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 The aim of the study is to highlight the role of PET-CT in assessment of 

post-operative colorectal cancer to allow detection of local recurrence or 

distant metastasis so the clinician makes the best management plan. 

Twenty-five post-operative patients with colorectal carcinoma 

underwent FDG PET-CT. The final histopathological and/or at least 6 

months of clinical and radiological follow-up were used as reference 

standard to make sure of the final diagnosis of recurrence or metastasis 

and decide the specificity and sensitivity of FDG PET-CT and enhanced 

CT of the same periods. Out of the 25 patients were included in the 

study, PET-CT was positive for recurrent colorectal cancer either local 

recurrence or distant metastasis in 16 patients (64 %) and negative in 9 

patients (36 %). PET- CT show high accuracy, specificity, and 

sensitivity in detection of local recurrence 96%, 94.1%, and 100% 

respectively, and 100% sensitivity, accuracy and specificity in detecting 

hepatic and extra hepatic metastasis. PET/CT showed superior 

diagnostic performance in detecting recurrence either local or distant 

metastasis in post-operative colorectal cancer with high sensitivity, 

accuracy and specificity and it is advisable to be used in surveillance of 

postoperative colorectal patients. 
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1. INTRODUCTION 

IN Egypt, colorectal cancer is considered the 7th commonest cancer in Egypt, more than 3000 new cases 

were diagnosed as having colonic carcinoma in 2015 [1]. Colorectal cancer (CRC) is the 3rd most common 

cancer in the world. It is predicted that up to 40 % of patients will show recurrence after surgical resection 

of the primary tumor, often within two years [2]. 25% of these patients have recurrence limited to one site 

and are potentially curable by surgical resection, so early detection and precise treatment of recurrences can 

lead to a cure and improve survival of these patients. Therefore, imaging modalities play crucial role in 

determining patients who would benefit from surgery [3]. Magnetic resonance imaging (MRI), computed 

tomography (CT), and ultrasound (US) are traditional anatomical imaging modalities used to visualization 

of tumor; recently anatomical functional imaging could be of additional benefit, as visualization of 

metabolism with [18F] fluorodeoxyglucose positron emission tomography (FDG-PET) is a beneficial tool 

for detection of primary and recurrent colorectal cancer, yet the relatively loss of spatial resolution and lack 

of anatomical information is a large drawback of PET as the precise localization and demarcation of lesions 
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will be challenging [4]. Combination of the advantage of the CT and PET has led to the practice of fusion of 

the images obtained by PET-CT [5]. 

 

The aim of the study is to highlight the role of PET-CT in assessment of post operative colorectal cancer to 

allow detection of local recurrence or distant metastasis so the clinician makes the best management plan. 

 

2. Methods 

 

2.1 Patients 

Study carried out in a private radiology center from September 2018 to February 2021 for patients who 

have done PET/CT scans for recurrence detection and therapy assessment in pathologically proven 

colorectal cancer. 

 

A total number of 25 postoperative CRC patients were included in our study, male and female. The age of 

included patients ranged from 27 to 77 years, with mean= 58.1 years. 

 

All data were acquired with a combined PET/CT scanner (GE Discovery VCT 64 Slice PET/CT Scanner), 

this dedicated system combines a PET scanner with a multisection 64 CT scanner that allows in one session 

acquisition of CT and PET images. 

 

2.2 Inclusion Criteria 

1. Patients who have done PET/CT scans for recurrence detection and therapy assessment in 

postoperative colorectal cancer patients. 

2. Patient of any age. Both sexes will be included. Exclusion Criteria: 

1. Elevated blood glucose level above 200 mg/dL. 

2. Elevated serum creatinine above 2mg/dl. 

3. Weight exceeding table limits. 

 

Reference standard: The final histopathological and/or at least six months of radiological and clinical follow 

up were used as reference standard to make sure of the final diagnosis of recurrence or metastasis. 

 

2.3 Imaging protocol 

PET/CT was done after four to six weeks after surgery and chemotherapy, and eight weeks after radiation 

therapy, this time representing a trade-off between a relevant clinical response and chances of false-positive 

(type 1 error) and false-negative (type 2 error) findings. Before the scan all patients were asked to fast for 

six hours and removing metallic items. An I.V. cannula was inserted in the patient’s arm and all patients 

were advised to be calm and avoid exhausting activity before the beginning of the examination and 

following injection of the radioisotope. Routinely we measure serum glucose and its level were 70-

180ng/dl. We administered one liter of negative oral contrast agent (5% mannitol) approximately 1 hour 

before and of 10 -20mCi (approximate dose to patient, 3-5MBq/Kg) 18F-FDG 45–90 minutes before 

examination. Patients rest in a quiet room with controlled temperature and limit their movements and 

talking to the minimum to avoid the physiologic uptake of FDG into skeletal muscle, which can confound 

reading of the scan. 

 

Firstly, we do low dose non enhanced CT scan, then a whole body PET study then enhanced CT scan. The 

whole study was estimated approximately 20-30minutes. We use non-ionic iodinated contrast at dose about 

2–3 ml/kg scanning starting from the skull till the level of upper thighs, the scan parameters were a 
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collimator width of 5.0 mm, pitch of 1.5, gantry rotation time of 0.8 second, and field of view of 50cm with 

reconstruction of data at 1mm intervals. PET scan was done without moving the patient, about six to seven 

bed positions are designed in the three dimensional acquisition mode with 3-4 minute acquisition at each 

bed position. PET images were reassessed using the anatomical correction of CT images and the combined 

images were analyzed using specific software. 

 

2.4 Image interpretation 

The interpretation of axial and multiplanar reconstruction 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 10mm short axis), bone lesions, liver 

metastasis, lung nodules, and nodules in other organs. PET, CT images, and fused images of PET and CT 

images were interpreted by two experienced radiologist and nuclear medicine physicians. Qualitative 

assessments for the existence of hypermetabolic lesions were assessed on corrected PET images. Semi-

quantitative evaluation was undergone using the standardized uptake value (SUVmax), the lesions with 

SUVmax > 2.5 were considered positive and lesions with SUVmax < 2.5 were considered insignificant. 

 

3. Results 

Patient characteristics: This study included 25 patients. Patient demographics and tumor location have been 

summarized in (Table 1). This study included 15 males (60%) and 10 females (40%), the age of the patients 

range from 29 to 82 years with mean age 55.16 years and regarding anatomical location of the primary 

tumor was colon in 19 patients (76%) and rectal in 6 patients (24 %). Out of the 25 patients, 16 patients (64 

%) were PET-CT positive for local or distant recurrent colorectal cancer (Figs 1, 2 and 3), and negative in 9 

patients (36 %). Local recurrence: Nine patients (36% of the total studied cases) were reported to have local 

recurrence, true positive (TP) cases were 8 patients, true negative (TN) cases were 16 patients, one false-

positive (FP) case and zero false-negative (FN) case. The false positive case showed at operative bed mural 

rectal wall thickening near the anastomotic site with increase FDG uptake (high SUVmax) but the patient 

underwent biopsy and the result was negative case, colitis also in follow up examination after 6 months 

with no treatment there were regressive course Fig1. 

 

PET/CT showed 96% accuracy, 100% sensitivity, and 94.1% specificity in detecting the local recurrence in 

post operative patients of colorectal cancer. CT revealed 7 TP cases, 15 TN cases, two FP cases, and only 

one FN case with 87.5% sensitivity, 88.2% specificity, and 88% accuracy in correlation with reference 

standard. Table 2 compares the diagnostic performance of PET-CT and CT in detection of local recurrence. 

It is noted that PET-CT is better than CT regarding accuracy, specificity, and sensitivity in detecting local 

recurrence. 

 

12 patients (48% of the total cases) developed distant metastasis with 100% accuracy, specificity, and 

sensitivity of PET-CT in detecting the distant metastasis. 

 

3.1 Hepatic deposits 

20 % of patients had hepatic deposits, PET-CT showed 100% accuracy, specificity, and sensitivity in 

detecting hepatic metastasis. CT revealed 4 TP cases, 19 TN cases, one FP case, and one FN case. The 

accuracy, sensitivity, and specificity of CT were 92%, 80% and 95% respectively. Table 3 shows diagnostic 

performance of PET-CT and CT in detection of hepatic metastasis. It is noted that PET-CT is better than 

CT. 
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3.2 Lymph node involvement 

48% of patients had lymph node affection, also PET-CT showed very high 100% sensitivity, specificity, 

and accuracy. CT revealed 9 TP cases, 12 TN cases, one FP case, and three FN false cases. The accuracy, 

sensitivity, and specificity of CT were 88%, 75% and 92.3% respectively. Table 4 shows diagnostic 

performance of PET-CT and CT in detection of lymph node metastasis. PET/CT is better than CT regarding 

sensitivity, specificity and accuracy. 

 

3.3 Peritoneal deposits 

Six patients (24 %) had peritoneal deposits, PET-CT show high accuracy, specificity, and sensitivity of 

PET-CT in detecting the peritoneal deposits in post operative patients of colorectal cancer, Sensitivity is 

100 %, specificity is 100 %, and accuracy is 100%. CT revealed 4 TP cases, 18 TN cases, 1 FP case, and 

two FN cases with 66.7% sensitivity, 94.7% specificity, and 88% accuracy accordingly in correlation with 

PET/CT and the reference standard. Table 5 shows the diagnostic performance of PET-CT and CT in 

detection of peritoneal metastasis. It is noted that PET-CT is better to CT. 

 

3.4 Pulmonary lesions 

Three patients (12 %) had pulmonary deposits, 14 patients (56%) did not develop pulmonary metastases 

and 8 patients (32%) had too small nodules (less than 5mm) to be characterized. PET-CT shows high 100% 

accuracy, sensitivity, and specificity in detecting the pulmonary deposits. CT revealed two TP cases, 13 TN 

cases, one FP case, and one FN, the accuracy, sensitivity, and specificity of CT were 88.2%, 66.7% and 

92.8% respectively. Table 5 shows the diagnostic performance of PET-CT and CT in detection of 

pulmonary metastasis. It is noted that PET-CT is better than CT. 

 

4. Discussion 

Colorectal cancer is one of the most common cancers worldwide with a high mortality [6].Colorectal cancer 

not only affects elderly but also there is increase in the number of younger patients is noted. About 0.5 

million die every year due to colorectal cancer and more than one million people have colorectal cancer 

every year around the world [7]. Early detection and accurate post operative staging is very important for 

planning the therapeutic plane either surgery, radiotherapy and /or chemotherapy [8] and an effective 

imaging modality disease is crucial [9]. Traditional imaging modalities including CT, ultrasound and MRI 

can detect recurrence and metastasis when the lesion shows morphological changes, also early 

distinguishing between recurrences from inflammatory or post operative changes is difficult [9]. The results 

of CT depend on the site of recurrence, size and morphological appearance of the lesion, while the 

limitation of CT and other radiological imaging pertains to their lack of functional data which may render 

certainty of lesion size, potential infiltration of adjacent organs or affected regional lymph nodes [10]. 

Positron emission tomography (PET) is a non-invasive painless metabolic function imaging modality that 

can distinguish between cancer cells and normal cells by detecting the differences in the metabolic activities 

[11]. It is a functional imaging modality that takes a benefit of short-lived radioisotopes attached to a tracer 

to evaluate abnormal biochemical processes associated with diseases. The most commonly used 

radiopharmaceutical in PET is 18F- flourodeoxyglucose, which serves as an analogue of glucose and can be 

served to identify tissues showing increased glucose transport and metabolism, such as cancer cells [12]. 

The use of PET as a major diagnostic imaging tool for cancer is on the increase in the USA, Canada, 

Europe and parts of Asia [13]. The combination of CT and PET provide both metabolic and anatomic 

imaging data with a single device during the same diagnostic session which can overcome the drawback of 

PET images which lack anatomical data [14]. This combination has experienced to be of great benefit for 

the assessment of colorectal cancer [15]. 
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This is most evident in the detection of metastases especially if conventional imaging is equivocal for the 

existence of metastatic disease [16]. According to other literatures, 10–65% postoperative patients with 

CRC, PET-CT modified restaging of those patients compared to that by routine examination [9]. The 

American Society of Clinical Oncology recommends using CEA as the tumor marker of choice for 

detecting metastatic colorectal cancer even in asymptomatic recurrences. About 90% of patients with high 

CEA levels after surgery have tumor recurrence [17]. In the present study, the detecting of local recurrence 

by PET/enhanced CT was relatively high compared with enhanced CT (Sensitivity 100 %, specificity is 

94.1% vs 87.5% sensitivity, 88.2 specificity). These results agree with [18] which showed high specificity 

and sensitivity in detecting local recurrence by PET-CT 99.3 % and 96.7% respectively compared with 

enhanced CT which showed sensitivity 80 % and specificity 97.1%. Also, [19] demonstrated high 

sensitivity in detecting pelvic/local recurrence of rectal cancer by PET/CT (43 of 44 lesions). Our results 

showed high sensitivity and specificity in detecting recurrent CRC, these data are in agreement with results 

of [20], [21] both assessed the role of PET-CT in detecting recurrence in postoperative CRC, they showed 

high sensitivity 97% and 95% respectively and specificity 61% and 76% respectively, however we have 

higher specificity in the detection of the local recurrence. Also our results agree and fall within the range of 

[17] results as he reported that the sensitivity range from 79% -100% & the specificity range from 50 % - 

100 %. Conventional imaging faces a diagnostic challenge in discrimination between post-operative and/or 

radiotherapy changes and local recurrence as these changes may present on CT for years and be difficult to 

distinguishable from tumor recurrence [22]. In a previous study [23] correctly described recurrence in the 

presacral region with specificity and sensitivity of 100%. 

 

The study of [24] also concluded that FDG-PET- CT is an effective tool for detection of recurrent CRC & 

more accurate than CT alone which showed low ability to differentiate tumor recurrence from post 

operative or post radiation changes, compared to PET/CT which can differentiate viable tumor tissue from 

post-therapeutic change. The presence of hepatic metastasis is the main element of survival & key of the 

therapeutic plane, especially in patients with CRC [25], and the prognosis is much affected by the number 

and size of hepatic metastases and the existence of extra- hepatic disease [15]. In our study 5 patients had 

metastatic hepatic lesions with superiority of PET-CT over CT, the sensitivity of CECT and PET- CT 80% 

and 100% respectively, these results are comparable to those of [15] which showed sensitivity of CECT and 

PET-CT 84% and 97% respectively. Also a meta-analysis by [26] stated that PET was better than CT in 

detecting CRC liver metastases with sensitivity of CT, FDG PET were 83.6% and 94.1%, respectively. 

Lymph node metastasis is crucial prognostic element in patients with colorectal cancer [24]. The great 

advantage of CT is its accuracy in detecting the anatomical abnormalities and defines structures that are 

below the resolution of conventional nuclear medicine; however the dependence on anatomical criteria in 

order to determine pathological condition is a major limitation. Using one centimeter short axis dimension 

threshold for pathological lymph nodes is not always reliable because lymph nodes smaller than one 

centimeter can have malignant cells and reactive or inflammatory lymph nodes can be larger than 1 cm 

[24]. FDG PET is a functional method that does not depend on lymph node size to identify the existence or 

absence of malignant cells, as lymph nodes that are not enlarged may have tumor cells on FDG PET. Yet, 

inflammation, cystic or mucinous lymph node metastasis can cause false positive results as it may not 

display significant FDG uptake [15]. [28] reported satisfactory sensitivity and accuracy of 18F-FDG PET-

CT in the detection of recurrent CRC with better specificity and sensitivity (90%-98% & 87%-100%, 

respectively) for detection of hepatic and extra-hepatic metastasis than CT. Also, [29] stated that PET-CT 

has superior sensitivity compared to CT in the detection of CRC metastases, either hepatic or extra-hepatic 

particularly metastases to lymph nodes, peritoneum, and distant sites. 18F-FDG PET-CT has magnificent 

diagnostic performance in detection of CRC recurrence and metastasis. Its accuracy and sensitivity were 

better than those of CECT, our study agrees with these results. 
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5. Limitations 

In our study, we faced some limitations; the small sample size and the study population included patients 

with suspected local recurrence or metastasis by regular follow up program may cause overestimation of the 

sensitivity and specificity. Also the financial element and the availability of PET-CT scanners are not 

available in all hospitals and centers. 

 

6. Conclusion 

Our study revealed PET/CT is a superior diagnostic performance in detecting early recurrence either local 

or distant metastasis in post operative colorectal cancer with better sensitivity, accuracy and specificity 

compared to enhanced CT. 

 

7. List of abbreviations 

CRC: Colorectal cancer; SUVmax: Standardized uptake value; FDG: Fluoro-deoxy-glucose; MRI: 

magnetic resonance imaging; PET- CT: Positron emitted tomography-computed tomography; TP: True 

Positive; TN: True Negative; FN: False Negative; FP: False Positive. 
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Figures titles and legends: 

Figure (1): A 55 years old postoperative sigmoid cancer female patient. A & B show rectal mural 

thickening near the anastomotic site at operative bed with high FDG uptake SUV max 13, the patient done 

another biopsy and the result was negative, colitis, also in follow up done 6 months later with no treatment 

shows regressive course with SUV max 8.7 in C & D. 

 

Figure (2): A 61 years old male patient who underwent surgical resection of sigmoido-rectal cancer 

followed by chemotherapy A&B) axial CECT and PET-CT showing local recurrence heterogeneous mass 

eliciting increased tracer fixation with SUVmax of 17. The lesion is seen infiltrating presacral and ischio-

rectal fat planes; as well as; pelvic muscles (most evidently Rt. pubo-rectalis). The lesion is also seen 

inseparable from (and possibly infiltrating) prostate and both seminal vesicles. C&D) axial CECT chest and 

PET-CT showing Lt. lung lower lobe superior segment para-hilar mass seen eliciting increased tracer 

uptake with SUVmax of 3.6. E&F) axial CECT and PET-CT showing metastatic enlarged lymph nodes and 

pelvic peritoneal nodules with SUVmax up to 5.5. 

 

Figure (3): A 37 years old male patient who underwent surgical resection cancer colon followed by 

chemotherapy A&B) axial CECT and PET-CT showing peripherally metabolically active irregular lesion 

seen at the posterior surface of the transverse colon and inseparable from the pancreas eliciting denser tracer 

fixation with SUVmax of 8.3. C&D) Rt. hepatic lobe segment V subcapsular two small hypodense focal 

lesions displaying increased tracer uptake with SUVmax of 6.6. E&F) axial CECT and PET-CT showing 

metastatic aortocaval lymph node about 1cm with SUVmax 8.G&H) Lt. lung fissural thickening and 

multiple confluent nodules eliciting SUVmax of 2.4. 

 

Tables titles and legends: 

Table 1: Characteristics of 25 patients included in the study. 

Table 2: Diagnostic performance of CT compared to PET-CT in detection of local recurrence. 

Table 3: Diagnostic performance of CT compared to PET-CT in detection of hepatic metastasis. 
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Table 4: Diagnostic performance of CT compared to PET-CT in detection of lymph node metastasis. 

Table 5: Diagnostic performance of CT compared to PET-CT in detection of peritoneal deposits. 

Table 6: Diagnostic performance of CT compared to PET-CT in detection of pulmonary metastasis. 


