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Abstract  

Backgroud: In Egypt, the Colorectal cancer is considered  

the 7th  commonest cancer, local recurrence, distant metastasis  

or both occurs in 30-50% of patients after operations. Both  

Computed Tomography (CT) and Positron Emission Tomog-
raphy (PET) are well established in the diagnosis of Colorectal  

Cancer Recurrence (CRCR).  

Aim of Study:  In this study, we aimed to evaluate the  
diagnostic performance of 18F-FDG PET/CT in postoperative  

follow-up of CRC patients and the detection of local recurrence  
and distant metastasis as compared with CT.  

Patients and Methods:  62 post-operative patients with  
colorectal carcinoma underwent whole body FDG PET/CT.  

The final histopathological and formal clinical follow-up  
findings were used as gold standard to determine the sensitivity  

and specificity of FDG PET/CT and enhanced CT of the same  

periods.  

Results:  The sensitivity, specificity and accuracy of  

PET/CT in diagnosis of local recurrence was 92%, 91.89%  
and 94.44% respectively. The sensitivity, specificity and  

accuracy of contract enhanced CT in diagnosis of local recur-
rence was 72%, 89.19% and 82.5% respectively. The sensi-
tivity, specificity and accuracy of PET/CT in diagnosis of  
distant metastasis was 91.12%, 81.08% and 88.64% respec-
tively. The sensitivity, specificity and accuracy of contrast  

enhansed CT in diagnosis of local recurrence was 72.55%,  

86.49% and 78.41% respectively.  

Conclusion: In patients with suspected CRCR, FDG-
PET/CT appears to be a significantly more accurate method  

than CT alone for detection of local recurrence and distant  

metastasis, FDG-PET/CT is sufficiently accurate to become  

a routine follow-up of patients after colorectal resection.  
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Introduction  

IN  Egypt, the colorectal cancer is considered the  

7 th  commonest cancer, with incidence 3.47% of  
male cancers and 3% of female cancers. In 2015,  

more than three thousands new cases were diag-
nosed as having colonic carcinoma [1] .  

The main lines of treatment of colorectal car-
cinoma still radical colectomy and post-operative  

chemotherapy. However, local recurrence, distant  

metastasis or both occurs in 30-50% of patients  

after operations [2-4] . To improve survival rates,  
early detection of local recurrence and/or distant  

metastasis plays a pivotal role to select patients  
who will benefit from surgical intervention or  
chemotherapy [5] .  

Both Computed Tomography (CT) and Positron  
Emission Tomography (PET) are well established  
in the diagnosis of Colorectal Cancer Recurrence  
(CRCR). CT is considered the workhorse of follow-
up in patients with colorectal cancer. Though CT  

is effective in detection of metastatic deposits  

especially in the liver, it shows low accuracy in  
discrimination between local recurrence and post  

operative changes (CT: Sensitivity of 82% and a  

specificity of 50% with an accuracy of 68%) [6,7] .  
On the other hand, 18F-Fluorodeoxyglucose-
Positron Emission Tomography (FDG-PET) pro-
vides accurate information about glucose metabo-
lism and colorectal cancer and its recurrence are  

well known to have high uptake of FDG. However  
FDG-PET provide little information about the  
anatomical localization and the morphology of the  

lesion. So, the combined use of PET and CT would  
theoretically combine the advantages of both mo-
dalities and avoid the disadvantages of each tech-
nique, and would be able to differentiate between  
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the local recurrence and the changes attributable  

to surgery or radiotherapy [8] . The role of FDG  
PET/CT has expanded for large number of human  

solid tumors [9-12] .  

In this study, we aimed to evaluate the diagnos-
tic performance of 18F-FDG PET/CT in postoper-
ative follow-up of CRC patients and the detection  

of local recurrence and distant metastasis as com-
pared with CT.  

Material and Methods  

Patients:  
We prospectively included 62 patients in this  

study from November 2013 to September 2014 in  

Radiology and Oncology Departments in Tanta  
University and Cairo University. A total number  

of 62 colorectal cancer patients were included in  

this study, 42 males and 20 females. The age of  

the patients ranged from 17 to 73 years (mean 55.4  

years). The inclusion criteria included: (1) Confir-
mation of previous CRC by pathological examina-
tion; (2) Patient's completed their treatment includ-
ing curative surgical resection and/or chemotherapy  

or radiotherapy; (3) Regular clinical follow-up  

including carcino-embryonic antigen detection and  

regular chest and abdominal CT examination; (4)  

Patients underwent FDG PET/CT examination; (5)  

At least six months follow-up after the PET/CT  

examination. This study was approved by the In-
stitutional Review Board at our institution. In-
formed consent was taken from every patient.  

PET/CT scanning:  
The patients were instructed to fast for at least  

six hours, remove metallic objects and avoid ex-
hausting activities following the injection and  
before the examination to avoid excessive muscle  
uptake. The encouarged to empty their bladder  

before the examination. Measurment of blood  
glucose level was performed for all patient to  

ensure it less than 150mg/dl. The timing of the  

examining was adjusted to be 4-6 weeks after  

surgery or chemotherapy and at least 8 weeks after  

radiotherapy tp decrease the chance of false nega-
tive and false positive results. Combined PET/CT  
system (Siemens Biograph 64, Siemens Medical  

Solutions, Erlangen, Germany) was used. The  
patient was asked to drink at least one and half  

liters of water one hour before the examination.  
Also, about 45-90 minutes before the examination  
the patient was injected with 10-20mCi (1ml/10kg)  

18F-FDG. At first, whole body contrast enhanced  

CT was perforemed and then whole body PET  
study. The average duration of the study was 20- 
30 minutes. The CT was performed following  

injection of 1-2ml/kg of ultravist at a rate of 2.5- 
3.5ml/sec by automatic injector. Patients were  

instructed to breath quitely.  

Reconstruction:  Reconstruction of the PET data  

using ordered-subset expectation maximization  

iterative reconstruction with four iterations and  

eight subsets. Parameters were: Full width 5mm,  
pixel 4.07mm, and 3mm slices. PET data were  
corrected for decay, scatter, and random events,  

and attenuation-corrected using the CT-data. CT  

data were reconstructed using filtered back projec-
tion, slice increment 1 and 2mm slices.  

Image analysis:  
The analysis of axial and multiplanar recon-

struction images for CT and PET was performed.  

Initially, areas with abnormal focal FDG were  
noted on PET images. Then CT was used to detect  

the site of high FDG uptake. Also, CT was used  
to detect anatomical changes, as increased colonic  

wall thickness more than 3mm, pelvic masses,  

enlarged lymph nodes (more than 15mm short axis  

in the abdomen and more than 1 0mm in the pelvis),  
bone lesions, liver metastasis, lung nodules, and  

nodules in other organs.  

The interpretation of integrated PET/CT was  
considered positive if the area of high focal FDG  

uptake corresponded to morphological abnormality  
on CT. The increased uptake in the kidneys, ureters,  
urinary bladder and brown fat was reported as  
normal or physiological. The presence of morpho-
logical changes on CT without abnormal increase  

in FDG uptake was considered benign post-
operative changes. The presence of abnormal focal  

FDG uptake in normal structures without morpho-
logical changes was considered positive. The pres-
ence of lung or liver nodules <1cm on CT was  
considered positive even if the FDG was normal.  

In the current study we adopted both visual  
interpretation and semi-quantitative analysis. The  

region of interest was placed in the lesion at the  

section of most radio-activity, and the maximum  
standardized uptake value (SUVmax) was calcu-
lated. In the early images, the diagnosis of positive  

lesions was based on SUVmax >2.5. In the delayed  
images, ASUVmax >20% was considered positive  

(ASUVmax=SUVmax, delayed-SUVmax, early).  
The diagnosis was confirmed by pathological ex-
amination after secondary operation, colonoscopy,  
rectoscopy, laparoscopy and formal follow-up.  

Statistical analysis:  

The final diagnosis was based on either his-
topathological or cytological confirmation or at  
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least six months of clinical follow-up. The True  
Positive (TP), False Positive (FP), True Negative  
(TN), and False Negative (FN) for PET/CT and  

contrast enhanced CT findings were calculated as  
compared to those of the gold standard. The sensi-
tivity, specificity, and accuracy of 18F-FDG PET/  
CT and CT were calculated using standard statistical  
formula. The chi-square test was used to compare  
the differences between the two imaging modalities.  

Results  

Among the 62 patients, recurrence and/or me-
tastasis were later diagnosed in 50 patients, includ-
ing 19 local recurrences, 25 metastases, and 6  

recurrence and metastases.  

Patient characteristics:  This study included 62  
patients. Patient demographics, tumor histology,  

tumor location, tumor stage, treatment details,  

have been summarized in (Table 1). This study  
included 42 males (76.6%) and 20 females (23.3%).  
Carcinoembryonic Antigen (CEA) was elevated in  
39 patients (62.9%). The anatomical location of  

the primary tumor was colon in 49 patients (79%)  

and rectal in 13 patients (21 %).  

Table (1): Characteristics of 62 patients included in the study.  

Characteristics  No  %  

Age:  
• <40 years  9  14.5  
• 40-<50 years  13  20.9  
• 50-<60 years  28  45.1  
•>_60 years  12  19.3  

Sex:  
• Male  42  67.7  
• Female  20  32.3  

Tumor location:  
• Colonic  49  79  
• Rectal  13  21  

Histology:  
• Adenocarcinoma  34  54.8  
• Mucoid carcinoma  9  14.5  
• Squamous cell carcinoma  12  19.3  
• Undifferentiated carcinoma  7  11.3  

CEA before PET/CT:  
• Elevated  45  72.5  
• Normal  17  27.5  

Treatment received:  
• Surgery and adjuvant chemotherapy  31  50.0  
• Surgery and radiotherapy  10  16.1  
• Surgery and adjuvant chemotherapy and  

radiotherapy  
11  17.7  

• Surgery only  10  16.1  

Performance of contrast enhanced CT and PET/CT:  

In the current study, 25 patients with local  

recurrence. PET/CT correctly diagnosed 23 patients  

(2 false negative patients), and there was three  

false positive cases (two cases diagnosed by endo- 

scopic biopsy as post-operative fibrosis and one  

case diagnosed as post-operative inflammatory  
process and resolved by follow-up). The sensitivity,  

specificity and accuracy of PET/CT in diagnosis  

of local recurrence was 92%, 91.89% and 94.44%  

respectively. The sensitivity, specificity and accu-
racy of contrast enhanced CT in diagnosis of local  
recurrence was 72%, 89.19% and 82.5% respec-
tively (Tables 2,3).  

Table (2): Comparison between lesions detection on CT and  
PET images in the studied 62 patients.  

Findings  

No. of  
lesions  

detected on  
CT images  

No. of  
lesions on  
PET/CT  
images  

Final results  
by pathology  

and formal  
follow-up  

• No abnormal findings  14  8  12  
• Local recurrence  22  26  25  
• Enlarged lymph nodes  18  24  22  
• Pulmonary nodules  6  7  7  
• Hepatic deposits  8  9  8  
• Peritoneal deposits  3  4  5  
• Osseous lesions  5  7  6  
• Anterior abdominal wall  2  4  3  

scar tissue lesion  

Table (3): Diagnostic performance of CT and PET/CT in  
detection of local recurrence.  

TP  FN  TN  FP  

Contrast  
enhanced  
CT  

18  7  33  4  

Sensitivity  Specificity  PPV  NPV  

72.00%  89.19%  81.82%  82.50%  

Overall accuracy: 82.26%  

TP  FN  TN  FP  

23  2  34  3  

Sensitivity  Specificity  PPV  NPV  
PET/CT  

92.00% 91.89% 88.46% 94.44%  

Overall accuracy: 91.94%  

TP 
 
: True Positive. TN: True Negative.  

FN 
 

: False Negative. FP : False Positive.  

Fifty one metastasis was found in 31 patients  

in the current study: PET/CT correctly diagnosed  

48 cases (true positives), while contrast enhanced  

CT diagnosed only 37 cases. There was seven false  
positive cases on PET/CT. The diagnosis was  

confirmed by pathological examination or formal  

follow-up: Hepatic abscess (1 case), lymphadenitis  

(3 cases), pathological fracture (1 case), spondylo-
discitis (1 case) and pneumonia (1 case). The  

sensitivity, specificity and accuracy of PET/CT in  

diagnosis of distant metastasis was 91.12%, 81.08%  
and 88.64% respectively. The sensitivity, specificity  

and accuracy of contrast enhanced CT in diagnosis  

of distant metastasis was 72.55%, 86.49% and  

78.41% respectively (Tables 2,4). We have three  



FP  

5  

TP  

37  

FN  

14  

TN  

32  

PPV  NPV  

88.10%  69.57%  

Contrast  
enhanced  
CT  

Sensitivity  

72.55%  

Specificity  

86.49%  

TP  FN  TN  FP  

48  3  30  7  

Sensitivity  Specificity  PPV  NPV  
PET/CT  

94.12%  90.91%  81.08%  87.27%  

TP  
FN  

: True Positive.  
: False Negative.  

TN: True Negative.  
FP : False Positive.  

Table (4): Diagnostic performance of CT and PET/CT in  
detection of metastasis (at all sites, no of metastases  

61 in 39 patients).  

Overall accuracy: 78.41%  

Overall accuracy: 88.64%  

TP  FN  TN  FP  

37  8  9  8  

Others  
Lymph  
nodes  

Hepatic  
Local  

recurrence  
Pulmonary  

• SUVmax  
(range)  

0-2  
2.1-4  
>4.1  

8.1  
(3.1-17.5)  

0  
11  
12  

8.5  
(3.2-18.7)  

0  
8  
13  

9.2  
(5.2-19.5)  

0  
2  
6  

6.4  
(2.3-9.8)  

0  
3  
3  

14.2  
(3.7-18.8)  

0  
2  
15  

Table (6): The sensitivity, specificity, PPV and NPV value of  

carcino-embryonic antigen.  

Sensitivity  

82.22%  

Specificity  

52.94%  

PPV  

82.22%  

NPV  

52.94%  

Overall accuracy: 74.19%  

CEA  

C D  

A B  
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false negative results on PET/CT in detection of  
distant metastasis, one case with military metastasis  

in the liver, one case with sclerotic bone lesion  
and one case with lung nodule, all cases failed to  

show any pathological uptake of FDG.  

The distribution of FDG lesions assessed as  
positive for recurrent CRC is shown in (Table 5).  
Most PET/CT positive lesions have SUVmax >4.1 |.  

In comparison to other regions, pulmonary lesions  

were frequently small with half of them with  

SUVmax <4.1. The height mean SUVmax was  
found in the hepatic lesions.  

Carcino-embryonic antigen:  
The carcino-emryonic antigen was found to be  

elevated in 45 patients. The elevated CEA as a  
predictor of recurrent colonic carcinoma and/or  
metastasis has a sensitivity 82.22%, specificity  

52.94%, PPV 82.22%, NPV 52.94% and accuracy  
71.84%.  

Table (5): Distribution of SUVmax assessed as positive for  
recurrent CRC on PET/CT.  

Fig. (1): Sixty-one year old male  
patient, pathologically proven to have  
rectal carcinoma, underwent tumor re-
section and colostomy, received chem-
otherapy and radiotherapy ended 1 year  

before this study (A) Contrast enhanced  
CT showing irregular shaped pre-sacral  

enhancing soft tissue mass measuring  

3 X 2cm. (B,C,D) The lesion incorpo-
rating a central metabolically active  
FDG avid area with maximum SUV  
(SUVmax) ~11.4. The lesion proved  
to be local metastasis.  
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A B  

C  D  

Fig. (2): Seventy-four year  
old female patient, pathological-
ly proven to have rectal carcino-
ma, underwent surgical resec-
tion 3 years ago and recievied  
chemotherapy and radiotherapy.  
(A) Contrast enhanced CT re-
veals marked irregular wall  
thickening at site of the  
anastmosis. (B,C) Metabolically  
active rectal wall is seen evident  

local recurrence SUVmax ~19  
(D) Metabolically-active pulmo-
nary nodule seen at the posterior  
segment of the left lower lung  
lobe measuring about 1.7cm in  
diameter with SUVmax ~16.  

A B  

C D  

Fig. (3): Forty-two year old male  
patient, pathologically proven to have  
cancer colon, underwent hemicolec-
tomy, received chemotherapy and  
radiotherapy ended 2 years before  
this study (A) Contrast enhanced CT  
showing irregular shaped soft tissue  
mass with calcification, and no sig-
nificant enhancement, and was report-
ed as post-operative fibrosis. (B,C,D)  
The lesion appears metabolically  
active with maximum SUV (SUV-
max) ~3.6. The lesion proved to be  
local recurrence.  



A  B  

C  

Fig. (5): Enlarged liver with metabolically-
active FDG avid focal intra-hepatic deposit is  

seen in right hepatic lobe (segment VI) meas-
ures about 3 X 2.5cm in its length and width  
Fig. (A) with SUVmax ~9 Fig. (B,C). No  
metabolically active FDG lesion that account  
for loco-regional recurrence or other distant  

deposits could be detected.  
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A  B  

Fig. (4): Forty-eight year old female patient, pathologically proven to have sigmoid colon carcinoma, underwent  

surgical resection, followed by multiple cycles of radiotherapy ended 2 month before this study (A) Contrast  

enhanced CT showing irregular shaped soft tissue mass at the site of the scar, (B) PET/CT revealed metabolically  

active lesion confirming scar tissue/ parietal wall metastasis.  
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A B  

C D  

E F  

Fig. (6): Multiple enlarged metabolically active lymph nodes in different partients. A, B: Left lower deep cervical  

lymph node; C, D: Pretracheal lymph nodes; E, F: Enlarged metastatic retroperitoneal lymph nodes.  

A  B  

Fig. (7): Multiple variable sized metastatic lung nodules scattered in both lungs, appear metabolically active on  

FDG-PET/CT.  
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Discussion  

The differentiation between post-operative  

benign changes and the true local recurrence is  

challenging and difficult task [8] . Previous studies  
indicated the diagnostic value of CT, MRI [13-15]  
and FDG-PET [16-18]  in diagnosis of primary CRC  
and its post therapy recurrence. Relatively recently  

multiple studies have stressed role of FDG PET/CT  
as an integrated modality in the evaluation of  

CRCR [19-22]  and can change the stage of 10-65%  

of post-operative patients [8,23,24] . Patel et al., [25]  
in a systematic review evaluating the role of PET/  

CT found no sufficient evidence of the use of  

PET/CT in routine follow-up in patients with CRC.  

On the other hand Lu et al., [26]  in a review of  
eleven studies, found that 18F-FDG PET and PET/  

CT were valuable in the follow-up of patients of  

elevated CEA and suspected disease recurrence.  

Also, Sanli et al., [27]  observed that whatever the  
CEA levels, 18FFDG PET/CT still can detect rectal  

or colonic tumor recurrence. The same conclusion  
was shown by Ozkan et al., in a study included 76  
patients [28] . In the current study, PET/CT had a  

sensitivity 92%, specificity 91.89%, PPV 88.46%,  

NPV 94.44% and overall accuracy 91.94% in  

detection of CRCR. We had three false positive  

cases and two false negative cases. The false pos-
itive cases were attributed to inflammatory proc-
esses at site of surgery. The false negative cases  

were recurrent mucinous adenocarcinoma which  

is know to be low FDG avid tumor. The PET/CT  

had considerably higher sensitivity and specificity  
than contrast enhanced CT, similar to results of  

votrobuva et al., [8]  and Han et al., [29] . PET/CT  
combines the advantages of functional imaging  
and morphological imaging. The PET portion pro-
vides the useful functional information, which  
should be earlier than morphological changes. The  
CT element provides the important anatomical and  

morphological resolution. In addition, if the in-
creased glucose utilization is due to post-operative  
changes, the CT morphology can suggest the correct  

diagnosis [8] .  

On PET/CT the false positive results may be  

due to post therapy inflammatory processes or  

granulation tissue and might be due to physiological  
causes, on the other hand the false negative results  

may be due to small lesions with few malignant  
cells and non detectable with FDG-PET [30,31] .  
Regarding metastatic deposits, including lymphad-
enopathy, PET/CT had seven false positive cases  
and three false negative cases, the overall accuracy  

of the PET CT in detection of metastasis is 88.64%.  

PET/CT is obviously superior over CT in detection  
of metastasis including lymph node metastasis,  

hepatic, pulmonary, ossesous and/or peritoneal  
dissemination. In the current study, the overall  
accuracy of CT was 78.41% in detection of distant  
metastasis. This means that FDG-PET/CT may  
provide chances to select suitable patients for  
surgical resection and unnecessary surgery would  
be avoided [32,33] .  

Serum CEA is a tumor marker used for detection  
of recurrent tumors and monitoring the therapy in  
CRC patients. In the current study, the CEA had  

sensitivity 82.22%, specificity 52.94%, PPV  
82.22%, NPV 52.94% and accuracy 71.84. CEA  

is a conventional method in post-operative follow-
up, but when a high serum level of CEA is encoun-
tered, the, imaging will be necessary to detect the  

site of possible recurrence or metastasis. Also,  
CEA has some pitfalls, like CEA levels may in-
crease in smokers, in patients with inflammatory  
bowel disease, pancreatitis, liver disease and in  

patients with epithelial tumors at other sites. On  
the other hand a normal CEA level also does not  

rule out tumor recurrence [34] .  

One limitation of the study deserve mention.  

Pathological confirmation was not performed in  

all cases, depending on the assumption that regular  

follow-up may be sufficient in some cases.  

Conclusion:  
In patients with suspected CRCR, FDG-PET/CT  

is significantly more accurate than CT alone for  
detection of local recurrence and distant metastasis.  

FDG-PET/CT is adequately discriminating to be-
come a standard follow-up of patients after color-
ectal cancer resection.  

References  

1- METWALLY I.H., SHETIWY M., ELALFY A., ABOUZ-
ID A., SALEH3 S.S. and HAMDY M.: Epidemiology  
and survival of colon cancer among Egyptians: A retro-
spective study. J. Coloproctol. (Rio. J.), 38 (1): 24-9,  
2018.  

2- BENSON A.B.: The hope for today-the promise for to-
morrow: Will oncologists meet the challenge? J. Clin.  
Oncol., 25: 2156-8, 2007.  

3- ARIYAN C.E. and SALEM R.R.: Evolution in the treat-
ment of metastatic colorectal carcinoma of the liver. World  

J. Gastroenterol., 12: 3253-8, 2006.  

4- FERNANDES L.C., KIM S.B., SAAD S.S. and MATOS  
D.: Value of carcinoembryonic antigen and cytokeratins  

for the detection of recurrent disease following curative  

resection of colorectal cancer. World J. Gastroenterol.,  

12: 3891-4, 2006.  

5- WALKER A.S., JOHNSON E.K., MAYKEL J.A., et al.:  

Future directions for the early detection of colorectal  

cancer recurrence. J. Cancer, 5 (4): 272-80. Published  

2014 Mar. 16. Doi:10.7150/jca.8871, 2014.  



Lina T. Hablas, et al. 4475  

6- PEMA P.J., BENNETT W.F., BOVA J.G. and WARMAN  

P.: CT vs. MRI in diagnosis of recurrent rectosigmoid  
carcinoma. J. Comput. Assist. Tomogr., 18 (2): 256-61,  
1994.  

7- YOUNG P.E., WOMELDORPH C.M., JOHNSON E.K.,  
et al.: Early detection of colorectal cancer recurrence in  

patients undergoing surgery with curative intent: Current  

status and challenges. J. Cancer, 5 (4): 262-71. Published  

2014 Mar. 15. Doi:10.7150/jca.7988, 2014.  

8- VOTRUBOVA J., BELOHLAVEK O., JARUSKOVA  
M., OLIVERIUS M., LOHYNSKA M., TRSKOVA K.,  
SEDLACKOVA E., L. LIPSKA L. and STAHALOVA  
V.: The role of FDG-PET/CT in the detection of recurrent  

colorectal cancer. Eur. J. Nucl. Med. Mol. Imaging, 33:  

779-84. Doi 10.1007/s00259-006-0072-z, 2006.  

9- DAVISON J.M., OZONOFF A., IMSANDE H.M.,  
GRILLONE G.A. and SUBRAMANIAM R.M.: Squamous  
cell carcinoma of the palatine tonsils: FDG standardized  

uptake value ratio as a biomarker to differentiate tonsillar  

carcinoma from physiologic uptake. Radiology, 255: 578- 
85, 2010.  

10- DAVISON J., MERCIER G., RUSSO G. and SUBRA-
MANIAM R.M.: PET-based primary tumor volumetric  

parameters and survival of patients with non-small cell  
lung carcinoma. A.J.R., 200: 635-40, 2013.  

11- DIBBLE E.H., KARANTANIS D., MERCIER G., PEL-
LER P.J., KACHNIC L.A. and SUBRAMANIAM R.M.:  
PET/CT of cancer patients. Part 1. Pancreatic neoplasms.  

A.J.R., 199: 952-67, 16, 2012.  

12- AGARWAL A., CHIRINDEL A., SHAH B.A. and SUB-
RAMANIAM R.M.: Evolving role of FDG PET/CT in  
multiple myeloma imaging and management. A.J.R., 200:  
884-90, 2013.  

13- YAMADA K., ISHIZAWA T., NIWA K., CHUMAN Y.  
and AIKOU T.: Pelvic exenteration and sacral resection  
for locally advanced primary and recurrent rectal cancer.  

Dis. Colon. Rectum., 45: 1078-84, 2002.  

14- BEETS-TAN R.G. and BEETS G.L.: Rectal cancer:  
Review with emphasis on MR imaging. Radiology, 232:  
335-46, 10, 2004.  

15- BEETS-TAN R.G., BEETS G.L., BORSTLAP A.C., OEI  
T.K., TEUNE T.M., VON MEYENFELDT M.F., et al.:  
Pre-operative assessment of local tumor extent in advanced  

rectal cancer: CT or high-resolution MRI? Abdom. Imag-
ing, 25: 533-41, 2000.  

16- DELBEKE D., VITOLA J.V., SANDLER M.P., ARILD-
SEN R.C., POWERS T.A., WRIGHT J.K. Jr., et al.:  
Staging recurrent metastatic colorectal carcinoma with  

PET. J. Nucl. Med., 38: 1196-201, 12, 1997.  

17- KANTOROVA I., LIPSKA L. and BELOHLAVEK O.:  
Routine 18F-FDG PET preoperative staging of colorectal  

cancer: Comparison with conventional staging and its  
impact on treatment decision making. J. Nucl. Med., 44:  
1784-8, 13, 2003.  

18- SELVAGGI F., CUOCOLO A., SCIAUDONE G., MAU-
REA S., GIULIANI A. and MAINOLFI C.: FDG-PET in  
the follow-up of recurrent colorectal cancer. Colorectal  

Dis., 5: 496-500, 2003.  

19- KAMEL I.R., COHADE C., NEYMAN E., FISHMAN  
E.K. and WAHL R.L.: Incremental value of CT in PET/CT  

of patients with colorectal carcinoma. Abdom. Imaging,  
29: 663-8, 17, 2004.  

20- EVEN-SAPIR E., PARAG Y., LERMAN H., GUTMAN  
M., LEVINE C., RABAU M., et al.: Detection of recur-
rence in patients with rectal cancer: PET/CT after abdom-
inoperineal or anterior resection. Radiology, 232: 815- 
22, 18, 2004.  

21- COHADE C., OSMAN M., LEAL J. and WAHL R.L.:  
Direct comparison of 18F-FDG PET and PET/CT in  

patients with colorectal carcinoma. J. Nucl. Med., 44:  

1797-803, 19, 2003.  

22- KIM J.H., CZERNIN J., ALLEN-AUERBACH M.S.,  
HALPERN B.S., FUEGER B.J., HECHT J.R., et al.:  
Comparison between 18F-FDG PET, in-line PET/CT, and  
software fusion for restaging of recurrent colorectal cancer.  

J. Nucl. Med., 46: 587-95, 2005.  

23- DESAI D.C., ZERVOS E.E., ARNOLD M.W., BURAK  
Jr. W.E., MANTIL J. and MARTIN Jr. E.W.: Positron  
emission tomography affects surgical management in  
recurrent colorectal carcinoma patients. Ann. Surg. Oncol.,  

10 (1): 59-64, 2003.  

24- BRIGGS R.H., CHOWDHURY F.U., LODGE J.P. and  
SCARSBROOK A.F.: Clinical impact of FDG PET-CT  
in patients with potentially operable metastatic colorectal  

cancer. Clin. Radiol., 66: 1167-74, 2011.  

25- PATEL K., HADAR N., LEE J., SIEGEL B.A., HILLNER  

B.E. and LAU J.: The lack of evidence for PET or PET/CT  

surveillance of patients with treated lymphoma, colorectal  

cancer, and head and neck cancer: A systematic review.  
J. Nucl. Med., 54: 1518-27, 2013.  

26- LU Y.Y., CHEN J.H., CHIEN C.R., et al.: Use of FDG-
PET or PET/CT to detect recurrent colorectal cancer in  

patients with elevated CEA: A systematic review and  

meta-analysis. Int. J. Colorectal. Dis., 28: 1039-47, 2013.  

27- SANLI Y., KUYUMCU S., OZKAN Z.G., et al.: The  
utility of FDG-PET/CT as an effective tool for detecting  

recurrent colorectal cancer regardless of serum CEA  

levels. Ann. Nucl. Med., 26: 551-8, 2012.  

28- OZKAN E., SOYDAL C., ARAZ M., KIR K.M. and IBIS  
E.: The role of 18F-FDG PET/CT in detecting colorectal  

cancer recurrence in patients with elevated CEA levels.  

Nucl. Med. Commun., 33: 395-402, 2012.  

29- HAN A., XUE J., ZHU D., ZHENG J., YUE J. and YU  
J.: Clinical value of 18F-FDG PET/CT in post-operative  

monitoring for patients with colorectal carcinoma. Cancer  

Epidemiology, 35: 497-500, 2011.  

30- LIU F.Y., CHEN J.S., CHANGCHIEN C.R., YEH C.Y.,  
LIU S.H., HO K.C., et al.: Utility of 2-fluoro-2-deoxy-
D-glucose positron emission tomography in managing  

patients of colorectal cancer with unexplained carcinoem-
bryonic antigen elevation at different levels. Dis. Colon.  

Rectum., 48: 1900-12, 2005.  

31- COOK G.J., MAISEY M.N. and FOGELMAN I.: Normal  
variants, artefacts and interpretative pitfalls in PET imaging  

with 18-fluoro-2-deoxyglucose and carbon-11 methionine.  
Eur. J. Nucl. Med., 26: 1363-78, 1999.  

32- EL-MAGHRABY T.: PET and PET/CT in the clinical  
management of colorectal cancer. Gulf J. Oncolog., (6):  
8-16, 2009.  



4476 Post-Operative Follow-up of Colorectal Cancer: CT or F-18 Positron Emission Computed Tomography?  

33- YAMASAKI E., DOMEKI Y., TSUBAKI M., SUNA-
GAWA M., KAJI Y., SUGANUMA N. and SUGIMURA  
K.: Performance of integrated FDG PET/contrast-enhanced  

CT in the diagnosis of recurrent colorectal cancer: Com-
parison with integrated FDG PET/non-contrast-enhanced  
CT and enhanced CT. Eur. J. Nucl. Med. Mol. Imaging,  
36: 1388-96, 2009.  

34- WEIR W., LI J., WANG L., SHI C., SONG J., MA S.,  
CHEN H. and CONG N.: Association between carcinoem-
bryonic antigen levels and the applied value of 18F  
fluorodeoxyglucose positron emission tomography/ com-
puted tomography in post-operative recurrent and meta-
static colorectal cancer. Oncology Letters, 8: 2649-53,  

2014.  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

