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Abstract
Background: The usefulness of FDG PET/CT has been shown for staging and restaging of CRC patients. The purpose
of this study was to determine the accuracy of 18F-FDG PET/CT in the detection of advanced colorectal adenomas in
screening of high-risk asymptomatic individuals.
Results: A prospective study was conducted on 500 patients from January 2016 to June 2018 (300 male, 200 female)
above 50 years of age (mean age 67.5 years) with +ve family history of CRC who underwent CTC. PET/CT was
performed to all patients with +ve CTC findings.
PET/CT sensitivity, specificity, positive predictive value, negative predictive value, and accuracy for all carcinomas and
adenomas with high-grade dysplasia, per lesion, were 94%, 35%, 85%, 62%, and 66% respectively.
PET/CT sensitivity, specificity, positive predictive value, negative predictive value, and accuracy for all carcinomas and
adenomas with high-grade dysplasia, per patient, were 91%, 80%, 89%, 83%, and 86% respectively. Histopathology
results were used as standard of reference.
Conclusions: 18F-FDG-PET/CT is a promising tool in detecting advanced adenomas or carcinomas in high risk patients
and it additionally enhance compliance with a screening program.

Background
Colorectal cancer is the third most diagnosed cancer in
men, next to prostate and lung carcinoma. In women, it
is the second most diagnosed cancer, next to breast cancer [1]. Studies have shown many risk factors which may
increase the chance of developing CRC, as age above
50 years, individuals with positive family history of colorectal cancer [2]. Individuals with other risk factors as
hereditary colorectal neoplasia require special surveillance programs, a description of which is beyond the
scope of this study.
Over the years, screening in asymptomatic moderate to
high-risk patients is getting more beneficial for reducing
CRC and led to sharp decline in CRC mortality rates. Premalignant lesions are the main target lesions for CRC
screening, as advanced adenomas with a size = or > 10 mm,
adenomas with high-grade dysplasia and carcinomas [3].
Previous studies depicted that the early diagnosis and
removal of premalignant adenomas may prevent development of CRCs and could substantially help in decrease CRC mortality rate. There is a firm consensus
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that larger (> or = 10 mm) colonic adenomas should be
removed; however, smaller one with a size < 10 mm
shows low prevalence of developing high-grade dysplasia
or transforming into carcinoma. So, the importance of
its removal is more controversial [4].
18F-FDG PET/CT as a noninvasive, painless molecular
imaging technology which provides both functional and
anatomical data correlates with the grading and the degree of malignancy of carcinoma. Although the usefulness of this technique has been established for staging
and restaging of CRC patients, its valuability as a screening tool in high risk patients is still controversial [5, 6].
The purpose of this study was to determine the accuracy of 18F-FDG PET/CT in the detection of advanced
colorectal adenomas in screening of high-risk asymptomatic individuals.

Patients and methods
A prospective study was conducted on 500 patients from
January 2016 to June 2018 (300 male, 200 female) above
50 years of age (mean age 67.5 years) with +ve family
history of CRC who underwent CTC. PET/CT was performed to all patients with +ve CTC findings.
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Patients with a fasting glucose level 200 mg/dL were
excluded (exclusion criteria). Histopathology results
were used as standard of reference.

Table 1 PET/CT sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy for all carcinomas and
adenomas with high-grade dysplasia per lesion
Sensitivity

The PET/CT technique

PET/CT scan was performed using Siemens Biograph
TruePoint 64 (Siemens Healthcare, Erlangen, Germany).
All patients were asked to fasten for at least 5 h to
lower the insulin and blood glucose level. Blood glucose
levels were in its normal levels prior to 18-FDG injection. PET images were done 60 min after I.V injection of
5 MBq/kg body weight of FDG (up to 550 MBq).
The standard uptake value (SUV) was defined as the
tissue concentration (MBq/mL) of the tracer divided by
the activity injected per body weight (MBq/g). The maximum SUV in the volume of interest was considered as
the SUVmax for the purpose of analysis. Scans were acquired from skull vertex down to the thigh. Prior to PET
imaging, a diagnostic CT scan of the brain, neck, chest,
abdomen, and pelvis was performed with oral and without I.V contrast for attenuation correction and anatomic
localization. The following parameters were used: 80–
100 mA, 140 kV, 5 mm collimation, 0.5 s rotation time,
and pitch = 0.984. Patients were in supine position with
both arms up; normal respiration was maintained during
the scanning. Reconstruction with section thickness of
1.2 mm was done. Subsequently, PET data were acquired
in at 5–7 bed positions. 18FDG-PET images were reconstructed; 18FDG-PET, CT, and fused 18FDG-PET/CT
images were reviewed on the dedicated workstation.
Patients were asked to have FDG PET/CT and CTC imaging performed within 3 days of both examinations.
The PET/CT images were interpreted by an experienced radiology consultant, and reports were compared
to those of CT colonography. The reader was not
blinded to other modality results.

CT colonography technique

CT colonography was performed after full bowel preparation. MDCT (Toshiba 320-detector CT Medical System) was used with a maximum detector collimation of
2.5 mm, pitch factor 2:1, 200 mAs, 120–150 kV, matrix
512 × 512, full field of view 40 cm. Scanning time was
done in one breath hold (20 s). All patients were examined cranio-caudally starting from the level of the diaphragmatic copula down to the anus. Readers used 2D
and 3D visualization. CTC was carried out by an experienced radiology consultant.
The FDG PET/CT findings were classified as follows:
True positive findings were occurrence of focal hypermetabolic lesions in a compatible site of advanced adenomas on CTC. False positive findings were occurrence
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94%

Specificity

35%

NPV

85%

PPV

62%

Accuracy

66%

of focal hypermetabolic lesions with no evidence of advanced adenomas in a compatible site on CTC.
False negative findings were lesions which did not display focal hypermetabolic lesions on PET/CT but with
positive evidence on CTC.
Statistical analysis

The FDG PET/CT sensitivity, specificity, positive predictive value, negative predictive value, and lastly the
overall accuracy of colorectal neoplasms detection were
calculated. Mc Nemar and T test were used to compare
the results, with statistical significance p < 0.05. The
standard maximum uptake value (SUVmax) of each
focal hypermetabolic lesion was quantitative and qualitative evaluated.

Results
A prospective study was conducted on 500 patients from
January 2016 to June 2018 (300 male, 200 female), above
50 years of age (mean age 67.5 years) with +ve family
history of CRC who underwent CTC. PET/CT was performed to all patients with +ve CTC findings.
Histopathology results were used as standard of reference. Among the 500 CTC examinations, 142 colonic
neoplastic polyps and 19 colonic carcinomas were detected by CTC. Histological examination of the adenomas revealed 3% (4/142) show no dysplasia, 69% (98/
142) with low-grade dysplasia, and 28% (40/142) show
high-grade dysplasia. ADR (adenoma detection rate) revealed 28.4%. The prevalence rate of colonic carcinoma
detection was 3.8%.

Table 2 PET/CT sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy for all carcinomas and
adenomas with high-grade dysplasia per patient
Sensitivity

91%

Specificity

80%

NPV

89%

PPV

83%

Accuracy

86%
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Avid PET/CT for relevant masses were present in 90% of
all correlated masses (145/161), 83% for relevant adenomas
(118/142) with size range of 9–25 mm and 100% (19/19)
for carcinomas with size range of 8–80 mm. PET/CT failed
to visualize 10% of relevant masses (16/161). All masses not
visualized on PET/CT were adenomas < 6 mm in size or
adenomas ≥ 10 mm but with low-grade dysplasia.
False-positive FDG uptakes were 15% of cases (24/161);
they include inflammatory lesions, ulcerative colitis, and
benign adenomas.
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Fig. 1 A 69-year-old male. i CT colonography revealed a
rectosigmoid polyp. ii FDG avid pathologically proved high-grade
dysplastic rectosigmoid polyp with SUVmax 14.2. a Axial PET/CT. b
Axial CT. c, d PET

a
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Fig. 2 A 76-year-old female. i CT colonography revealed 5-cm-long
segment of concentrically thickened mid to distal sigmoid colon. ii
FDG avid 5-cm-long segment of concentrically thickened mid to
distal sigmoid colon. Pathologically proved sigmoid carcinoma with
SUVmax 13.7. a Axial PET/CT. b Axial CT. c, d PET
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of all CTC masses (145/161), 83% with relevant adenomas
(118/142) with size range of 9–25 mm and 100% (19/19)
for carcinomas with size range of 8–80 mm.
These rates are in accordance to those previously
reported for screening of asymptomatic high to average
risk patients which concluded that the detection of colorectal neoplasms by FDG PET/CT are positively correlated
with the size and the degree of dysplasia of the lesion [10,
11]. In our study, the mean and standard deviation of
SUVmax of low-grade dysplasia was 9.7 + − 6.9 and that
of high-grade dysplasia was 11.6 + − 4.1 (Figs. 1 and 2).
In addition, PET/CT has failed to visualize 10% of
relevant masses (16/161) and the probable explanation
was that all masses were adenomas < 8 mm in size or
adenomas ≥ 10 mm but with low-grade dysplasia
(Fig. 3). The presence of low-grade dysplasia of the
lesion has been found to be significantly a cause for a
low likelihood of positive PET/CT imaging findings.
False-positive FDG uptakes were found in this study in
24/161 of PET/CT images, which included inflammatory
lesions, ulcerative colitis, and benign adenomas. These
figures are similar with those previously reported in the
literature [10].
All carcinomas were visualized by PET/CT (19/19)
100% with size range 8–80 mm and the mean and
standard deviation of SUVmax = 12.9 + − 6.8. These
were in accordance with the literature which reported
SUVmax = 12.6 + − 4.9 (n = 51) [12, 13].

The mean and standard deviation of SUVmax of
different lesions were as follows: Lesions with lowgrade dysplasia = 9.7 + − 6.9, with high-grade dysplasia = 11.6 + − 4.1. The mean and standard deviation
of SUVmax of carcinomas were 12.9 + − 6.8 while
those of false +ve uptakes were 7.4 + − 3.8
PET/CT sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy in detection of advanced adenoma and carcinomas were showed
in Tables 1 and 2).

Discussion
In CRC patients, PET/CT has been proved to be of a
great value in staging and restaging of tumors. However, its value and usefulness as a screening tool in
moderate to high-risk patients for colorectal tumors remains an open question. Studies have reported a wide
range of CRC tumors detection 20 to 90%. There are
many factors that contribute in this discrepancy, such
as using of different screening protocols, gold standards, variable inclusion criteria, different time gap between the imaging tools, and the variability between
the images readers [7–9].
Our data revealed the detection rates of adenomas and
colorectal carcinomas were 28.4% and 3.8% respectively.
Furthermore, our results demonstrate that focal hypermetabolic lesions on PET/CT images correlated with 90%
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Fig. 3 A 55-year-old female. (i) Physiological mild nonfocal rectal activity. SUVmax 5.9, pathologically proved a false +ve case. a Axial PET/CT. b
Axial CT. c, d PET
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Our study has faced several limitations: first, high cost
and, second, the small number of participants with a
wide range of population, so the rate of hypermetabolic
neoplasms detection on PET/CT imaging was low.

Conclusions
Early prediction of cancer based on FDG PET/CT imaging has prognostic and predictive significance in patients with high risk of developing cancer.
Thus, PET/CT as a non-invasive method may be a
promising tool in detecting advanced adenomas or carcinomas and additionally enhance compliance with a
screening program.
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