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ABSTRACT

Aim: to determine the proportion of incidental colon lesions detected by PET-CT and

their correlation with the endoscopic and histological findings. In addition, to

determine the maximum standardized uptake value (SUVmax) that can discriminate

between benign and malignant lesions in our series of cases.

Methods: this was a retrospective study of 3,000 patients evaluated by PET-CT for

staging or response to treatment of primary neoplasms, between 2011 and 2015.

Patients with incidental uptake in the colon were included in the study. Exclusion

criteria included an incomplete, poorly prepared or abandoned colonoscopy,

inflammatory bowel disease and treatment with metformin.

Results: the study cohort comprised 71 patients evaluated by PET-CT and subsequently

analyzed by endoscopy; 69% were male with a mean age of 65.77 ± 11.2. The rate of

incidental colon lesions found by PET-CT was 1.73%, with 52 incidental colonic uptakes

reported in 50 patients. The location of the uptake was the rectum (19.23%), sigmoid



colon (34.62%), descending colon (13.46%), transverse colon (1.9%), ascending colon

(19.23%), cecum (9.62%) and ileocolic anastomosis (1.92%). Thirty-five pathological

colonoscopies (71.15%) were identified: the findings included five neoplasms (13.51%),

two inflammatory lesions (5.4%) and 30 adenomatous polyps (81.1%). Significant

differences were found between neoplastic SUVmax (11.7 g/ml; p = 0.03) and polyps

(9.26 g/ml; p = 0.04) in relation to inflammatory lesions and normal endoscopies (6.05

g/ml). There were no differences in terms of the size of the polyps, nor the presence or

absence of high grade dysplasia (p = 0.12 and 0.33). Both PET-CT and endoscopy

proved consistent for locating lesions (k 0.90; CI 95% 0.86-0.93).

Conclusion: there is a good correlation between the findings identified by PET-CT and

the endoscopic study. In our study, a SUVmax > 11 g/ml suggests a malignant pathology,

which aids the prioritization of an endoscopic study.

Key words: Positron emission tomography/computed tomography scan. Colorectal

cancer. Incidental colorectal lesions. SUVmax. Colonoscopy.

INTRODUCTION

Positron emission tomography (PET) is based on the capture of a radioactive analogue

of glucose 18F-2-fluoro-2-deoxyglucose (18F-FDG) by metabolically active cells. The

technique is mainly used to determine staging and monitor neoplasms. The

combination of this procedure with computed tomography (CT) scanning improves the

detection of metabolically active foci (1,2).

The increasing use of PET-CT for the assessment of oncologic patients has led to an

increasing number of incidental uptakes detected in the colon (2,3). These unexpected

uptakes are often unspecific but could be indicative of inflammatory, premalignant or

malignant lesions (4). Low intensity uptake frequently tends to be diffuse or lineal,

which corresponds to the physiological activity within the large intestine. However,

with more focal images of a higher intensity, it is more difficult to differentiate

between a malignant transformation and a normal variant, as there is a high rate of

false negatives and positives (1,4,5).



The use of PET-CT for the differentiation of malignant and benign pulmonary nodules is

well established. However, its ability to distinguish between malignant and benign

pathology is less apparent with regard to colon assessment (1). Based on this, the

current recommendation is that colonoscopy procedures should be performed in all

cases of incidental uptakes in the large intestine by PET-CT (6,7). Nevertheless, due to

the fact that not all findings are related to pathological conditions and that

unnecessary investigations could lead to a delay in the onset of treatment of primary

illness, the choice of an appropriate evaluation diagnostic tool is often challenging.

Therefore, a predictive risk factor for malignancy such as the maximum standardized

uptake value (SUVmax), which defines the intensity of uptake, could be useful to

determine the urgency of colonoscopy procedures (8).

This study aimed to investigate the proportion of incidental PET-CT uptake in the

colon, evaluate their correlation with endoscopy and histology and determine the

value of SUVmax that discriminates between benign and malignant lesions.

MATERIALS AND METHODS

This was a retrospective study to identify colonic uptake in 3,000 patients who

underwent PET-CT between December 2011 and February 2015. Endoscopic and

histological reports were reviewed whenever relevant and PET-CT findings were

correlated with endoscopic and histological findings. Patients with a prior history of

colorectal cancer were not excluded from the analysis. It is important to note that

patients who had not undergone subsequent endoscopies or cases with incomplete or

poorly prepared procedures were excluded. Patients with a history of inflammatory

bowel disease or actively undergoing treatment with metformin at the time of PET-CT

were also excluded. This is due to the fact that metformin leads to an intense increase

of diffuse images of 18F-FDG in the colon and, to a lesser extent, in the small intestine.

This limits the capacity of PET-CT diagnosis and possibly masks the detection of a

neoplasm (9). Incidental uptake was defined as the focal accumulation of 18F-FDG in

patients that underwent a pathological study that was not related to the colon or in

areas incompatible with the previously known pathology. The intensity of uptake was

measured according to the value of SUVmax. All patients signed a written informed



consent for all diagnostic and therapeutic procedures.

Imaging technique

Images were taken with a GE ST70 tomograph, in strict accordance with the standard

operating protocol. A body scan was performed from lower orbit to third proximal of

the femur after intravenous administration of 6-10 mCi of 18F-FDG. When areas of

interest in the intestine with an unclear origin or elevated intensity were identified, a

new “delayed” image was obtained at 90-180 minutes of 3 min/bed. When the original

PET image identified a focal uptake which corresponded to the CT image, a repeat

“delayed” procedure was deemed unnecessary.

Correlation with colonoscopy

Data related to subsequent colonoscopies was collected from the clinical history of all

patients with identified regions of interest from the PET-CT study. Pathological reports

were correlated with incidental uptake during PET-CT. Histological reports of a biopsy

or polypectomy were obtained and the final diagnosis was reached according to the

endoscopic findings and the histology of the lesion. Each region captured with 18F-FDG

with a subsequent negative colonoscopy was considered as physiological absorption.

Pathology

Histological analysis of a lesion obtained after colonoscopy was considered to be

malignant when the following were identified: carcinomas, invasive adenomas,

metastatic disease, primary malignancies and myeloproliferative processes infiltrating

colonic mucosa. Hyperplastic polyps and adenomatous polyps (tubulous, villous and

tubulovillous) were considered as non-malignant.

Statistical analysis

The statistical analysis was performed using the G-Stat version 2.0 and Epidat version

4.1 software. A descriptive analysis was performed to describe the characteristics of

incidental uptake. Consistency was measured using the kappa (k) coefficient with an

established confidence interval (CI) of 95%. The t-test was used for the evaluation of



SUVmax to detect a relevant pathology or neoformation. The Mann-Whitney U test was

used for the evaluation of SUVmax to detect advanced dysplasia and large polyps. The

Pearson’s product-moment correlation (r) was used in the study of SUVmax and polyp

size (mm). The Chi-squared test, 2 x 2 and HxK were used to evaluate the presence of a

relevant pathology by gender, position, symptoms and type of primary tumor. CI was

estimated at 95% and statistical significance was set at p < 0.05.

RESULTS

Of the 3,000 patients who underwent a PET-CT scan, 69% were male and 31% were

female with a mean age of 65.77 years (± 11.2). Fifty-two uptakes (1.73%) were

identified in the colon of 50 patients (Fig. 1). The location of uptakes were the rectum

in ten cases (19.23%), sigmoid colon in 18 cases (34.62%), descending colon in seven

cases (13.46%), transverse colon in one case (1.9%), ascending colon in ten cases

(19.23%), cecum in five cases (9.62%) and the ileocolic anastomosis in one case

(1.92%) (Table 1). A subsequent colonoscopy was performed in all cases with uptake,

and a relevant pathology was found in 71.15% of cases (37 pathological findings, two

during same colonoscopy); there were no mucosal alterations found by colonoscopy in

15 (28.8%) cases. The endoscopic lesions correspond to five neoplasms (13.5%) (four

adenocarcinomas and one lymphoma), 30 polyps (81.1%) (13 tubulovillous adenomas,

12 tubulous adenomas, one villous adenoma, one hyperplastic polyp, one

inflammatory polyp, two polyps with unknown pathological anatomy) and two

inflammatory mucosal lesions (5.4%) (Table 2). The mean polyp size was 27 mm. There

were no statistically significant differences between the SUVmax value with regard to

the size (≥ 1 cm o < 1 cm) of polyps (p = 0.12) or the SUVmax value regarding the

presence or absence of advanced dysplasia (p = 0.33).

The concordance between PET-CT and endoscopy location was high, with a κappa

value of 0.90 (95% CI 0.83-0.93). The SUVmax value of all areas of incidental uptake

varied between 2.8 and 21.1 g/ml, with a global average of 8.16 g/ml (typical deviation

[TP] = 3.73). The SUVmax average of adenomatous polyps was 9.26 g/ml (TP = 4.53),

neoplasia 11.7 g/ml (TP = 4.05), inflammatory lesions 10.5 g/ml (TP = 0.21) and 6.05

g/ml (TP = 1.78) in cases of colonoscopies without pathological findings (Fig. 2).



Significant differences were observed in the SUVmax value in neoplasms (p = 0.03) and

adenomatous polyps (p = 0.04) compared to inflammatory lesions.

Primary neoplasms with the largest number of incidental uptake by PET-CT in the colon

during the study were lung, non-Hodgkin lymphoma and breast (Table 3). A

multivariate analysis using logistic regression did not identify predictive factors of

endoscopy findings such as age, sex, uptake location, PET-CT indication and type of

primary tumor, and the p vales were 0.76, 0.51, 0.27, 0.19 and 0.19, respectively.

DISCUSSION

Fluorodeoxyglucose positron emission tomography (18F-FDG PET) is widely used in

imaging tests of various malignancies for staging and surveillance. The integration of

CT and PET images has increased the ability to locate regional areas of interest.

However, the experience with PET-CT is limited and a consensus recommendation in

terms of clinical application is still under assessment. Therefore, the use of

colonoscopy and a histological study of colonic uptakes are the standard for

subsequent evaluations (10,11).

In this study, the proportion of incidental uptake in the colon by PET-CT was 1.73%,

which is similar to previously published studies (1,6,8,10). Colonoscopy revealed the

presence of a relevant pathology in 37 (71.15%) of the 52 colonic uptake foci identified

by PET-CT; the most common locations were in the rectum and sigmoid colon (51.9%).

Of these 37 lesions, 13.51% were a neoplasm and 81.08% were polyps. These findings

are also similar to those of previous studies (6,8,12-14). Nevertheless, our study

demonstrated that despite a careful examination of the colonoscopy image, no lesions

were found in 15 cases of 18F-FDG uptake. This represents a false-positive rate of 28.8%

by PET-CT. These false-positive images could be due to intestinal inflammation,

physiological uptake or imaging of gastrointestinal lymphoid tissue (15). Van Hoeij et

al. (8) noted an absence of colonic lesions after colonoscopy in 38% of patients with

focal uptakes in the colon by PET-CT. Peng et al. (16) noted and verified normal

colonoscopies in 56% of patients evaluated with incidental colonic uptakes. Whereas

studies conducted by Putora et al. (3) and Farquaharson et al. (17) reported a rate of

13.7 and 16.7% of normal colonoscopies in patients with incidental uptakes by PET-CT,



respectively.

With regard to the standard uptake value, a significantly higher mean value of SUVmax

was found for malignant lesions compared to other types of lesions (p = 0.03). A mean

SUVmax value of 11.7 g/ml (10.5-19.5) for incidental uptake corresponded to neoplasms,

with a lower mean value for polyps and inflammatory lesions (9.26 g/dl and 10.5 g/dl,

respectively). Furthermore, there were differences between the SUVmax values of

incidental uptake related to the endoscopic detection of polyps, with a mean value of

9.26 g/ml versus 69 g/ml in those of a normal endoscopy. In previous studies, the

mean SUVmax of neoplasms fluctuated between 5.7 and 17.3 g/ml (3,13,18,19). In the

study conducted by Luboldt et al. (19), the mean SUVmax of neoplasms and advanced

adenoma were significantly higher than those corresponding to false positives,

although other studies found no significant differences in the mean SUVmax amongst

the different groups assessed (3,6,13,18).

In our study, a multivariate analysis found no differences between sex, age, PET-CT

indication, location of PET-CT uptake, or type of primary tumor in reference to the

defined diagnostic categories. This is in accordance with previous studies by Treglia G

et al. (6). However, Peng et al. (16) described variations between age and location of

PET-CT uptake with regard to the presence of a neoplasm, polyp or normal

colonoscopy, with relevant pathological findings predominating in cases ≥ 60 years old

and lesions in the distal colon and rectum.

Our data identified significant differences between SUVmax values in cases of

endoscopically confirmed lesions, especially neoplasms. This suggests that SUVmax

values ≥ 11 g/dl may indicate a higher risk of malignancy and should be evaluated by

colonoscopy as a priority. Van Hoeij et al. (8) established a cut-off point for SUVmax of ≥

11.4 to distinguish between malignant and non-malignant lesions, which is very similar

to our results. However, we cannot conclude that the SUVmax value is capable of

differentiating between advanced adenomas without submucosal invasion and benign

lesions. Therefore, all incidental uptake by PET-CT in the colon should be studied by

colonoscopy, regardless of the SUVmax value. This statement also falls in line with

previously published studies (3,6,8,13,14,16-18).



In our study, patients with a history of previously treated colorectal cancer were not

excluded and there were a total of six cases. Four of them were investigated in order

to re-stage a rectal neoplasm and images were obtained of the rectum that confirmed

the presence of a neoplasm in a subsequent colonoscopy in two cases. In the third

case, the image corresponded to an inflammatory lesion, and the colonoscopy was

normal in the fourth case. The two cases with a history of colon cancer underwent a

colonoscopy due to an increase in tumor markers; no relevant pathology was

identified.

A limitation of our study is that it was not possible to calculate the sensitivity or

specificity of PET-CT for the detection of colon lesions due to the fact that only

colonoscopies were performed in patients with a positive PET-CT. Therefore, we were

unable to determine the false negative rate. This issue will be addressed in future

studies.

In conclusion, the results of our study suggest that malignant lesions in the colon have

higher SUVmax values by PET-CT than other types of lesions. This could help to

distinguish between a malignant and non-malignant pathology, with a cut-off point of

≥ 11 g/dl, which assists in the prioritization of endoscopic evaluation. However, the

SUVmax is not able to differentiate between a benign pathology of advanced adenomas.

Therefore, any PET-CT with colonic uptake should be further studied endoscopically.

Thus, the SUVmax could help to define the urgency of a colonoscopy but not whether it

should be performed or not.
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Table 1. PET-CT uptake and colonoscopic location

Location PET-CT Endoscopic lesions

Rectum 10 (19.23%) 7 (17.07%)

Sigma 18 (34.61%) 20 (48.78%)

Descending colon 7 (13.46%) 5 (12.19%)

Transverse colon 1 (1.92%) 2 (4.87%)

Ascending colon 10 (19.23%) 6 (14.63%)

Cecum 5 (9.61%) 1 (2.43%)

Ileocolic anastomosis 1 (1.92%) 0 (0%)



Table 2. SUVmax correlation with PET-CT uptake and histology

PET-CT uptake SUVmax Histology High

grade

dysplasia

Size in

mm

Ascending

colon

19.5 ADC

Sigma 18.5 TA No 20

Sigma 16.7 TVA No 30

Sigma 16 TVA No 25

Sigma 14 TA No 35

Ascending

colon

13.5 TVA Si 40

Sigma 13.4 TVA No 20

Sigma 13.3 TVA Si 35

Descending

colon

12.2 TVA No 17

Rectum 12.1 TA No 50

Cecum 11.8 TA No 30

Ascending

colon

11 TA Si 45

Sigma 10.8 ADC

Sigma 10.8 TVA Si 50

Rectum 10.5 ADC - -

Sigma 10.2 IP No 16

Cecum 10 Lymphoma

Rectum 9.9 NC

Sigma 8.7 VA Si 45

Ascending

colon

8.5 TA Si 40



Rectum 8.5 NC

Rectum 8.1 NC

Sigma 8 NC

Descending

colon

8 TA Si 40

Sigma 7.9 NC

Cecum 7.8 UHO 6

Sigma 7.8 TVA No 25

Sigma 7.7 TVA No 17

Sigma 7.7 ADC

Sigma 7.1 TVA No 25

Ascending

colon

6.6 IML No 10

Sigma 6.6 UHO 8

Rectum 6.2 NC

Ascending

colon

5.9 NC

Rectum 5.6 IML No 12

Descending

colon

5.6 TA No 30

Rectum 5.37 NC

Ileocolic

anastomosis

5.1 NC

Ascending

colon

5.1 NC

Descending

colon

4.7 NC

Ascending

colon

4.6 NC

Cecum 4.6 NC



Ascending

colon

4 NC

Sigma 3.8 TVA Si 30

Rectum 3.6 TVA Si 45

Cecum 3.4 TA No 15

Descending

colon

3.4 TA No 10

Descending

colon

3.3 TA No 12

Descending

colon

3.3 TA No 18

Rectum * TVA No 15

Transverse

colon

* NC

Ascending

colon

* HP No 10

ADC: adenocarcinoma; TA: tubulous adenoma; TVA: tubulovillous adenoma; VA: villous

adenoma; IP: inflammatory polyp; IML: inflammatory mucosal lesion; HP: hyperplastic

polyp; UHO: unknown histological origin; NC: normal colonoscopy. *Three incidental

uptakes described during PET-CT, without specifying the SUVmax value.



Table 3. Reasons for performing a PET-CT

Primary lesion n %

Lung cancer 12 2.4

Non-Hodgkin lymphoma 11 2.2

Breast cancer 7 1.4

Solitary pulmonary nodule 6 1.2

Rectum cancer 4 0.8

Colonic cancer 2 0.4

Melanoma 2 0.4

Nasopharyngeal cancer 1 0.2

Metastatic disease with

undetected primary lesion

1 0.2

Others (histiocytosis,

genitourinary cancer)

4 0.8



Fig. 1. Unexpected PET-CT uptake and pathology findings.

Identifiable
pathology in 37
foci (71.15%) in

35 colonoscopies

Unidentifiable
pathology in 15

foci (28.8%)



Fig. 2. SUVmax according to endoscopic findings.


