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Abstract

PET/CT is a new imaging technology that has 
already found a number of clinical applications 
in oncologic imaging. Widespread introduction 
into clinical practice started approximately 
5 years ago. It can already be stated that 
the synthesis of structural and metabolic 
information improves the accuracy of primary 
staging and the detection of recurrent disease 
and has the realistic potential to change patient 
management in up to �0% of cases. PET/CT 
imaging of Colorectal Malignancies has shown 
that this new modality has higher specificity 
and sensitivity than PET alone and in certain 
settings even when compared to PET and CT 

viewed side by side. 

Ongoing and future studies will refine its exact 
place in the diagnostic work-up of colorectal 
cancer patients and address how often PET/CT 
can eliminate the need for other imaging studies 
that are currently performed for the staging or 
detection of recurrence in these patients. PET/
CT fusion images can directly guide biopsies 
or surgical interventions. This manuscript 
highlights on potential clinical applications for 
PET/CT in colorectal tumors.
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Introduction

Positron emission tomography (PET) is a 
major paradigm shift in medical imaging as it is 
a molecular modality that images the metabolic 
activity of tissue. Recently, there has been a major 
expansion and move from research applications 
into clinical patient care. The majority of these 
PET scans are performed to evaluate cancer. Uses 
include cancer diagnosis, staging, restaging and 
monitoring response to therapy. There is evolving 
critical applications of PET in the management 
of Gastrointestinal (GI) tract malignancies 
especially in the arena of colorectal cancer. PET 
is highly sensitive in the detection of occult 
colon tumors, nodal and metastatic involvement 
to liver and other distant sites, yet the role of CT 
is essential for anatomical delineation, defining 
tumor extent and resectability. This manuscript 
reviews the various indications of PET imaging 
in Colorectal malignancies. This will demonstrate 
the literature and the wide clinical experiences 
of PET applications in colorectal cancer. The 
primary tumors of abdominal solid organs like 
pancreas, liver ..etc were beyond the scope of this 

review. The fundamental role of CT imaging in 
colorectal malignancies is discussed with more 
emphasis on the added value of the recent fusion 
of PET and CT that leads to more precise and 
expansion of the molecular PET images.

incidence

Colorectal cancer is the third most common 
cause of cancer and affects 5% of the population 
in the United States and most western countries. 
The American Cancer Society estimates that 
there are approximately 145,000 new cases 
of colorectal cancer per year in the USA and 
approximately 57,000 patients per year die from 
this disease, representing 10% of all cancer 
deaths (1).  Approximately 70%-�0% of patients 
are treated with curative intent and the overall 
survival at 5 years is less than 60%.

The diagnosis is usually made by colonoscopy 
and biopsy. The prognosis of patients with 
colon cancer is clearly related to the degree of 
penetration of the tumor through the bowel wall, 
the presence or absence of nodal involvement, and 
the presence or absence of distant metastases.

fdg PET imaging in the diagnosis and staging 
of colorectal cancer

Although both malignant and pre-malignant 



G. J. O. Issue 6, 2009

9

colon lesions can accumulate FDG, yet there is 
no role for the PET as a screening or diagnostic 
tool (2). In addition to cost and availability issues, 
the physiological bowel uptake frequently 
observed, is likely to lead to unacceptably high 
proportion of false positive results.

For the initial pre-operative staging of 
colorectal cancer, FDG PET imaging has been 
proposed as efficient test. It identified distant 
metastases and was superior to CT for detection 
of hepatic metastases (Figure 1). 

However, regarding the T stage (tumor 
depth) and the N stage FDG PET was as poor 
as CT for detecting tumor extent and lymphnode 
involvement, the sensitivity for detecting nodal 
metastases was as low as 29%. The impact on 
patient management is marginal because 
most patients undergo surgery anyway with 
staging essentially performed during the 
surgery. In one study, FDG PET imaging 
changed the treatment management in 
�% of patients and the range of surgery in  
1�% (�).

Fig. 1: Restaging after detection of raised CEA levels. (A) multiple liver metastases by PET and some of them 
are not seen in CT. (B, C). The combinations of PET and CT showed the ability to definitely localize the colonic 
primary tumor and showed the absence of metastases. PS; the activity seen distal to heart in C is related to Gastric 
physiological uptake.

recurrent Colorectal Cancer

Most patients with colorectal cancer undergo 
surgery with curative intent in 70% of cases, 
however, the recurrence rate is close to 40% 
within 5 years following surgery. Up to �0% of 
the recurrences are in fact diagnosed during the 
first 2 years. The primary site of recurrence is 
in the liver (approximately 20% of all patients) 
followed by local site (12.5%) and the lungs 
(�%) (4). Twenty-five percent of these patients 
have recurrence limited to one site and are 
potentially curable by surgical resection (5). 
For example, about 14,000 patients per year 
present with isolated liver metastases as their 
first recurrence, and about 20% of these patients 
die with metastases exclusively to the liver (6). 
The poor prognosis of extra-hepatic metastases 
is believed to be a contraindication to hepatic 
resection. Therefore, accurate noninvasive 
detection of inoperable disease with imaging 
modalities plays a pivotal role in the selection of 
patients who would benefit from surgery.

A wide variety of surveillance strategies have 
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been proposed based on physical examination, 
blood testing of the carcino-embryonic antigen 
(CEA) tumor marker levels, or various imaging 
studies. Measurement of CEA serum levels 
has a sensitivity of 59% and specificity of 
�4% but does not localize recurrent lesions (7). 
Barium studies have been used for detection 
of local recurrence with accuracy in the range 
of �0%. However, barium studies have been 
reported to be only 49% sensitive and �5% 
specific for overall recurrence (�). CT has been 
the conventional imaging modality of choice 
used to localize recurrence but has limitations 
for detection of metastases in the peritoneum, 
mesentery and lymph nodes. In addition, the 
differentiation of post-surgical changes from 
local tumor recurrence is often equivocal (9). The 
interest of frequent colonoscopy remains largely 
debated and there is no consensus regarding the 
optimal strategy for follow up because of the 
lack of benefit in survival for costly intensive 

follow up programs (10). In this context, it is not a 
surprise to find a large amount of scientific data 
related to the use of FDG-PET for restaging of 
recurrent colorectal cancer.

fdg-PET imaging for recurrent colorectal 
cancer

Early detection of recurrent disease is vital, 
as the recurrence must be staged as accurate as 
possible to orient patient management toward 
either re-surgery or medical treatments, both 
of which significantly improve the survival or 
quality of live. Significant number of studies 
has demonstrated the value of FDG PET as 
a functional imaging modality for detecting 
recurrent or metastatic colorectal carcinoma 
(figures1,2). Overall, the sensitivity of FDG PET 
imaging is in the 90% range and the specificity is 
greater than 70% (11). 

A meta-analysis reviewing 11 articles 
published up to 1999, reported pooled sensitivity 
and specificity of 97% and 76%, respectively, 
for detecting recurrent colorectal cancer. The 
sensitivity was similar for detecting lesions 
throughout the body ( 2�1 patients), in the liver 
(�9� patients), or local-pelvic recurrences ( �66 
patients), but in these two latter situations, the 
specificity reached 99% and 98%, respectively. 
Change in management was evaluated to occur 
in 29% of the cases (102 of �49 patients) (12).

Several studies have compared FDG-PET and 
CT in the differentiation of post-therapy changes 
from local recurrence (1�,14). CT was equivocal 
in most cases and the accuracy of FDG PET  
imaging was greater than 90%.  In a study on 
76 patients (1�), it was reported that the accuracy 
of FDG PET and CT was 95% and 65%, 
respectively. Overall, the accuracy for FDG 
PET was higher than for CT.  A meta-analysis 
performed to compare non-invasive imaging 
methods (US, CT, MRI and FDG PET) for the 
detection of hepatic metastases in colorectal, 
gastric and esophageal cancers demonstrated that 
at an equivalent specificity of 85%, FDG PET 
had the highest sensitivity at 90% compared to 
76% for MRI, 72% for CT and 55% for US [15]. 
A comprehensive review of the PET literature 
(2,244 patients’ studies) has reported a weighted 
average for FDG PET sensitivity and specificity 

fig. 2 : Sixty years old female patient with previous 
history of treated cancer rectum. She had recent 
elevated levels of CEA. The lesion seen on (A) by the 
CT was thought to be the recurrence, yet it was devoid 
of any metabolic activity by PET (middle and lower 
thirds of A image). On the other hand, the B) images, 
showed a focus of abnormal metabolic fDG activity in 
the presacral area which was missed on the CT study. 
This was considered the true site of recurrence.
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of 94% and �7% respectively compared to 79% 
and 7�% for CT (16).

One of the challenging clinical situations 
in which FDG-PET significantly contributes 
to patient management, is when CEA levels 
are increased, which strongly suggests tumor 
relapse, with a conventional work-up that fails to 
identify the site of recurrence (figure 2). Flanagan 
et al., (17) reported 100% sensitivity and �9% 
positive predictive value in 22 patients in such 
a situation. Libutti et al., (1�) studied 2� patients 
with increased CEA levels and a comprehensive 
conventional work-up, following which 1� 
patients had no lesion identified, and 15 had a 
single lesion. The overall sensitivity of PET was 
�9%.

Nevertheless, false-negative FDG PET 
findings have been reported with mucinous 
adenocarcinoma. The sensitivity of FDG PET 
for detection of mucinous adenocarcinoma 
is significantly lower than for non-mucinous 
adenocarcinoma, with a sensitivity of 5�% 
and 92% respectively (P=0.005) (19). This 
low sensitivity of FDG PET for detection of 
mucinous adenocarcinoma is due to the relative 
hypocellularity of these tumors.

assessment of response to therapy

One of the earliest applications for FDG-
PET was to differentiate scar tissue following 
therapy from recurrent tumor in the pelvic  
area (20). In cases of advanced cancer colon, 
systemic chemotherapy with 5-fluorouracil, 
often in combination with radiotherapy, has 
demonstrated effective palliation and improved 
survival (21). A study on 44 patients demonstrated 
that FDG PET imaging can differentiate local 
recurrence from benign post-therapy changes 
(scarring) after radiation therapy, however, it also 
demonstrated that post radiation inflammatory 
changes leads to increased FDG uptake 
preventing prediction of outcome (22). In fact, the 
longer the interval of time between completions 
of radiation therapy, the higher is the accuracy 
of PET for assessing recurrent or persistent 
disease (2�). The time course of post-irradiation 
FDG activity has not been studied systematically; 
it is, however, generally accepted that FDG 
activity present 6 months after completion of 

radiation therapy most likely represents tumor 
recurrence. A case-controlled study of 60 FDG-
PET studies performed 6 months following 
external beam radiation therapy for rectal cancer 
found a sensitivity of 84% and specificity of 88% 
for detection of local pelvic recurrence (2�). 

Systemic chemotherapy or regional therapies 
are used to treat hepatic metastases. The regional 
therapy modalities for hepatic metastases 
include chemotherapy administered through the 
hepatic artery using infusion pumps, selective 
chemoembolization, radiofrequency ablation, 
cryoablation, alcohol ablation and radiolabeled 
90Y-microspheres. There are preliminary reports 
suggesting that the response to chemotherapy 
in patients with hepatic metastases can be 
predicted using FDG PET. Responders may 
be discriminated from non-responders after 4 
to 5 weeks of chemotherapy with fluorouracil 
by measuring FDG uptake before and during 
therapy (24). Data suggest that FDG PET 
imaging accurately monitors the efficacy of 
radiofrequency ablation for treatment of hepatic 
metastases and it detects incomplete tumor 
ablation not detectable on CT. FDG uptake 
decreases in responding lesions and the presence 
of residual uptake in some lesions can help in 
guiding further regional therapy (25). Overall, 
the current data suggest that FDG PET imaging 
may be able to effectively monitor the efficacy 
of regional therapy to hepatic metastases but, it 
seems that much remains to be done on a larger 
series of patients before considering FDG-PET 
as a routine clinical tool in this indication.

impact of fdg PET on Patient Management

The greater sensitivity of FDG PET compared 
to CT in the diagnosis and staging of recurrent 
tumor results from two factors: early detection 
of abnormal tumor metabolism, before changes 
become apparent by anatomic imaging, and the 
whole body imaging which permits detection 
of metastases in unusual and/or unexpected 
sites. FDG PET imaging allows detection of 
unsuspected metastases in 1�%-�6% of patients 
and has a clinical impact in 14%-65% (26,27). In the 
study of Delbeke et al, (26) surgical management 
was altered by FDG PET in 2�% of patients, in 
one-third by initiating surgery and in two thirds 
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by avoiding surgery. According to the answers 
to questionnaires that were sent to 60 referring 
oncologists, surgeons, and generalists, FDG PET 
contributed to a change in clinical stage in 42% 
(�0% upstaged and 20% downstaged) and its 
impact on the clinical management was in 65% 
of cases (2�). 

Kalff et al., (29) compared the treatment plan 
according to the results of the conventional work-
up with the actual management, decided after 
performing PET. Treatment changes occurred in 
60 (59%) of 102 patients. In particular, surgery 
was cancelled in 26 (60%) of 4� patients because 
PET found additional unsuspected lesions. Other 
groups found even higher figures, such as Staib 
et al., (�0) who reported in a series of 100 patients 
additional information in �6% of the cases and 
modification of the surgical decision in 61%. 
The comprehensive review of the FDG PET 
literature has reported a weighted average change 
of management related to FDG PET findings in 
�2% of 915 patients (16).

Fernandez et al. (�1), reported 5-year survival 
data after resection of metastasis from colorectal 
carcinoma. They established a 5-year survival 
rate using conventional diagnostic imaging from 
the literature by pooling the data from 19 studies 
with a total of 6,090 patients.  The 5-year survival 
rate was �0% and appeared not to have changed 

over time.  These results were compared to their 
group of 100 patients with hepatic metastases, 
who were pre-operatively staged for resection 
with curative intent with the addition of FDG 
PET imaging. The 5-year survival rate improved 
to 58%, indicating that they were able to define 
a subgroup after conventional imaging that has 
a better prognosis.  The main contribution was 
to be able to detect occult disease, leading to a 
reduction of unnecessary surgeries.

In Summary, PET has established itself 
as an essential diagnostic tool in patients 
with colorectal cancer. It is valuable in these 
indications: diagnosis and staging of recurrence 
especially before re-surgery with curative 
intent, and differentiation of post treatment 
changes from recurrence, differentiate nature 
of indeterminate lymph nodes, hepatic and 
pulmonary lesions. Most importantly, evaluation 
of patients with rising CEA tumor marker levels 
with inconclusive work-up. FDG PET proves 
useful for assessing the response to treatment 
and as a systemic screening tool in follow-up 
after curative surgery especially in patients with 
high risks of recurrence.

The addition of FDG PET imaging reduces 
overall treatment costs by accurately identifying 
patients who will and will not benefit from 
surgical procedures. It is particularly useful if 

Fig. 3 : Seventy years male patient with cancer colon. The PET images (A) showed the primary mass with intense 
uptake, but the relation of the primary to the right kidney was confusing. The CT part and the PET/CT fusion 
images (B), showed the exact anatomical location, demarcation of the primary and the activity in the right renal 
parenchyma and dilated pelvis were clearly defined.
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surgery can be avoided in cases where FDG PET 
demonstrates metastases. 

Hybrid PET/CT in Colorectal malignancies

 Combined PET/CT imaging with an integrated 
system is especially important in the abdomen 
and pelvis. FDG PET images alone may be 
difficult to interpret. Bowel activity may be 
high, with various patterns that can either mimic 
disease or mask peritoneal or intestinal lesions. 
The absence of anatomical landmarks with 
physiological excretion by kidneys and ureteric 
activity (Figure 3) make it difficult confidently to 
locate a focus of increased uptake as peritoneal, 
nodal, or even bony. 

A study of 45 patients with colorectal 
cancer referred for FDG PET imaging using 
an integrated PET/CT system demonstrated 
that PET/CT imaging increases the accuracy of 
interpretation and certainty of locating lesions. 
In their study, the frequency of equivocal and 
probable lesion characterization was reduced by 
50% with PET/CT compared to PET alone, the 
number of definite locations was increased by 
25%, and the overall correct staging increased 
from 7�% to �9% (�2).

In 204 patients (�4 with GIT tumors) studied 
with integrated PET/CT system, the diagnostic 
accuracy of PET is improved in approximately 
50% of patients. The results of PET/CT images 
had an impact on management in 14% (2�/204) 
of all patients, 7/2� patients with a change of 
management had colorectal cancer representing 
20% (7/�4) of patients with GIT tumors. The 
impact on management in the 7 patients with 
colorectal cancer included guiding colonoscopy 
and biopsy for a local recurrence (n=2), guiding 
surgery to localized metastatic lymph nodes 
(n=�) and referral to chemotherapy (n=2) (��). 

Selzner et al., (�4) compared contrast CT and 
PET/CT imaging in 76 patients evaluated for 
resection of liver metastases. CT with contrast 
and PET/CT provide similar sensitivity in the 
detection of hepatic metastases (95% and 91% 
respectively). However, the specificity of PET/
CT was superior for detection of intrahepatic 
recurrences in patients with prior hepatectomy 
(specificity of 50% versus 100%). The sensitivity 

of PET/CT was 9�% for detection of local 
recurrence at the primary colorectal resection site 
compared to only 5�% for contrast CT. The PET/
CT findings changed the therapeutic strategy in 
21% of patients.

The added value of PET/CT over dedicated 
PET was reviewed in 62 patients who underwent 
abdomino-perineal or low anterior resection for 
colorectal cancer. The sensitivity and specificity 
for FDG PET was �2% and 65% while it was 
much higher (9�% and 96% respectively) for 
hybrid PET/CT (�5). 

The CT addition to the PET have the 
marvelous advantages of using the superior 
CT data for attenuation correction, and the 
potential to provide better maps than CT alone 
to modulate field and dose of radiation therapy 
in GIT malignancies.

limitations of PET 

Interpretation of FDG PET images needs 
familiarity with the normal distribution of 
FDG, physiological variations, and benign 
conditions that accumulate FDG, which can 
mimic malignant processes. FDG uptake is 
normally present in the esophagus, stomach 
and bowel. Incidental colonic FDG uptake 
in 27 patients without colorectal carcinoma 
has been correlated with colonoscopic and/or 
histolopathologic findings (�6). In most patients, 
diffuse uptake was normal, segmental uptake 
was due to colitis, and focal uptake was 
associated with benign adenomas. Agress et al., 
(�7) reviewed FDG PET studies of 1,750 patients 
referred for evaluation of known or suspected 
malignancies. The authors found 5� unexpected 
focal areas of FDG uptake and 42 lesions were 
pathologically confirmed, 30 (71%) of which 
were malignant or premalignant including 1� 
colonic adenomas and three colon carcinoma.

False positive high FDG uptake is seen in 
inflamed tissues due to the active metabolism 
in macrophages, neutrophils, fibroblasts and 
granulation tissue. Mild to moderate FDG 
activity seen early after radiation therapy, along 
recent incisions, infected incisions, drainage 
tubing and catheters, as well as colostomy 
sites can lead to errors in interpretation. Post-
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Conclusions

The clinical applications of FDG-PET imaging 
in colorectal tumors is now firmly established 
in various situations that include pre-operative 
staging and revealing unexpected metastases in 
colorectal carcinoma. More importantly is the 
detection and staging of recurrent colorectal 
cancer when there is a clinical or biological 
suspicion with inconclusive conventional 
findings. The literature showed encouraging 
results in the evaluation of the therapeutic 
response of colorectal malignancies, either 
during the treatment or after its completion.

PET and CT are complementary modalities 
and quite useful in the abdomen where there 
is abundant physiologic FDG uptake. The 
diagnostic implications of integrated PET/CT 
imaging include improved detection of lesions 
on both CT and FDG PET images, better 
differentiation of physiologic from pathologic 
foci, and better localization of pathologic foci. 
This advanced hybrid technology provides more 
accurate interpretation of both CT and FDG 
PET images and therefore affect the clinical 
management by guiding further procedures 
(biopsy, surgery, radiation therapy) or excluding 
unnecessary additional imaging leading to 
optimal patient care in colorectal malignancies. 
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