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Background: To evaluate whether DM affects the SUVmax of metastatic lesions on 18F-FDG PET/CT and whether the 
SUVmax can influence the prognosis of metastatic PDAC patients. 
Methods: We conducted a retrospective study of 86 patients with metastatic PDAC who underwent PET/CT before 
treatment. The SUVmax of primary and metastatic lesions and the ratios of the SUVmax were measured. Long-term survival
was evaluated using clinical parameters.
Results: The mean SUVmax of primary lesion was lower in the DM group than in the non-DM group (4.74 vs. 5.96, 
p=0.009). The SUVmax for all metastatic lesions, except those in the lung, were lower in the DM group than in the non-
DM group, and these differences were statistically significant in the lymph nodes and peritoneum. In the 35 patients 
with hepatic metastasis, higher ratios of the liver SUVmax significantly correlated with shorter OS (HR, 2.625; p=0.013). 
Conclusion: DM can influence the lower SUVmax of metastatic lesions as well as primary lesions. The SUVmax ratio 
of hepatic metastasis could influence on prognosis in metastatic PDAC patients.
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INTRODUCTION

It is well known that complete resection is the only way to 
cure pancreatic ductal adenocarcinoma (PDAC). However 
less than 20% of patients can undergo surgery due to either 
a locally advanced tumor or metastasis present at the time 
of diagnosis.1 Furthermore, the majority of patients who 
undergo pancreatectomy inevitably experience recurrence, 
because occult metastasis is already present at the time of 

surgery.2 Thus, many efforts focus on how to avoid unne- 
cessary surgery by using preoperative work-ups.

Recently, there has been considerable interest in identifying 
metastasis by fluorine-18-fluorodeoxyglucose positron emis-
sion tomography coupled with computed tomography (18F- 
FDG PET/CT). FDG is trapped in cells and competes with 
glucose for active transport, so elevated blood glucose can 
affect FDG-uptake in the tissue, influencing diagnostic yield 
on cancer evaluation. This is especially true for PDAC because 
PDAC frequently accompanies DM. A recent report showed 
a decrease in the maximum standardized uptake value (SUVmax) 
of the primary tumors in PDAC patients with DM, indepen- 
dent of glucose levels.3 Although several studies have shown 
that 18F-FDG PET/CT can advantageously detect distant metas- 
tasis not detected by CT or magnetic resonance imaging (MRI) 
in patients with PDAC,4-7 little is known about whether DM 
can influence the SUVmax of PET/CT in metastatic lesions 
in patients with PDAC. Therefore, the current study evaluates 
whether the DM or elevated serum glucose levels may affect 
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Table 1. Baseline patient characteristics

Variables
DM patients

(n=48)
Non-DM 

patients (n=38)
p-value

Sex, male (%) 23 (47.9) 23 (60.5) 0.247
Age (years) 67.7±10.01 66.5±11.27 0.599
BMI (kg/m2) 22.66±3.50 21.13±3.29 0.041
Location of primary
 tumor 
  Head 18 13 
  Body 11 8 
  Tail 16 21 
Location of metastasis
  Bone  8 (16.7%)  6 (15.8%) 0.913 
  Liver 18 (37.5%) 17 (44.7%) 0.500 
  Lung  5 (10.4%)  7 (18.4%) 0.290 
  Lymph node 31 (64.6%) 23 (60.5%) 0.701 
  Peritoneum 11 (22.9%) 14 (36.8%) 0.160 

the SUVmax of metastatic lesions and whether SUVmax can 
influence the prognosis of metastatic PDAC patients.

SUBJECTS AND METHODS

1. Subjects

From January 2009 to December 2013, PDAC patients 
who underwent 18F-FDG PET/CT as an initial diagnostic 
work-up were reviewed retrospectively. Among them, 96 
patients with pathologically verified PDAC who had meta-
stasis on PET/CT were included. Metastasis were pathologi-
cally identified, or clinically confirmed during follow-up with 
sequential radiologic images. Ten patients were excluded due 
to prior history of surgical resection, systemic chemotherapy, 
or radiotherapy. Finally, 86 patients were enrolled in this 
study. DM was diagnosed from patient clinical histories and 
laboratory test results (hemoglobin A1c [HbA1c] ≥6.5%; 
fasting plasma glucose ≥126 mg/day; or 2-hour plasma glu-
cose ≥200 mg/dL in repeated testing), following the Stan- 
dards of Medical Care in Diabetes of the American Diabetes 
Association.8 The study was approved by the Institutional 
Review Board of Seoul National University Bundang Hospital 
and conformed to the ethical guidelines of the Declaration 
of Helsinki, 1964, as revised in 2004. 

2. Methods

Patients were required to fast for at least 6 h prior to the 
scan. Plasma glucose levels were measured in all patients before 
injecting 18F-FDG. 18F-FDG was given intravenously, and 
a whole-body PET/CT scan was performed 1 h after injection. 
Regional lymph nodes, bones, liver, lungs, and peritoneum 
were evaluated to determine the maximum standardized up-
take value (SUVmax) in each lesion as well as the primary 
tumor. The SUV, which was defined as the ratio of the 
radioactivity concentration to the injected activity divided 
by body weight, was additionally determined as a parameter 
of regional radioactivity distribution. The highest SUV in each 
primary and metastatic lesion was defined as the SUVmax. 
When multiple metastatic lesions were present, the highest 
SUV among them was regarded as the SUVmax in each organ.

3. Statistical Analysis

We statistically compared the SUVmax of each metastatic 
site according to DM status. The primary lesion was used as 
an internal standard for grading FDG uptake, so the metastatic 

lesion-to-primary SUVmax ratio was also calculated. Baseline 
characteristics of the two groups were compared with un-
paired t-tests. Spearman’s rank correlation coefficients were 
used to reflect relationships between the SUVmax of primary 
and metastatic lesions. Additionally, overall survival rates 
were analyzed by the Kaplan-Meier method. For survival 
analysis, cutoff values for low and high SUVmax of the pri-
mary tumor and distant metastatic sites were used. Each 
cutoff value was set up with respect to the median value. 
Patient survival times in different groups were compared 
using the log-rank test. Parameters predictive for overall survi- 
val were assessed using the Cox regression model. 

All statistical analyses were performed using SPSS statistics 
21.0 software for Windows (IBM Corporation, Armonk, NY, 
USA). A p-value less than 0.05 was considered statistically 
significant.

RESULTS

1. Baseline Characteristics

A total of 86 consecutive metastatic PDAC were enrolled 
in this study. Patient characteristics are listed in Table 1. 
Forty-eight patients had DM (58.5%, DM group). Among 
them, 45 patients had already taken DM medication. The 
mean plasma glucose levels were 128.69±34.34 mg/dL in 
the DM group and 108.23±20.10 mg/dL in 34 non-DM 
patients (non-DM group). Tumor location did not differ bet- 
ween the two groups. Lymph nodes (n=54) were the most 
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Table 2. SUVmax for primary and metastatic lesions according 
to diabetes mellitus status

　
DM

patients
(n=48)

Non-DM 
patients
(n=38)

p-value

Primary SUVmax 4.74±1.67 5.96±2.39 0.009
SUVmax of metastatic lesions
  Bone 5.15±1.12 5.87±2.74 0.567
  Liver 5.55±1.91 6.05±2.46 0.511
  Lung 3.84±1.95 3.56±2.41 0.827
  Lymph node 3.44±1.35 4.49±2.05 0.040 
  Peritoneum 3.56±1.34 4.85±1.27 0.023
SUVmax ratio (metastatic/ 
primary lesion)
  Bone 1.20±0.51 0.90±0.32 0.207
  Liver 1.13±0.40 1.04±0.40 0.534
  Lung 0.84±0.42 0.69±0.35 0.536
  Lymph node 0.79±0.33 0.78±0.33 0.874
  Peritoneum 0.81±0.33 0.87±0.33 0.673

Fig. 1. Correlation between SUVmax of 
primary and metastatic lesions SUVmax of
liver (rho=0.373, p=0.027) and lymph 
node (rho=0.390, p=0.003) metastases 
positively correlated with that of the 
primary (pancreatic) lesion. However, 
SUVmax of lung, bone and peritoneal 
metastasis did not significantly correlate 
with that of the primary lesion.

common metastatic site in both groups, followed by the liver 
(n=35), peritoneum (n=25), bone (n=14) and lung (n=12).

2. SUVmax in Primary and Metastatic Lesions 

according to DM Status

Table 2 shows that the SUVmax in the primary lesion was 
lower in the DM group than in the non-DM group (4.74 
vs. 5.96, respectively, p=0.009). The SUVmax for all metasta- 
tic lesions except those in the lungs were lower in the DM 
group than in the non-DM group, with statistical significance 
observed in the lymph nodes (3.44 vs. 4.49, p=0.040) and 
peritoneum (3.56 vs. 4.85, p=0.023). Although the SUVmax 
were higher in bone and liver metastasis than in the primary 
lesion (SUVmax ratio >1) in the DM group, there were no 
statistically significant differences in SUVmax ratios in meta-
static sites between the DM group and non-DM group.

There was a positive correlation between SUVmax of a 
primary and each metastatic site, with statistical significance 
shown in lymph nodes (rho=0.390, p=0.003) and liver (rho 
=0.373, p=0.027, Fig. 1).

3. The Impact of SUVmax or SUVmax Ratio on 

Overall Survival

The data was further evaluated to examine overall survival 
(OS). The median follow-up period for all patients was 22 

weeks (range, 1-187 weeks). When patients were subdivided 
using the median SUVmax of the primary lesion (high, ≥ 
5.5; low, <5.5), the OS did not differ significantly between 
the two groups (median, 21 vs. 22 weeks, respectively, p 
=0.770; Fig. 2A). However, when patients were subdivided 
using the median SUVmax of 5.5 in hepatic lesions (high, 
≥5.5; low, <5.5), the high group had a poorer prognosis
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Table 3. Cox regression analysis for overall survival in PDAC patients with liver metastasis (n=35)

Variables
Univariate Multivariate

p-value
Hazard ratio (95% CI) p-value Hazard ratio (95% CI)

Gender, female 1.227 (0.601-2.505) 0.574
Old age (≥64 years) 2.808 (1.329-5.936) 0.007 2.808 (1.329-5.936) 0.007
Diabetes mellitus 0.853 (0.426-1.710) 0.654
Body mass index (kg/m2) 1.007 (0.909-1.115) 0.895
Chemotherapy 0.791 (0.355-1.763) 0.567
Primary SUVmax 
<5.5 1 Ref
≥5.5 0.896 (0.451-1.778) 0.753
SUVmax of liver lesion
 <5.5 1 Ref
 ≥5.5 1.913 (0.956-3.831) 0.067
SUVmax ratio (liver/primary lesion)
 <1.0 1 Ref. 1 Ref.

 ≥1.0 2.615 (1.218-5.614) 0.014 2.255 (1.056-4.819) 0.036

Fig. 2. Kaplan-Meier survival analysis in a subgroup of 35 PDAC patients with hepatic metastasis according to the 18F-FDG PET/CT
SUVmax or SUVmax ratio (A) Overall survival of the low (<5.5) primary SUVmax group and the high (≥5.5) primary SUVmax group.
No significant differences are observed between the two groups (median, 21 vs. 22 weeks, respectively, p=0.770). (B) Kaplan-Meier 
estimates for OS in patients who had hepatic metastases. Higher SUV max in hepatic metastasis (≥5.5) tend to be associated with
poor prognosis, although statistical significance was not achieved (median, 10 vs. 25 weeks, respectively, p=0.059). The patients with
high (≥1.0) SUVmax ratios (liver/primary) had shorter OS times than those with low (<1.0) SUVmax ratios (p=0.010).

compared with the low group (median, 10 vs. 25 weeks, 
respectively, p=0.067). Furthermore, an SUVmax ratio of 
≥1.0 for hepatic metastasis was associated with shorter OS 
(median 17 vs. 24 weeks, p=0.010; Fig. 2B). Using multiva- 
riate Cox regression analysis, age ≥64 years old (hazard ratio 
[HR], 2.808; p=0.007) and liver SUVmax ratio of liver 
(hazard ratio [HR], 2.615; p=0.014) were independent pro- 
gnostic predictors for OS (Table 3).  

DISCUSSION

18F-FDG PET/CT is a relatively recent, noninvasive imaging 

technique that utilizes specific tissue metabolism, resulting 
in selective FDG uptake and retention by malignant cells.9,10 
FDG uptake can be affected by blood glucose level, so it is 
important to know if hyperglycemia or DM can influence 
malignancy detection, especially in pancreatic cancer, because 
most PDAC patients have DM or impaired glucose tolerance. 
Although several reports showed that DM contributes to 
lower primary SUVmax in PDAC patients,3,6,11,12 it is not 
well known if SUVmax for metastatic lesions can be influenced 
in metastatic PDAC patients. Our study showed that DM 
tends to lower SUVmax for metastatic lesions in PDAC pa-
tients, similarly to primary lesions. The SUVmax ratios for 
hepatic metastasis could influence prognosis in metastatic 
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PDAC patients.
In this study, DM was associated with a lower mean SUVmax 

for metastatic lesions as well as the primary tumor, indicating 
no difference in SUVmax ratios for each metastatic site  accor- 
ding to DM status. Because SUVmax of metastatic sites corre-
late with primary tumor’s metabolic activity, hypermetabolic 
lesions detected on 18F-FDG PET/CT should be cautiously 
interpreted in diabetic patients. 

Although several studies13-15 showed that tumor metabolic 
activity correlates with survival in malignancies, use of the 
SUVmax of a primary tumor regards as a prognostic factor 
has thus far been controversial.16-18 In fact, raw SUVmax were 
commonly used as sensitivity cutoff values in many studies.
16,18 However, that cannot be generally applicable in clinical 
situations because the SUVmax was arbitrary for the study. 
Moreover, DM can decrease FDG uptake of tumor cells, which 
indicates that SUVmax ratio would be a better indicator 
than raw SUVmax for metabolic activity evaluations. There- 
fore, we evaluated SUVmax ratios for metastatic sites, which 
are the SUV of metastatic lesion normalized to the SUV for 
the primary tumor, as well as SUVmax as potential prognostic 
indicators. Our data indicated that the hepatic SUVmax, 
but not SUVmax for the primary lesion, was a prognostic 
indicator.

Furthermore, SUVmax ratio (liver/primary) ≥1.0 was asso- 
ciated with shorter overall survival (median, 17 vs. 24 weeks). 
These results suggest that the tumor metabolic activity of 
hepatic metastasis may be more prognostic than that of the 
primary lesion or other metastatic lesions. This is supported 
by recent data that hepatic metastasis are a poor prognostic 
indicator compared to other metastasis in metastatic PDAC 
patients.19-21 

These results were comparable to those of a previous study22 
that evaluated the prognostic value of SUVmax in patients 
with metastatic gastric cancer. In contrast to our results, this 
study22 concluded that gastric SUVmax was an independent 
predictor of OS, regardless of the SUVmax of metastatic 
lesions. This distinction could be explained by several factors, 
including blood glucose levels, GLUT 1 expression, glucose- 
6-phophatase expression, and tumor heterogeneity according 
to tumor types.23

To the best of our knowledge, this study is the first to su- 
ggest that SUVmax ratio (liver/primary) is a prognostic indi- 
cator in metastatic PDAC patients although there are some 
limitations in the study such as the retrospective evaluation 
of the data, the relatively small sample size, and the lack of 
pathologic confirmation for all metastatic sites.

CONCLUSIONS

In conclusion, DM can contribute to lower SUVmax for 
metastatic lesions as well as primary lesions. The survival 
of PDAC patients with hepatic metastasis can be predicted 
by evaluating the liver to pancreas SUVmax ratio using 18F- 
FDG PET/CT. Additionally, further larger prospective studies 
will be needed to establish the diagnostic and prognostic role 
of 18F-FDG PET/CT in metastatic PDAC.
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