 FDG-PET/CT versus serum CEA.
bp = 0.025 FDG-PET/CT versus serum CEA.
FN, false negative; FP, false positive; TN, true negative; TP, true positive.
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histologically proven recurrences (p < 0.001). Of these, 1 of 29
(3.4%) patients with surgical resection and 11 of the 34
(34.3%) patients without resection died at the end of the
study (p = 0.004).

Discussion

The serum CEA level is the most frequently used tumor
marker when monitoring therapeutic responses in CRC pa-
tients and in surveillance for recurrent disease. The serial
measurement of serum CEA levels has been recommended
for the identification of patients who might be cured by re-
section.28,29 In the present study, the sensitivity of serum
CEA levels in the detection of recurrences was found to be
only 48.4%, which was comparable to that reported in other
studies30–33; thus, more than half of the recurrent patients
were missed when elevated serum CEA levels were used as
the only criteria. Although the incidences of recurrence and
mortality in patients with elevated serum CEA levels were
higher than those without, increased incidences of surgical
resections were noted in patients without elevated serum
CEA levels. Therefore, simply monitoring serum CEA levels
might not be sufficient for the early detection of recurrent
and resectable disease.

FDG-PET/CT is highly useful for the detection of recur-
rent CRC. In the present study, FDG-PET/CT detected 62 of
the 63 recurrent CRC cases. The sensitivity, specificity, and
accuracy of FDG-PET/CT for recurrent CRC were 98.4%,
89.2%, and 93.8%, respectively; and 100%, 88.9%, and 95.9%,
and 96.9%, 89.4%, and 92.4% in Group 1 and Group 2, re-
spectively. No significant differences were observed in se-
rum CEA levels with respect to the detection of recurrent
CRC by FDG-PET/CT. Increased serum CEA levels were
used as an inclusion criterion in some studies.34,35 Kyoto
et al. conducted a retrospective review of 75 FDG-PET/CT
scans in 57 patients for the detection of recurrent CRC, and
found that sensitivity values were 88% and 95%, and speci-
ficity values were 78% and 70% for patients with serum CEA
concentrations of 5–10 and > 10 ng/mL, respectively. The
study concluded that FDG-PET/CT could accurately detect
recurrent CRC, irrespective of elevated serum CEA levels.34

In a retrospective study of patients with clinically suspected
recurrent disease and normal serum CEA levels, the sensi-
tivity, specificity, and accuracy for FDG-PET/CT were
96.3%, 86.1%, and 90.5%, respectively,36 which was compa-
rable to those observed in the present study. Therefore, ele-
vated serum CEA might indicate only the recurrences with
higher probabilities of detection by FDG-PET/CT, as was
observed in the present study (63.3% vs. 40.5%, p = 0.012).

Our study confirmed that FDG-PET/CT is valuable in the
detection of suspected recurrent CRC, irrespective of the
serum CEA levels.

Recently published data from the National Oncologic
PET Registry from patients with a variety of cancers
showed that the intended disease management was chan-
ged in 36.5% of patient after PET imaging analysis.37 In a
multicenter prospective study of 191 patients with recurrent
CRC, a change in the planned management was docu-
mented for 65.6% of the symptomatic patients with residual
structural lesions and in 43.9% of the patients with pul-
monary or hepatic metastases that were considered to be
potentially resectable.38 In the present study, FDG-PET/CT
changed the planned management for 48.4% (62/128) of the
total patients, which included 63.3% (31/49) of the patients
with and 39.2% (31/79) of the patients without increased
serum CEA levels (p = 0.008). Surgery is potentially curative
for patients with limited sites of metastatic disease, partic-
ularly those involving the liver and lung.23–27 Of the pa-
tients whose recurrent diseases were detected early and
who underwent surgical resections of the recurrent lesions,
only 1 patient died, in comparison to those who did not
undergo resections (3.4% vs. 34.3%, p = 0.004). The earlier
recognition of resectable lesions hopefully will provide
more effective treatment options and improve patient sur-
vival rates. FDG-PET/CT is helpful in the selection of pa-
tients who might derive significant survival benefits from
optimal surgical strategies.

FDG-PET/CT is advantageous in that it can merge the
metabolic information from FDG-PET with the anatomical
information from CT. However, there are still inherent false
positive and false negative results, though patients might
benefit from the false positive findings. In the present study,
false positives resulted in the surgical resections of two pri-
mary cancers that were independent of CRC and the colo-
noscopic excision of a tubulovillous adenoma. Further, a
patient with pulmonary tuberculosis was appropriately
treated. The earlier recognition of synchronous cancers might
allow for the provision of more effective treatment options
and could improve patient survival rates. A false negative
was determined by the definition of recurrent lesions as
those that were found within 6 months of FDG-PET/CT. In
this case, FDG-PET/CT was limited by the resolution and the
inability to detect microscopic metastases. A size threshold of
0.5 cm was identified for the largest lesion that was missed
by FDG-PET/CT.39

The present study had some limitations. First, pathology
was available for only 36 of the 63 recurrent patients (57.1%).
Recurrent tumors were confirmed during follow-ups in 20

Table 5. Outcomes of Recurrent Patients With and Without Surgical Resection

Surgical resection (n = 29) No surgical resection (n = 34) p

Mean CEA level, ng/mL (range) 23.2 (1–351.9) 23.4 (1–220.2) 0.99
Mean SUVmax (range) 6.7 (1.3–17.1) 8.2 (1.1–41.3) 0.30
Mean follow-up time, months (range) 20.9 (2–52) 19.3 (4–45) 0.69
Time to recurrence, months (range) 27.4 (1–112) 30.7 (3–226) 0.62
Time from recurrence to therapy, months (range) 1 (0–6) 1.7 (0–5) 0.53
Histology, n (% over recurrences) 29 (100%) 7 (20.6%) < 0.001
Death, n (% over recurrences) 1 (3.4%) 11 (34.3%) 0.004
Time from recurrence to death, months (range) 4 22 (6–45)
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patients on the basis of therapeutic response and in another 7
according to disease progression. Second, 128 consecutive
FDG-PET/CT studies in 96 patients were retrospectively
recruited which meant that some patients were studied more
than once. Further, FDG-PET/CT was performed in the
Group 2 patients for various reasons. Some of the patients
also underwent contrast-enhanced CT at the time of the
image analyses. Because the physicians collected the avail-
able information, including prior PET/CT and contrast-
enhanced CT studies for the most complete analyses, bias
might have been introduced. Third, the total case numbers
were small. Although more of the recurrent patients
without elevated serum CEA levels received surgical re-
sections (53.1% vs. 38.7%) and fewer of these patients died
(12.5% vs. 25.8%), these differences were not found to be
statistically significant. Further studies that include a
greater numbers of cases and prospective trials that focus
on the specific issue of resectable recurrences would be of
interest.

Conclusions

In the present study, FDG-PET/CT was revealed to be
highly sensitive and specific in the detection of recurrent
CRC, both in patients with and without elevated serum CEA
levels. FDG-PET/CT could detect early resectable recur-
rences and thus prompted changes to the planned disease
management. Surgical resection of limited recurrent disease
that was detected by FDG-PET/CT improved the survival
rates of CRC patients. Patients with suspected recurrences
but no elevations in serum CEA levels might benefit from
surgical resection as indicated by FDG-PET/CT. Therefore,
we recommend that FDG-PET/CT should be performed not
only in patients with elevated serum CEA levels but also in
those with suspected recurrences for the earlier detection of
resectable disease.
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