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Abstract

Pancreatic carcinoma has a poor prognosis and early
detection is essential for potentially curative resection.
Despite the wide array of diagnostic tools, preoperative
detection of small pancreatic carcinomas remains difficult.
We report a case of small pancreatic carcinoma of the
head of pancreas with indeterminate findings on US, ERCP,
MRI and EUS which was successfully diagnosed via fusion
CT-PET. This case illustrates the utility of CT-PET in the
diagnosis of patients with small pancreatic carcinoma with
equivocal findings on conventional diagnostic modalities.
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INTRODUCTION

Carcinoma of the pancreas has a poor prognosis with less
than 20% of affected patients alive 1 year after diagnosis[1].
Early detection is essential for potentially curative resection.
However, the preoperative diagnosis of pancreatic carcinoma
remains difficult even with the wide array of diagnostic
modalities available such as abdominal ultrasound (US),
computed tomography (CT), endoscopic retrograde
cholangiopancreatography (ERCP), magnetic resonance
imaging (MRI) and endoscopic ultrasound (EUS). These
modalities have two main limitations. Firstly, poor detection
of small lesions less than 2 cm that are suitable for curative
resection and secondly, differentiating malignancy from
inflammation. In addition, previous manipulation and
stenting of the biliary tree adds to diagnostic uncertainties.
This diagnostic difficulty results in two types of adverse

outcome: (1) failure to resect a malignant tumor due to the
absence of a definitive preoperative diagnosis or tissue
confirmation of  malignancy or (2) aggressive resection of
a benign pathology[2]. Thus, there is a need for newer and
more accurate imaging modalities to improve the preoperative
diagnosis of pancreatic carcinoma.

Fusion computed tomography-positron emission
tomography (CT-PET) with 2-deoxy-2-[18F]fluoro-D-
glucose is a novel imaging modality which utilizes the
principle of selective 18FDG-uptake and retention by
malignant cells[2]. Early studies have demonstrated the
accuracy of this procedure in the diagnosis of pancreatic
malignancy with results comparable or even superior to
conventional methods[2,3]. However, experience with this
modality is limited as it is only available in a small number of
institutions due to its high cost and its role in the evaluation of
suspected pancreatic carcinoma is thus not yet well defined[3].
We report a case of  pancreatic carcinoma with indeterminate
findings on US, ERCP, MRI, and EUS which was successfully
diagnosed preoperatively via fusion CT-PET.

CASE REPORT

A 48-year-old Chinese female was admitted with fever,
jaundice associated with tea-colored urine and pruritis and
right hypochondrial discomfort of 1-wk duration. She had
no steatorrhea or loss of weight. Clinical examination of
the abdomen did not reveal any palpable masses. Laboratory
investigations showed a leukocyte count of 12.34×109/L
and serum amylase 70 U/L. The liver function test revealed
total serum bilirubin, 162 mol/L; serum alkaline phosphatase,
1 242 U/L; aspartate transaminase, 55 U/L and alanine
transaminase, 65 U/L. Blood cultures, hepatitis B and C
serology were negative and the tumor marker carbohydrate
antigen (CA) 19-9 was elevated at 314 U/mL (normal,
3.0-50.0). A provisional diagnosis of cholangitis was made
and she was started on intravenous ceftriaxone. Abdominal
US demonstrated a normal gall bladder with dilated intra
and extrahepatic ducts. No biliary stones, no pancreatic or
hepatic masses were visualized. ERCP performed demonstrated
dilatation of the biliary tree but no definite stricture of the
common bile duct (CBD). The pancreatic duct could not
be visualized. The patient’s cholangitis resolved following
successful stenting and drainage during ERCP.

MRI of  the pancreas and biliary tree was performed
and this demonstrated dilatation of the biliary tree and
pancreatic duct (double duct sign) suggestive of  a pancreatic
malignancy. However, no masses or lesions could be seen
in the pancreas or distal CBD. The patient subsequently
underwent EUS which also failed to demonstrate any definite



nodules or masses in the pancreatic head. As the suspicion of
a possible malignancy could not be excluded, CT-PET study
was performed whereby 10.2 mCi of  intravenous F-18 FDG
was used as the tracer. This was followed by the attenuation
corrected (by unenhanced CT) PET scan which was performed
60 min later. This demonstrated a focal metabolically active
lesion related posterior to the stent in the distal CBD with a
standard uptake value (SUV) of 7.0 compatible with carcinoma
of  the head of  pancreas (Figures 1A and B). Based on the CT-
PET findings, the patient underwent exploratory laparotomy
whereby a 1.5-cm hard nodule was found within the head of
pancreas. It invaded into the CBD, causing stricturing at the
mid-level (Figure 2). The proximal CBD and main pancreatic
duct were dilated and there were per ipancreat ic
lymphadenopathy. Pancreatoduodenectomy was performed
and final histology revealed a moderately differentiated
adenocarcinoma of the head of pancreas invading into the
duodenum with 1 of 17 lymph nodes involved. Her
postoperative recovery was uneventful and she was discharged
on the 8th postoperative day.

DISCUSSION

In 1931, Warburg observed that during the process of
malignant transformation, neoplastic cells become avid
glucose scavengers with increased glucose uptake, utilization
and transport[2]. This enhanced glucose uptake and
metabolism in malignant tissue provided the basis for the
application of  CT-PET scan. In pancreatic adenocarcinoma,
a general increase in the expression of genes associated
with the inward transport of glucose and glycolysis has also
been demonstrated leading to its use as a diagnosis modality
for pancreatic malignancy[2]. CT-PET has been reported to

have a sensitivity from 82% to 100% and a specificity from
67% to 100% in the diagnosis of pancreatic carcinoma[2,4-7]

and it is associated with a low false-positive rate of up to
only 2.6%[5,6]. Notably, CT-PET has also been shown to be
effective in differentiating carcinoma from chronic
inflammation[1,8]. In the study by Rose et al, CT-PET was
superior to CT in the diagnosis of pancreatic carcinoma
with a sensitivity and specificity of 92% and 85% vs 65%
and 62%, respectively. In the study of 18 patients (28%)
with indeterminate or unrecognized pancreatic masses on
CT were successfully diagnosed using CT-PET[2]. In another
study by Diederichs et al, CT-PET was correct in 43 (84%)
of  54 patients with indeterminate findings on CT or ERCP[9].
Thus, both these studies demonstrate the superiority of
CT-PET over CT in the diagnosis of  pancreatic carcinoma.

However, there are potential limitations to the specificity
of  CT-PET including its use in patients with previous upper
gastrointestinal surgery, patients with an acute exacerbation
of chronic pancreatitis, patients with pancreatitis related
complications such as intracystic hemorrhage which can lead
to nonspecific FDG accumulation and patients who have
undergone recent interventional procedures (stent, probe
placement)[1]. In particular, patients with an acute exacerbation
of chronic pancreatitis may have an increased SUV with
ranges similar to those for patients with pancreatic
carcinoma[6]. Thus, serum amylase and lipase concentrations
should be performed to exclude an acute exacerbation.
Furthermore, there is evidence to suggest that diabetes
mellitus may lead to false-negative results as the values of
tumor uptake of FDG are lower in insulin-dependant
diabetes patients compared with non-diabetics[6,8].

Current radiological imaging techniques are invaluable
in the early diagnosis of pancreatic carcinoma. Abdominal US,
CT and ERCP are the most commonly used imaging modalities
for the evaluation of pancreatic pathologies and are widely
regarded as ‘standard’ procedures in the diagnosis of pancreatic
carcinoma[1]. However, MRI and more recently, EUS and
PET are increasing rapidly as adjunctive diagnostic modalities.

Abdominal US is the most widely used imaging modality
in patients with suspected pancreatic malignancy although
its use is limited by a low sensitivity, operator dependence
and high percentage of inadequate results[1]. ERCP has an
accuracy of 90% and was once considered as the main
diagnostic test[10,11]. However, there are several limitations
and disadvantages of this diagnostic modality. Lesions not

Figure 1  Whole body and combined fusion CT-PET of the pancreas. A: Whole
body CT-PET demonstrating a focus of increased uptake in the pancreatic head
(arrowed); B: Although no lesion was seen on CT, anatomical localization was
possible with fusion CT-PET to the pancreatic head (arrowed). A CBD stent is
seen in situ.

Figure 2  Post-Whipple’s specimen demonstrating a mass in the head of
pancreas causing narrowing of the distal CBD (arrowed).

A

B
Stent

Gallbladder

Distal

CBD

Ampulla
Duodenum

Goh BKP et al. Diagnosis of pancreatic carcinoma via PET                        3801



arising from the main ductal system may result in false-
negatives and inflammatory pseudotumors may mimick
carcinoma. Furthermore, ERCP is technically difficult with
a lengthy learning curve and is associated with a failure rate
of 3-10%[11]. It is also important to note that ERCP is an
invasive procedure which may result in significant morbidity
such as pancreatitis (1-8%) and mortality (0.2%)[9,12]. CT
scan is usually performed in addition to ERCP to determine
the size and extent of the tumor and detect distant metastasis.
The sensitivity of CT in the diagnosis of pancreatic carcinoma
is in the range of 50-90% and it is based on the size of
pancreas, changes in contour, obliteration of peripancreatic
tissue or other signs of invasive or metastatic disease[1,12].
With the use of the bolus technique with intravenous
contrast medium and spiral CT, small tumors that do not
produce a visible mass or alterations in the contour of the
pancreas may be detected as focal areas with diminished
enhancement[3,13]. However, the differentiation of mass-
forming-pancreatitis from carcinoma is extremely difficult
via CT scan.

MRI is fast replacing ERCP as the diagnostic procedure
of choice as it is not only non-invasive, but also superior in
that in addition to delineating the ductal system it allows
visualization of masses in the pancreatic parenchyma as in
CT. Furthermore, MRI has been shown to be superior to
CT in the determination of  local tumor extension[3]. The
use of ERCP may thus be limited in the future to cases
whereby MRCP findings are equivocal or when interventional
procedures such as stenting needs to be performed. The
use of EUS in the diagnosis has increased over the past
decade and it has shown to be more sensitive than CT or
MRI in detecting small lesions in the pancreas[14]. It can
also localize lymph node metastases and vascular tumor
infiltration with a greater sensitivity[14]. In addition, EUS
allows fine needle biopsy of masses suspicious of malignancy
with a sensitivity of 93% and specificity of 100%. Despite
its advantages, EUS is associated with major limitations such
as operator dependence and its limited field of visualization
for detecting distant metastases; thus, limiting its use as an
adjunct diagnostic modality. Furthermore, although it has a
high sensitivity in detecting small lesions in the head of the
pancreas, it is non-specific and may misdiagnose pseudo-
tumors secondary to inflammation as malignancies.

Despite these wide-array of diagnostic modalities
available in the armamentarium of  the modern-day clinics,
the preoperative diagnosis of pancreatic carcinoma remains
difficult. A diagnostic problem that has remained unsolved
is the differential diagnosis between focal or diffuse chronic
pancreatitis and small pancreatic carcinoma. This case
highlights this problem whereby chronic pancreatitis could
not be excluded prior to the fusion CT-PET scan. None of
the imaging modalities including US, CT, MRI or EUS was
successful in demonstrating a pancreatic mass in this patient.
Thus, although ERCP and MRI demonstrated a dilated
biliary tree and a dilated pancreatic duct, a conclusive
diagnosis of a pancreatic malignancy could not be made.
This is because with the absence of a discrete pancreatic
mass, other causes of the ‘double duct sign’ including
concrements and chronic pancreatitis[11] could not be

excluded. Nonetheless, we overcame the diagnostic difficulty
in this patient where no discrete mass lesion could be
identified with the use of  fusion CT-PET. Fusion CT-PET
demonstrated a focal metabolically active region in the
head of pancreas with a SUV of 7.0. This was well above
the cut-off for malignancy in previous studies (1.5-4.0)[1]

thus confirming the diagnosis of  pancreatic carcinoma.
In conclusion, this case illustrates the utility of fusion

CT-PET in the preoperative diagnosis of  pancreatic carcinoma
in selected patients when the findings on more ‘conventional’
imaging modalities are indeterminate. All clinicians should be
aware of the valuable role of this new imaging modality for
the diagnosis of small pancreatic cancers not visualized on
conventional imaging as early diagnosis and prompt treatment
can affect long-term outcome.
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