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he Role of Positron Emission Tomography
n the Management of Pancreatic Cancer
arrokh Pakzad, MRCS, Ashley M. Groves, MD, FRCR, and
eter J. Ell, FMedSci, Dr HC, A�A

The role of positron emission tomography (PET) and PET/computed tomography (CT) in the
assessment of a patient presenting with cancer of the pancreas is discussed in the overall
context of the management of this condition. The clinical limitations persist, with many
patients presenting late with unresectable disease and poor prospects for novel drug
therapies. PET and PET/CT are best at diagnosing and staging but are relatively inefficient
in the detection of nodal disease. The detection of late disease manifestations such as
metastatic spread is often of little clinical consequence. PET/CT may be considered as a
first-line imaging investigation but evidence for this approach needs to accrue. Overall
detection sensitivity at diagnosis varies between 90% and 95% and specificity from 82% to
100%, whereas for staging, sensitivity data vary from 61% to 100% and specificity data
from 67% to 100%.
Semin Nucl Med 36:248-256 © 2006 Elsevier Inc. All rights reserved.
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ore than 90% of pancreatic tumors are ductal adeno-
carcinomas, and another 2% to 5% constitute neuroen-

ocrine and acinar tumors. Worldwide, pancreatic carci-
oma ranks 13th in incidence. In the United States, it is the
th most-common cause of cancer death. It is more common

n men and appears to be linked with western diet. Alcohol
nd smoking also have been identified as significant risk fac-
ors.1,2

Surgery remains the only potential for long-term survival.
owever, less than 20% of the patients are candidates for a

urative resection because most present with advanced dis-
ase.3 At present, techniques to detect early disease are not
et available. Therefore, accurate diagnosis and staging rep-
esent the main determinants of appropriateness and success
f treatment. Despite the introduction of more aggressive
reatment regimes, long-term survival figures for pancreatic
ancer have remained poor, with median survival of 13 to 15
onths in patients with localized disease and 3 to 6 months
ith metastatic disease.
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linical Features
ymptoms of pancreatic malignancy often are nonspecific
nd tend to be ignored by both patient and doctor. Conse-
uently, patients usually present with late-stage disease.
ainless jaundice with an associated weight loss is the prin-
ipal clinical feature that prompts further investigation. In
ore than 80% of patients, abdominal pain is a late present-

ng symptom, which is commonly epigastric and diffuse.4

Physical signs of pancreatic cancer include abdominal
ass, palpable gall bladder (Courvosier’s sign), supraclavic-
lar lymphadenopathy (Verchow’s node), splenomegaly
caused by portal or splenic vein obstruction), ascites and
eripheral edema (caused by portal vein obstruction) These
igns usually are associated with advanced disease.5

outine Diagnosis and
taging of Pancreatic Cancer
asic Investigations
ematological and Biochemical Parameters
aboratory findings in pancreatic cancer are nonspecific.
nemia and hypoalbuminemia represent the chronic nature
f the condition, and a global derangement of liver enzymes
ommonly is observed with obstructive jaundice. Malabsorb-
ion of fat-soluble vitamins because of prolonged biliary ob-
truction also results in abnormalities of vitamin K-depen-

ent clotting factors. Pancreatic duct obstruction may result
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PET and pancreatic cancer 249
n pancreatic atrophy and subsequent impaired glucose tol-
rance or frank diabetes in as many as 70% of patients.6

Carbohydrate antigen 19-9 (CA 19-9) is the most com-
only used serological marker in pancreatic cancer. Al-

hough it has a sensitivity of approximately 80% for detecting
ancreatic cancer, it lacks specificity (60-70%) as a result of
he levels being increased in a number of other benign and
alignant gastrointestinal conditions. As a result, it is not

ecommended for use as a diagnostic tool but plays an im-
ortant role in monitoring disease progression and as a prog-
ostic indicator.7-10

onventional Imaging
ltrasonography
ransabdominal ultrasound (US) is often the first-line inves-

igation in patients presenting with jaundice. It can provide
eliable information about the size and site of a tumor, diam-
ter of the biliary tree, and the site of obstruction. It also has
een reported to be as accurate as computed tomography
CT) in detecting liver metastases.11 In addition to these,
oppler ultrasound can be used to interrogate local vessels

or tumor infiltration and provide some indication of local
esectability.12 However, US is limited by operator depen-
ence, the patient body habitus, and interposition of gas
lled loops of bowel. Consequently, in correctly identifying
ancreatic cancer, the accuracy of US has been shown to vary
onsiderably between 57% to 81%.13

Recently, novel techniques such as echo-enhanced Dopp-
er sonography14 and coded-phase inversion harmonic ultra-
onography have shown promise.15 With the latter, sensitiv-
ty of 95% has been reported in detecting pancreatic tumors
f less than 2 cm. These techniques are not yet routinely
vailable and require validation.

T
he current modality of choice for diagnosis and staging of
ancreatic cancer is fine-slice (1-3 mm), contrast-enhanced,
ual-phased multidetector CT (MDCT). MDCT provides su-
erior definition compared with US and gives accurate as-
essment of local infiltration. Fine slice images acquired with
DCT also can be used to perform intricate reconstructions

hat allow better visualization of subtle changes in vascular
natomy.16 Limitations of MDCT stem from the fact that mor-
hological parameters are used to define disease. This is chal-

enging when the lesion being assessed is small (�2 cm) or
ystic. Similarly, differentiation between a benign and malig-
ant lesion cannot be reliably made.
The current CT criteria for nonresectability include the

resence of distance metastases (to the liver, lungs, or the
eritoneum), extensive lymphadenopathy (beyond the
eripancreatic chain), malignant ascites or pleural effu-
ion, vascular encasement (causing occlusion or alteration
n contour/caliber), and less than 50% contiguity between
he tumor and major vessels.16 Using these criteria, CT can
eliably demonstrate nonresectability in almost 100% of
he cases.17 However, it can overestimate resectability in as
any as 50% who are later found to have inoperable dis-
ase at laparotomy.14 t
agnetic Resonance Imaging (MRI)
agnetic resonance cholangiopancreatography (MRCP) is

ble to demonstrate the anatomy of the biliary tree particu-
arly well. It is reported to be as sensitive as endoscopic ret-
ograde cholangiopancreatodudenography (ERCP) in detect-
ng pancreatic cancer and demonstrates the biliary tree better
han CT.18 However, with the advent and success of MDCT,
he routine use of MRI has remained debatable.19

RCP
RCP has superseded percutaneous transhepatic cholan-
iopgraphy as the modality of choice for imaging the biliary
ract because it avoids puncturing the liver (which reduces
he risk of biliary leak and hemorrhage) and allows visualiza-
ion of adjacent structures (eg, stomach, duodenum, and the
mpulla). The principal advantage of ERCP over other imag-
ng techniques is that it confers therapeutic as well diagnostic
dvantage. Brushings/biopsy specimens can be obtained and
tent insertion can be performed simultaneously. ERCP al-
ows the accurate delineation of the site of biliary obstruction
nd aids in excluding obstruction at multiple levels.20 When
sed appropriately and in conjunction with fine-needle aspi-
ation biopsies, it may lead to a definite diagnosis, particu-
arly in small lesions of less that 2 cm.21 The main complica-
ion resulting from ERCP is acute pancreatitis, which has a
edian incidence of 8.7% (range, 1.6-17.7%).22 Although

he condition often has a mild natural history after ERCP,
everer forms have been reported.23

ndoscopic Ultrasonography (EUS)
his relatively new procedure involves the use of a high-

requency ultrasound that has been modified for use endo-
copicaly. By placing the probe into the stomach and duode-
um in close proximity to the pancreas, the whole organ can
e visualized and biopsies of the appropriate areas obtained
nder direct visualization. When compared with CT, EUS
as been shown to have a superior sensitivity and specificity,
articularly in evaluating tumors less than 3 cm in diame-
er.24 It accurately determines local vascular invasion and
eripancreatic lymph node involvement with similar results
o MDCT. With increasing availability and expertise, EUS is
ikely to have an expanding role in the management of pan-
reatic cancer.

ositron Emission
omography (PET)

natomical imaging modalities outlined in previous sections,
ave formed the corner stone of diagnosis and staging of
ancreatic cancer. However, many challenges still remain,
hich include the definitive diagnosis of small tumors and
ifferentiating malignant and benign inflammatory lesions
eg, caused by mass-forming chronic pancreatitis or second-
ry to posttreatment fibrosis). The emergence of PET tech-
ology has therefore set out to address some of these limita-

ions.
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he Role of 18F-Fluorodeoxyglucose
FDG)-PET in Diagnosis
f Primary Pancreatic Cancer
uch of the present evidence supporting the use of PET in

ancreatic cancer has been with the use of the tracer FDG.
ecause normal pancreas has low glucose utilization, the foci
f abnormal FDG uptake can be easily visualized as focal
reas of increased activity.25 Suggestions that FDG would be
f value in the diagnosis of malignant pancreatic lesions come
rom early studies that showed quantitative and selective
verexpression of GLUT-1 transporters in pancreatic cancer
pecimens compared with benign tissue.26,27 Since then, a
umber of studies evaluated the clinical role of FDG-PET in
rimary pancreatic disease. Zimny and coworkers28 exam-

ned the accuracy of FDG-PET in determining the diagnosis
n 106 suspicious pancreatic masses. In their series, 70%
ere histologically confirmed to be adenocarcinoma and
0% to be caused by chronic pancreatitis. Overall, FDG-PET
ccurately detected 63 of 74 cases with malignancy and 27 of
2 cases of benign disease, giving it an overall sensitivity and
pecificity of 85% and 84%, respectively.

At initial diagnosis, several studies have shown FDG-PET
o be more accurate than conventional imaging techniques.
nokuma and coworkers29 compared FDG-PET with CT,
ransabdominal US, and EUS in 35 patients with proven car-
inoma. Although FDG-PET correctly identified 33 (94%)
atients with cancer, CT, US, and EUS identified 31 (89%),
1 (89%), and 28 (80%), respectively. In another study,

Figure 1 Contrast-enhanced CT scan (A) showing a low d
reported as malignant. The lesion involved the superior
an FDG-PET scan showed no tracer uptake within t
confirmed histologically. Here, FDG-PET was able to di
motphological imaging can fail.
hich compared FDG-PET with CT and MR, the sensitivity t
f FDG-PET was found to be lower than CT but better than
R. Its specificity, however, was superior to both (Fig. 1).30

A major limitation of morphological imaging techniques is
heir inability to confidently characterize small as well as
ystic lesions. The presence of focal FDG activity irrespective
f lesion morphology therefore provides a significant advan-
age. One study has suggested FDG-PET to be superior to CT
n detecting small lesions less than 2 cm in size.31 Here, PET’s
ensitivity was shown to be almost 100% compared with
8% for CT. This finding however, was in a relatively small
atient group (n � 14) and requires further validation, par-
icularly in the light of recent advances in fine slice CT imag-
ng.

More recently, Sperti and coworkers32 examined the use-
ulness of 18F-FDG PET in differentiating malignant from
enign pancreatic cysts. In 50 prospectively recruited pa-
ients, FDG-PET was more accurate in detecting a malignant
yst (94% for FDG-PET versus 80% for CT). A limitation of
his study lay in the fact that it represented a fairly heteroge-
ous and small group of malignant cystic lesions. Therefore,
rawing conclusions regarding the diagnostic accuracy of
DG-PET should be done with care. However, the significant
nding was that in 31 of 33 (94%) of benign lesions, no FDG
ptake was demonstrated and a benign diagnosis was cor-
ectly made. The Implications of this, particularly on the
anagement of asymptomatic and high-risk patients are

herefore significant.
One of the key strengths of imaging with PET is its quan-

mass in the head of the pancreas (white arrow) and was
teric vein (V) and was deemed inoperable. Conversely,
creas, consistent with a benign pathology. This was
iate between a benign and malignant pathology, where
ensity
mesen

he pan
fferent
itative nature, which may be used to bolster its diagnostic



a
fi
q
p
p
a
t
t
t
i
t
i
g
p
c
l
u
a
p
s
f

n
o
s
s
c
F
w
d
a

S
C
L
P
i
d
E
t
t
P

L
I
f
P
r
s
c
o

m
p
a
m
b
o

b
c
t

S
T
a
T
t
t
v
p
t
p
m
m
l
c
w
t
t
c

F
a
a
p
w
q
a

PET and pancreatic cancer 251
ccuracy. Several authors have described tracer semiquanti-
cation with standardized uptake values (SUVs) to improve
ualitative assessment of PET-detected lesions.30 Time-de-
endent changes in tracer uptake have been shown to im-
rove the specificity of FDG-PET. For example, Nakamoto
nd coworkers33 demonstrated that at 2 and 3 hours after
racer injection, malignant lesions showed a higher FDG re-
ention index than benign lesions. Combining the tracer re-
ention index with tumor SUV measurements at 2 hours after
njection improved the diagnostic accuracy of PET from 83%
o 92%. However, this interesting finding was demonstrated
n one study of 47 patients and thus requires further investi-
ation. Furthermore, the limitation of any quantitative ap-
roach in making the correct diagnosis is in defining a precise
ut-off value for tracer uptake. Because benign and malignant
esions in the pancreas can exhibit a wide range of tracer
ptake, quantitative image analysis is yet to be proven to be
bsolute. For this reason, the routine practice of image inter-
retation with PET, very much leans toward qualitative as-
essment, where factors such as tracer uptake patterns (ie,
ocal versus diffuse) can be incorporated.

There is now considerable evidence to support the useful-
ess of FDG-PET in imaging the pancreas. A tabulated review
f published data by Gambhir and coworkers34 demon-
trated that in the 387 patients studied, the weighted average
ensitivity and specificity of FDG-PET was 94% and 90%, as
ompared with 82% and 75% for CT, respectively. Although
DG-PET shows a superior diagnostic yield when compared
ith conventional imaging with CT, its role in staging the
isease and ultimately its impact on management may not be
s clear cut.

taging Pancreatic
arcinoma With FDG-PET

ocal (T) Staging
oor spatial resolution of FDG-PET limits the local (T) stag-

ng of pancreatic cancer. Therefore, anatomical imaging mo-
alities, particularly with MDCT technology and possibly
US, are better suited to demonstrate the relationship of the

umor, adjacent organs, and vascular structures. At present
here are no data to support the usefulness of dual-modality
ET/CT in local (T) staging.

ocoregional Lymphnode (N) Staging
n nodal (N) staging of disease, both FDG-PET and CT per-
orm poorly. Reported sensitivities and specificities for FDG-
ET have varied between 46% and 71% and 63% and 100%
espectively.35-37 One possible reason for the apparent low
ensitivity of FDG-PET is the close proximity of the peripan-
reatic lymph node basin to the primary tumor, which can
bscure their detection.35,36

Given the nonspecific nature of FDG, histological confir-
ation of PET positive lymph nodes is essential, which is
articularly important because benign locoregional lymph-
denopathy is commonly encountered after biliary instru-
entation (eg, ERCP and stent insertion). However, it must

e noted that in majority of patients with radiologically in-

perable tumors, extensive sampling of positive lymph nodes t
ecomes ethically unfeasible and, consequently, the true ac-
uracy of FDG-PET in detecting lymph nodes metastases of-
en cannot be reported.

taging of Distant Disease (M Stage)
he major impact of FDG-PET on staging has been in its
bility to identify distant metastases (M stage) (Figs. 2 and 3).
he liver is the commonest organ to be affected followed by

he lungs and the bone marrow. Direct spread into the peri-
oneum is also not uncommon and often is missed on con-
entional anatomical imaging. In a series of 89 patients with
ancreatic malignancy, Diederichs and coworkers37 showed
he sensitivity and specificity of FDG-PET for detecting he-
atic metastases to be 70% and 95%, missing one subcenti-
eter liver lesion. FDG-PET also detected occult peritoneal
etastases in 25% of the cases, once again missing poorly

ocalized and microscopic spread. Similarly, Frohlich and
oworkers38 who looked at the detection of liver metastases
ith FDG-PET in 168 preoperative patients found FDG-PET

o have an overall sensitivity of 68%. In fact, dichotomizing
he data into groups with lesions less than or greater than 1
m showed the sensitivity of PET to be 43% and 97%, respec-

igure 2 A 48-year-old man presented with weight loss, jaundice
nd anemia. A contrast-enhanced CT scan of the abdomen showed
n unenhancing lesion in the uncinate process, with metastatic de-
osits only in the liver. The FDG-PET scan clearly demonstrated
idespread metastases above and below the diaphragm. The ex-
uisite tumor to background ratio exhibited by FDG-PET allows for
ccurate whole-body assessment of tumor burden.
ively. In their series, overall specificity was high (95%), but
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ignificant intraheptic cholestasis was a major cause of false
ositives.

DG-PET: The Prognostic Significance
here are indications that current methods of tumor staging
TNM) for pancreatic cancer are inadequate. For example,
hen compared with other more common cancers, node
egative pancreatic cancer still caries a poor outcome. This
ay be attributable to the fact that patients may be under-

taged histopathologically or that our current clinical and
adiological methods are incomplete. As a result, a number of
ther factors have been assessed as potential predictors of
urvival in pancreatic cancer, some of which include tumor
tage and grade38,39 R0 resection,39,40 levels of the tumor
arker CA19-941 and, more recently, the detection of circu-

Figure 3 An FDG-PET scan was performed as part of p
pancreas. The pancreatic lesion can be clearly seen on
demonstrates a subcentimeter liver metastases (circle) n
patient was therefore treated nonsurgically by chemoth
ating tumor cells.42 The ultimate aim is to be able to stratify a
atients into groups that would most benefit from adjuvant
nd neoadjuvant treatments.

In addition to the role of PET in staging the disease, the
etabolic activity of the tumor may be of prognostic signifi-

ance. A study of Nakata and coworkers compared the sur-
ival of 37 patients with high and low FDG SUVs, using an
UV threshold of 3 (corresponding to the mean FDG SUV
evel in the series).43 They found that, although there was no
ifference in survival between the two SUV groups in patients
ith respectable disease, in those with inoperable tumors,
igh SUV correlated with a shorter survival. Multivariate
nalysis of survival further showed SUV to be an independent
rognostic factor in the inoperable group. Sperti and co-
orkers44 also demonstrated similar results with in a slightly

arger patient series (n � 60). High SUV (�4.0) was again

ative staging of an operable tumor of the head of the
P image (A; black arrow). The PET axial slice (B) also
iously seen on a staging contrast enhanced CT (C). The
reoper
the MI
ot prev
ssociated with shorter survival, with only 7% (2/29) surviv-
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PET and pancreatic cancer 253
ng beyond 12 months compared with 32% (10/31) with
UV �4.0. Additionally, in the subgroup that were resected,
ow and high SUV values were associated with mean survival
gures of 386 and 224 days, respectively. Multivariate anal-
sis once again revealed that tumor stage and SUV were the
nly two significant independent predictors of survival when
ompared with factors such as age, tumors grade, or type of
reatment received.

One small study by Maisey and coworkers (n � 11)45

nvestigated the role of tumor SUVs in predicting survival
rom 5-fluorouracil-based chemotherapy. At 1 month after
reatment, 6 of 11 patients showed no detectable FDG activ-
ty in the tumor and demonstrated better overall survival.
urthermore, in 4 of the 6 responders a correlation with
ymptomatic improvement was seen.

Measuring proliferation of a tumor is also another poten-
ial prognostic indicator. Currently, immunohistochemistry
or Ki-67 antigen expression is the method of choice for
uantifying proliferation in tissue specimens. The data cor-
elating proliferative activity with FDG have been controver-
ial. Okada and coworkers46 found a positive correlation be-
ween proliferation and FDG uptake in lymphoma cases.
onversely, studies by Francis and coworkers47in colorectal
ancer and that by Buck and coworkers48 in pancreatic can-
er failed to show a relationship. There may be a potential for
lternative tracers such as 11C-thymidine or the thymidine
nalog 3=-deoxy-3=-[18F]-fluorothymidine (18F-FLT) in
rognosticating pancreatic cancer but, at present, no pub-

ished series are available.

DG-PET in the Detection
f Recurrent Pancreatic Cancer
erial measures of tumor marker levels (CA 19-9) are a sen-
itive indicator of disease recurrence. However, differentiat-
ng recurrent disease from postsurgical/radiotherapy changes
ith CT or MRI is difficult. Molecular imaging, on the other
and, can detect focal tracer accumulation regardless of mor-
hology. To date, few studies have examined the use of FDG-
ET in detecting disease recurrence. Rose and coworkers31

ooked at eight patients with increasing tumor marker levels
r indeterminate CT findings. FDG-PET correctly identified
ecurrent disease in all, with four occurring in the surgical
ed and four as new liver metastases. More recently, Ruf and
oworkers showed that in 31 patients with suspected recur-
ent disease, 96% of local recurrences were detected with
DG as compared with 23% with CT or MRI.49 In detecting
etastatic disease in the liver, CT-MRI was more sensitive,
articularly in identifying small lesions, but FDG-PET addi-
ionally helped to detect occult nonregional and extra-ab-
ominal disease.
There are therefore indications that FDG-PET may be use-

ul in differentiating fibrosis from recurrent disease, in whole
ody restaging of the patient and in identifying the focus of
ecurrence, where there is an increase in tumor marker levels
n the face of a negative or equivocal finding by conventional

maging.
itfalls of Imaging
ancreatobiliary Disease With FDG-PET

n imaging pancreatic disease with FDG-PET, serum glucose
evels are an important consideration, especially when pan-
reatic insufficiency and diabetes are commonly found in this
ohort of patients. High serum glucose levels are believed to
ompete with FDG for glucose transporters sites and thus
educe the sensitivity of detecting malignant lesions. In 106
atients with suspected pancreatic carcinoma, Zimny and
oworkers28 found that 10 of 11 false-negative results oc-
urred in hyperglycemic patients, thus resulting in sensitivity
f FDG-PET to be 98% in euglycemic as compared with 63%
n hyperglycemic patients with a pancreatic tumor.

Lesion size poses a further challenge, where the sensitivity
f FDG-PET in detecting subcentimeter lesions can be low.
his problem is not exclusive to that of pancreatic pathology
nd represents the effect of partial volume averaging of the
ignal from a small lesion. The advent of dual-modality PET/
T, which uses its CT component for density attenuation
orrection, has partly helped to address this limitation. Fur-
hermore, developments in PET detector technology are con-
inually improving the spatial resolution of PET, which cur-
ently stands at between 0.5 and 0.8 cm using the third-
eneration detector systems.

Several benign clinical conditions also may result in focal
DG accumulation and, thus, false-positive findings. FDG,
espite its exquisite sensitivity, is not tumor specific, and
ptake by inflammatory tissue often is encountered. Al-
hough FDG-PET has been shown to be better than morpho-
ogical imaging in differentiating benign from malignant le-
ions, focal accumulation in areas of active pancreatitis can
ommonly be seen. In the face of elevated C-reactive protein
evels, specificity of FDG-PET has been reported to be as low
s 50%.50 It is therefore recommended that C-reactive pro-
ein levels are routinely checked before an FDG-PET study.
onspecific FDG uptake also can seen after biliary instru-
entation, hemorrhage into a pancreatic pseudocyst, sec-

ndary to portal vein thrombosis and in retroperitoneal fi-
rosis. This is once again another area that PET/CT fusion is
et to impact, where the addition of anatomical data can
mprove the accuracy and certainty of image interpretation.

ancreatic Cancer and
mage Fusion With PET/CT
ombining the anatomical and biological data are of partic-
lar advantage in imaging the abdomen because a number of

ntraabdominal organs (such as the bowel) exhibit nonspe-
ific FDG uptake. This can result in diagnostic uncertainty
nd potential false-positive results. In a study of colorectal
ancer patients, PET/CT resulted in improvement of lesion
ocalization, certainty of diagnosis, and a subsequent reduc-
ion in false-positive findings. The information from the CT
omponent of PET/CT also can provide additional clinically
seful information. This has therefore offered a strong ratio-
ale for the use of PET/CT as a single investigation of choice

n oncology.

To date, only 2 studies have examined the role of PET and
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T image fusion in pancreatic cancer. Lemke and cowork-
rs51 showed that retrospective fusion of CT and FDG-PET
mages resulted in an improvement in the sensitivity of both
maging modalities (CT: 76.%; PET: 84.4%; fused: 89.1%).
he sensitivity of detecting infiltration of adjacent tissues by

he cancer also improved over that of CT alone; however, it
ccurred at the expense of a reduced specificity. This is a
articularly undesirable situation because overstaging the
isease can deny a patient a potentially curative resection.
inally, image fusion also resulted in a slight (but statistically

nsignificant) improvement in sensitivity for detecting lymph
ode metastases (PET � 25.8%; CT � 25.8%; fused �
2.3%), but the specificities remained unchanged (75%).
More recently, Heinrich and coworkers52 investigated the

ole and cost-effectiveness of imaging with an integrated
ET/CT scan on the management of 59 patients with a po-
entially resectable pancreatic tumor. The important point of
ote in this study was that PET/CT was acquired with a low
ose, unenhanced CT scan according to current routine pro-
ocols. Overall, the accuracy of FDG-PET/CT for detecting
ancreatic cancer was similar to that of previous studies that
sed PET alone. In 5 patients (16%), detection of CT occult
etastases by FDG-PET/CT resulted in avoidance of surgery

nd thus significant cost saving. In fact PET-CT was shown to
e cost effective despite patients requiring other investiga-
ions (eg, EUS/CT-guided biopsies, staging laparoscopy) to
onfirm the nature of PET detected lesions. Although the
ndications are that FDG-PET/CT may be useful in the rou-
ine management of pancreatic cancer, future large studies
re still awaited.

he Impact of FDG-PET on the
anagement of Pancreatic Cancer

he major challenge of managing pancreatic cancer is its late
resentation. Currently there are no established screening
rograms that would identify the disease early and at present,
here is no justification for using FDG-PET as a population-

Figure 4 A 70-year-old woman presented with painless o
An ERCP suggested a short stricture of the distal commo
shown above, demonstrates a lesion in the head of the pa
of the PET-positive lesion directed further imaging with E
adenocarcinoma.
ide screening tool (Fig. 4). Although a number of aforemen- p
ioned studies suggest FDG-PET to be of value in earlier
iagnosis of pancreatic cancer, these need to be interpreted
ithin context of the natural history of the disease. In major-

ty of cases, initiation of investigations occurs after the devel-
pment of clinical signs and symptoms that may indicate
dvanced disease. Therefore, by the time the patient under-
oes some form of imaging, there is an 80% chance that the
isease has become unresectable. It therefore becomes clear
hat at present, the true impact of FDG-PET or PET/CT on the
anagement of pancreatic cancer occurs at initial diagnosis

nd staging and not earlier.
Using FDG-PET, the detection sensitivity at diagnosis can

ary between 90% and 95% and its specificity from 82% to
00%. In staging, sensitivities and specificities also range be-
ween 61% and 100% and 67% and 100%. Consequently, this
ariation can result in a change in management effect of between
6% and 50%. The strength of biological imaging lies in its
bility to detect pathology, irrespective of lesion morphology; a
roperty that inherently gives FDG-PET its strength in detecting
mall or cystic lesions and in differentiating benign from malig-
ant disease. In this setting, FDG-PET can alter management by
roviding a more accurate diagnosis.
The evidence so far suggests that both PET and CT are

oor at nodal staging of disease. In detecting metastatic dis-
ase, the impact of FDG-PET on management is also not
lear. The limitations are the fact that our management of
ancreatic cancer has changed little over the years. Surgery
ontinues to be the only treatment that offers potential cure.
herefore, defining whether the patient has an operable tu-
or remains the ultimate aim of imaging in pancreatic can-

er. In this setting CT and EUS may be best suited, as the lack
f anatomical definition and poor spatial resolution of PET,
imit local staging of disease. Subsequently, the detection of
ccult or additional metastases with PET may not be relevant
f the patient has in any case an inoperable tumor. Although
his may argue against the routine use of FDG-PET in the
anagement of pancreatic cancer, we believe that it actually

tive jaundice and negative ultrasound and CT findings.
duct and a biliary stent was inserted. The FDG PET/CT
adjacent to the biliary stent (S). Anatomical localization
d a biopsy, which confirmed the diagnosis of pancreatic
bstruc
n bile

ncreas,
US an
rovides a strong argument for a “one-stop-shop” approach
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o imaging with PET/CT. However, to achieve the full poten-
ial of this approach, the CT component of PET/CT needs to
e performed at maximum settings to provide full diagnostic

nformation. Future work is therefore required to determine
he effects of contrast material and high power CT on the
ttenuation correction of FDG-PET images. The feasibility
nd cost implications of this approach for routine clinical use
ill also need to be determined.
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