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PET and PET/CT for Colorectal Cancer

By Dominique Delbeke, M.D., Ph.D. 

Colorectal cancer is the third most common
cancer in men and women, and it affects
5% of the population in the U.S. and most

Western countries. The American Cancer
Society estimates that approximately 135,000
new cases of colorectal cancer occur and about
57,000 patients die per year from this disease in
the U.S., representing 10% of all cancer deaths.
The diagnosis of colorectal carcinoma is based
on colonoscopy and biopsy.

Approximately 70% to 80% of patients are
treated with curative intent, and the overall sur-
vival at five years is less than 60%. About one-
third of patients have recurrence within two
years, and 25% of these patients have recurrence
to one site and are potentially curable by surgi-
cal resection.

About 14,000 patients per year with colorec-
tal carcinoma present with isolated liver metas-
tases as their first recurrence, and about 20%
die with metastases exclusively to the liver.
Hepatic resection is the only curative therapy in
these patients, but it is associated with a mortal-
ity of 2% to 7% and significant morbidity. Early
detection and prompt treatment of recurrences
may lead to a cure in up to 25% of patients.
Accurate noninvasive detection of inoperable
disease with imaging modalities therefore plays
a pivotal role in selecting patients who would
benefit from hepatic surgery.

Colorectal carcinoma is associated with ele-
vated serum levels of carcinoembryonic antigen

in approximately two-thirds of patients.
Monitoring CEA serum levels is helpful in the
surveillance of these patients, but when CEA
serum level is rising, the site(s) of recurrence/
metastases need to be identified and localized.

METHODS OF DIAGNOSIS
Diagnostic issues include early detection of
these tumors; differentiation of malignant from
benign tumors (lesion characterization); staging
for resection that includes lesion localization;
evaluation of proximity to vessels, invasion of
adjacent structures, and metastasis to regional
lymph nodes and distant sites; and assessment
of therapeutic response. Some of these goals are
better achieved with the high resolution of
anatomical imaging techniques and others with
molecular imaging using PET.

Rapid advances in imaging technologies pre-
sent a challenge for both radiologists and clini-
cians who must integrate these technologies for
optimal patient care and outcomes at minimal
cost. Since the early 1990s, numerous technolog-
ical improvements have occurred in radiological
imaging. These include multislice spiral CT,
which permits fast acquisition of angiographic
images and multiphase enhancement tech-
niques, and PET using FDG as a radiopharma-
ceutical that provides the capability for imaging
tumor metabolism.

The clinical utility of FDG imaging was first
established using dedicated PET scanners
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detection of mucinous adenocarcinoma
is lower than for nonmucinous adeno-
carcinoma (41% to 58% versus 92%),
probably because of the relative hypocel-
lularity of these tumors.24

High uptake of FDG by activated
macrophages, neutrophils, fibroblasts,
and granulation tissue results in FDG
activity in inflammatory tissue. Mild to
moderate FDG activity seen early after
radiation therapy or along recent inci-
sions, infected incisions, biopsy sites,
drainage tubing, and catheters, as well as
colostomy sites, can lead to errors in
interpretation if the history is not
known. Some inflammatory lesions,
especially granulomatous ones, may be
markedly FDG-avid. These include
inflammatory bowel disease and 
abscesses.25 

FDG uptake normally present in the
gastrointestinal tract can occasionally be
difficult to differentiate from a malig-
nant lesion. Premalignant adenomatous
polyps are FDG-avid and detected inci-

dentally. The clinical history, physical
examination, pattern of uptake, and cor-
relation with anatomy as seen on the CT
images are more helpful in avoiding
false-positive interpretations than is
semiquantitative evaluation by standard-
ized uptake value.

SUMMARY
Evaluation of patients with known or
suspected recurrent colorectal carcino-
ma is now an accepted indication for
FDG-PET imaging. FDG-PET does not
replace imaging modalities such as CT
for preoperative anatomic evaluation,
but it is indicated as the initial test for
diagnosis and staging of recurrence, and
for preoperative staging (node and
metastasis) of known recurrence that is
considered to be resectable. FDG-PET is
valuable for differentiation of post-treat-
ment changes from recurrent tumor, dif-
ferentiation of benign from malignant
lesions (indeterminate lymph nodes,
hepatic and pulmonary lesions), and

evaluation of patients with rising tumor
markers in the absence of a known
source.

FDG-PET has an impact on the treat-
ment of 25% to 30% of patients.
Addition of FDG-PET to the evaluation
of these patients reduces overall treat-
ment costs by accurately identifying
patients who will and will not benefit
from surgical procedures. FDG-PET
imaging seems promising for monitor-
ing patient response to therapy, includ-
ing regional therapy to the liver, but larg-
er studies are necessary.

FDG-PET imaging is complementary
to morphological imaging with CT, and
integrated PET/CT imaging thus pro-
vides optimal images for interpretation.
The diagnostic implications of integrat-
ed PET/CT imaging include improved
detection of lesions on both the CT and
FDG-PET images, better differentiation
of physiologic from pathologic foci of
metabolism, and better localization of
the pathologic foci.
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equipped with multiple rings of bismuth
germanate oxide (BGO) detectors, but a
spectrum of equipment is now available
for positron imaging,1 and modality com-
binations have become possible.

• Anatomical and functional imaging are
complementary. Although numerous stud-
ies have shown that the sensitivity and
specificity of FDG-PET are superior to
those of CT in many clinical settings, the
inability of FDG-PET to provide accurate
anatomical localization remains a signifi-
cant obstacle to maximizing its clinical
utility. Because FDG is a tracer of glucose
metabolism, its distribution is not limited
to malignant tissue. To avoid misinterpre-
tations, the interpreter must be familiar
with the normal pattern and physiologic
variations of FDG distribution and with
clinical data relevant to the patient.2,3 The
limitations of anatomical imaging with CT
and MRI are related to size criteria for dif-
ferentiation of benign from malignant
lymph nodes, difficulty differentiating
post-therapy changes from tumor recur-
rence, and difficulty differentiating
nonopacified loops of bowel from metas-
tases in the abdomen and pelvis.

Close correlation of FDG-PET studies
with conventional CT scans helps to mini-
mize these difficulties. In practice for the
past 10 years, dual interpretation has been
accomplished by visually comparing corre-
sponding FDG-PET and CT images. To aid
in this interpretation, computer software
has been developed to coregister the FDG-

PET scans with the high-resolution
anatomical maps provided by CT.4 These
methods offer acceptable fusion images for
the brain, which is surrounded by the rigid
skull. For the body, however, coregistration
of two image sets often obtained at differ-
ent points in time is technically more diffi-
cult. Identical positioning of the patient on
the imaging table is critical. Shifting inter-
nal organ movement and peristalsis com-
pound the problem.

Another approach that has gained
wider acceptance is hardware for image
fusion using multimodality imaging with
integrated PET/CT systems.1

• Integrated PET/CT systems. The recent
development of integrated PET/CT sys-
tems provides CT and FDG-PET images
obtained in a single setting, allowing opti-
mal coregistration of images. The fusion
images provided by these systems allow the
most accurate interpretation of both CT
and FDG-PET studies. Because of the high
photon flux of x-rays, CT attenuation
maps from these integrated PET/CT sys-
tems also allow for optimal attenuation
correction of the PET images.

FDG-PET FOR EVALUATION OF
COLORECTAL CARCINOMA
Preoperative staging with imaging modali-
ties is usually limited because most
patients will benefit from colectomy to
prevent intestinal obstruction, and the
extent of the disease can be evaluated dur-
ing surgery. FDG-PET imaging has

demonstrated good performance in initial
staging of colorectal cancer, however.5

A meta-analysis of 11 clinical reports
encompassing 577 patients determined
that the sensitivity and specificity of FDG-
PET for detecting recurrent colorectal can-
cer were 97% and 76%, respectively.6 A
comprehensive review of the PET litera-
ture (2244 patients’ studies) has reported a
weighted average for FDG-PET sensitivity
and specificity of 94% and 87%, respec-
tively, compared with 79% and 73% for
CT.7 A meta-analysis performed to com-
pare noninvasive imaging methods for the
detection of hepatic metastases from col-
orectal, gastric, and esophageal cancers
demonstrated that FDG-PET had a higher
sensitivity (90%) than MR (76%), CT
(72%), and ultrasound (55%), with an
equivalent specificity of 85%.8

In the meta-analysis of the literature,
FDG-PET imaging changed the manage-
ment in 29% (102/349) of patients.6 The
comprehensive review reported a weighted
average change of management related to
FDG-PET findings in 32% of 915 patients.7

Although survival is not an end point for a
diagnostic test, Strasberg et al9 demonstrat-
ed improved three-year survival of patients
who underwent FDG-PET imaging in
their preoperative evaluation for resection
of hepatic metastases compared with his-
torical series (77% versus 30% to 64%).
Figure 1 illustrates detection of extrahepat-
ic disease precisely localized on PET/CT in
a patient with a history of colorectal carci-
noma and recently diagnosed with hepatic
metastases.

• FDG-PET for monitoring therapy of
hepatic metastases. Hepatic metastases can
be treated with systemic chemotherapy or
regional therapy to the liver. Various proce-
dures to administer regional therapy to
hepatic metastases have been investigated,
including chemotherapy administered
through the hepatic artery using infusion
pumps, selective chemoembolization,
radio-frequency ablation, cryoablation,
alcohol ablation, and radiolabeled yttri-
um-90 microspheres administered via the
hepatic artery.10-13 Preliminary reports sug-
gest that the response to chemotherapy in
patients with hepatic metastases can be
predicted with PET. Responders may be
distinguished from nonresponders after
four to five weeks of chemotherapy with
fluorouracil by measuring FDG uptake
before and during therapy.14

Regional therapy to the liver by
chemoembolization can also be monitored

with FDG-PET imaging.15 FDG uptake
decreases in responding lesions, and the
presence of residual uptake in some lesions
can help guide further regional therapy
(Figure 2). Langenhoff et al16 have prospec-
tively monitored 23 patients with liver
metastases following RF ablation and
cryoablation. Three weeks after therapy,
51/56 metastases became FDG-negative,
with no recurrence during 16 months of
follow-up, whereas among the five lesions
with persistent FDG uptake, four recurred.
Wong et al17 have compared FDG-PET
imaging, CT or MR imaging, and serum
levels of CEA in monitoring the therapeu-
tic response of hepatic metastases to Y-90
glass microspheres. They found a signifi-
cant difference between the changes seen
with FDG-PET imaging and the changes
on CT or MR imaging. The changes in
FDG uptake correlated better with the
changes in serum levels of CEA.

In summary, preliminary data suggest
that FDG-PET imaging may be able to
effectively monitor the efficacy of regional
therapy to hepatic metastases, but these
data need to be confirmed in larger series
of patients.

• PET/CT versus PET for evaluation of
colorectal carcinoma. Published data
regarding the incremental value of inte-
grated PET/CT images compared with
PET alone, or PET correlated with a CT
obtained at a different time, are limited.
But they have found improvement of
lesion detection on both CT and FDG-
PET images, improvement of the localiza-
tion of foci of FDG uptake resulting in bet-
ter differentiation of physiologic from
pathologic uptake, and precise localization
of the malignant foci (for example, skele-
ton versus soft tissue, or liver versus adja-
cent bowel or node). PET/CT fusion
images affect clinical management by
guiding further procedures, excluding the
need for further procedures, and changing
both inter- and intramodality therapy.18

Precise localization of metastatic lymph
nodes, for example, could result in a less
invasive, more efficient surgical procedure.
PET/CT fusion images have the potential
to provide important information to guide
the biopsy of a mass to more metabolical-
ly active regions of the tumor and to pro-
vide better maps than CT alone to modu-
late field and dose of radiation therapy.19 

Concurrent PET/CT imaging with an
integrated system may be especially
important in the abdomen and pelvis.20

PET images alone may be difficult to inter-

pret because of the absence of anatomical 
landmarks other than the kidneys and
bladder; the presence of nonspecific
uptake in the stomach, small bowel, and
colon; and urinary excretion of FDG. If
possible, images of the abdomen and
pelvis should be obtained with the arms
elevated to avoid artifacts due to motion
and beam-hardening artifacts on the CT
transmission images. Concurrent PET/
CT imaging is helpful, for example, for 
differentiating focal retention of urine 
in the ureter from an FDG-avid lymph
node. A review of PET/CT for gastro-
intestinal tumors has recently been 
published.21

A study of 204 patients performed at
Rambam Medical Center22 using an inte-
grated PET/CT system concluded that it
improved the diagnostic accuracy of PET
in approximately 50% of patients. Thirty-
four of the patients had gastrointestinal
tumors. PET/CT fusion images improved
characterization of equivocal lesions as
definitely benign in 10% of sites and defi-
nitely malignant in 5% of sites. Fusion
images precisely defined the anatomic
location of malignant FDG uptake in 6%
and led to retrospective lesion detection on
PET or CT in 8%. The results of fusion
PET/CT images had an impact on the
management of 14% (28/204) of patients,
and seven of those patients with a change
of management had colorectal cancer, rep-
resenting 20% of patients with gastroin-
testinal tumors. The changes in manage-
ment in the seven patients with colorectal
cancer included guiding colonoscopy and
biopsy for a local recurrence (n = 2), guid-
ing biopsy to a metastatic supraclavicular

lymph node (n = 1), guiding surgery to
localized metastatic lymph nodes (n = 3),
and referral to chemotherapy (n = 2).

A study of 45 patients with colorectal
cancer referred for FDG-PET imaging
using an integrated PET/CT system con-
cluded that PET/CT imaging increases the
accuracy and certainty of locating lesions.
The frequency of equivocal lesion findings
was reduced by 50% and the characteriza-
tion of lesion increased by 30% with
PET/CT compared with PET alone. The
number of definite locations was increased
by 25%, and the overall correct staging
increased from 78% to 89%.23

Most institutions acquire CT transmis-
sion images without intravenous contrast
to permit optimal attenuation correction,
but such images do not allow visualization
of many hepatic metastases. Therefore,
although hepatic metastases are common-
ly seen as FDG-avid on the PET images, no
corresponding lesions are seen on the non-
contrast CT transmission images. A stan-
dard of care CT scan with intravenous and
oral contrast needs to be performed if
surgery is contemplated. Concurrent
PET/CT fusion images have the potential
to provide better maps than CT alone to
modulate field and dose of radiation ther-
apy, including in patients with colorectal
carcinoma.19

LIMITATIONS OF FDG IMAGING
Small lesions (less than 5 to 10 mm,
according to the resolution of the PET sys-
tem and degree of FDG uptake) may yield
false-negative results due to partial volume
averaging, leading to underestimation of
the uptake. The sensitivity of FDG-PET for
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Figure 2. A 37-year-old woman with a history of colorectal carcinoma underwent a right hepatic lobectomy for hepat-
ic metastases and presented with rising serum CEA levels. FDG-PET imaging was performed for detection of the site
of recurrence and restaging. A: FDG-PET MIP image demonstrates physiologic FDG uptake in the myocardium, kidneys,
ureters, and bladder. In addition, three foci of FDG uptake can be identified in the upper abdomen (arrows). B: Transaxial
views through the foci of FDG uptake in the abdomen demonstrate that these foci of uptake correspond to mesenteric
metastases (arrows). These metastases were detected only retrospectively on the CT images.
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CT transmission FDG-PET Fusion

CT transmission FDG-PET Fusion

Figure 1. A 61-year-old woman with a history of sigmoid colectomy for colon carcinoma presented with pelvic pain. She
underwent PET/CT imaging to assess local recurrence and restaging. A: FDG-PET maximum intensity projection image
demonstrates FDG uptake in posterior lower pelvis masked by the bladder on anterior projection, which is displayed,
and a focus of FDG uptake in left upper pelvis (arrow). B: Transaxial views just above the bladder and through upper
portion of the focus of FDG uptake in lower posterior pelvis demonstrate that the focus of FDG uptake corresponded to
a presacral mass in region of anastomosis indicating local recurrence. C: Transaxial views through focus of FDG uptake
in left upper pelvis demonstrate that the focus of FDG uptake corresponded to a left presacral lymph node, indicating
a lymph node metastasis (arrow). This lymph node was detected only retrospectively on the CT images. The finding of
a metastatic lymph node in addition to local recurrence has an impact on management of the patient.
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equipped with multiple rings of bismuth
germanate oxide (BGO) detectors, but a
spectrum of equipment is now available
for positron imaging,1 and modality com-
binations have become possible.

• Anatomical and functional imaging are
complementary. Although numerous stud-
ies have shown that the sensitivity and
specificity of FDG-PET are superior to
those of CT in many clinical settings, the
inability of FDG-PET to provide accurate
anatomical localization remains a signifi-
cant obstacle to maximizing its clinical
utility. Because FDG is a tracer of glucose
metabolism, its distribution is not limited
to malignant tissue. To avoid misinterpre-
tations, the interpreter must be familiar
with the normal pattern and physiologic
variations of FDG distribution and with
clinical data relevant to the patient.2,3 The
limitations of anatomical imaging with CT
and MRI are related to size criteria for dif-
ferentiation of benign from malignant
lymph nodes, difficulty differentiating
post-therapy changes from tumor recur-
rence, and difficulty differentiating
nonopacified loops of bowel from metas-
tases in the abdomen and pelvis.

Close correlation of FDG-PET studies
with conventional CT scans helps to mini-
mize these difficulties. In practice for the
past 10 years, dual interpretation has been
accomplished by visually comparing corre-
sponding FDG-PET and CT images. To aid
in this interpretation, computer software
has been developed to coregister the FDG-

PET scans with the high-resolution
anatomical maps provided by CT.4 These
methods offer acceptable fusion images for
the brain, which is surrounded by the rigid
skull. For the body, however, coregistration
of two image sets often obtained at differ-
ent points in time is technically more diffi-
cult. Identical positioning of the patient on
the imaging table is critical. Shifting inter-
nal organ movement and peristalsis com-
pound the problem.

Another approach that has gained
wider acceptance is hardware for image
fusion using multimodality imaging with
integrated PET/CT systems.1

• Integrated PET/CT systems. The recent
development of integrated PET/CT sys-
tems provides CT and FDG-PET images
obtained in a single setting, allowing opti-
mal coregistration of images. The fusion
images provided by these systems allow the
most accurate interpretation of both CT
and FDG-PET studies. Because of the high
photon flux of x-rays, CT attenuation
maps from these integrated PET/CT sys-
tems also allow for optimal attenuation
correction of the PET images.

FDG-PET FOR EVALUATION OF
COLORECTAL CARCINOMA
Preoperative staging with imaging modali-
ties is usually limited because most
patients will benefit from colectomy to
prevent intestinal obstruction, and the
extent of the disease can be evaluated dur-
ing surgery. FDG-PET imaging has

demonstrated good performance in initial
staging of colorectal cancer, however.5

A meta-analysis of 11 clinical reports
encompassing 577 patients determined
that the sensitivity and specificity of FDG-
PET for detecting recurrent colorectal can-
cer were 97% and 76%, respectively.6 A
comprehensive review of the PET litera-
ture (2244 patients’ studies) has reported a
weighted average for FDG-PET sensitivity
and specificity of 94% and 87%, respec-
tively, compared with 79% and 73% for
CT.7 A meta-analysis performed to com-
pare noninvasive imaging methods for the
detection of hepatic metastases from col-
orectal, gastric, and esophageal cancers
demonstrated that FDG-PET had a higher
sensitivity (90%) than MR (76%), CT
(72%), and ultrasound (55%), with an
equivalent specificity of 85%.8

In the meta-analysis of the literature,
FDG-PET imaging changed the manage-
ment in 29% (102/349) of patients.6 The
comprehensive review reported a weighted
average change of management related to
FDG-PET findings in 32% of 915 patients.7

Although survival is not an end point for a
diagnostic test, Strasberg et al9 demonstrat-
ed improved three-year survival of patients
who underwent FDG-PET imaging in
their preoperative evaluation for resection
of hepatic metastases compared with his-
torical series (77% versus 30% to 64%).
Figure 1 illustrates detection of extrahepat-
ic disease precisely localized on PET/CT in
a patient with a history of colorectal carci-
noma and recently diagnosed with hepatic
metastases.

• FDG-PET for monitoring therapy of
hepatic metastases. Hepatic metastases can
be treated with systemic chemotherapy or
regional therapy to the liver. Various proce-
dures to administer regional therapy to
hepatic metastases have been investigated,
including chemotherapy administered
through the hepatic artery using infusion
pumps, selective chemoembolization,
radio-frequency ablation, cryoablation,
alcohol ablation, and radiolabeled yttri-
um-90 microspheres administered via the
hepatic artery.10-13 Preliminary reports sug-
gest that the response to chemotherapy in
patients with hepatic metastases can be
predicted with PET. Responders may be
distinguished from nonresponders after
four to five weeks of chemotherapy with
fluorouracil by measuring FDG uptake
before and during therapy.14

Regional therapy to the liver by
chemoembolization can also be monitored

with FDG-PET imaging.15 FDG uptake
decreases in responding lesions, and the
presence of residual uptake in some lesions
can help guide further regional therapy
(Figure 2). Langenhoff et al16 have prospec-
tively monitored 23 patients with liver
metastases following RF ablation and
cryoablation. Three weeks after therapy,
51/56 metastases became FDG-negative,
with no recurrence during 16 months of
follow-up, whereas among the five lesions
with persistent FDG uptake, four recurred.
Wong et al17 have compared FDG-PET
imaging, CT or MR imaging, and serum
levels of CEA in monitoring the therapeu-
tic response of hepatic metastases to Y-90
glass microspheres. They found a signifi-
cant difference between the changes seen
with FDG-PET imaging and the changes
on CT or MR imaging. The changes in
FDG uptake correlated better with the
changes in serum levels of CEA.

In summary, preliminary data suggest
that FDG-PET imaging may be able to
effectively monitor the efficacy of regional
therapy to hepatic metastases, but these
data need to be confirmed in larger series
of patients.

• PET/CT versus PET for evaluation of
colorectal carcinoma. Published data
regarding the incremental value of inte-
grated PET/CT images compared with
PET alone, or PET correlated with a CT
obtained at a different time, are limited.
But they have found improvement of
lesion detection on both CT and FDG-
PET images, improvement of the localiza-
tion of foci of FDG uptake resulting in bet-
ter differentiation of physiologic from
pathologic uptake, and precise localization
of the malignant foci (for example, skele-
ton versus soft tissue, or liver versus adja-
cent bowel or node). PET/CT fusion
images affect clinical management by
guiding further procedures, excluding the
need for further procedures, and changing
both inter- and intramodality therapy.18

Precise localization of metastatic lymph
nodes, for example, could result in a less
invasive, more efficient surgical procedure.
PET/CT fusion images have the potential
to provide important information to guide
the biopsy of a mass to more metabolical-
ly active regions of the tumor and to pro-
vide better maps than CT alone to modu-
late field and dose of radiation therapy.19 

Concurrent PET/CT imaging with an
integrated system may be especially
important in the abdomen and pelvis.20

PET images alone may be difficult to inter-

pret because of the absence of anatomical 
landmarks other than the kidneys and
bladder; the presence of nonspecific
uptake in the stomach, small bowel, and
colon; and urinary excretion of FDG. If
possible, images of the abdomen and
pelvis should be obtained with the arms
elevated to avoid artifacts due to motion
and beam-hardening artifacts on the CT
transmission images. Concurrent PET/
CT imaging is helpful, for example, for 
differentiating focal retention of urine 
in the ureter from an FDG-avid lymph
node. A review of PET/CT for gastro-
intestinal tumors has recently been 
published.21

A study of 204 patients performed at
Rambam Medical Center22 using an inte-
grated PET/CT system concluded that it
improved the diagnostic accuracy of PET
in approximately 50% of patients. Thirty-
four of the patients had gastrointestinal
tumors. PET/CT fusion images improved
characterization of equivocal lesions as
definitely benign in 10% of sites and defi-
nitely malignant in 5% of sites. Fusion
images precisely defined the anatomic
location of malignant FDG uptake in 6%
and led to retrospective lesion detection on
PET or CT in 8%. The results of fusion
PET/CT images had an impact on the
management of 14% (28/204) of patients,
and seven of those patients with a change
of management had colorectal cancer, rep-
resenting 20% of patients with gastroin-
testinal tumors. The changes in manage-
ment in the seven patients with colorectal
cancer included guiding colonoscopy and
biopsy for a local recurrence (n = 2), guid-
ing biopsy to a metastatic supraclavicular

lymph node (n = 1), guiding surgery to
localized metastatic lymph nodes (n = 3),
and referral to chemotherapy (n = 2).

A study of 45 patients with colorectal
cancer referred for FDG-PET imaging
using an integrated PET/CT system con-
cluded that PET/CT imaging increases the
accuracy and certainty of locating lesions.
The frequency of equivocal lesion findings
was reduced by 50% and the characteriza-
tion of lesion increased by 30% with
PET/CT compared with PET alone. The
number of definite locations was increased
by 25%, and the overall correct staging
increased from 78% to 89%.23

Most institutions acquire CT transmis-
sion images without intravenous contrast
to permit optimal attenuation correction,
but such images do not allow visualization
of many hepatic metastases. Therefore,
although hepatic metastases are common-
ly seen as FDG-avid on the PET images, no
corresponding lesions are seen on the non-
contrast CT transmission images. A stan-
dard of care CT scan with intravenous and
oral contrast needs to be performed if
surgery is contemplated. Concurrent
PET/CT fusion images have the potential
to provide better maps than CT alone to
modulate field and dose of radiation ther-
apy, including in patients with colorectal
carcinoma.19

LIMITATIONS OF FDG IMAGING
Small lesions (less than 5 to 10 mm,
according to the resolution of the PET sys-
tem and degree of FDG uptake) may yield
false-negative results due to partial volume
averaging, leading to underestimation of
the uptake. The sensitivity of FDG-PET for
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Figure 2. A 37-year-old woman with a history of colorectal carcinoma underwent a right hepatic lobectomy for hepat-
ic metastases and presented with rising serum CEA levels. FDG-PET imaging was performed for detection of the site
of recurrence and restaging. A: FDG-PET MIP image demonstrates physiologic FDG uptake in the myocardium, kidneys,
ureters, and bladder. In addition, three foci of FDG uptake can be identified in the upper abdomen (arrows). B: Transaxial
views through the foci of FDG uptake in the abdomen demonstrate that these foci of uptake correspond to mesenteric
metastases (arrows). These metastases were detected only retrospectively on the CT images.
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CT transmission FDG-PET Fusion

CT transmission FDG-PET Fusion

Figure 1. A 61-year-old woman with a history of sigmoid colectomy for colon carcinoma presented with pelvic pain. She
underwent PET/CT imaging to assess local recurrence and restaging. A: FDG-PET maximum intensity projection image
demonstrates FDG uptake in posterior lower pelvis masked by the bladder on anterior projection, which is displayed,
and a focus of FDG uptake in left upper pelvis (arrow). B: Transaxial views just above the bladder and through upper
portion of the focus of FDG uptake in lower posterior pelvis demonstrate that the focus of FDG uptake corresponded to
a presacral mass in region of anastomosis indicating local recurrence. C: Transaxial views through focus of FDG uptake
in left upper pelvis demonstrate that the focus of FDG uptake corresponded to a left presacral lymph node, indicating
a lymph node metastasis (arrow). This lymph node was detected only retrospectively on the CT images. The finding of
a metastatic lymph node in addition to local recurrence has an impact on management of the patient.
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PET and PET/CT for Colorectal Cancer

By Dominique Delbeke, M.D., Ph.D. 

Colorectal cancer is the third most common
cancer in men and women, and it affects
5% of the population in the U.S. and most

Western countries. The American Cancer
Society estimates that approximately 135,000
new cases of colorectal cancer occur and about
57,000 patients die per year from this disease in
the U.S., representing 10% of all cancer deaths.
The diagnosis of colorectal carcinoma is based
on colonoscopy and biopsy.

Approximately 70% to 80% of patients are
treated with curative intent, and the overall sur-
vival at five years is less than 60%. About one-
third of patients have recurrence within two
years, and 25% of these patients have recurrence
to one site and are potentially curable by surgi-
cal resection.

About 14,000 patients per year with colorec-
tal carcinoma present with isolated liver metas-
tases as their first recurrence, and about 20%
die with metastases exclusively to the liver.
Hepatic resection is the only curative therapy in
these patients, but it is associated with a mortal-
ity of 2% to 7% and significant morbidity. Early
detection and prompt treatment of recurrences
may lead to a cure in up to 25% of patients.
Accurate noninvasive detection of inoperable
disease with imaging modalities therefore plays
a pivotal role in selecting patients who would
benefit from hepatic surgery.

Colorectal carcinoma is associated with ele-
vated serum levels of carcinoembryonic antigen

in approximately two-thirds of patients.
Monitoring CEA serum levels is helpful in the
surveillance of these patients, but when CEA
serum level is rising, the site(s) of recurrence/
metastases need to be identified and localized.

METHODS OF DIAGNOSIS
Diagnostic issues include early detection of
these tumors; differentiation of malignant from
benign tumors (lesion characterization); staging
for resection that includes lesion localization;
evaluation of proximity to vessels, invasion of
adjacent structures, and metastasis to regional
lymph nodes and distant sites; and assessment
of therapeutic response. Some of these goals are
better achieved with the high resolution of
anatomical imaging techniques and others with
molecular imaging using PET.

Rapid advances in imaging technologies pre-
sent a challenge for both radiologists and clini-
cians who must integrate these technologies for
optimal patient care and outcomes at minimal
cost. Since the early 1990s, numerous technolog-
ical improvements have occurred in radiological
imaging. These include multislice spiral CT,
which permits fast acquisition of angiographic
images and multiphase enhancement tech-
niques, and PET using FDG as a radiopharma-
ceutical that provides the capability for imaging
tumor metabolism.

The clinical utility of FDG imaging was first
established using dedicated PET scanners
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detection of mucinous adenocarcinoma
is lower than for nonmucinous adeno-
carcinoma (41% to 58% versus 92%),
probably because of the relative hypocel-
lularity of these tumors.24

High uptake of FDG by activated
macrophages, neutrophils, fibroblasts,
and granulation tissue results in FDG
activity in inflammatory tissue. Mild to
moderate FDG activity seen early after
radiation therapy or along recent inci-
sions, infected incisions, biopsy sites,
drainage tubing, and catheters, as well as
colostomy sites, can lead to errors in
interpretation if the history is not
known. Some inflammatory lesions,
especially granulomatous ones, may be
markedly FDG-avid. These include
inflammatory bowel disease and 
abscesses.25 

FDG uptake normally present in the
gastrointestinal tract can occasionally be
difficult to differentiate from a malig-
nant lesion. Premalignant adenomatous
polyps are FDG-avid and detected inci-

dentally. The clinical history, physical
examination, pattern of uptake, and cor-
relation with anatomy as seen on the CT
images are more helpful in avoiding
false-positive interpretations than is
semiquantitative evaluation by standard-
ized uptake value.

SUMMARY
Evaluation of patients with known or
suspected recurrent colorectal carcino-
ma is now an accepted indication for
FDG-PET imaging. FDG-PET does not
replace imaging modalities such as CT
for preoperative anatomic evaluation,
but it is indicated as the initial test for
diagnosis and staging of recurrence, and
for preoperative staging (node and
metastasis) of known recurrence that is
considered to be resectable. FDG-PET is
valuable for differentiation of post-treat-
ment changes from recurrent tumor, dif-
ferentiation of benign from malignant
lesions (indeterminate lymph nodes,
hepatic and pulmonary lesions), and

evaluation of patients with rising tumor
markers in the absence of a known
source.

FDG-PET has an impact on the treat-
ment of 25% to 30% of patients.
Addition of FDG-PET to the evaluation
of these patients reduces overall treat-
ment costs by accurately identifying
patients who will and will not benefit
from surgical procedures. FDG-PET
imaging seems promising for monitor-
ing patient response to therapy, includ-
ing regional therapy to the liver, but larg-
er studies are necessary.

FDG-PET imaging is complementary
to morphological imaging with CT, and
integrated PET/CT imaging thus pro-
vides optimal images for interpretation.
The diagnostic implications of integrat-
ed PET/CT imaging include improved
detection of lesions on both the CT and
FDG-PET images, better differentiation
of physiologic from pathologic foci of
metabolism, and better localization of
the pathologic foci.
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Upon completion of this activity,
participants should be able to:

• Explain the complementarity
of anatomical and functional
imaging, the importance of
correlative imaging, and
image coregistration.

• Describe the performance
and indications of FDG-PET
and PET/CT imaging in the
staging, restaging, and
therapy monitoring of patients
with colorectal carcinoma. 

• Summarize the promising
applications of FDG-PET for
monitoring regional therapy
to hepatic metastases.

• Discuss the incremental
value of PET/CT compared
with PET alone in patients
with colorectal carcinoma.

Dr. Delbeke is a professor of radiology

and director of nuclear medicine and

PET at Vanderbilt University in

Nashville.

Dr. Delbeke has received grants and

research support from GE.©2004 CMP HEALTHCARE MEDIA • © 2006 CME LLC. ALL RIGHTS RESERVED. THIS ARTICLE MAY NOT BE REPRODUCED IN ANY MEDIA OR DISTRIBUTED WITHOUT THE WRITTEN CONSENT OF CME LLC. 

One copy of the article provided by CME LLC may be printed by the individual participant 
in connection with acquiring CME credit. No other reproduction or distribution of the article
without the written consent of CME LLC.


