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Objective: To evaluate diagnostic performance of 18F-FDG PET/CT in assessment of recurrence colorectal cancer after 
treatment in Siriraj Hospital.
Material and Method: The authors retrospectively studied 48 treated colorectal cancer patients with suspected recurrence 
who underwent 18F-FDG PET/CT and contrast-enhanced CT (CECT). Clinical information, image follow-up for at least 
one year, and pathological reports of the patients were reviewed for gold standard.
Results: Recurrent or metastatic disease was found in 36 of 48 patients. Calculated sensitivity, specificity, and accuracy of 
18F-FDG PET/CT were 94.4%, 66.7%, and 87.5%. 18F-FDG PET/CT can reduce false positive results of CECT in six patients, 
thus specificity of 18F-FDG PET/CT was statistically significantly better than that of CECT. Using lesion-based analysis 
with 65 recurrent sites and 26 non-recurrent lesion, 18F-FDG PET/CT showed better sensitivity 87.7%, specificity 61.5%, 
and accuracy 80.2 than CECT without statistical significance.
Conclusion: 18F-FDG PET/CT overall showed higher sensitivity, specificity, and accuracy than CECT.
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 Colorectal cancer (CRC) is the third most 
common type of cancer in men and women. 
Unfortunately, about 41% develop local recurrences 
between nine and 24 months post-operatively(1). The 
majority of recurrences in patients who previously  
have undergone resection are within five years, but 
most commonly within three years after surgery.
 Early detection of recurrent CRC has become 
more important, as the treatment options for localized 
recurrence disease have improved significantly. 
However, aggressive locoregional interventions           
(e.g. partial liver resections, radiofrequency ablation 
(RFA) of liver metastases, resections of pulmonary 
metastases) are as of yet considered futile in the 
presence of metastases elsewhere(2). Detection of 
residual tumor throughout the body with high 
sensitivity and specificity imaging technique is 
important for patient management with regard to 
invasive therapy. 

 Traditionally investigation for CRC recurrence 
performed using CEA tumor marker, anatomical 
imaging techniques such as ultrasound (US), contrast 
enhanced computed tomography (CECT) and  
magnetic resonance imaging (MRI). 
 Functional imaging may be of additional 
value. 18F-FDG PET has been shown to be highly 
accurate in the detection of recurrent and metastatic 
CRC(3-7).
 The purpose of the present study was to assess 
the diagnostic performance of 18F-FDG PET/CT scan 
in the detection of recurrent CRC, compared to contrast 
enhanced CT scan (CECT).

Material and Method
 The authors collected 74 CRC patients,       
who underwent 18F-FDG PET/CT scan between 
November 2006 and December 2010. Exclusion was 
made on eight patients due to no definite diagnosis  
(i.e. coexistent with other malignancy), and 18 patients 
due to not enough information for definite diagnosis 
or no follow-up data after PET/CT study for at least 
one year. Finally, there were 48 patients included in 
the present study. Reading 18F-FDG PET/CT is positive 
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by visual activity accumulation more than adjacent 
area.
 The diagnosis of recurrent disease was made 
by pathological proven of malignancy, the progression 
of clinical or imaging follow-up, or the responsiveness 
of the lesion to the treatment with chemotherapy or 
radiation therapy.
 The diagnosis of non-recurrent disease was 
made by the pathological proven of benign lesion, no 
interval change of the lesion without treatment on 
follow-up imaging for at least one year after 18F-FDG 
PET/CT scan or no abnormal finding on follow-up 
imaging for at least one year after 18F-FDG PET/CT 
scans.

Statistical analysis
 Patient-based and lesion-based analysis were 
calculated by using the standard formula for sensitivity, 
specificity and accuracy of 18F-FDG PET/CT scan, 
compared to the gold standard (pathohistology, clinical 
or imaging follow-up for at least one year) and contrast-
enhanced CT scan. Statistical significance between the 
two imaging modalities was calculated by McNemar’s 
test, which p-value of less than 0.05 was considered 
statistically significant.
 The study was approved by the Ethical 
Committee, Faculty of Medicine Siriraj Hospital, 
Mahidol University.

Results
 Patient characteristics and demographic data 
are shown in Table 1.
 Recurrent disease was found in 36 patients 
(75%), which 24 patients had pathological proven        

and 12 patients demonstrated disease progression or 
response to treatment on follow-up imaging. Forty-
eight regions in 36 patients with recurrent disease are 
shown in Table 2.
 The authors found that 18F-FDG PET/CT scan 
could reduce false positive result of CECT in six 
patients (chest, primary rectum, peritoneal nodule,      
and liver lesion), therefore the specificity of 18F-FDG 
PET/CT scan was better than CECT (p = 0.016). 
However, There was no significant difference between 
the sensitivity and the accuracy of these two modalities 
(p = 0.687 and 0.267).
 There were 91 lesions detected by CECT or 
18F-FDG PET/CT, 65 of which showed recurrence. 
Concordance findings are found in 43/65 lesions. 
18F-FDG PET/CT scan can reduce false positive of 
CECT for 13 lesions (5 mediastinal lymph nodes,               
3 local recurrence of rectal cancer, 1 peritoneal nodule, 
3 intraabdominal lymph node, and 1 liver lesion). 

Fig. 1 A 69-year-old man with the diagnosis of 
adenocarcinoma of rectum post low anterior 
resection and rising CEA level. The CT image 
shows a presacral mass which is unclear to be 
fibrotic mass or tumor recurrence. The 18F-FDG 
PET/CT shows an evidence of increased glucose 
metabolism at presacral nodule compatible with 
local recurrence.

Fig. 2 A 50-year-old woman with the diagnosis of 
adenocarcinoma of rectum, the 18F-FDG PET/CT 
reveals increased glucose activity at a hypodensity 
lesion found by CT study. The pathological from 
wedge resection of liver confirmedthe diagnosis 
of metastasis adenocarcinoma.

Table 1. Forty-eight patient characteristic

Patient characteristics Value
Gender
 Male
 Female

 
31
17

Mean age (range)
 Male
 Female

 
63.4 (43-79)
59.3 (35-87)

Primary lesion
 Colon
 Rectum

 
27
21

Indication for 18F-FDG PET/CT scan
 Elevated serum CEA >5 ng/ml or
  rising CEA level
 Abnormal conventional imaging
 Assessment of resectability

 
11

17
20
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However, 18F-FDG PET/CT scan also give false 
positive for five lesions (2 mediastinal lymph nodes, 
2 local recurrence of rectal cancer, and 1 liver lesion). 
18F-FDG PET/CT scan provided the better sensitivity, 

specificity, and accuracy than that of CECT but did not 
reach the statistical significance.

Discussion
 Anatomic imaging modalities, mainly 
computed tomography (CT), have an important role in 
the detection of early recurrence in patients with CRC. 
CT, however, is limited by a reliance on size criteria 
in the diagnosis of malignancy; for instance, metastases 
to regional lymph nodes are mostly diagnosed with 
size criteria. Conversely, although large masses are 
more likely to be malignant, some may be benign 
masses that are composed solely of fibrotic tissue. 
Limitation of the CT scan is also the incapability to 
differentiate between viable and nonviable tumor 
lesion. 18F-FDG PET/CT has been reported to have         
an important complementary role in the detection             
of distant metastases, local recurrence and in the 
differentiation of malignant and nonmalignant      
masses, by detecting the glucose metabolism of                
the cells.
 Meta-analysis data of 11 articles by              
Huebner RH et al(8) found overall sensitivity of 97% 
(95% confidence level, 95 to 99%) and an overall 
specificity of 76% (95% confidence level, 64 to 88%) 
for 18F-FDG PET in the detecting recurrent CRC 
throughout the whole body. Furthermore, the change-
in-management data, an overall 18F-FDG PET directed 
change in management was calculated to be 29%          
(95% confidence level, 25 to 34%).
 The previous study by Metser Uet al(9) 
included158 patients who had a history of CRC, 
elevated or increasing CEA levels, and conventional 
imaging that did not reveal an unequivocal explanation 
of the elevated CEA level. The sensitivities of             
PET/CT and CT for patient base were 97.3% (95% CI, 
85 to 99%) and 70.3% (95% CI, 53 to 84%) (p = 0.002) 
and that the specificities for patient base were 94.4% 
(95% CI, 72 to 99%) and 94.4% (95% CI, 72 to 99%) 
(p = 1.0). The tumor site-based analysis showed the 
sensitivities of PET/CT and MDCT were 98.1%        
(95% CI, 90 to 99%) and 66.7% (95% CI, 52 to 78%) 
(p<0.0001) and the specificities were 75% (95% CI, 
34 to 96%) and 62.5% (95% CI, 24 to 91%) (p = 0.56). 
The specificity in Metser U study by PET/CT and CT 
was higher than this study.
 The study by Mittal BR et al(10) analyzed           
73 (55 male, 18 female; age range 25 to 80 years) 
histopathologically proven patients with CRC 
underwent FDG PET/CT imaging for the detection of 
recurrence after the initial treatment. The lesions 

Table 2. Regions of recurrences or metastases

Region Number of patients
Local   7
Intraabdominal-extrahepatic 16
Liver 12
Chest 11
Bone   2

Table 3. CECT and 18F-FDG PET/CT result for recurrence 
by patient-based analysis and lesion based analysis

Study Patient-based analysis (n = 48)
Positive by 

gold standard
Negative by 

gold standard
CECT
 Positive
 Negative

 
32
  4

 
10
  2

18F FDG PET/CT
 Positive
 Negative

 
34
  2

 
  4
  8

Lesion base analysis (n = 91)
CECT
 Positive
 Negative

 
50
15

 
18
  8

18F-FDG PET/CT
 Positive
 Negative

 
57
  8

 
10
16

Table 4. Diagnostic performance of CECT compares with 
18F-FDG PET/CT by patient based analysis and 
lesion based analysis

Study by patient 
based analysis

Sensitivity Specificity Accuracy

CECT     88.9%     16.7%    70.9%
18F-FDG PET/CT     94.4%     66.7%    87.5%
p-value*     0.687     0.016    0.267
Study by lesion 
based analysis
CECT     76.9%     30.8%    63.7%
18F-FDG PET/CT     87.7%     61.5%    80.2%
p-value*     0.189     0.096    1.000

* p-value <0.05 is considered statistically significant 
(McNemar’s test)
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detection by CT and PET/CT in relation to CEA levels 
present in Table 5.
 Rising CEA level 51 patients, CT showed 
recurrence in 23 (45%) patients, whereas PET/CT       
was positive in 36 (71%) patients. Results of PET/CT 
and CT in each group are depicted in the Table. In            
13 patients, CT was negative, whereas PET was positive 
(three patients – liver lesions, five patients – lymph 
nodes, two patients – bone metastases, one patient – 
local recurrence in urinary bladder wall, one patient 
– lymph node and liver metastases, and one patient – 
lymph node and bone metastases), thereby changing 
the management. The PET/CT was 100% positive in 
cases that had CEA level of more than 50 ng/ml.
 The study by Chen LBet al(11) in 56 recurrence 
and/or metastasis CRC patients reveals sensitivity of 
PET/CT diagnosis of CRC recurrence and/or metastasis 
was 94.6%, and the specificity was 83.3%. The positive 
predictive value (PPV) was 96.4% and the negative 
predictive value (NPV) was 76.9%. PET/CT imaging 
detected one or more occult malignant lesions in eight 
cases where abdominal/pelvic CT and/or ultra-
sonography showed negative findings. Furthermore, it 
detected more lesions than CT or ultrasonography did 
in 30.4% (17/56) cases. Recurrence and/or metastasis 
were detected in 91.7% (22/24) cases with elevated 
serum CEA levels by 18F-FDG PET/CT imaging.

Table 5. Show the comparative results of CT and PET/CT 
positive cases in relation to CEA levels

CEA level in ng/ml 
(n = 73)

CT positive 
(n = 24) (%)

PET/CT positive 
(n = 39) (%)

>50 (n = 9)   6/9 (67)   9/9 (100)
20-50 (n = 9)   5/9 (55)        7/9 (77)
10-20 (n = 11) 5/11 (45)      7/11 (63)
5-10 (n = 9)   3/9 (33)        6/9 (67)
3-5 (n = 13) 4/13 (30)      7/13 (53)
Normal <3 (n = 22)  1/22 (4.5)      3/22 (13)

Table 6. Diagnostic performance comparison between 18F-FDG PET/CT and conventional imaging

Study Sensitivity (%) Specificity (%) Accuracy (%)
By lesion analysis (n = 79)
 PET/CT
 Conventional imaging

 
94.7 (54/57)
98.2 (56/57)

 
86.4 (19/22)
4.5 (1/22)

 
92.4 (73/79)
72.2 (57/79)

By patient analysis (n = 39)
 PET/CT
 Conventional imaging

 
96.0 (24/25)
 100 (22/22)

 
92.9 (13/14)
   0 (0/17)

 
94.9 (37/39)
56.4 (22/39)

McNemar’s test p<0.05

 The abstract from Choi EK et al(12) study to 
assess the value of 18F-FDG PET/CT for detecting   
local or distant recurrence in 269 CRC patients          
(289 PET/CT scans ) patients operated for colorectal 
cancer and to compare the accuracy with conventional 
imaging studies. The overall sensitivity, specificity, 
accuracy, PPV, and NPV were 94.7%, 96.0%, 95.8%, 
78.2%, and 99.2% for PET/CT, and 86.8%, 97.6%, 
96.2%, 84.6%, and 98.0% for conventional imaging 
studies. On region-based analysis, PET/CT detected 
more lesions compared to conventional imaging studies 
in local recurrence (14/15 vs. 13/15) and peritoneal-
carcinomatosis (4/4 vs. 3/4). PET/CT and conventional 
imaging studies detect the same number of lesions in 
abdominal lymph nodes (8/8) and hepatic (13/13) 
metastases. PET/CT additionally detected metastases 
to lung (n = 5) and bone (n = 1). Both PET/CT and 
conventional imaging studies showed false positive 
finding in a case for single spleen metastasis that was 
pathologically proven to be chronic inflammation. A 
PET/CT false positive lesion in supraclavicular lymph 
node was pathologically proven to be mycobacterial 
infection.
 The study by Lee JH et al(13) in 59 recurrence 
or a metastasis in postoperative patients suspected 
recurrent conditions and normal CEA level patients, 
107 suspicious recurrent findings for 63 18F-FDG        
PET/CT cases were included in this study. The result 
is in the Table 6.
 The results of the present study have        
shown that 18F-FDG PET/CT is a useful method in 
postoperative patients with suspected recurrent 
colorectal cancerous lesions and a normal CEA level. 
When conventional imaging methods have shown 
equivocal findings, 18F-FDG PET/CT is effective and 
helpful to distinguish local recurrences or metastases 
from postoperative changes or benign disease findings 
that may not be meaningful.
 Previous studies as described above have 
shown that 18F-FDG PET/CT to detect recurrent  
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disease gives better sensitivity and specificity when 
compared to that of CT scan and conventional imaging 
like the present study. With the use of that 18F-FDG 
PET/CT studies demonstrated more information of 
detect lesion and characterization, comparing CT,         
the present study also shows comparable overall 
sensitivity and accuracy (94.4% and 87.5%), but lower 
in specificity (66.7%) As with lesion-based analysis, 
the authors found that 18F-FDG PET/CT can reduce 
false positive results of CECT in 13 lesions, but also 
causes false positive results in five lesions.

Conclusion
 18F-FDG PET/CT is a better method to 
evaluate post-operative CRC patients with suspected 
tumor recurrence or distant metastasis than CT 
especially the specificity.
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การตรวจ 18F-FDG PET/CT เปรียบทียบกับการตรวจ CT ในการตรวจพบรอยโรคมะเร็งลําไสใหญกลับเปนซํ้า

สุนันทา เชี่ยววิทย, ธิติพร จิรนันทนากร, ปยาภรณ อภิสารธนรักษ, พจนีย กาญจนพิบูลย, ชมพูนุช หาญนันทวิวัฒน, 
กฤตยา อุบลนุช, นพรัตน พงษสวัสดิ์, พิพัฒน เชี่ยววิทย

วัตถุประสงค: เปนการศึกษาความสามารถของการตรวจ 18F-FDG PET/CT ในผูปวยมะเร็งลําไสหลังการรักษาท่ีสงสัยมะเร็ง
กลับเปนซ้ําในโรงพยาบาลศิริราช
วสัดแุละวธิกีาร: การศึกษายอนหลงัผูปวยมะเรง็ลาํไสหลังการรกัษาทีส่งสยัมะเรง็กลบัเปนซํา้ 48 ราย ที่ไดรบัการตรวจ 18F-FDG 
PET/CT และการตรวจ CT ดวยสารทบึรงัส ีมกีารตรวจสอบและทบทวนประวตัผิูปวย, การตรวจตดิตาม และผลชิน้เนือ้เพือ่แสดง
ผลการวินิจฉัยมาตรฐาน
ผลการศึกษา: พบการกลับเปนซํา้และการแพรกระจายมะเร็งลาํไสในผูปวย 36 ราย จากผูปวย 48 ราย ความสามารถของการตรวจ 
18F-FDG PET/CT ในการวินิจฉัยการกลับเปนซํ้าและการแพรกระจายมะเร็งลําไสมีความไวรอยละ 94.4 ความจําเพาะรอยละ 
66.7 และความแมนยาํรอยละ 87.5 การตรวจ 18F-FDG PET/CT ทาํใหสามารถวนิจิฉยัผลบวกลวงจากการตรวจ CT รายไดถกูตอง 
6 ราย และการตรวจ 18F-FDG PET/CT มคีวามจาํเพาะมากกวาการตรวจ CT อยางมนียัสาํคญัทางสถติ ิเมือ่วเิคราะหโดยรอยโรค
พบวามรีอยโรคทีเ่ปนการกลบัเปนซํา้และการแพรกระจายมะเรง็ลําไส 65 รอยโรค และมรีอยโรคที่ไมใชการกลบัเปนซํา้และการแพร 
กระจายมะเร็งลําไส 26 รอยโรค การตรวจ 18F-FDG PET/CT มีความไวรอยละ 87.7 ความจําเพาะรอยละ 61.5 และความ
แมนยํารอยละ 80.2 ดีกวาการตรวจ CT แตไมมีความแตกตางทางสถิติ
สรุป: การตรวจ 18F-FDG PET/CT เปนวธิกีารตรวจทีด่ีในผูปวยมะเรง็ลําไสใหญหลงัการผาตดัท่ีสงสัยวามมีะเรง็กลับเปนซํา้ หรอื 
มีการแพรกระจายกวาการตรวจ CT โดยเฉพาะคาความจําเพาะ


