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INTRODUCTION

Colorectal tumors can be detected incidentally 
on 18F-fluorodeoxyglucose (FDG) positron emission 
tomography (PET) [1–6]. However, varying degrees 
of physiological FDG uptake is noted in the large 
intestine [7–9], which occasionally makes it difficult 
to differentiate between colorectal lesions and physi-
ological uptake when interpreting FDG PET images. 
Clarifying the pattern and frequency of physiological 
uptake may help to differentiate the two situations. To 
evaluate physiological FDG uptake, here we reviewed 
PET images of subjects con�rmed by colonoscopy to 
have no lesions in the large intestine.

SUBJECTS AND METHODS

Between November 2010 and January 2012, 152 
asymptomatic individuals underwent both PET/com-
puted tomography (CT) and total colonoscopy under 
our cancer screening program. All examinees under-
went colonoscopy within 1 to 24 days (5.5 ± 3.5 days) 
after PET/CT, regardless of the PET/CT findings. 
Colonoscopy revealed 9 lesions in 8 examinees. The re-
maining 144 examinees with no colorectal lesion (109 
men, 35 women; mean age, 57.5 ± 10.1 years) were the 
subjects of this study.

PET/CT was performed 60 min after injection of 

145-260 MBq FDG (Discovery ST, GE Healthcare). 
Axial PET images were reconstructed with a 3.75-
mm distance between each slice. The PET/CT images 
were retrospectively reviewed by one of our physicians 
experienced in PET oncology. The rotating maximal 
intensity projection images were used to screen for in-
creased FDG uptake in the abdomen. If increased FDG 
uptake was noted and it was higher than the uptake of 
the liver, the reviewer proceeded to examine the axial 
and coronal images. Distinct FDG uptake was then 
classified into four types depending on the size and 
intensity of FDG uptake: focal, defined as distinctly 
nodular and visible on at least 4 axial slices; localized, 
2 to 8 cm with a SUVmean ≥ 4; diffuse, more than 8 
cm with a SUVmean ≥ 4; and mixed, of more than one 
type. SUVmeans were examined by placing multiple 
circular regions of interest of 1 cm in diameter on the 
axial images, and areas of SUVmean no less than 4 
were sought. 

All subjects provided written informed consent for 
the PET/CT study and for use of their personal data 
for research purposes.

RESULTS

Twenty-one distinct FDG uptakes matching our cri-
teria were recognized in 20 of the 144 subjects (13.9%): 
focal (n = 4), localized (n = 1), diffuse (n = 14), and 
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mixed (n = 1; focal and diffuse). These 20 subjects con-
sisted of 13 men and 7 women (mean age, 55.9 ± 9.5 
years) and the remaining 124 subjects consisted of 96 
men and 28 women (57.8 ± 10.3 years). No signi�cant 
difference was observed in sex or age between the two 
groups. Representative cases with distinct FDG uptake 
are shown in Fig. 1 to 4. 

With regard to colorectal tumor detection, 6 sub-
jects (4.2%) with focal or localized type of uptake were 
considered at risk of false-positive tumor identi�cation. 
Fifteen subjects (10.4%) with diffuse type uptake were 
considered at risk of their tumors being missed at the 
site of FDG uptake.

DISCUSSION

Physiological FDG uptake is observed in various 
organs on FDG PET images. Usually, high FDG uptake 
is observed in the brain, since the brain depends on 
glucose as its main source of energy and is the main 
consumer of glucose [10]. Varying degrees of FDG 
uptake are observed in the myocardium. The energy 
metabolism of the myocardium has been investigated 
and it is proven that b-oxidation of fatty acids and 
glycolysis is the major pathways of myocardial energy 
metabolism [11]. 

FDG uptake also varies in the large intestine, but 
the energy metabolism in the colonic wall is not fully 
understood as yet. The intestinal wall consists of 
mucosal and smooth muscle layers. In these layers in 
the small intestine of cats, glucose uptake from arte-
rial plasma is approximately the same [12]. Intestinal 
mucosa receives energy sources from not only the 
vascular supply but also the luminal supply, and 
luminal short chain fatty acids are important energy 
substrates of colonocytes [13]. In the large intestine of 
mice, a mechanism acts to absorb luminal glucose as 
an energy source [14]. However, this mechanism does 
not seem to apply to physiological FDG uptake in the 
large intestine because intravenously administered 14C-
deoxyglucose was found insignificantly in the lumen 
of the small intestine in cats [12].

There are intriguing reports that metformin, a �rst-
choice oral antihyperglycemic drug for type 2 diabetes 
mellitus, significantly increased FDG uptake in the 
colon [15] and that this increased uptake disappeared 
after cessation [16]. An experiment using rats showed 
that metformin promoted glucose utilization in the in-
testinal mucosa [17]. To date, however, the mechanism 
of glucose metabolism in the large intestine has not 
been fully elucidated, and the reason for variation in 
the physiological FDG uptake of the large intestine is 
unclear. Because PET provides information on the in 
vivo glucose metabolism in the large intestine, it seems 
meaningful to classify and document the physiological 
FDG uptake seen. 

Previous reports have used visual evaluation of up-
take in the colon compared with that in the liver [7–9, 
15, 16] and SUVmax [8, 9, 15, 16]. In this study, physi-
ological uptake was classi�ed into 4 types, namely fo-
cal, localized, diffuse, and mixed. Because most small 
colorectal tumors are polypoid in form and PET is 
insensitive in detecting small colorectal tumors < 1 cm, 
focal type uptake is de�ned as distinctly nodular in ap-
pearance and visible on at least 4 axial slices (3.75-mm 

distance between each slice). Localized and diffuse 
types of uptake were tentatively de�ned as SUVmean 
≥ 4 based on previous findings that the SUVmax in 
most colonic neoplasms is ≥ 5 [3], and based on our 
observation that the SUVmean of the liver is 2.36 ± 
0.27 (n = 30). Further studies should seek to determine 
the most appropriate SUV cut-off values. 

Until now, standard criteria have not been proposed 
for physiological uptake in the large intestine. One of 
the bene�ts of determining such criteria would be to 
reduce uncertainty in FDG PET image interpretation. 
The ideal criteria should attain low false-positive and 
low false-negative rates in colorectal tumor detection. 
With the aim of detecting colorectal tumors, Teglia 
et al. [5] retrospectively reviewed focal, well circum-
scribed colorectal FDG uptakes, which were more 
intense than adjacent bowel uptake of FDG and equal 
to or more intense than the liver uptake of FDG. They 
found focal uptake of FDG in 1.1% of PET/CT cases, 
and the false-positive rate was 23%. Using our criteria, 
the false-positive (focal and localized) rate was as low 
as 4.2%.

In the 15 cases of diffuse uptake in this study, we 
examined whether or not there were common sites for 
physiological uptake. Four cases (26.7%) were in the 
right colon and 11 (73.3%) were in the left colon or 
rectum. In the right colon, physiological uptake was 
seen only in the ascending colon. In the left colon or 
rectum, at least one segment of the sigmoid colon or 
rectum was included. In other words, diffuse uptake 
was seen only in the ascending colon (26.7%) or in at 
least one segment of sigmoid colon or rectum (73.3%).

Carcinomas and adenomas can be detected by 
incidental colonic activity [1–5, 18]. Originally, our 
study was begun to determine the feasibility of PET/
CT for cancer screening, including colorectal cancer 
[19]. With our criteria, the false-positive rate of 4.2% is 
low compared with that of the fecal occult blood test 
for colorectal cancer screening. In colorectal cancer 
screening using guaiac-based fecal occult blood tests, 
positivity was 2.0%, and advanced colorectal neoplasia 
(cancers and adenoma classified as high or interme-
diate risk) was detected in 43% of men and 29% of 
women among the examinees with positive results 
[20]; thus, the false-positive rate was as high as 57-
71%. With our criteria, diffuse uptake was observed in 
10.4% of subjects. In such cases, colorectal tumors may 
be missed at the site of high background activity, re-
sulting in incomplete studies with respect to colorectal 
cancer screening.

With regard to the sensitivity of PET for detecting 
colorectal lesions in our asymptomatic subjects, 7 le-
sions were not recognizable on PET projection images 
(3 cases of mild colitis or proctitis and 4 colonic polyps 
of 10 to 14 mm), while 9 lesions were found in 8 of the 
152 individuals screened by colonoscopy. A sigmoid 
colon polyp of 13 mm (SUVmean 4.5) and ulcerative 
colitis localized in the caecum (SUVmean 6.2) were 
recognizable on PET images. As a result, the sensitivity 
of PET for detecting colorectal lesions was as low as 
22% (2 of the 9 lesions). The false-negative lesions, 
however, were either mild inflammation or small 
polyps. We can assume that PET sensitivity increases in 
lesions with more severe in�ammation or larger size.
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We recognize obvious limitations to PET/CT screen-
ing of colorectal tumors. Most colorectal carcinomas 
can be visualized with FDG PET, but PET is insensitive 
in detecting small colorectal tumors < 1 cm and muci-

nous adenocarcinomas. Furthermore, focal and local-
ized physiological uptake results in false-positives, and 
diffuse uptake with a high background activity gives 
rise to sites of incomplete study.

Fig. 2 Localized type, de�ned as 2 to 8 cm with a SUVmean ≥ 4 (arrows).

Fig. 1 Focal type, de�ned as distinctly nodular and visible on at least 4 axial slices (ar-
rows).
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CONCLUSION

We proposed a classification of physiological FDG 
uptake in the large intestine with respect to colorectal 

tumor detection. With our criteria, physiological 
uptake was observed at an overall rate of 13.9%. The 
false-positive rate was 4.2%, and in 10.4% of cases with 
diffuse type uptake, subjects were considered at risk of 

Fig. 4 Mixed type, de�ned as having both focal (arrow) and diffuse types.

Fig. 3 Diffuse type, defined as more than 8 
cm with a SUVmean ≥ 4.
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their tumors being missed at the site of FDG uptake. 
To con�rm the validity of our classi�cation system, it 
should be tested in a larger sample.

REFERENCES
1) Yasuda S, Fujii H, Nakahara T, Nishiumi N, Takahashi W, Ide M, 

et al. 18F-FDG PET detection of colonic adenomas. J Nucl Med 
2001; 42: 989-992.

2) Kei PL, Vikram R, Yeung HWD, Stroehlein JR, Macapinlac HA. 
Incidental findings of focal FDG uptake in the bowel during 
PET/CT: CT features and correlation with histologic results. 
AJR 2010; 194: W401-W406.

3) Luboldt W, Volker T, Wiedemann B, Zöphel K, Wehrmann U, 
Koch A, et al. Detection of relevant colonic neoplasms with 
PET/CT: promising accuracy with minimal CT dose and a stan-
dardised PET cut-off. Eur Radiol 2010; 20: 2274-2285. 

4) Weston BR, Iyer RB, Qiao W, Lee JH, Bresalier RS, Ross WA. 
Ability of integrated positron emission and computed tomogra-
phy to detect signi�cant colonic pathology. Cancer 2010; 116: 
1454-1461.

5) Teglia G, Calcagni ML, Rufini V, Leccisotti L, Meduri GM, 
Spitilli MG, et al. Clinical significance of incidental focal col-
orectal 18F-fluorodeoxyglucose uptake: our experience and a 
review of the literature. Colorectal Dis 2011; 14: 174-180. 

6) Yasuda S, Ide M, Fujii H, Nakahara T, Mochizuki Y, Takahashi W, 
et al. Application of positron emission tomography imaging to 
cancer screening. Br J Cancer 2000; 83: 1607-1611.

7) Murphy R, Doerger KM, Nathan MA, Lowe VJ. Pretreatment 
with diphenoxylate hydrochloride/ atropin sulfate (Lomotil) 
does not decrease physiological bowel FDG activity on PET/CT 
scans of the abdomen and pelvis. Mol Imaging Biol 2009; 11: 
114-117.

8) Soyka JD, Strobel K, Veit-Haibach P, Schaefer NG, Schmid 
DT, Tschopp A, et al. Influence of bowel preparation before 
18F-FDG PET/CT on physiologic 18F-FDG activity in the intes-
tine. J Nucl Med 2010; 51: 507-510.

9) Toriihara A, Yoshida K, Umehara I, Shibuya H. Normal variants 
of bowel FDG uptake in dual-time-point PET/CT imaging. Ann 

Nucl Med 2011; 25: 173-178.
10) Mergenthaler P, Lindauer U, Dienel GA, Meisel A. Sugar for 

the brain: the role of glucose in physiological and pathological 
brain function. Trends Neurosci 2013; 36(10): 587-597.

11) Stanley W, Recchia FA, Lopaschuk GD. Myocardial substrate 
metabolism in the normal and failing heart. Physiol Rev 2005; 
85: 1093-1129.

12) Hamar J, Hutiray G. In vivo determination of transport and me-
tabolism of deoxyglucose in intestinal tissues. P�ügers Archiv 
1984; 401: 233-238.

13) Scheppach W. Effects of short chain fatty acids on gut morphol-
ogy and function. Gut 1994; S35-S38. 

14) Yoshikawa T, Inoue R, Matsumoto M, Yajima T, Ushida K, 
Iwanaga T. Comparative expression of hexose transporters 
(SGLT1, GLUT1, GLUT2 and GLUT5) throughout the mouse 
gastrointestinal tract. Histochem Cell Biol 2011; 135: 183-194. 

15) Gontier E, Fourme E, Wartski M, Blondet C, Bonardel G, Stanc 
EL, et al. High and typical 18F-FDG bowel uptake in patients 
treated with metformin. Eur J Nucl Med Mol Imaging 2008; 35: 
95-99.

16) Özülker T, Özülker F, Mert M, Özpaçaci T. Clearance of the 
high intestinal 18F-FDG uptake associated with metformin after 
stopping the drug. Eur J Nucl Med Mol Imaging 2010; 37: 
1011-1017.

17) Bailey CJ, Mynett KJ, Page T. Importance of the intestine 
as a site of metformin-stimulated glucose utilization. Br J 
Pharmaccol 1994; 112: 671-675.

18) Gill RS, Perry T, Abele JT, Bédard ELR, Schiller D. The clinical 
signi�cance of incidental intra-abdominal �ndings on positron 
emission tomography performed to investigate pulmonary 
nodule. World J Surg Oncol 2012; 10: 25.

19) Yasuda S, Ide M. PET and cancer screening. Ann Nucl Med 
2005; 19: 167-177.

20) Logan RFA, Patnick J, Nickerson C, Coleman L, Rutter MD, 
von Wagner C. Outcomes of the bowel cancer screening pro-
gramme (BCSP) in England after the �rst 1 million tests. Gut 
2012; 61: 1439-1446.


