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Abstract
AIM: To evaluate the role of positron emission tomo-
graphy using 18F-fluorodeoxyglucose (FDG-PET) in the 
surgical management of patients with pancreatic cancer, 
including the diagnosis, staging, and selection of patients 
for the subsequent surgical treatment.

METHODS: This study involved 53 patients with proven 
primary pancreatic cancer. The sensitivity of diagnosing 
the primary cancer was examined for FDG-PET, CT, 
cytological examination of the bile or pancreatic juice, 
and the serum levels of carcinoembrionic antigens (CEA) 
and carbohydrate antigen 19-9 (CA19-9). Next, the 
accuracy of staging was compared between FDG-PET 
and CT. Finally, FDG-PET was analyzed semiquantitatively 
using the standard uptake value (SUV). The impact 
of the SUV on patient management was evaluated by 
examining the correlations between the SUV and the 
histological findings of cancer.

RESULTS: The sensitivity of FDG-PET, CT, cytological 
examination of the bile or pancreatic juice, and the serum 
levels of CEA and CA19-9 were 92.5%, 88.7%, 46.4%, 
37.7% and 69.8%, respectively. In staging, FDG-PET was 
superior to CT only in diagnosing distant disease (bone 
metastasis). For local staging, the sensitivity of CT was 
better than that of FDG-PET. The SUV did not correlate 
with the pTNM stage, grades, invasions to the vessels 
and nerve, or with the size of the tumor. However, there 
was a statistically significant difference (4.6 ± 2.9 vs  
7.8 ± 4.5, P  = 0.024) in the SUV between patients with 
respectable and unresectable disease.

CONCLUSION: FDG-PET is thus considered to be useful 
in the diagnosis of pancreatic cancer. However, regarding 
the staging of the disease, FDG-PET is not considered to 

be a sufficiently accurate diagnostic modality. Although 
the SUV does not correlate with the patho-histological 
prognostic factors, it may be useful in selecting patients 
who should undergo subsequent surgical treatment.
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INTRODUCTION
Today, despite advances in diagnosing modalities, most 
patients with pancreatic cancer are still unresectable at 
the time of  diagnosis. Surgery remains the only potential 
for long-term survival, with a resectability rate of  
around 15%-20% in the latest review[1]. Even in patients 
with resectable disease, the 5-year survival rate is still 
around 20%[1-3]. For patients with unresectable disease, 
chemotherapy with or without radiation therapy is 
usually chosen, and the survival benefit of  chemotherapy 
with Gemcitabine over 5-fluorouracil has recently been 
reported[4]. Clearly, an effort has to be made for diagnosing 
early stage cancer, also by determining its clinical stage 
and by accurately predicting the prognosis, thus avoiding 
unnecessary surgical explorations.

Recently, the advantages of  positron emission 
tomography using 18F-fluorodeoxyglucose (FDG-PET)  
on diagnosing pancreatic cancer, especial ly small 
lesions less than 2 cm in size, over the conventional 
modalities, including computed tomography (CT), 
have been reported[2]. Furthermore, FDG-PET has 
also been reported to possibly play a role in predicting 
the prognosis of  pancreatic cancer[2,5,6]. However, the 
significance of  FDG-PET imaging in the management 
of  pancreatic cancer, including diagnosis, staging, or 
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predicting prognosis, has not yet been established. In this 
study, we explored the role of  FDG-PET in surgery for 
pancreatic cancer by examining its sensitivity in diagnosing 
and staging, and its potential for predicting prognosis 
by comparing the standard uptake value (SUV) and the 
histological findings.

MATERIALS AND METHODS
Patients
This study involved 53 patients with histologically  
(30 patients) or clinically (23 patients) proven primary 
pancreatic cancer who had undergone FDG-PET from 
January 2004 to January 2007. In clinically proven pancreatic 
cancer patients metastatic lesions were detected in the 
liver, lymph nodes, or the other organs, by the following 
up CT retrospectively, and the patients died of  the primary 
pancreatic cancer. The patients' mean age was 70.1 years 
(range from 44 to 84 years). The patients consisted of   
33 males and 20 females. The localisation of  the cancer 
was in the head of  the pancreas in 32 patients and in the 
body and tail in 21 patients. Twenty-eight patients presented 
with diabetes requiring insulin therapy. Among the  
53 patients, 28 patients were diagnosed to be unresectable, 
and 25 patients eventually underwent surgery with a curative 
intention, although in 7 of  them the cancer turned out to be 
unresectable because of  the intraoperative findings.

Methods
The sensitivity of  diagnosing pancreatic cancer was 
examined for FDG-PET, CT, cytological examination 
of  the bile or pancreatic juice, and the serum levels of  
carcinoembrionic antigens (CEA) and carbohydrate antigen 
19-9 (CA19-9). Next, the accuracy of  staging of  the disease 
and the impact on patient management was evaluated and 
compared between FDG-PET and CT. Finally, FDG-PET 
was analyzed semiquantitatively using the standard uptake 
value (SUV). In the patients who underwent surgery, a 
correlation was found between the preoperatively obtained 
SUV and the histological findings of  the specimen in 
regard to the pathological stagings of  cancer classified 
based on the UICC TNM classification (6th edition, 2002), 
histological differentiation, lymphatic invasions, vascular 
invasion, and intrapancreatic nerve invasion. The SUV 
was compared between the resectable and unresectable 
disease patient groups. A correlation between the SUV and 
the maximum diameter of  the primary lesion, which was 
determined on CT, was examined. All of  the studies were 
performed retrospectively by collecting and analyzing data 
from the patient records.

Cytological examination of the bile or pancreatic juice
The bile or pancreatic juice, which was collected from 28 
patients after brushing endoscopic retrograde cholangio-
pancreatography (ERCP), was subjected to a cytological 
examination. This was performed using the Papanicolaou 
staining, and the diagnosis established according to the 
Papanicolaou classification. The results in Classes Ⅰ , Ⅱ, 
or Ⅲ were counted as negative in this study; the results in 
Classes Ⅳ or Ⅴ were counted as positive.

CT
For multidetector CT scans, a contrast enhancement 
was performed for each patient. Helical images of  the 
abdomen were routinely obtained and reconstructed 
with 5 mm thickness. The CT images were interpreted 
independently and consecutively by two radiologists 
with extensive experience of  more than 10 years in CT 
scanning. The findings of  the CT scans were considered 
positive when both of  the radiologists strongly suspected 
malignant disease due to a discrete low-attenuation mass 
within the pancreas, and/or involving the adjacent vessels, 
and/or swelling of  the regional lymph nodes.

FDG-PET
The FDG-PET images were acquired with PET machine 
(Siemens EXACT HR+, CTI, Knoxville, TN, USA). The 
patients were required to fast for at least 4 h before PET 
imaging. One hour after the intravenous administration 
of  5 mCi of  FDG, the emission images were acquired. 
The transmission images were acquired to correct for 
attenuation. The FDG-PET images were interpreted 
independently and consecutively by two radiologists 
with extensive experience in FDG-PET imaging. The 
findings were considered to be positive when both of  
the radiologists strongly suspected malignant disease.  In 
addition, the images were analyzed semiquantitatively 
using the SUV, as reported elsewhere[7]. Briefly, regions of  
interest measuring 1.0 cm2 were drawn over the area of  
maximum activity in a lesion. The SUV was calculated as 
follows:
SUV = (activity in region of  interest in mCi)/(injected 
dose in mCi/weight in kg).

Statistical analysis
The chi-square test was employed for a statistical 
comparison of  the sensitivity of  FDG-PET and CT. The 
Student’s t test was used to compare the values of  the SUV 
between the two groups. Finally, correlations between 
the SUV and the maximum diameter of  the primary 
lesion determined on CT were examined by the Pearson’s  
correlation test. All statistical analyses were performed 
using the SPSS software program (SPSS, Chicago, USA). A 
P value < 0.05 was considered statistically significant.

RESULTS
Sensitivity for diagnosing pancreatic cancer
The sensitivity of  FDG-PET, CT, cytological examination 
of  the bile or pancreatic juice, and the serum levels of  
CEA and CA19-9 were 92.5% (49/53), 88.7% (47/53), 
46.4% (13/28), 37.7% (20/53) and 69.8% (37/53), 
respectively.

Sensitivity for preoperative staging
Among the 53 patients, 28 patients were diagnosed to 
be unresectable based on the following preoperative 
imaging findings: invasion to major arteries such as the 
supramesenteric artery, celiac trunks, or common hepatic 
artery in 9 patients, para-aortic lymph node metastasis in 
12 patients, detection of  hepatic metastasis in 14 patients, 



detection of  bone metastasis in 7 patients, strongly 
suspected peritoneal dissemination in 5 patients, general 
complications associated with aging in 4 patients. Among 
the 25 patients who eventually underwent surgery with a 
curative intention, the cancer turned out to be unresectable 
in 7 of  them because of  the following intraoperative 
findings: detection of  hepatic metastasis (5 to 8 mm in 
diameter) in 5 patients, histologically confirmed metastases 
in the para-aortic lymph node (less than 1 cm in diameter) 
in 2 patients, and cytologically positive ascites in 2 patients.  
Therefore, the staging diagnostic sensitivity of  FDG-PET 
and CT was 2/9 (22.2%) and 9/9 (100%) for invasion into 
the major arteries, 8/14 (57.1%) and 11/14 (78.6%) for 
para-aortic regional lymph nodes metastases, 10/19 (52.6%) 
and 14/19 (73.7%) for hepatic metastases, 8/8 (100%) and 
1/8 (12.5%) for bone metastases, 3/7 (42.9%) and 4/7 
(57.1%) for peritoneal dissemination, respectively. There 
was a statistically significant difference in the sensitivity 
detecting invasion into the major arteries (P = 0.001) and 
bone metastases (P = 0.001), based on the chi-square test.

Correlation between the SUV and histological findings
In 18 patients, a surgical resection with a lymphadenectomy 
was performed. A pancreaticoduodenectomy was 
performed in 11 patients, while a distal pancreatectomy 
was perfor med in 7 pat ients. In these pat ients, a 
pathohistological examination was performed. As Table 1 
shows, no statistically significant difference was found in 
any of  the histological findings listed in Table 1.

Comparison of SUV between resectable and unresectable 
disease
As Figure 1 shows, the SUV of  the primary lesion was  
4.6 ± 2.9 (mean ± SD) in the resectable disease cases, while 
it was 7.8 ± 4.5 in the unresectable cases, with a statistically 
significant difference (P = 0.024) by the Student’s t-test. 
On the other hand, the maximum diameter of  the 

primary lesion measured on CT was 27.9 ± 10.9 mm  
in the resectable cases, and 40.5 ± 21.4 mm in the 
unresectable ones (P = 0.053). Furthermore, we found no 
correlation between the SUV and the maximum diameter 
of  the primary lesion measured on CT by using Pearson’s 
correlation test (P = 0.274), as shown in Figure 2.

DISCUSSION
Pancreatic cancer is one of  the most lethal human 
cancers and it continues to be a major unsolved health 
problem worldwide. Despite efforts in the past 50 years, 
conventional treatment approaches, such as surgery, 
radiation, chemotherapy, or combination of  these, 
have had little impact on the course of  this aggressive 
neoplasm[1]. Although recent progress in systemic 
chemotherapy has been reported[8], surgery remains 
the only hope for long-term survival[9]. In surgery for 
pancreatic cancer, a great deal of  effort has been made to 
expand the resection with an extended lymphadenectomy 
in order to improve the outcome[10]. However, only 
patients with localized disease and a tumor size less than  
2 cm with no lymph node metastases can expect long-term 
survival after surgery[1,2,11]. Therefore, increased efforts 
should be focusing not only on diagnosing the early stage 
disease, but also on staging and predicting prognosis so 
that unnecessary surgical exploration may be avoided.  

Table 1  Histological findings of the patients

Histological findings Number of 
  patients

      SUV 
(mean ± SD)

Difference

Pathological stage (TNM)
  pT         pN stage
  1           0   ⅠA         1       3.59
  1           1   ⅠB         1       3.14
  3           0   ⅡA         8    4.1 ± 0.9

       NS
  1, 2, 3           1   ⅡB         8    5.9 ± 4.5
Histological differentiation
  Well         7    3.7 ± 0.7

       NS
  Moderately-poorly       11    5.6 ± 3.6
Lymphatic invasions
  Negative         9    5.3 ± 3.9

       NS
  Positive         9    4.5 ± 2.1
Venous invasions
  Negative         6    6.2 ± 5.1

       NS
   Positive       12    4.4 ± 1.9

Intrapancreatic nerve invasions

  Negative       11    4.8 ± 3.5
       NS

  Positive         7    5.1 ± 2.3

SUV: Standard uptake value; NS: Not significant.
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Figure 2  Relationship between the SUV and the maximum diameter of the 
primary lesion.
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Figure 1  Comparison of the SUV of the primary lesion between patients with 
resectable and unresectable disease. SUV: Standard uptake value.
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Recently, PET has been reported to have superiority to CT, 
US, and EUS in its sensitivity and specificity in diagnosing 
pancreatic cancer[2,12]. Furthermore, regarding the role of  
PET in diagnosing the disease, the metabolic activity of  
the tumor may be of  prognostic significance[5,6]. However, 
the role of  PET in the management of  pancreatic cancer 
has yet to be established.

The role of FDG-PET in diagnosis of primary cancer
The sensitivity of  FDG-PET was 92.5%, and it was better 
than that of  CT, cytological examinations of  the bile or 
pancreatic juice, and the serum levels of  CEA and CA19-9. 
Our findings also correlate with those of  previous reports, 
in which the sensitivity of  FDG-PET, CT, and US has 
been reported to be 94%, 89%, and 89%, respectively[12]. 
On the other hand, in another study, the sensitivity of  
FDG-PET was found to be lower than or equal to CT[13-15] 
and these findings thus remain controversial. In particular, 
when a multidetector CT is performed routinely with thin 
sections (1 mm), the sensitivity of  the CT may further 
improve[2]. This study was conducted among patients with 
the histologically or clinically proven pancreatic cancer, 
and therefore the specificity was not evaluated.

The role of FDG-PET in staging of the disease
This study showed that, as far as staging is considered, 
FDG-PET was superior to CT only in diagnosing 
distant disease. On the other hand for local staging the 
sensitivity of  CT was better than that of  FDG-PET. As 
described[2], the poor spatial resolution of  FDG-PET 
limits the local staging of  pancreatic cancer. Therefore, the 
anatomical imaging modalities with CT are better suited 
to demonstrate the relationship of  the tumor, adjacent 
organs, and vascular structure. 

In the nodal staging of  the disease, there was no 
difference between FDG-PET and CT, since both 
performed poorly. The reported sensitivities of  FDG-
PET have varied between 46% and 71%[2,16]; thus the 
results of  this study are considered to correlate with these 
previous reports. It has been said that one possible reason 
for the apparent low sensitivity of  FDG-PET is the close 
proximity of  the peripancreatic and paraaortic lymph 
node basins to the primary tumor, which can obscure their 
detection[2,16].

The important impact of  FDG-PET on staging 
has been in its ability to identify distant metastases[17]. 
According to the previous reports[18], the sensitivity of  
FDG-PET for detecting hepatic metastases is about 70%, 
while that of  this study was 52.6%. In particular, small 
lesions less than 1 cm could not be detected. It has also 
been reported that the sensitivity for lesions less than or 
greater than 1 cm is 43% and 97%, respectively[19]. Direct 
spread into the peritoneum is also not uncommon and 
often is missed on conventional imaging. However, in this 
study, both FDG-PET and CT failed to demonstrate a 
high degree of  accuracy in these diagnostic analyses.

The prognostic significance of FDG-PET
Some researchers have shown the SUV in FDG-PET to 
be an independent prognostic factor in a subpopulation 
of  patients with pancreatic cancer. Nakata et al[5] showed 

that in patients with unresectable disease, a high SUV 
correlated with a shorter survival. Maemura et al [20] 
reported that pancreatic tumors with distant metastasis 
showed significantly higher SUV levels than tumors 
without metastasis. Sperti et al[6] also demonstrated that 
a high SUV (> 4.0) was associated with shorter survival. 
For prognostic factors for pancreatic cancer, the tumor 
stage and grade[21], R0 resection[21], levels of  serum tumor 
marker[22], size of  the primary lesion[3], and status of  nodes 
metastases[3,11], have been reported. On the other hand, the 
increased glycolytic activity of  the tumor detected by the 
SUV may represent tumor growth and also resemble the 
tumor’s biological behavior[23-25]. Therefore, in this study 
we examined the correlation between the SUV and the 
patho-histological findings. The results were that the SUV 
did not correlate with the pTNM stage, grades, invasions 
to the vessels and nerve, or size of  the tumor. Sperti et al[6] 
also found no difference between a high SUV (> 4.0) and 
a low SUV patients group in regard with TNM staging and 
histological grading, as shown in this study. Nevertheless, 
they found SUV to be an independent prognostic factor in 
patients with pancreatic cancer, and therefore advocated 
that the different biological aggressiveness of  the tumor, 
detected by the SUV, might explain the difference in 
survival in patients with otherwise similar prognostic 
valuables. In the present study, there was a statistically 
significant difference in the SUV between the patients with 
resectable and unresectable disease. This may support the 
findings of  previous reports which describe the SUV to 
be an independent prognostic factor. Therefore, although 
in staging FDG-PET did not perform precisely enough 
except for detecting bone metastases, by evaluating the 
SUV, FDG-PET may provide such additional information 
on the biological aggressiveness of  the tumor, and thus 
play an important role in helping to select patients for 
subsequent surgical therapy. Some small studies reported 
that the tumor SUVs were useful in predicting the 
effectiveness of  chemotherapy for unresectable pancreatic 
cancer[17,26,27]. However, conclusions must await further 
studies including larger population of  patients.

In conclusion, FDG-PET was found to be useful 
for diagnosing pancreatic cancer. However, in staging 
of  the disease, FDG-PET does not perform precisely 
enough. Although the SUV does not correlate with the 
patho-histological prognostic factors, it may be useful in 
selecting patients who should undergo the subsequent 
surgical treatment. Therefore, FDG-PET may play an 
important role in the decision making process and surgical 
management for patients with pancreatic cancer. However, 
this study suffers from the limitation of  a small population 
of  patients. Therefore, a definite conclusion may have to 
wait for further studies involving a larger population of  
patients. Furthermore, the use of  image fusion with PET/
CT[28,29] or with PET/MRI[30] may improve the accuracy 
when staging pancreatic cancer.

 COMMENTS
Background
Pancreatic cancer is one of the most lethal human cancers and it continues to be a 
major unsolved health problem worldwide. Only patients with localized disease and 
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a tumor size less than 2 cm with no lymph node metastases can expect long-term 
survival after surgery. Therefore, increased efforts should be focusing not only on 
diagnosing the early stage disease, but also on staging and predicting prognosis 
so that unnecessary surgical exploration may be avoided. Recently, positron 
emission tomography (PET) has been reported to be superior to computed 
tomography (CT), ultrasound (US), and endoscopic US (EUS) in its sensitivity and 
specificity in diagnosing pancreatic cancer. Furthermore, the metabolic activity of 
the tumor evaluated by uptake value of fluorodeoxyglucose (FDG) (standardized 
uptake value: SUV) may be of prognostic significance. However, the role of PET in 
the management of pancreatic cancer has yet to be established.

Research frontiers
As is described above, pancreatic cancer is one of the most lethal human cancers 
and it continues to be a major unsolved health problem worldwide. Despite 
efforts in the past 50 years, conventional treatment approaches, such as surgery, 
radiation, chemotherapy, or combination of these, have had little impact on 
the course of this aggressive neoplasm. Although recent progress in systemic 
chemotherapy has been reported, surgery remains the only hope for long-term 
survival. In surgery for pancreatic cancer, a great deal of effort has been made to 
expand the resection with an extended lymphadenectomy in order to improve the 
outcome. However, only patients with localized disease and a tumor size less than 
2 cm with no lymph node metastases can expect long-term survival after surgery. 
Therefore, breakthrough for pancreatic cancer may be achieved in diagnosing an 
early stage disease.

Innovations and breakthroughs
The present study showed that FDG-PET was useful for diagnosing pancreatic 
cancer. However, in staging of the disease, FDG-PET does not perform precisely 
enough. Although the SUV does not correlate with the patho-histological 
prognostic factors, it may be useful in selecting patients who should undergo the 
subsequent surgical treatment. Therefore, FDG-PET may play an important role in 
the decision making process and surgical management for patients with pancreatic 
cancer.

Applications 
By using FDG-PET in combination with conventional diagnostic modalities, such 
as computed tomography (CT), ultrasound, magnetic resonance imaging, and 
endoscopic pancreatography, the ability to diagnose the early stage pancreatic 
cancer, or to select candidates for surgery can be improved. At the same time, 
as the increased glycolytic activity of the tumor detected by SUV may represent 
tumor growth and resemble the tumor biological behavior, the SUV may provide 
additional information on the biological aggressiveness of the tumor.

Terminology
FDG-PET: 18F-fluorodeoxyglucose (FDG) is a positron-emitting radio-tracer that 
is transported intracellularly via glucose transporters which are highly expressed 
in various cancer cells, then FDG is phosphorylated by hexokinase to FDG-6-
PO4. However, further metabolism of FDG-6-PO4 is not possible in the neoplastic 
cells due to insufficient phosphatase levels and tracer accumulation. Therefore, 
FDG-PET can image cancer cells based on such specific tissue metabolism. SUV: 
To perform a quantitative analysis for accumulation of FDG, the standardized 
uptake value (SUV) is calculated in the suspected neoplastic foci. The SUV was 
calculated as follows:
SUV = (activity in region of interest in mCi)/(injected dose in mCi/weight in kg).

Peer review
This is a good clinical research on the diagnosis, staging and choice of operation 
in patients with pancreatic carcinoma.
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