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FOCUS ON PANCREATIC CANCER
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the best image for

early detection
� CT, MRI, PET or US?
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Pancreatic cancer has a poor prognosis, and the best chance for
survival is to diagnose the tumour at an early stage. Abdominal
ultrasound, computed tomography, magnetic resonance imaging
and endoscopic retrograde cholangiopancreatography are the
most commonly used radiological techniques for imaging the
pancreas. The diagnostic evaluation should be tailored to the
individual patient. Dual-phase helical computed tomography and
magnetic resonance imaging have similar accuracies for detecting
and staging pancreatic adenocarcinoma. Sonography results are
highly dependent on the skill and persistence of the operator. No
radiological examination is very sensitive at visualizing small

metastases in the lymph nodes and peritoneum, or on the surface
of the liver. Thus, it is difficult to establish with certainty whether
a tumour is resectable. Another major challenge is to differentiate
cancer from an inflammatory mass in chronic pancreatitis.
Functional imaging (using positron emission tomography with
fluorodeoxyglucose) may be helpful, especially if the images are
fused with those of computed tomography or magnetic resonance
imaging. The diagnostic accuracies, applications and limitations
of the various modalities are discussed.
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Pancreatic cancer ranks among the five leading causes of
death from cancer in adults in North America (1). The

prognosis is very poor. The median survival time is approx-
imately four months after diagnosis. Surgery is the only
potential cure. Fewer than 3% of patients with pancreatic
cancer are alive five years after diagnosis (2). In a series of
799 patients with a diagnosis of pancreatic adenocarci-
noma, the five-year survival rate was 0% in patients who
did not undergo resection compared with 24% in patients
who underwent resection (3). 

Abdominal pain (30%), weight loss (36%) and jaundice
(43%) are the main presenting symptoms (4). For the
majority of patients, however, these symptoms occur late in
the course of disease, and by the time the patient presents
to the physician, the disease has progressed beyond the
stage at which surgery is likely to be curative. A diagnosis is
more likely to be made at an earlier stage of disease in
patients presenting with jaundice than in those presenting
with weight loss and abdominal pain. Nevertheless, more
than 85% of pancreatic adenocarcinomas have extended
beyond the pancreas at the time of diagnosis (5).

If there is to be any improvement in the dismal progno-
sis associated with this disease, it is essential that it be diag-
nosed early in its course. Neoplasms smaller than 1 cm in
diameter have the best five-year prognosis, whereas lesions
that are larger than 1.1 cm in diameter have a significantly
poorer outlook (6). The challenge for imaging, therefore, is
to detect these small lesions reliably.

Abdominal ultrasound (US), helical computed tom-
ography (CT), magnetic resonance imaging (MRI), endo-
scopic US and endoscopic retrograde cholangiopancrea-
tography have emerged as the main imaging modalities for
the detection and staging of pancreatic cancer. These
modalities rely on morphological changes in the pancreas
for tumour detection and usually require the presence of at
least two of the following observations to make a diagnosis:
mass effect, altered attenuation/echogenicity/signal inten-
sity, dilated pancreatic duct and/or pancreatic atrophy prox-
imal to the tumour, and tumour extension beyond the gland
to encase the regional vessels. 

There are two main drawbacks to these modalities � lack
of sensitivity for small (less than 2 cm in diameter) masses
and the inability to differentiate tumour tissue from pancre-
atic masses caused by chronic pancreatitis (7). In addition,
while these modalities are highly specific for determining
nonresectability, they are not as good at predicting
resectability because of difficulty in identifying metastatic
lymphadenopathy, small liver metastases and small peri-
toneal implants. 

Functional imaging with fluorodeoxyglucose positron
emission tomography (FDG-PET) is evolving to comple-
ment and improve the sensitivity and specificity of the
morphological modalities in detecting and staging pancre-
atic cancer.

HELICAL CT
CT is the most commonly used imaging modality for the
detection and preoperative staging of pancreatic adenocar-
cinoma. CT is widely available, and the pancreas can be
visualized in all patients. Pancreatic adenocarcinoma gen-
erally appears as a hypodense mass relative to the enhanced
pancreatic parenchyma.

The recent introduction of multidetector row helical CT
allows the acquisition of a larger volume of anatomy during
any phase of intravenous contrast administration in a much
shorter duration of time with no loss of image quality (8).
More precise enhancement intervals are feasible, and thin
collimated sections are routine. It is possible to retrospec-
tively reconstruct the raw CT data into images that are
thinner than the original set of reconstructed images, which
produces improved anatomical detail. These images can be
reformatted into off-axis planes to produce angiographic
images and unique anatomical displays along the plane of
the pancreas or pancreatic duct that were not previously
possible (9). In a recent article, McNulty et al (10) showed
that it is easiest to see the tumour during either the pancre-
atic parenchymal phase or the portal venous phase of con-
trast enhancement. These two phases are also associated
with maximum opacification of the celiac and superior mesen-
teric arteries (pancreatic phase), and of the superior mesen-
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Quelle est la meilleure technique de 
détection précoce du cancer du pancréas : 
la tomodensitométrie, l�imagerie par résonance
magnétique, la tomographie par émission de
positrons ou l�échographie?

RÉSUMÉ : Le cancer du pancréas comporte un sombre pronostic, et les
meilleures chances de survie reposent sur le diagnostic précoce de la
tumeur. L�échographie abdominale, la tomodensitométrie, l�imagerie par
résonance magnétique (IRM) et la cholangio-pancréatographie rétro-
grade endoscopique constituent les techniques de radiologie les plus
fréquemment utilisées pour visualiser le pancréas. L�évaluation diagnos-
tique devrait être adaptée à chaque patient. L�IRM semble la technique la

plus précise pour détecter la présence de masses dans le pancréas, tandis
que la tomodensitométrie hélicoïdale biphasée pourrait fournir de l�infor-
mation complémentaire sur l�invasion vasculaire. Les résultats de l�écho-
graphie dépendent en grande partie de la compétence et de la ténacité du
technicien. Aucun examen radiologique n�est assez sensible pour permet-
tre de visualiser les petites métastases présentes dans les ganglions lym-
phatiques et le péritoine ou à la surface du foie. Aussi est-il difficile de
déterminer si une tumeur est résécable ou non. Une autre difficulté de
taille consiste à différencier le cancer d�une pancréatite chronique.
L�imagerie fonctionnelle (réalisée à l�aide de la tomographie par émission
de positrons au fluorodésoxyglucose) peut s�avérer utile, surtout si les
images sont fondues avec celles de la tomodensitométrie ou de l�IRM. La
fiabilité diagnostique, les applications et les limites des diverses tech-
niques d�imagerie font ici l�objet de discussion.
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teric and portal veins (portal venous phase). Combining
these two phases in the same study maximizes the chances
of detecting direct tumour involvement of these vessels.

Overall, CT has a positive predictive value for tumour
detection of greater than 90% (11-14). CT is also excellent
for determining nonresectability, with a positive predictive
value approaching 100% (11-14). It is not as accurate at
identifying resectable tumours. The negative predictive
value is 79% with dual-phase, or biphasic, helical CT (14).
CT is poor at detecting small peritoneal implants, small
hepatic surface and parenchymal metastases, and lymph
node metastases in normal sized nodes (13,15).

Technological advances will continue to improve CT in
the future, including the development of faster scanners.

US
US is the most widely available cross-sectional imaging
modality. It is inexpensive and does not use ionizing radia-
tion. It is not always possible to visualize the pancreas well
with US because of overlying bowel gas. With experience
and diligence, however, it is possible to visualize the pan-
creas adequately in most patients. Techniques include the
use of different windows, various respiratory manoeuvres
and different patient positions. Oral contrast agents may
also be employed to improve visualization of the pancreas,
although these are not widely used in clinical practice.

Adenocarcinoma of the pancreas generally appears as an
ill-defined, hypoechoic mass relative to the normal pan-
creas. US is excellent at assessing a dilated pancreatic duct
and biliary tree, and its real-time capabilities often allow
excellent assessment of the relationship of the tumour to
these structures and to the regional vessels. US also facili-
tates an infinite number of imaging planes. Observations,
such as the compliance of the superior mesenteric vein dur-
ing compression and with changes in respiration, can be
made in real time.

There is a wide variation in the published sensitivities of
US in detecting pancreatic adenocarcinoma, suggesting
that there are differences in technique. These differences
likely reflect the experience and skill of the operators, and
the time and effort spent visualizing the pancreas. At best,
US has a sensitivity of 90% to 94% in detecting pancreatic
cancer (16-18), but other investigators have reported sensi-
tivities below 70% (19-23). 

Recent advances in US technology, such as harmonic
imaging and compound imaging, may improve the sensitiv-
ity of US in this disease, but there are no published series to
support this view.

MRI
In Canada, MRI is less available for pancreatic imaging
than either US or CT. This will change as more MRI scan-
ners are installed. Like US, MRI does not expose the
patient to ionizing radiation, and technological advances
over the recent years, including the introduction of breath-
held gradient-echo sequences, have greatly improved image
quality of the pancreas.

Pancreatic MRI can be performed with conventional
spin-echo pulse sequences, with breath-held gradient-echo
sequences using intravenous gadolinium contrast enhance-
ment, or with T1-weighted sequences using manganese-
dipyridoxyl diphosphate (24). A T1-weighted spin-echo
sequence with fat suppression offers significant advantages
for imaging the pancreas compared with other noncontrast-
enhanced pulse sequences (25). This pulse sequence pro-
duces a high signal to noise ratio, reduces motion artifact
with signal averaging, and is best for evaluating normal
pancreatic anatomy, and differentiating between normal
pancreas and pancreatic tumour. An adenocarcinoma
appears as a low signal intensity mass relative to the normal
pancreatic parenchyma. Breath-held gradient-echo images
with gadolinium contrast enhancement are beneficial for
detecting small tumours and liver metastases.

MRI has an accuracy similiar to that of CT for detecting
and staging pancreatic adenocarcinoma, with published
accuracies of 90% to 100% in series containing small num-
bers of patients (26,27). MRI may have slightly better con-
trast resolution to distinguish the tumour from the
pancreatic parenchyma, whereas CT may be slightly better
at detecting vascular involvement. Thus, in certain circum-
stances, these tests may be complementary.

Magnetic resonance cholangiopancreatography is an
excellent noninvasive method of obtaining images of the
biliary and pancreatic ducts. These images can be displayed
in an axial or three-dimensional format. The findings of
pancreatic cancer and chronic pancreatitis obtained with
magnetic resonance cholangiopancreatography are identical
to those obtained with endoscopic retrograde cholangio-
pancreatography.

FDG-PET
Current clinical experience with FDG-PET in the detec-
tion of pancreatic cancer is limited to a few major centres.
FDG-PET imaging is based on the observation that malig-
nant tissues have a higher uptake of FDG compared with
normal tissue. FDG is taken up by malignant cells in exactly
the same way as glucose. Once inside the cell, it is not
metabolized and, therefore, accumulates over time. 

Initial investigation into the utility of PET in the diag-
nosis of pancreatic cancer began in the early 1990s. Initial
reports suggested a sensitivity of 80%, a specificity of 90%
and an overall accuracy of 82% (28). Higashi et al (29) pro-
spectively evaluated 54 patients with suspected pancreatic
tumours and found an overall accuracy of 93% in success-
fully differentiating benign from malignant pancreatic dis-
ease. Shreve (30) has shown, however, that false-positive
PET images can be produced by inflammatory pancreatic
masses.

There are conflicting reports as to the utility of FDG-
PET in the identification and localization of regional lymph
node metastases and small liver metastases. 

Patients should be scanned after a 6 to 12 h fast. They
should be adequately hydrated and should not be physically
active. Patients with diabetes should be euglycemic. Even
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still, false negative FDG-PET results may occur in patients
with insulin-dependent diabetes mellitus, because of altered
FDG distribution. 

It is likely that the greatest value of FDG-PET occurs
with image fusion with either CT or MRI, thus combining
the morphological detail of CT and MRI with the func-
tional information from FDG-PET. It is hoped that this will
not only improve the detection of small pancreatic
tumours, but also help to distinguish malignant from
inflammatory masses in the pancreas, and metastatic from
reactive lymph nodes in the peripancreatic regions.

DISCUSSION
What is the best image for early detection: CT, MRI, PET or
US? There is no clear answer to this question. Rigid imaging
protocols do not work well for the individual patient, and
the imaging work-up for a patient suspected of having pan-
creatic cancer should be tailored to the individual.
Screening a patient in a high risk population requires a dif-
ferent approach. Certain principles can be applied, how-
ever. 

Cross-sectional imaging of the patient with jaundice
should be performed before biliary stent placement, unless
there is strong clinical evidence that the patient has stone
disease rather than a tumour. Interpretation of CT, US and
MRI is much more difficult once a biliary stent has been
placed, and the sensitivity for detecting a small mass is
reduced. In addition, imaging a patient before intervention
allows for optimal treatment planning for that patient.

In a patient suspected of having pancreatic cancer, CT is
a very reasonable first choice. It is widely available, can

always visualize the pancreas, is sensitive at detecting the
tumour and is accurate at predicting nonresectability. In
patients with nonresectable disease, no further imaging is
required, and all that remains is to obtain a biopsy to con-
firm the diagnosis. US is often a more efficient modality to
guide the biopsy, but CT can be used in problematic
patients in whom US guidance is not feasible. If the CT is
equivocal regarding the presence of pancreatic cancer, vas-
cular invasion or liver metastases, US in experienced hands
is an excellent complementary test.

MRI, in place of CT, should be reserved for patients with
a history of allergy to iodinated contrast agents or patients
with a history of renal insufficiency. It may also be very
helpful as a problem-solving tool when CT and US are
unable to reach a diagnosis or define a tumour clearly. 

FDG-PET is not widely available but will likely find its
role as a complementary test to CT and MRI in an effort to
improve detection of small pancreatic masses, to better
stage pancreatic cancer (particularly lymph node involve-
ment) and to help distinguish benign from malignant dis-
ease. Image fusion with CT and MRI may help direct the
laparoscopic surgeon to biopsy suspect lymph nodes before
proceeding to formal laparotomy.

Screening for early ductal adenocarcinoma of the pan-
creas in patients at high risk (hereditary pancreatitis, spo-
radic chronic pancreatitis) will likely fall into the realm of
molecular markers. If imaging is performed, US is the best
initial screening modality because it is readily available,
does not expose the patient to ionizing radiation and has a
high sensitivity for detecting pancreatic cancer when per-
formed by an experienced operator.
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