
cancer, pancreatic cancer, bladder cancer, breast cancer, and 
others has been increasing as well.3,4 Contrast-enhanced ab-
domino-pelvic CT and PET-CT are used in preoperative lo-
cal staging evaluations and in diagnosing metastasis. A PET-
CT scan is performed after injecting a non-metabolizable 
glucose sugar analogue, such as 18[F]-Fluorodeoxyglucose 
(FDG),1 that remains in cells as an intermediate product. 
The degree of 18[F]-FDG accumulation in cells with active 
metabolism is referred to as the standardized uptake value.5 
Although FDG uptake in the bowel is often influenced 
by the amount of intracellular mucus, cell size, peristaltic 
movement, white blood cell count, and others,6 maximal 
standardized uptake values (SUVmax) are elevated by an in-
crease in the FDG accumulation in cancer cells with active 
metabolism. When blood glucose levels are high, elevated 
glucose levels can prevent FDG uptake in malignant tumor 
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INTRODUCTION

The incidence of colorectal cancer, the fourth and second 
leading causes of death in men (15.4%) and women (12.1%), 
respectively,1 has been gradually increasing in Korea since 
2000. Additionally, the prevalence of diabetes mellitus (DM) 
has increased rapidly in the last three decades in Korea and 
is forecasted to increase from 8.6% in 2007 to 10.8% in 2015.2 
As the prevalence of DM has increased, the risk of colon 
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cells due to a competitive reaction. This may lead to de-
creased SUVmax values, as FDG uptake is relatively lowered 
in malignant neoplasms.7,8 However, previous studies on 
the association between blood glucose levels and SUVmax in 
PET-CT have mainly been focused on patients without DM. 
This study aimed to investigate the effect of DM in patients 
with colorectal cancer on SUVmax, as well as the difference in 
SUVmax based on the degree of blood glucose control.

METHODS

1. Subjects

This study included 397 patients diagnosed with colorec-
tal cancer through histopathological examination in the 
SMG-SNU Boramae Medical Center from January 2006 to 
December 2012 who also underwent FDG PET-CT scans. 
Data were collected from patients through reviewing clinical 
and radiologic records and pathologic examination and in-
cluded age, sex, BMI, presence of DM, blood glucose levels, 
glycated hemoglobin (HbA1c) levels, postoperative lesion 
sizes, histological findings and stages, and others. We ex-
cluded patients with severe infections and inflammatory dis-
eases that could affect test results, those with tumors in other 
organs, and those with unknown SUVmax values due to lack 
of FDG PET-CT scan data. In addition, we also excluded DM 
patients without confirmed blood glucose examinations and 
those without HbA1c levels collected in the two months pri-
or to the PET scan. Colorectal cancer was diagnosed based 
on pathologic results and Tumour, Node, Metastases staging 
was based on the results of contrast-enhanced abdomino-
pelvic CT, PET scan, colonoscopy, and pathologic results. 
This study received approval from the Institutional Review 
Board of the SMG-SNU Boramae Medical Center. 

2. PET-CT Scan

Patients underwent FDG PET-CT scan after 8-hours of 
fasting. Blood glucose levels were measured prior to scan-
ning, and patients without and with DM having levels <120 
mg/dL and <180 mg/dL, respectively, received PET-CT. 
Patients drank sufficient water before the exam and then 
received 5.18 MBq of 18[F]-FDG per kg of body weight intra-
venously. PET scan images were obtained after 60 min using 
a GEMINI TF-64 scanner (Phillips Medical System, Cleve-
land, OH, USA). CT scanning was conducted from the basal 
skull to the femoral region, and attenuation correction was 
performed in CT images. After CT scanning, PET scans were 

conducted for 2.5 min per frame according to standard pro-
tocols. Sixty minutes have passed after intravenous injection 
of FDG, the image taking was performed. If the focal FDG 
uptake was seen in the captured image, and then further 
delayed images were taken after 4 hours later. Two nuclear 
medicine specialists evaluated uptake regions and SUVmax 
by interpreting PET scan images. SUVmax, the maximum 
amount of FDG accumulation in tumors depending on the 
dose of 18[F]-FDG injected with FDG-PET activity, was calcu-
lated using the percentage of the average rate of whole body 
uptake and the uptake rate for lesions.

3. Pathological Findings

Surgical resection was performed in 397 patients diag-
nosed with colorectal cancer and confirmed with endo-
scopic biopsy. Tumor size and the degree of infiltration were 
measured through pathologic examination after resection. 
The diameter of lesions was measured as lesion size after 
formalin fixation. The location of lesions was categorized 
into the proximal portion from the cecum to the trans-
verse colon, the distal portion from the splenic flexure to 
the sigmoid colon, and the rectum area below the sigmoid 
colon. Anastomosis was defined in patients with a history 
of intestinal surgery. Lesions were classified into polypoid, 
ulceroinfiltrative, and ulcerofungating based on gross type, 
and neoplasms were generally categorized into well differ-
entiated, moderately differentiated, and poorly differentiated 
carcinoma. In addition, lymph node metastasis, perineural 
infiltration, lymphatic invasion, and vascular invasion were 
examined in surgically resected tissues.

4. FDG-PET Findings according to the Level of Blood 
Glucose Control

We examined differences in patients with DM and colorec-
tal cancer to identify the effects of HbA1c levels on SUVmax 
by dividing them into two groups, well-controlled and poorly 
controlled. By reviewing HbA1c levels measured in the two 
months prior to the PET scan, SUVmax values could be com-
pared between patients with DM and HbA1c levels <8% and 
those with HbA1c levels ≥8%.

5. Statistical Analysis

Statistical analyses were performed using the SPSS version 
20.0 for Windows (SPSS Inc., Chicago, IL, USA). P -values 
of less than 0.05 were considered statistically significant. 
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T-tests and one-way ANOVAs were used to analyze continu-
ous variables, and X2-tests or Fisher’s exact tests were per-
formed to analyze categorical variables. Linear regression 
was conducted to examine the association between SUVmax 
and colorectal cancer-related factors. Multiple linear regres-
sion was performed on factors demonstrating P -values of 
less than 0.25 in a simple linear regression analysis.

RESULTS

1. Characteristics of Patients by the Presence of DM

Among 397 patients, 268 (67.5%) were men and 129 
(32.5%) were women. Of these patients with colorectal can-
cer, 80 (20.2%) were patients with DM and 317 (79.8%) did 
not have DM. Of the 80 patients with DM, 57 (71.3%) were 
undergoing therapy with oral hypoglycemic agents (OHA), 
10 (12.5%) were receiving insulin, 3 (3.8%) were undergoing 
combined insulin-OHA therapy, and 10 (12.5%) were apply-
ing lifestyle modification therapies without medication. The 
mean HbA1c level in patients with DM was 8.06±2.15% and 
the mean duration of DM was 8.25±6.81 years.

The mean age of patients with DM was 66.88±9.79 
years, significantly older than that of patients without DM 
(64.24±11.65 years; P =0.040), however no difference was 
found in the BMIs of patients in the two groups. Blood glu-
cose levels were significantly different between patients with 
and without DM (154.71±69.38 mg/dL vs. 103.17±18.50 mg/
dL; P<0.001).

According to the results of the pathologic examinations, 
adenocarcinoma was the most common type of colorectal 
cancer in both groups (DM vs. Non-DM: 97.5% vs. 93.4%). 
Regarding the location, colorectal cancers occurred most 
commonly in the rectum in both groups (DM vs. Non-DM: 
41.2% vs. 37.5%). Analysis of gross type indicated that ul-
ceroinfiltrative and ulcerofungating lesions accounted for 
45.0% and 43.8%, respectively, of all patients with DM, and 
46.4% and 41.3%, respectively, of all patients without DM, 
showing no difference between the groups. According to the 
American Joint Committee on Cancer staging system, stages 
III and IV colorectal cancer accounted for 32.5% and 33.8%, 
respectively, of all patients with DM, and 33.1% and 26.2%, 
respectively, of all patients without DM, showing no differ-
ence between the groups (Table 1).

2. Characteristics of FDG Uptake in the Presence of DM

When the SUVmax values of colorectal cancer were com-

Table 1. Baseline Characteristics of Patients with and without Diabetes 
Mellitus

DM  
(n=80)

Non-DM 
(n=317) P-value

Sex 0.109 

    Male 60 (75.0) 208 (65.6)

Age (yr) 66.88±9.79 64.24±11.65 0.040 

BMI 23.03±3.19 22.48±3.19 0.175 

SUVmax 10.60±5.78 10.92±5.44 0.642 

HbA1c (%) 8.06±2.15

DM duration (yr) 8.25±6.81

Treatment

    OHA 57 (71.3)

    Insulin 10 (12.5)

    OHA+Insulin 3 (3.8)

    Observation 10 (12.5)

Maximum size of lesion (mm) 48.90±25.02 50.08±28.71 0.737 

Glucose (mg/dL) 154.71±69.38 103.17±18.50 <0.001

Pathologic type 0.589 

    Adenocarcinoma 78 (97.5) 296 (93.4)

    Signet ring cell 0 (0.0) 4 (1.3)

    Mucinous carcinoma 2 (2.5) 9 (2.8)

    Others 0 (0.0) 8 (2.5)

Location 0.704 

    Proximal 19 (23.8) 95 (30.0)

    Distal 26 (32.5) 97 (30.6)

    Rectum 33 (41.2) 119 (37.5)

    Anastomosis 2 (2.5) 6 (1.9)

AJCC stage 0.729 

    0 1 (1.2) 6 (1.9)

    I 6 (7.5) 33 (10.4)

    II 20 (25.0) 90 (28.4)

    III 26 (32.5) 105 (33.1)

    IV 27 (33.8) 83 (26.2)

Gross type 0.916 

    Polypoid 9 (11.2) 39 (12.3)

    Ulceroinfiltrative 36 (45.0) 147 (46.4)

    Ulcerofungating 35 (43.8%) 131 (41.3%)

Values are presented as mean±SD or n (%).
SUVmax, maximum standardized uptake values; HbA1c, glycated 
hemoglobin; DM, diabetes mellitus; OHA, oral hypoglycemic agent; 
AAJC, American Joint Committee on Cancer.
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pared according to the presence of DM, the SUVmax was 
10.60±5.78 in patients with DM and 10.92±5.44 in patients 
without DM, exhibiting no difference between the groups 
(P=0.642; Fig. 1).

Among the 80 total patients with DM, differences in SUVmax 

were examined according to glucose levels in 66 patients who 
had available HbA1c data. Patients with DM were classified 
into a well-controlled group (n=42) with HbA1c levels <8% 
and a poorly controlled group (n=24) with HbA1c levels ≥8%. 
SUVmax values were 10.34±5.17 in the well-controlled group 
and 10.61±7.27 in the poorly controlled group, showing no sig-
nificant difference between the groups (P=0.860; Fig. 2). More-
over, no differences were found in age, sex, BMI, lesion size, or 
the duration of DM between two groups (Table 2).

To identify a correlation between SUVmax and blood glu-
cose levels, scattergrams of blood glucose levels and SUVmax 
were compared. As a result, no correlation was found be-
tween blood glucose levels and SUVmax (correlation coeffi-
cient -0.051 [P=0.657]; Fig. 3).

When SUVmax values were compared according to treat-
ment methods used by patients with DM, a trend towards 
higher SUVmax values was observed in the group using com-
bined insulin-OHA therapy as compared to the values from 
groups of patients using only an OHA, only insulin, or only 
being observed. However, no significant difference was de-

Fig. 1. Comparison of maximal standardized uptake values (SUVmax) 
in colorectal cancer patients with or without diabetes mellitus (DM) 
(P=0.642). 

Fig. 2. Comparison of maximal standardized uptake values (SUVmax) 
in colorectal cancer patients with diabetes mellitus (DM) according to 
control of glucose (P=0.860). HbA1c, glycated hemoglobin. 

Table 2. Characteristics according to Level of Glucose Control in Patients with Diabetes Mellitus

Well-controlled group 
HbA1c<8% (n=42)

Poorly controlled group 
HbA1c≥8% (n=24) P-value

SUVmax 10.34±5.17 10.61±7.27 0.860 

DM duration (yr) 8.06±7.68 8.11±6.17 0.982 

Maximum size of lesion (mm) 49.21±30.29 47.83±17.17 0.814 

Glucose (mg/dL) 151.48±77.79 172.00±62.64 0.274 

Values are presented as mean±SD.
HbA1c, glycated hemoglobin; SUVmax, maximum standardized uptake values; DM, diabetes mellitus.

Fig. 3. Distribution between maximal standardized uptake values (SU-
Vmax) and glucose in diabetes mellitus (DM) patients. The correlation 
coefficient(r) was -0.051.
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tected between these groups (P=0.239; Fig. 4).

3. Factors Affecting FDG Uptake

In the analysis of factors influencing SUVmax in patients 
with DM, the maximum size of the colorectal lesion was 
identified as the only factor that affected SUVmax. There was 
no correlation between SUVmax values and BMI, the duration 
of DM, blood glucose levels, HbA1c levels, gross types, or Tu-
mour, Node, Metastases staging (Table 3).

DISCUSSION

FDG uptake is elevated in malignant tumor tissues, as these 
tissues use energy mainly from glucose metabolic processes 
for survival. When blood glucose levels are high, elevated 
glucose levels can prevent FDG uptake in malignant tumor 
tissues due to a competitive reaction. This process is known 
to lower both the resolution of PET-CT scans and diagnostic 
sensitivity.7 Only a few studies have investigated changes in 
FDG uptake in tumors of patients with DM and chronically 
elevated glucose levels.9 The current study is the first to com-
pare the differences in tumor SUVmax values during PET-CT 
according to the presence of DM in patients with colorectal 
cancer. No significant difference was found in SUVmax values 
between patients with and without DM. Only tumor size was 
identified as a factor that could influence SUVmax.

These results were comparable to those of a previous 
study that compared SUVmax values between patients with 
and without DM with esophageal cancer. Haley et al.10 com-
pared pre-treatment SUVmax values in 18 esophageal cancer 
patients with DM and 45 esophageal cancer patients with-

out DM. There was no significant difference between tumor 
SUVmax in patients with and without DM (10.1±5.9 vs. 8.7±5.6 
[P =0.44]). When Gorenberge et al.11 compared SUVmax be-
tween 40 lung cancer patients with DM and 145 lung cancer 
patients without DM, no significant difference in SUVmax was 
shown between patients with and without DM (5.86±3.97 vs. 
6.47±5.48). Collectively, these results indicate that DM has 

Fig. 4. Difference of maximal standardized uptake values (SUVmax) in di-
abetes mellitus (DM) patients (n=80) according to treatment (P=0.239). 
OHA, oral hypoglycemic agent.

Table 3. Predictive Factors Associated with Maximum Standardized 
Uptake Values

Variable
Simple linear regression

Estimate F-statistic P-value

Sex

    Male vs. Female 0.544 0.131 0.719 

Age -0.027 0.155 0.695 

BMI 0.429 4.524 0.037 

DM duration -0.023 0.057 0.812 

Maximum size of lesion 0.107 20.899 <0.001

Glucose -0.004 0.199 0.657 

HbA1c 0.408 1.396 0.242 

Pathologic type

    Mucinous ca. vs. Adenoca. -1.074 0.066 0.797 

Location 0.153 0.928 

    Distal vs. Proximal 0.162 0.008 0.928 

    Rectum vs. Proximal -0.429 0.062 0.804 

    Anastomosis vs. Proximal -2.434 0.308 0.580 

T stage

    T3, T4 vs. Tis, T1, T2 3.900 2.973 0.089 

N stage

    N2 vs. N0, N1 1.123 0.655 0.421 

M stage

    M1 vs. M0 -0.812 0.292 0.591 

Gross type 1.090 0.341 

    Ulceroinfiltrative vs. Polypoid 3.243 2.052 0.156 

    Ulcerofungating vs. Polypoid 2.173 0.925 0.339 

Variable
Multiple linear regression

Estimate F-statistic P-value

BMI 0.358 2.901 0.094 

Maximum size of lesion 0.091 11.473 0.001 

HbA1c 0.282 0.790 0.378 

T stage

    T3, T4 vs. Tis, T1, T2 1.779 0.599 0.442 

DM, diabetes mellitus; HbA1c, glycated hemoglobin; Mucinous ca., 
mucinous carcinoma; Adenoca., adenocarcinoma.
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an insignificant effect on the SUVmax values of PET-CT scans.
In the current study we used HbA1c levels to compare 

SUVmax according to the degree of blood glucose controlled 
in patients with DM. When patients with well-controlled 
glucose levels (HbA1c<8%) and poorly controlled glucose 
levels (HbA1c≥8%) were compared, no significant differ-
ence was found in SUVmax between the groups. Gorenberge 
et al.11 reported no difference in SUVmax in patients with DM 
when comparing groups with different fasting blood sugar 
levels (≥126 mg/dL vs. <126 mg/dL). Moreover, a study of 
219 subjects with cervical cancer compared 16 patients with 
DM and hyperglycemia, 12 patients with DM and normal 
glucose levels, and 191 patients without DM. SUVmax values 
were 12.83±11.47, 13.86±7.90, and 13.34±7.78 in each group, 
respectively, showing no difference.12 These results imply 
that chronic hyperglycemia also has an insignificant influ-
ence on the SUVmax values of PET-CT scans.

There are several reasons why the presence of DM in pa-
tients with colorectal cancer would not result in differences 
in tumor SUVmax values, one being elevated tumor FDG up-
take. 

First, as part of the mechanism of increased glucose me-
tabolism in cancer cells, a number of glucose transporter 
(GLUT1−GLUT7) genes are involved in the uptake of glu-
cose to the plasma membrane. Of these GLUTs, an increase 
in the expression of GLUT1 and GLUT3 within tumors has 
been previously reported.13,14 Because increased expression 
of GLUTs in tumors is sufficient to offset tumor uptake of 
FDG caused by increased glucose levels through competi-
tion, no differences were found in SUVmax values according 
to DM and blood glucose regulation.

 Second, invasive cancer associated with ulceration is 
characterized by molecular biological instability and a large 
number of inflammatory cells.15 Most of the subjects in our 
study had ulcerative-type lesions of colorectal cancer (88.8% 
in patients with DM, 87.7% in patients without DM). The 
lack of differences in SUVmax between these groups may be 
related to increased FDG uptake attributable to the large 
number of inflammatory cells that had a greater effect than 
the competitive inhibition of FDG uptake within tumors with 
elevated glucose levels.

The results of previous studies have suggested that OHAs 
can influence intestinal absorption of FDG in patients with 
DM. In particular, metformin has been shown to stimulate 
adenosine monophosphate-activated protein kinase in cells 
and to increase FDG uptake by mobilizing GLUT4 from the 
microsomal membrane to the plasma membrane.16,17 Gon-
tier et al.18 performed PET scanning in 32 patients with DM 

receiving OHA therapy with metformin and insulin, 23 un-
dergoing OHA therapy without metformin and insulin, and 
95 patients without DM. As a result, a significant increase 
was observed in intestinal FDG uptake in patients undergo-
ing OHA therapy with metformin and insulin as compared 
to the other groups. Moreover, a comparative study on 77 
patients with DM and 77 healthy individuals reported that a 
significant increase in intestinal FDG uptake was observed 
in patients with DM receiving metformin.19 In the current 
study, no differences in SUVmax were found among patients 
receiving OHA (71.2%), insulin (12.5%), combined insulin-
OHA therapy (3.8%), or follow-up (12.5%). However, differ-
ent OHAs including metformin, sulfonylureas, meglitinides, 
and alpha-glucosidase were administered to patients, and 
only three patients underwent combined therapy with in-
sulin. For these reasons, large-scale studies are needed to 
further investigate the effects of OHAs on SUVmax.

The current study displayed a few limitations. First, blood 
glucose levels and PET scan periods may have varied in sub-
jects due to the retrospective nature of the study. However, 
the impact of different blood collection times is thought to 
be minimal in the comparison of SUVmax by DM, as PET-CT 
scans were performed in patients during their hospital stay 
and at a glucose level <180 mg/dL. Second, there was no dif-
ference in SUVmax according to the types of OHAs used by 
patients in this study. However, the scope of this study was 
limited to analyze only the results based on the presence of 
DM. Third, a PET scan is usually done about an hour after 
the injection of 18[F]-FDG. The difference in FDG uptake 
may have been partially caused by inconsistent periods be-
tween PET-CT scans. This may not have been problematic, 
however, considering the outcomes of recent studies that 
have demonstrated that the SUV does not reach maximum 
until 130−500 min after injection of 18[F]-FDG in animal 
tests20 and that 18[F]-FDG uptake is known to persist for 2−3 
hours.21,22

In conclusion, there was no difference in SUVmax values 
dependent on the presence of DM when performing 18[F]-
FDG PET-CT scans in patients with colorectal cancer. Ad-
ditionally, no association was found between glucose levels 
and SUVmax. Therefore, the results of the current study dem-
onstrated that DM did not influence FDG uptake values in 
colorectal cancer patients.
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