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Abstract
Purpose The aim of our study was to evaluate the
accuracy of integrated positron emission tomography and
computed tomography (PET/CT) using 18F-fluorodeoxy-
glucose (FDG) with IV contrast for depiction of suspected
recurrent colorectal cancer and to assess the impact of PET/
contrast-enhanced CT findings on clinical management

compared with PET/non-contrast-enhanced CT and CT
component.
Methods One hundred seventy patients previously treated
for colorectal cancer underwent PET/CT consisting of
non-enhanced and contrast-enhanced CT for suspected
recurrence. PET/contrast-enhanced CT, PET/non-contrast-
enhanced CT and enhanced CT were interpreted by two
experienced radiologists by consensus for each investiga-
tion. Lesion status was determined on the basis of
histopathology, radiological imaging and clinical follow-
up for longer than 6 months.
Results Patient-based analysis showed that the sensitivity,
specificity and accuracy of PET/contrast-enhanced CT were
93.2 (69/74), 95.8 (92/96) and 94.7% (161/170), respec-
tively, whereas those of PET/non-contrast-enhanced CT
were 89.2 (66/74), 94.8 (91/96) and 92.4% (157/170),
respectively, and those of enhanced CT were 79.7 (59/74),
93.8 (90/96) and 87.6% (149/170), respectively. Sensitivity
and accuracy differed significantly among the three
modalities (Cochran’s Q test: p=0.0004 and p=0.0001,
respectively).The findings of PET/contrast-enhanced CT
resulted in a change of management for 64 of the 170
patients (38%) and had an effect on patient management in
12 patients (7%) diagnosed by enhanced CT alone and 4
patients (2%) diagnosed by PET/non-contrast-enhanced CT.
Conclusion Integrated PET/contrast-enhanced CT is an
accurate modality for assessing colorectal cancer recur-
rence and led to changes in the subsequent appropriate
therapy.
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Introduction

Colorectal cancer is one of the most common cancer
entities worldwide [1]. Radical resection and postoperative
chemotherapy remain the major management options for
colorectal cancer, but recurrence and/or metastasis occur in
30∼50% of the patients after surgery [2–4]. An early
diagnosis and accurate postoperative staging are crucial for
prescribing an optimal individualized chemotherapy regi-
men and thus elevating the survival rate. Contrast-enhanced
CT is currently the most established and important tool for
restaging in patients with suspicion of colorectal cancer
recurrence [5]. Recent advances in CT technology with the
availability of multidetector row scanners and multiplanar
images have the potential to improve the visualization of
small lesions on curved surfaces throughout the whole body
on patients with rectal cancer [6]. MRI is often used for
detecting pelvic recurrence of colorectal cancer due to its
excellent soft tissue resolution [7, 8]. However, when used
alone, these conventional imaging modalities are poor at
visualizing small intra-abdominal disseminated lesions and
lymph node metastases and for differentiating tumour
recurrence from postoperative or post-therapy changes.

In the late 1990s, positron emission tomography (PET)
with 18F-fluorodeoxyglucose (FDG), which exploits the
increased utilization of glucose by malignant cells, has
opened a new field in clinical imaging and is widely used
for staging, re-staging, therapeutic response monitoring and
prognostication in patients with various cancers. It is possible
to diagnose cancer recurrence and distant metastasis by PET
in the preclinical stage before it becomes evident by
conventional imaging modalities. Recently, integrated PET/
CT, in which a full-ring detector clinical PET scanner and
multidetector row helical CT (MDCT) scanner are combined,
has made it possible to acquire both metabolic and
anatomical imaging data using a single device in a single
diagnostic session and provides precise anatomical localiza-
tion of suspicious areas of increased FDG uptake and rules
out false-positive PET findings [9, 10]. Several studies have
described the usefulness of integrated PET/CT [10–16] for
the diagnosis of recurrent colorectal cancer. These reports of
PET/CT have included relatively small numbers of patients
(n=45–90) and the quality of the CT component did not fully
reach a sufficient diagnostic level in many studies. To our
knowledge, only one group has used intravenous contrast
material for the CT component of the PET/CT scan [16]. The
purpose of the present study was to assess the diagnostic
patient- and lesion site-based accuracies of PET/contrast-
enhanced CT for the follow-up of large series of patients
previously treated for colorectal cancer and the impact of
PET/contrast-enhanced CT findings on patient management
as compared with PET/non-contrast-enhanced CT and
enhanced CT.

Materials and methods

Patients

One hundred seventy patients (age range: 35–81 years,
mean: 56 years) with suspected recurrence and/or metasta-
sis of colorectal cancer underwent PET/CT examinations
consisting of non-enhanced and contrast-enhanced CT at
our institution between April 2005 and May 2008, with the
approval of the Institutional Review Board. Informed
consent was obtained from each patient after the nature of
the procedures had been fully explained. Primary cancer
originated from the caecum (n=3), ascending colon (n=13),
transverse colon (n=15), descending colon (n=18), sigmoid
colon (n=40),or rectum (n=81). PET/CT examinations
were performed at the time of follow-up at least 6 months
(range: 6–70 months, mean: 19 months) after the surgery.
Fifty-nine patients had undergone chemotherapy at PET/CT
examinations. Recurrence was suspected on the basis of
elevated levels of carcinoembyonic antigen (CEA) (n=86),
both elevated CEA levels and abnormal CT and/or MR
imaging findings (n=39), abnormal CT and/or MR imaging
findings (n=28) and physical examination (n=17).

FDG PET/CT study

Whole body imaging was performed using a combined
PET/CT scanner (Biograph, Sensation 16 PET/CT system,
Siemens AG, Erlangen, Germany). MDCT covered a region
ranging from the meatus of the ear to the mid-thigh. The
technical parameters of the 16-detector row helical CT
scanner were a gantry rotation speed of 0.5 s and a table
speed of 24 mm per gantry rotation. The PET component of
the combined imaging system had an axial view of 16.2 cm
(per bed position) with an interslice spacing of 3.75 mm in
one bed position and provided an image from the meatus of
the ear to the mid-thigh with six to seven bed positions. The
transaxial field of view and pixel size of the PET images
reconstructed for fusion were 58.5 cm and 4.57 mm,
respectively, with a matrix size of 128×128. To avoid
artefacts caused by the urinary tract, patients were asked to
drink 1,000 ml of water 1–2 h prior to image acquisition
and to void just before the start of acquisition. No urinary
bladder catheterization was used. After at least 4 h of
fasting, patients received an intravenous injection of
4.0 MBq/kg body weight of FDG. The blood glucose
levels were checked in all patients before FDG injection
and no patients showed a blood glucose level of more than
160 mg/dl.

About 50 min later, initially unenhanced low-dose CT
was performed at 140 kV and 40 mA for attenuation
correction of the PET image. A whole body emission PET
scan was performed immediately after the low-dose CT,
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with a 3-min acquisition per bed position using a three-
dimensional acquisition mode. Attenuation-corrected PET
images were reconstructed with an ordered subset expecta-
tion maximization iterative reconstruction algorithm (eight
subsets, three iterations). Finally, diagnostic contrast-
enhanced full-dose MDCT was performed for the same
axial coverage at 140 kV and 230 mA, with a 2-mm slice
thickness. Intravenous administration of a total volume of
150 ml (maximum) or 2 ml/kg of iodinated contrast
material (iomeprole 300, Eisai, Tokyo, Japan) containing
300 mg of iodine/ml via power injection at a rate of 2.5 ml/s
was performed, and the scan of neck∼thorax, upper∼middle
abdomen and lower abdomen∼pelvis was started at 45 s, 75 s
and 90 s, respectively, after injection. No oral contrast agent
was administered. PET, CT and fused PET/CT images were
generated for review on a computer workstation (Azemoto
Virtual Place Version 3.0035).

Image analysis

Contrast-enhanced CT images were retrospectively eval-
uated in consensus by two experienced radiologists
(reader A and reader B with 9 and 21 years of
experience in CT, respectively) who had knowledge of
neither the other imaging results nor the clinical data.
CT images were viewed in coronal, axial and sagittal
sections and inspected and appropriate winding was
applied. Peritoneal implantation was diagnosed when
nodular, plaque-like or infiltrative soft tissue lesions
with abnormal enhancement were seen in the peritoneal
fat or on the peritoneal surface. Lymph nodes (LNs)
with a short-axis diameter greater than 1 cm were
defined as malignant. Furthermore, the presence of a
central unenhancing area suggesting central necrosis was
considered a sign of malignancy, and the presence of
peripheral low attenuation suggesting a fatty hilum
within an LN was considered a benign sign, regardless
of node size [17–19].

PET/contrast-enhanced CT images were prospectively
interpreted in consensus by two experienced radiologists
(reader C and reader D with 4 and 6 years of experience in
PET/CT, respectively) who had knowledge of neither the
other imaging results nor the clinical data. PET/non-
contrast-enhanced CT images were retrospectively inter-
preted in consensus by two experienced radiologists (reader
E and reader F with 3 and 5 years of experience in PET/CT,
respectively) who had knowledge of neither the other
imaging results nor the clinical data. Attenuation-corrected
PET images, contrast-enhanced CT or non-contrast-
enhanced CT images and co-registered fused images were
displayed together on the monitor. Recurrent or metastatic
lesions were diagnosed when abnormal focal FDG uptake
observed on PET images corresponded to an abnormal

mass on CT. LNs with increased glucose uptake were
deemed positive for metastatic spread even if they were
smaller than 1 cm in short-axis diameter. Conversely, LNs
with no detectable tracer uptake were deemed negative for
metastatic spread, even if they were larger than 1 cm in
short-axis diameter. Semiquantitative analysis was not done
in this study. This method of PET/CT image analysis was
based on previous studies [17–19].

Diagnostic ability was determined on a patient basis and
on a nine lesion site basis (neck LN, chest LN containing
axillary LN, mediastinal LN, hilar LN, abdominal LN,
pelvic LN, lung, liver, peritoneal carcinomatosis of various
sites, pelvic local recurrence and bone).

The final diagnosis was obtained from the results of
histopathological examination after surgery or biopsy (n=
64), or clinical follow-up of at least 6 months (range: 6–
26 months, mean: 18 months) on the basis of CEA levels
and contrast-enhanced CT findings (n=60), and CEA levels
and enhanced full-dose PET/CT findings (n=46). We
classified as recurrence and/or metastasis the cases if, for
example, (1) the present study revealed highly suspected
recurrence without pathological evidence and the patient
underwent chemotherapy resulting in a decrease or disap-
pearance in size and/or FDG uptake in the follow-up study
and (2) the follow-up study revealed tumour recurrence
with CT and/or PET/CT in a place where a tiny lesion
without FDG uptake was imaged at the time of the initial
(present) study.

Statistical analysis

We performed patient-based and lesion site-based analy-
ses of PET/contrast-enhanced CT results based on the
consensus verdict in general compared with PET/non-
contrast-enhanced CT and enhanced CT. Sensitivity,
specificity, positive predictive value (PPV), negative
predictive value (NPV) and accuracy were calculated
using standard statistical formulae, and the 95% confi-
dence interval (95% CI) was determined for each
parameter. Differences among the three imaging modal-
ities were tested with Cochran’s Q test, followed by
multiple comparisons using the McNemar test with
Bonferroni adjustment; p values of less than 0.05 were
considered to indicate statistical significance.

Results

Patient-based analysis

In 74 (44%) of the 170 patients, recurrence and/or distant
metastasis was confirmed by pathological examination (n=
60) and clinical follow-up study of CEA and imaging

1390 Eur J Nucl Med Mol Imaging (2009) 36:1388–1396



modality (n=14). In the other 96 patients, no recurrence
was confirmed by pathological examination (n=4) and
clinical follow-up study (n=92). On patient-based analysis,
interpretation by PET/contrast-enhanced CT was true
positive in 69 of the 74 patients with recurrence and
true negative in 92 of the 96 patients without recur-
rence, whereas interpretation by PET/non-contrast-en-
hanced CT was true positive in 66 of the 74 patients
with recurrence and true negative in 91 of the 96
patients without recurrence and interpretation by en-
hanced CT was true positive in 59 of the 74 patients
with recurrence and true negative in 90 of the 96
patients without recurrence (Table 1). Sensitivity and
accuracy differed significantly among the three modal-
ities (Cochran’s Q test: p=0.0004 and p=0.0001,
respectively) and there was no significant difference in
specificity (p=0.157). Although there were significant
differences in sensitivity between enhanced CT and
PET/non-contrast-enhanced CT and between enhanced
CT and PET/contrast-enhanced CT (McNemar test: p=
0.025 and p=0.0048, respectively), there was no signif-
icant difference in sensitivity between PET/non-contrast-
enhanced CT and PET/contrast-enhanced CT (McNemar
test: p=0.25). Although there were significant differences
in accuracy between enhanced CT and PET/non-contrast-
enhanced CT and between enhanced CT and PET/contrast-
enhanced CT (McNemar test: p=0.014 and p=0.0015,
respectively), there was no significant difference in
accuracy between PET/non-contrast-enhanced CT and
PET/contrast-enhanced CT (McNemar test: p=0.14).

Lesion site-based analysis

Nine lesion sites, including neck LN, chest LN, abdominal
LN, pelvic LN, lung, liver, peritoneum, local recurrence
and bone, were evaluated for each patient (Table 2). There

were 140 sites of lesion recurrence: 2 in neck LNs, 3 in
chest LNs, 18 in abdominal LNs, 14 in pelvic LNs, 25 in
the lung, 30 in the liver, 15 in the peritoneum, 30 local
recurrences and 3 in the bone.

PET/contrast-enhanced CT and PET/non-contrast CT
detected more recurrence and/or metastasis than enhanced
CT in seven lesion sites except for lung and liver. The
sensitivity of lung and liver metastasis by PET/non-
contrast-enhanced CT was a little inferior than that of
enhanced CT. The sensitivity of seven lesion sites (abdom-
inal LN, pelvic LN, lung, liver, peritoneum, local recur-
rence and bone) by PET/contrast-enhanced CT was a little
superior than that of PET/non-contrast CT.

Three nonmetastatic LN (one neck LN, one chest LN,
one abdominal LN) were overdiagnosed as LN metastasis
due to tracer uptake by PET/CT with and without IV
contrast. Three cases (one pulmonary Cryptococcus infec-
tion, one Wegener’s granulomatosis and one pulmonary
inflammatory change) were overdiagnosed as lung metas-
tasis by PET/CT with and without IV contrast. Two cases
(one hepatic abscess and one biliary infection) were
overdiagnosed as liver metastasis by PET/contrast-
enhanced CT. One case of physiological FDG uptake by
the bowel was overdiagnosed as peritoneal dissemination
by PET/CTwith and without IV contrast. One case of post-
therapeutic change was overdiagnosed as local recurrence
by PET/CT with and without IV contrast. One vertebral
degenerative change was overdiagnosed as bone metastasis
by PET/non-contrast CT. One nonmetastatic chest LN
11 mm in short diameter was overdiagnosed and misinter-
preted as LN metastasis by enhanced CT. Two cases (one
pulmonary Cryptococcus infection and one pulmonary
inflammatory change) were overdiagnosed as lung metas-
tasis by enhanced CT. Two cases (one hepatic abscess and
one biliary infection) were overdiagnosed as liver metas-
tasis by enhanced CT. Enhanced CT overdiagnosed post-

Table 1 Patient-based diagnostic result of interpretations by enhanced CT, PET/non-contrast-enhanced CT and PET/contrast-enhanced CT

Sensitivity Specificity PPV NPV Accuracy

TP FN TN FP 95% CI 95% CI 95% CI 95% CI 95% CI

CT 59 15 90 6 79.7 93.8 90.8 85.7 87.6

70.5∼88.9 89.0∼98.6 83.8∼97.8 78.7∼92.7 82.7∼92.6
PET/CTa 66 8 91 5 89.2 94.8 93.0 91.9 92.4

82.1∼96.3 90.4∼99.2 87.1∼98.9 86.5∼97.3 88.4∼96.4
PET/CTb 69 5 92 4 93.2 95.8 94.5 94.8 94.7

87.5∼98.9 91.8∼99.8 89.3∼99.7 90.4∼99.2 91.3∼98.1

TP true positive, TN true negative, FP false positive, FN false negative, PPV positive predictive value, NPV negative predictive value
a PET/non-contrast-enhanced CT
b PET/contrast-enhanced CT
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therapeutic change as peritoneal dissemination (n=2) and
as local recurrence (n=4).

Effect of PET/CT on patient management

The findings of PET/contrast-enhanced CT resulted in a
change of management for 64 of the 170 patients (38%)
by initiating an unplanned treatment strategy (n=41), by
changing the treatment plan (n=14) or by obviating the
need for planned treatment (n=9). Surgery and chemo-
therapy were undertaken in 27 patients, surgery in 8 and
chemoradiotherapy in 6. Surgery plus radiotherapy was
changed to chemoradiotherapy in seven patients, and
surgery was changed to chemoradiotherapy in seven.
Surgery was cancelled in five patients, and chemother-
apy was cancelled in four. Improved diagnostic accuracy
with PET/contrast-enhanced CT had an effect on patient
management in 12 patients (7%) diagnosed by enhanced
CT alone and 4 patients (2%) diagnosed by PET/non-
contrast-enhanced CT. However, one patient underwent
unnecessary surgery and three patients received unnec-
essary biopsy. Five patients (one patient with abdominal
and pelvic LN metastasis, two patients with liver
metastasis, one patient with lung metastasis and one
patient with peritoneal dissemination and local recur-
rence missed by PET/contrast-enhanced CT) had lost
proper therapy.

Among 170 patients, PET/contrast-enhanced CT could
incidentally detect 8 patients having other cancers (lung
cancer in 2 patients, thyroid cancer in 2, pancreas cancer in
1, biliary cancer in 1, tongue cancer in 1 and breast cancer
in 1). PET/non-contrast CT could incidentally detect seven
except for biliary cancer, and enhanced CT could inciden-
tally detect six of these eight patients.

Discussion

Several authors have investigated the usefulness of PET/
CT for post-therapy surveillance of patients with colo-
rectal cancer and found that the sensitivity, specificity
and accuracy were 86–98, 67–98 and 83–96%, respec-
tively [10–16]. Only one group used intravenous contrast
material for the CT component of the PET/CT scan [16].
These studies revealed that false-negative PET/CT cases
included tiny LN metastasis, tiny liver metastasis, tiny
peritoneal dissemination and tiny local recurrence, where-
as false-positive PET/CT cases were due to liver
inflammatory lesion, adrenal benign disease, physiologi-
cal FDG uptake by the bowel and bone, postradiation
change and postoperative change. Soyka et al. demon-
strated that PET/non-contrast CT delivered correct addi-
tional information to the enhanced CT findings in 27 of
54 patients (50%) and PET/contrast-enhanced CT
revealed additional information in 39 of 54 patients
(72%), with therapeutic relevance in 23 patients com-
pared with PET/non-contrast-enhanced CT [16].

PET/CT is a very accurate imaging modality to detect
peritoneal dissemination, metastatic LNs and local recur-
rence. In our series, PET/CT with and without IV contrast
could detect more metastatic LNs, peritoneal dissemination
and local recurrence than enhanced CT. In our series, the
sensitivity of detecting peritoneal dissemination by PET/
contrast-enhanced CT was relatively high compared with
enhanced CT (93.3 vs 66.7%) (Fig. 1). In our series, the
overall node-based sensitivity, specificity and accuracy of
PET/contrast-enhanced CT for detection of metastasis at all
LN sites (neck LN, chest LN, abdominal LN and pelvic
LN) were 94.6 (35/37), 99.5 (640/643) and 99.3% (675/
680), respectively, whereas those of enhanced CT were 62.1

Table 2 Lesion site-based diagnostic result of interpretations by CT, PET/non-contrast-enhanced CT and PET/contrast-enhanced CT

Enhanced CT PET/CTa PET/CTb

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

Neck LN 0% (0/2) 100% (168/168) 100% (2/2) 99.4% (167/168) 100% (2/2) 99.4% (167/168)

Chest LN 66.7% (2/3) 99.4% (166/167) 100% (3/3) 99.4% (166/167) 100% (3/3) 99.4% (166/167)

Abdominal LN 66.7% (12/18) 100% (152/152) 88.9% (16/18) 99.3% (151/152) 94.4% (17/18) 99.3% (151/152)

Pelvic LN 64.3% (9/14) 100% (156/156) 85.7% (12/14) 100% (156/156) 92.9% (13/14) 100% (156/156)

Lung 96.0% (24/25) 98.6% (143/145) 92.0% (23/25) 97.9% (142/145) 96.0% (24/25) 97.9% (142/145)

Liver 93.3% (28/30) 98.6% (138/140) 83.3% (25/30) 97.9% (137/140) 93.3% (28/30) 98.6% (138/140)

Peritoneum 66.7% (10/15) 98.7% (153/155) 80.0% (12/15) 99.3% (154/155) 93.3% (14/15) 99.3% (154/155)

Local recurrence 80.0% (24/30) 97.1% (136/140) 90.0% (27/30) 98.8% (138/140) 96.7% (29/30) 99.3% (139/140)

Bone 33.3% (1/3) 100% (167/167) 66.7% (2/3) 99.4% (166/167) 100% (3/3) 100% (167/167)

a PET/non-contrast-enhanced CT
b PET/contrast-enhanced CT
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(23/37), 99.8 (642/643) and 97.8% (665/680), respectively
(Fig. 2). PET/contrast-enhanced CT showed better sensitiv-
ity and accuracy for detection of metastatic LN than
enhanced CT alone. Because the identification of metastatic
LNs by morphological imaging modalities such as CT and
MR is based on measurement of node size, a short-axis
diameter exceeding 10 mm or 8 mm being the most accepted
criterion for diagnosis of nodal involvement, the sensitivity
of CT and MR imaging for diagnosis of metastatic LN is
relatively low. However, FDG PET is a functional method
based on the increased glucose metabolism of cancer cells,
regardless of node size, and it seems that PET and PET/CT
could enable the detection and localization of metastatic LNs
that are not enlarged (i.e. smaller than 1 cm). Although PET
and PET/CT can sometimes detect metastatic LNs smaller
than 1 cm, the sensitivity of these modalities is insufficient
because of their low spatial resolution [20, 21]. In our series,
the sensitivity of detecting local recurrence by PET/
contrast-enhanced CT was relatively high compared with
enhanced CT (96.7 vs 80.0%). Sapir et al. demonstrated
that the sensitivity of detecting pelvic recurrence of rectal
cancer by PET/CT was very high (43 of 44 lesions in 23 of
24 patients) [13].

However, even PET/contrast-enhanced CT was unable to
detect a total of seven tiny lesions (one in abdominal LN,

one in pelvic LN, one in the lung, two in the liver, one in
the peritoneum and one local recurrence). The minimum
size of lesions detected by PET/CT was 4 mm, and the
maximum size of lesions undetected by PET/CT was 6 mm.
PET or PET/CT can only detect lesions with a certain
volume of malignant cells sufficient to change the observed
glucose metabolism, and neither of these imaging modal-
ities can detect micrometastasis [20–22]. Pannu et al. [22]
demonstrated that for peritoneal lesions larger than 1 cm
(n=8), 50% were detectable by PET/CT, and that for
peritoneal lesions no larger than 1 cm (n=23), only 13%
were detectable by PET/CT. The spatial resolution of PET
scans is insufficient for detection of microscopic lesions.
With a spatial resolution of 4–6 mm for currently available
PET and PET/CT systems, the detection of microscopic
lesions remains challenging. Improving the spatial resolu-
tion and sensitivity of PET and PET/CT scanners and
developing new, more specific radioactive tracers may help
to overcome this limitation in the future.

Although enhanced CT alone showed poor ability to
differentiate tumour recurrence from postoperative or
postradiation changes, viable tumour tissue can be differ-
entiated from post-therapeutic change with PET/CT, which
evaluates tumour metabolism. In our series, enhanced CT
overdiagnosed post-therapeutic change as peritoneal dis-

Fig. 1 A 67-year-old male postoperative rectal cancer patient with
peritoneal dissemination. a Unenhanced low-dose CT shows no
abnormal findings. b PET/non-contrast-enhanced CT shows no abnor-
mal findings. c Enhanced full-dose CT shows no abnormal findings. d

PET/contrast-enhanced CT shows strong FDG uptake corresponding to
an enhanced soft tissue mass in the mesentery (arrow). Peritoneal
dissemination was diagnosed. Histopathological examination of the
surgical specimen revealed peritoneal dissemination
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semination (n=2) and local recurrence (n=4), and PET/
contrast-enhanced CT overdiagnosed post-therapeutic
change as local recurrence (n=1).

The liver represents one of the main targets of metastatic
spread of colorectal cancer and PET or PET/CT are useful
modalities to detect liver metastasis with a certain volume
[23]. Recently contrast-enhanced MRI has become widely
accepted by radiologists and surgeons to be the most
sensitive method for the identification of small liver
metastases and regarded as an essential element of
preoperative assessment [24]. Squillaci et al. demonstrated
that the Gd-enhanced MRI had a better sensitivity to detect
tiny liver metastasis than PET/contrast-enhanced CT [25].
Moreover, to date, a new contrast medium of MRI,
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic
acid (Gd-EOB-DTPA), could replace ultrasound or en-
hanced CT and become the preferred contrast agent for
detecting liver metastases [26].

According to the literature reports, the use of CT contrast
agents in PET/CT is still controversial [27]. Some argue
that CT image data should be used only for attenuation
correction of PET, reduction of acquisition time and
localization of hypermetabolic lesions with a low radiation
dose (“low-dose CT”) [28–30], whereas others advocate the

need to perform contrast-enhanced, full-dose and high-
resolution CT (“diagnostic CT”) in various types of cancer
[16, 19, 30–34]. Although even PET/non-contrast-en-
hanced CT is a fairly accurate diagnostic tool, PET/
contrast-enhanced CT is a real “one-stop shop” examina-
tion. A recent report has demonstrated that there is an
increase in standard uptake volume (SUV) in normal and
pathological regions of high concentration when IV
contrast-enhanced CT is used for attenuation; this
increase is clinically insignificant in the evaluation of
patients with cancer and contrast-enhanced CT could be
used for attenuation correction [32]. In our series, PET/
contrast-enhanced CT showed more superior patient-based
and lesion-based results and an improved effect on patient
management in four patients (2%) compared to PET/non-
contrast-enhanced CT. But there was no statistical
significance between the two imaging modalities, and
PET/non-contrast-enhanced CT is a fairly accurate diag-
nostic tool. Moreover, PET/contrast-enhanced CT has
disadvantages of additional radiation exposure and side
effects due to contrast material over PET/non-contrast-
enhanced CT. Further study in a larger patient population
is needed to elucidate the efficacy and cost-effectiveness
of PET/contrast-enhanced CT.

Fig. 2 A 65-year-old female postoperative sigmoid colon cancer
patient with pelvic LN metastasis. a Unenhanced low-dose CT shows
a small soft tissue mass in the right pelvic region (arrow). b PET/non-
contrast-enhanced CT shows faint FDG uptake corresponding to a
small soft tissue mass (arrow). Owing to the absence of precise
anatomical landmarks, the accumulation of tracer depicted cannot be
unequivocally attributed to lymph node metastasis. c Enhanced full-

dose CT shows a right internal iliac LN measuring 5×9 mm (arrow),
which does not rule out LN metastasis on the basis of the size criterion
for CT. d PET/contrast-enhanced CT shows strong FDG uptake
corresponding to a small pelvic LN (arrow), suggesting the presence
of nodal cancer spread. Histopathological findings confirmed exten-
sive LN cancer involvement
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This study had certain limitations. First, the ideal gold
standard for any analysis is histological confirmation of the
findings. However, clinical follow-up is a valid way to
evaluate diagnostic accuracy and response to therapy, and it
would have been unethical to investigate all PET/CT-
detected lesions using invasive procedures. Positive find-
ings are easy to confirm, but negative findings only mean
that it is not possible to acquire positive findings during the
follow-up period, making it uncertain whether the findings
are truly negative. Second, no oral contrast materials were
used in this study. Adding an oral contrast agent would
likely help to better delineate normal bowel activity and
demonstrate pathological intra-abdominal activity (perito-
neal implantation). Third, the enhanced CT images in our
series were acquired as part of a PET/CT study, and we did
not directly compare the diagnostic performance of PET/CT
with separate CT.

In conclusion, integrated PET/contrast-enhanced CT is
an accurate imaging modality for assessing colorectal
cancer recurrence and led to changes in the subsequent
clinical management of 38% of the patients in the present
series. Improved diagnostic accuracy with PET/contrast-
enhanced CT had an effect on patient management in 12
patients (7%) diagnosed by enhanced CT alone and 4
patients (2%) diagnosed by PET/non-contrast-enhanced CT.
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