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Computed tomography (CT) remains the optimal imaging modality for both diagnosis and
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staging of pancreatic adenocarcinoma. Especially, CT is highly accurate in assessing the
relationship of the tumor to critical arterial and venous structures, since their involvement
can preclude surgical resection or indicate a neoadjuvant strategy in borderline resectable
or locally advanced lesions. MRI provides additional staging information in isodense tumors
or regarding presence of small liver metastases not seen at CT. Endoscopic ultrasound is
the reference technique to be used for obtaining histologic proof. The introduction of perfu-
sion modalities and radiomics may benefit the evaluation of pancreatic lesion parameters,
thus helping to rule out differentials. However, these techniques require further investiga-
tion and standardization.
Semin Ultrasound CT MRI 40:436-468 © 2019 Elsevier Inc. All rights reserved.
Introduction

Pancreatic cancer is the fourth most common source of
cancer mortality and the second cause of death from

malignancies involving the digestive system (after colorec-
tal cancer).1 Furthermore, the current sharp rise in the
incidence of pancreatic cancer may make the disease the
second leading cause of cancer death by 2030, before
colorectal cancer.2 The many diagnostic and therapeutic
advances achieved in recent decades have not reversed
the extremely grim prognosis, and fewer than 5% of
patients survive beyond 5 years.3,4 Contributors to the
high mortality rate include the usually late diagnosis,
early metastatic dissemination, and often limited response
to chemotherapy and radiotherapy.5 Only complete exci-
sion with tumor-free (R0) margins can provide a cure.6

Imaging, by establishing the diagnosis, classifying the
tumor, and determining the tumor stage plays a decisive
role in determining whether the best treatment option is
primary surgery or � as is increasingly the case � neoad-
juvant chemotherapy or radiotherapy. In some cases, the
imaging findings indicate that only palliative treatment is
in order.
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Risk Factors
Mean age at diagnosis is 70 years. Pancreatic cancer is more
common in industrialized countries and in males.

The main risk factors are smoking, type 2 diabetes,
chronic pancreatitis, obesity, and an inactive lifestyle. Genetic
factors associated with pancreatic cancer include the PRSS1
and SPINK1 mutations responsible for hereditary pancreati-
tis, Peutz-Jeghers syndrome, and the BRCA1 and BRCA2
mutations that cause familial breast and ovarian cancer.7
Clinical Presentation
As most patients have no early symptoms and the late symp-
toms are variable and nonspecific, the disease is often advanced
at first presentation. The type and timing of the symptoms
depend chiefly on the location of the primary and on the stage
of the tumor. Compared to location in the tail of the pancreas
(20%-30% of cases), location in the head (70%-80% of cases)
results in earlier symptoms including jaundice due to compres-
sion of the main bile duct. The most common symptoms are
fatigue, anorexia, and weight loss, which are often delayed.
Severe abdominal pain radiating toward the back suggests an
unresectable tumor that has spread to the peritoneum.8

About 50% of patients with pancreatic cancer have diabe-
tes mellitus.9 The diabetes may be a recent consequence of
pancreatic duct obstruction by the tumor with pancreatic
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tissue atrophy upstream of the blockage or of a paraneoplas-
tic syndrome. Some patients, in contrast, have longstanding
uncontrolled diabetes.
Acute pancreatitis due to obstruction of the main pancre-

atic duct may be the inaugural manifestation. The tumor may
be challenging to diagnose as it may be masked by the pan-
creatic infiltration due to the acute disease.
Laboratory Findings
CA 19.9 is the main serum marker for pancreatic cancer. Sen-
sitivity is 80% and specificity in symptomatic patients is about
80%-90%. The positive predictive value is too low, however,
for diagnostic or screening purposes.10 Furthermore, false-
positive results are common, notably in patients with cholesta-
sis, diabetes, chronic pancreatitis, or other malignancies. Thus,
CA 19.9 assay results must be interpreted with discernment.
The CA 19.9 level may supply prognostic information in 2

situations. At the diagnosis of pancreatic cancer, a value below
200 U/mL suggests resectability and a value above 1000 U/mL
strongly suggests metastatic dissemination. During treatment
monitoring, reversion to negativity after surgery has favorable
prognostic significance, and declining values during chemother-
apy or radiation therapy suggest satisfactory tumor control.11
TNMClassification
Pancreatic cancer is currently classified using the 8th version
of the American Joint Committee on Cancer (AJCC) staging
system (Tables 1 and 2), which introduced several changes in
the T and N categories compared to the earlier versions.12

The T category describes the size of the primary tumor mea-
sured along its largest dimension, as opposed to spread beyond
Table 1 TNM (Tumor/Nodes/Metastasis) Classific
American Joint Committee on Cancer (AJCC), 8th E
the pancreas in the 7th version. The new version is more objec-
tive and produces a closer correlation with survival.13

The N category describes the regional lymph nodes, for which
no consensual definition exists to date. Tumors of the head or
isthmus classically drain to nodes located about the hepatic pedi-
cle, common hepatic artery, portal vein, and pylorus; anterior or
posterior to the pancreaticoduodenal vessels; along the superior
mesenteric vein; and along the right lateral border of the superior
mesenteric artery. Tumors in the body or tail of the pancreas are
believed to connect to nodes along the common hepatic artery,
celiac artery, splenic artery, and splenic hilum.

Involved nodes at other sites are classified as remote
metastases (M).

Figure 1 illustrates the TNM classification.
Diagnostic Imaging Studies
Ultrasound
Indications
Ultrasonography is the first-line imaging study in patients
with jaundice or abdominal pain. This noninvasive and inex-
pensive investigation14 can visualize bile or pancreatic duct
obstruction, detect the tumor, and contribute to assess
spread by showing local and regional involvement and by
detecting remote metastases (eg, liver metastases and retro-
peritoneal nodes). Nonetheless, slice imaging must be per-
formed to further assess tumor spread. Ultrasonography can
be used to guide a percutaneous biopsy (eg, of a liver metas-
tasis or, more rarely, of the primary tumor).
Results
Published data on diagnostic performance vary considerably,
in part due to the heavily operator-dependent nature of
ation for Pancreatic Cancer, Based on the
dition (2010)



Table 2 Stages of Pancreatic Cancer Based on the AJCC Classification
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ultrasonography. Thus, sensitivity has ranged from 50% to
90%.15-17

The main limitations of ultrasonography are related to the
following factors:
� Tumor size smaller than 2 cm or causing little com-

pression of the bile ducts or main pancreatic duct;

� Tumor location in the left side of the pancreas, notably

the tail, which is less easily accessible by ultrasound;
� Tumors that cause diffuse infiltration of all or part of the

pancreas without changing the gland contours and/or
tumors that are isoechoic to the rest of the gland; and

� The usual technical limitations such as obesity and
bowel gas obscuring the pancreas.
Direct signs. Pancreatic adenocarcinoma is typically visible as
a hypoechoic and ill-defined image (Fig. 2) that may or may
not modify the contours of the gland.18
Figure 1 Staging of pancreatic adenocarcinoma. (a, b) Stage I is
defined as a primary tumor confined to the pancreas (T1, <2 cm or
T2, >2 cm) without nodal involvement or metastatic disease.
(c) Stage IIA is disease extending beyond the pancreas without vas-
cular involvement (T3), nodal involvement, or metastatic disease.
(d) Stage IIB is defined as a primary tumor that has spread to the
lymph nodes. (e) Stage III is disease that has spread to the blood
vessels (T4). (f) Stage IV is disease with distant metastases. Blue,
superior mesenteric vein; red, superior mesenteric artery; brown,
primary tumor; gold, involved nodes and liver metastases; light
blue, inferior vena cava; pink, aorta.24 (Color version of figure is
available online.)
Indirect signs. The many indirect signs include the following:

� Dilation of the main bile duct and intrahepatic bile
ducts (if the tumor is in the head of the pancreas);

� Evidence of obstructive chronic pancreatitis upstream of
the tumor such as dilation of the main pancreatic duct
(>3 mm) and atrophy of the pancreatic parenchyma; and

� A pseudocyst due to acute pancreatitis upstream of the
tumor.
Contribution of contrast-enhanced ultrasound (CEUS). Con-
trast-enhanced ultrasound (CEUS) was first evaluated in the
late 1990s. The injection of a contrast agent that remains
within the vascular network provides information on tissue
blood supply. In several studies, CEUS performed better
than conventional ultrasound and, in some cases, as well as
computed tomography (CT).17,18

Pancreatic adenocarcinoma is typically hypovascular,
whereas chronic pancreatitis produces moderate and contin-
uous enhancement with similar vascularity to that of the
adjacent parenchyma; however, in very longstanding cases
Figure 2 Ultrasound findings in pancreatic cancer. Transcutaneous
abdominal ultrasound scan, transverse slice: Hypoechoic image in
the pancreatic head (white arrowheads) and upstream dilation of
the main pancreatic duct (asterisk).
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with marked fibrosis, chronic pancreatitis may appear hypo-
vascular. Although diagnostic performance was satisfactory
in several studies,19-21 CEUS is heavily operator-dependent
and rarely used in clinical practice.

Contribution of transcutaneous ultrasound elastography (TUE). Tag-
gedPTUE is used routinely for some organs such as the breast and
thyroid and was evaluated recently for the evaluation of pan-
creatic lesions. For the pancreas, however, TUE seems more
challenging and less reproducible, due to the deep location of
the gland and to the presence of artifacts related to bowel gas
and aortic pulsations. TUE may help to distinguish pancreatic
adenocarcinoma, which has a lower elasticity coefficient (blue
image), from chronic pancreatitis (green image). Sensitivity is
low, however, as some areas of pancreatitis with severe fibrosis
may have a low elasticity coefficient.22,23 Although TUE might
help to detect early pancreatic lesions, further studies, and bet-
ter standardization are needed, and at present this technique is
very rarely used in everyday practice.
Computed Tomography
Indications
CT is probably the most widely used imaging modality for
pancreatic abnormalities. The goals are to establish the diag-
nosis and to assess locoregional and metastatic spread. CT is
the only imaging technique that is indicated, in addition to
ultrasound, in patients with metastatic pancreatic cancer.24

Recommended Protocol for Pancreatic CT25-27

Helical multidetector CT is used to obtain multiphase acquis-
itions with a slice thickness of less than 3 mm. Multiplanar
reconstruction is then performed to optimize the evaluation
of tumor spread to the blood vessels, notably the veins.28 An
iodinated contrast agent is injected intravenously, in a con-
centration of at least 300 mg/mL, a volume of 1.5 mL/kg,
and a high rate of 3 to 5 mL/s in most cases. The following
acquisitions are obtained:

� An unenhanced acquisition;
� A delayed arterial or pancreatic acquisition, about 35-

50 seconds after the beginning of the injection; reduc-
ing the field of view is optional but improves spatial
resolution; and

� A portal phase acquisition, 70 seconds after the begin-
ning of the injection.

Opacification of the upper gastrointestinal tract by having
the patient ingest about 500 mL of water over the 10 minutes
preceding the investigation helps to identify gastric and duo-
denal landmarks.
After image transfer to a postprocessing console, 2D and

3D reconstructions are generated. The peripancreatic blood
vessels are evaluated on thick-slab maximum intensity pro-
jection (MIP) reconstructions.
Unenhanced acquisition: Investigation of the entire supra-

colic abdominal cavity
The goals are to:
a) Detect any pancreatic calcifications;
b) Look for spontaneous high attenuation, which might

indicate bleeding; and
c) Determine the exact height of the pancreas to optimize

the pancreatic acquisition and decrease the radiation
dose.

A low-dose protocol should be used.
Delayed arterial or pancreatic acquisition: the images are

centered on the pancreas, extending from just above the ori-
gin of the celiac artery to the level of the third part of the
duodenum.

The goal is to obtain a detailed evaluation of the pancreas
and surrounding region and to examine the blood vessels,
notably the arteries. Diagnostic performance is best at the pan-
creatic phase due to the greater density gradient between the
tumor and normal pancreas compared to the pure arterial and
parenchymal phases.26,29 This acquisition also allows the iden-
tification of anatomical variants of the arteries that may be of
therapeutic significance (eg, presence of a right hepatic artery).

Portal phase acquisition: investigation of the entire abdo-
men and pelvis

This acquisition visualizes the veins and detects any
hepatic and peritoneal metastases. As part of the staging
workup, images can also be acquired at the thorax to look
for lung metastases.

Results
As with ultrasound, the CT diagnosis of pancreatic adenocar-
cinoma relies on both direct and indirect signs.

Direct signs. Pancreatic adenocarcinoma is typically visible as
an ill-defined area of hypoattenuation at the pancreatic phase
and of either hypo- or isoattenuation at the portal phase
(Fig. 3). This pattern is seen in 90% of cases. The remaining
10% are isoattenuating lesions (see challenging situations
below). A large tumor may alter the contours of the gland.

Indirect signs (Fig. 4). The indirect signs may occur in isola-
tion. They vary with the location of the tumor.

� Bile duct dilation upstream of the tumor

This sign is present in about 86% of patients with involve-
ment of the pancreatic head.30 The intrahepatic bile ducts
are often dilated also, and the gallbladder may be distended
(gall bladder hydrops).

� Main pancreatic duct dilation upstream of the tumor

The frequency of this sign is 88% for tumors of the
pancreatic head and nearly 50% for those of the pancre-
atic body.30 The secondary ducts may or may not be
dilated also.

The double-duct sign, defined as dilation of both the bile
duct and the main pancreatic duct, is highly suggestive of
pancreatic cancer even when no other abnormalities are visi-
ble. The duct cutoff indicates the level of obstruction by the



Figure 3 Direct signs of pancreatic cancer by computed tomography
(CT). Contrast-enhanced CT, arterial pancreatic phase, axial views
showing. (a) An ill-defined hypoattenuating image in the pancreatic
isthmus (white arrowheads) with upstream parenchymal atrophy
and main pancreatic duct dilation and (b) An ill-defined hypoatte-
nuating image in the uncinate process (white arrows).
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tumor, even when this last is isoattenuating and therefore not
visible directly.

� Parenchymal atrophy upstream of the tumor

Parenchymal atrophy is a consequence of pancreatic duct
obstruction and indicates postobstructive pancreatitis. This
mechanism explains why the main pancreatic duct is often
dilated (about 82% of cases). Partial parenchymal atrophy
with a normal-sized or enlarged downstream gland contrast-
ing with atrophy of the upstream parenchyma strongly sug-
gests cancer, even when the tumor is not directly visible.

� Pseudocyst upstream of the tumor

One or more pseudocysts may develop upstream of the
tumor as a result of either acute pancreatitis or rupture of a
dilated secondary pancreatic duct. This sign is seen in only
about 8% to 10% of cases. The pseudocyst may obscure the
primary tumor and therefore mistakenly suggest a cystic
tumor or acute pancreatitis due to another cause.

The diagnostic performance of CT for detecting pancreatic
adenocarcinoma is very good, with 89% to 97% sensitiv-
ity.31-33 Performance is better for large tumors and decreases
significantly, to only 67%-77%, for tumors measuring less
than 20 mm.34,35

Contribution of Spectral Imaging
New techniques have been developed to improve diagnostic
performance, notably by increasing the contrast between the
tumor and adjacent pancreas. One method consists in making
the acquisitions at a lower energy of 80 kVp instead of the
standard 120 kVp.36 The more recent dual-energy spectral CT
technique produces images at different energy levels and
allows postprocessing to generate material-specific images, as
well as monochromatic images. At low viewing energies, this
technique may improve tumor detection.37,38 Virtual single-
energy 70 keV images may provide the best compromise for
evaluating tumor spread, notably to the blood vessels.39

Challenging Situations

Isoattenuating tumors. Pancreatic adenocarcinoma exhibiting
the same attenuation as the normal parenchyma on the arterial
pancreatic and venous parenchymal acquisitions (Fig. 5)
accounts for only 5.4% to 11% of all cases.40,41 Isoattenuation
may correlate with small tumor size42 and has been reported
in 27% to 40% of tumors smaller than 20 mm.33,43 The pres-
ence of indirect signs, notably involving the ducts, should sug-
gest obstruction by a tumor and lead to further investigation
by magnetic resonance imaging (MRI). MRI is nearly 80% sen-
sitive for detecting isoattenuating pancreatic cancer.44

Diffuse tumors. Diffuse involvement of the gland (Fig. 6) may
occur in 5% to 20% of cases of pancreatic cancer.30,44 The
absence of direct signs may raise diagnostic challenges: the
pancreas is globally enlarged but there is no measurable mass
or normal parenchyma to serve as a reference. In addition,
when the left side of the pancreas is affected, the indirect
signs of duct dilation and parenchymal atrophy are lacking
also. Generalized gland enlargement, with a smooth appear-
ance due to loss of the normal lobulations may be the only
anomaly. Spread to nearby vessels seen, for instance, as
splenic vein thrombosis or evidence of segmental portal



Figure 4 Indirect computed tomography (CT) signs of pancreatic cancer. Contrast-enhanced CT, axial views (a, b, c, and e)
and coronal reconstruction (d). (a and b) Dilation of the main pancreatic duct (asterisk) and parenchymal atrophy (white
arrowheads) upstream of a lesion in the pancreatic isthmus. (c and d) Dilation of the intra- and extrahepatic bile ducts
upstream of a lesion in the pancreatic head. (e) Pseudocyst (black arrowhead) caused by fluid retention upstream of a lesion
in the pancreatic head.
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Figure 5 Isoattenuating pancreatic lesion by computed tomography
(CT). Contrast-enhanced CT, arterial pancreatic phase, coronal recon-
struction in the plane of the pancreatic duct showing dilation of the
main pancreatic duct (white arrowheads) with a cutoff in the cephalic
region (black arrowhead) and no visible parenchymal mass. Histology
confirmed the diagnosis of pancreatic adenocarcinoma.

Figure 6 Computed tomography (CT) and magnetic resonance
carcinoma. (a and b) Contrast-enhanced CT, axial views, (a)
MRI, axial views, postgadolinium T1-weighted fat-suppressed
portal phase (d). Note the diffuse involvement of the pancreati
ing by CT and low signal by MRI compared to the normal ceph
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hypertension strongly suggests pancreatic cancer. The main
differential diagnosis is autoimmune pancreatitis (AIP),
which often produces generalized gland enlargement with
failure to visualize the main pancreatic duct by CT. MRI is
useful in this situation to differentiate a malignancy from
autoimmune lesions.

Cystic forms of pancreatic adenocarcinoma. Cystic forms of
pancreatic adenocarcinoma (Fig. 7) are extremely uncommon.
The tumor is usually large, with a central area of necrosis. The
cyst wall is often thick and uneven, and indirect signs are gen-
erally visible upstream of the lesion. The differential diagnoses
are other cystic malignancies (eg, cystadenocarcinoma, mucin-
ous cystadenoma or transformed intraductal papillary mucin-
ous neoplasm, and solid pseudopapillary tumor).

Acute pancreatitis as the inaugural manifestation. Acute pan-
creatitis develops in about 10% of patients with pancreatic
adenocarcinoma and may reveal the disease. As stated above,
the underlying tumor may be hidden by the signs of acute
pancreatitis: edema of the gland, peripancreatic fat stranding,
imaging (MRI) appearance of diffuse pancreatic adeno-
arterial pancreatic phase and (b) portal phase. (c and d)
GRE sequence at the arterial pancreatic phase (c) and

c body and tail (white arrowheads) that is hypoattenuat-
alic parenchyma (black arrowheads).



Figure 7 Cystic form of pancreatic adenocarcinoma. Contrast-
enhanced computed tomography, arterial pancreatic phase, axial
view: Lesion in the pancreatic isthmus (black arrowhead) producing
a hypoattenuating cyst-like appearance with upstream main pancre-
atic duct dilation and parenchymal atrophy.

Figure 8 Pancreatic adenocarcinoma revealed by an episode of acute
pancreatitis. Contrast-enhanced computed tomography, arterial
pancreatic phase, axial views (a and b): Lesion in the pancreatic
head (white arrowhead) with upstream main pancreatic duct dila-
tion (asterisks) and signs of acute pancreatitis consisting of hypoat-
tenuating parenchymal edema (black arrows) and infiltration of the
peripancreatic fat (black arrow heads).

Initial Diagnosis and Staging of Pancreatic Cancer 443
and peripancreatic fluid collections (Fig. 8), hindering the
diagnosis. In addition, several of the indirect signs of cancer
(eg, main pancreatic duct dilation, pseudocyst, and vessel
thrombosis) may occur also in pancreatitis.
In patients with acute pancreatitis, several findings should

suggest pancreatic cancer, including location in the left side of
the pancreas, evidence of obstructive pancreatitis (partial gland
atrophy and segmental duct dilation), and sheathing of the blood
vessels (notably the celiac artery or superior mesenteric artery).
When the diagnostic is in doubt, MRI should be per-

formed to guard against missing a tumor.
Magnetic Resonance Imaging
Indications
Excellent contrast resolution is among the main advantages
of MRI. Another is the ability to obtain not only a conven-
tional structural assessment but also images of the ducts, by
magnetic resonance cholangiopancreatography (MRCP),
which is a noninvasive alternative to endoscopic retrograde
cholangiopancreatography (ERCP). In addition, the intro-
duction of diffusion imaging has improved the detection of
primary tumors and, to an even greater extent, of hepatic
and peritoneal metastases.
Although no universal recommendations are available, the

use of MRI is advocated in at least the following two situations:

� Presence by CT of an isoattenuating tumor, as MRI
usually provides better direct visualization of the
lesion45; and
� Presence of a nonmetastatic tumor at CT, chiefly to
detect hepatic metastases missed by CT (false-negative
CT findings).

Technique
Although variations exist across centers, the MRI protocol
used for the pancreas must include both structural sequences
before and after gadolinium chelate injection and 2D or 3D
MRCP sequences. The patient should be in the fasting state
and medicated with a spasmolytic agent to limit motion arti-
facts produced by peristalsis.

We believe the protocol below provides an optimal assess-
ment of pancreatic cancer.

Before gadolinium chelate injection

� T2-weighted single-shot fast spin-echo (SSFSE): Coro-
nal and axial planes, section thickness <6 mm;
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� T2-weighted fat-suppressed fast spin-echo (FSE): Axial
plane, section thickness <6 mm;

� T1-weighted fat-suppressed spoiled gradient-echo with
weighted in-phase and opposed-phase gradient echo
(GRE): Axial plane, section thickness <6 mm;

� Diffusion-weighted imaging (DWI) with a large field of view
including the liver: Axial plane, section thickness<6 mm;

� Preintravenous and dynamic postintravenous contrast
3D T1-weighted fat-suppressed GRE (arterial, portal
venous, and equilibrium phases); and

� T2-weighted MRCP, 2D and/or 3D fast recovery FSE:
Coronal and oblique planes, section thickness <3 mm
for 3D and <20 mm for 2D.

This protocol is summarized in Table 3.

Results

Direct signs (Fig. 9). Direct tumor visualization is usually bet-
ter by MRI than by CT. As a rule, the tumor generates low
signal on T1-weighted fat-suppressed unenhanced images.
On T2-weighted images, tumor visibility is often limited,
with only a faint and heterogeneous high signal. On 3D T1-
weighted images after gadolinium chelate injection, the
tumor is hypointense compared to the adjacent pancreas at
the arterial phase, which provides the best contrast between
the enhanced normal pancreatic parenchyma and the less
enhanced fibrotic tumor. Enhancement increases gradually.
At the portal and late phases, the tumor is frequently isoin-
tense and therefore undetectable. However, the presence of a
fibrotic component within the tumor may result in slight
hyperintensity at the late phase.46

Contribution of diffusion-weighted imaging (DWI)
The introduction of DWI has improved both the detection

and the characterization of pancreatic tumors. DWI should
therefore be used routinely.
DWI has excellent diagnostic performance for pancreatic

lesions, with 96% sensitivity and 98.6% specificity.47 Never-
theless, a study by Fukukura et al demonstrated that DWI
was not the best sequence for accurately measuring and
delineating the tumor,48 chiefly due to marked hyperinten-
sity of the adjacent pancreatic parenchyma.
The high cell density and presence of a fibrotic component

usually result in restricted diffusion within pancreatic adeno-
carcinomas, whose apparent diffusion coefficient (ADC) is
Table 3 Protocol for MRI Assessment of Pancreatic A

Note: MRCP, magnetic resonance cholangiopancreatogra
therefore lower than that of benign lesions.49 Although ADC
cutoffs have been suggested, considerable overlap occurs, as
ADC values vary with the degree of tumor differentiation and
amount of fibrosis.49 In addition, the lack of standardization
of DWI protocols is a major obstacle to comparisons of pub-
lished studies. In a recent meta-analysis, the mean ADC of
pancreatic lesions was 1.332¢10�3 mm2/s, with standard
deviations of 0.78 to 2.32.50

ADC may correlate with tumor aggressiveness, thus pro-
viding prognostic information. Low ADC values may be asso-
ciated with a higher risk of spread to the blood vessels and
peripancreatic nerve plexuses,51 a high risk of remote metas-
tases, and worse survival.52 High ADC values, in contrast,
may predict resectability with tumor-free resection margins
(R0) in patients with borderline-resectable tumors.53 High
b-values must be used. A b-value of 1500 s/mm2 with 3.0-T
DWI may increase the sensitivity of tumor detection.54 DWI
and ADC mapping can detect nodules within cyst walls, thus
indicating the presence of malignant transformation.

The main limitation of DWI is that malignancies cannot be
distinguished from mass-forming chronic pancreatitis
(MFCP). In addition, whether DWI helps to characterize cys-
tic pancreatic lesions remains unknown.

DWI may be extremely useful for detecting remote metas-
tases, notably in the liver and peritoneum (see the section on
staging below).

Indirect signs (Fig. 10). The indirect signs of pancreatic cancer
by MRI are the same as by CT. Signs of upstream obstructive
chronic pancreatitis are clearly visible on the T1-weighted
fat-suppressed sequence without contrast injection and
include parenchymal atrophy and loss of the normal T1 high
signal upstream of the tumor, whereas downstream size and
signal are normal. MRCP shows irregular dilation of the main
pancreatic duct, combined with dilation or visibility of the
secondary ducts upstream of the tumor. MRCP also provides
an accurate evaluation of the duct cutoff zone at the junction
of the slender downstream duct and dilated upstream duct.
Endoscopic Ultrasound (EUS)
Indications
The main benefit derived from upper gastrointestinal tract
EUS is the collection of specimens for cytological and/or
denocarcinoma

phy; 2D, two dimensional; 3D, three dimensional.



Figure 9 Direct signs of pancreatic adenocarcinoma by magnetic resonance imaging. (a) T2 SSFSE, axial views. (b) Diffusion-
weighted imaging, b800, axial views. (c and d) Contrast-enhanced T1-weighted fat-suppressed GRE sequence, axial views,
arterial pancreatic phase, (c) and late phase (d). Pancreatic lesion in the isthmus (white arrowhead), measuring 25 mm,
generating high signal on T2 images, high diffusion signal, and lower signal than the adjacent pancreatic parenchyma at the
arterial pancreatic phase with gradual heterogeneous enhancement indicating the presence of a fibrous component.
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histological studies. EUS may also provide information on
locoregional spread that complements those obtained by CT.
Nonetheless, EUS is not the reference standard investigation
for assessing vascular invasion.
Regarding pancreatic adenocarcinoma, EUS is chiefly use-

ful in 3 situations:

� strong suspicion of a pancreatic tumor and indirect
signs by CT and/or MRI (notably main pancreatic duct
dilation) but no visible tumor;

� visualization of a pancreatic lesion of uncertain nature
(notably doubt regarding the possibility of AIP or
MFCP); and

� need for a histological diagnosis (when no more easily
accessible lesions exist), for instance before starting
induction or neoadjuvant chemotherapy.

New EUS methods such as elastography and injection of
an US contrast agent are being evaluated but are not recom-
mended at present.

Obtaining Histological Documentation by EUS
Histological documentation of nonmetastatic tumors is usu-
ally obtained by fine needle biopsy under EUS guidance.
EUS biopsy performs similarly to percutaneous biopsy, with
88%-90% sensitivity and nearly 100% specificity, and has a
lower complication rate of 1.38% compared to 5.6%.55,56 A
19G, 22G, or 25G needle is generally used. Unfortunately,
histological proof may be challenging to obtain if the tumor
is small, located deep in the gland or, most importantly, con-
tains a predominant fibrous component with a marked des-
moplastic reaction. As a result, the negative predictive value
of fine needle biopsy is only about 55%-65%.57 The presence
of underlying chronic pancreatitis also adversely affects diag-
nostic performance, diminishing sensitivity to 55%-74%.58

EUS-guided fine needle biopsy may be the histological
sampling method of choice for resectable tumors in the right
side of the pancreas, as the risk of dissemination may be
lower with the transduodenal than with the percutaneous
approach. Another major advantage is that the biopsy tract is
removed in its entirety with the operative specimen if duode-
nopancreatectomy is performed.

The recognized indications of EUS-guided fine needle
biopsy are as follows:

� Typical, potentially resectable tumor, being considered
for neoadjuvant therapy;

� Unresectable tumor considered for chemotherapy, with
no remote metastases that would be more readily acces-
sible to percutaneous biopsy (eg, liver, peritoneum); and



Figure 10 Indirect signs of pancreatic adenocarcinoma by magnetic resonance imaging. (a) Unenhanced T1-weighted
fat-suppressed GRE sequence, axial view: loss of the normal parenchymal high signal on T1 images (asterisk) upstream
of a lesion in the pancreatic isthmus. (b) Postgadolinium T1-weighted fat-suppressed GRE sequence, coronal view:
Parenchymal atrophy (black arrowheads) upstream of a lesion in the isthmus. (c and d) T2-weighted magnetic reso-
nance cholangiopancreatography sequences, 2D coronal view: (c) dilation of the main and secondary pancreatic ducts
(white arrowheads) indicating chronic pancreatitis upstream of a lesion in the body and (d) dilation of the main pan-
creatic duct and intra- and extrahepatic bile ducts (double duct sign) upstream of a lesion in the pancreatic head for
indirect signs.
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� Diagnostic uncertainty with a need to rule out differen-
tials (AIP, chronic pancreatitis, benign tumor).

In practice, however, EUS-guided fine needle biopsy is
often performed routinely, although histological documenta-
tion is not mandatory when primary surgical resection is
deemed feasible. Importantly, a negative biopsy in a patient
whose imaging studies strongly suggest cancer should not
delay the surgical treatment.
18-Fluorodeoxyglucose Positron Emission
Tomography (FDG-PET) Combined With
Computed Tomography (CT)
FDG-PET is not performed routinely in patients with pancre-
atic cancer, as it does not help to characterize the pancreatic
lesions and does not perform better than CT or MRI for rul-
ing out other diagnoses (notably chronic pancreatitis). In
addition, for the assessment of locoregional spread, FDG-
PET performs less well than CT for visualizing the primary
(particularly if <2 cm) and has only 37% sensitivity and
79% specificity for detecting positive regional nodes.59

In contrast, FDG-PET is more effective than CT for detect-
ing remote metastases, notably in the liver and peritoneum,60

for which sensitivity is 88%-91% versus 30%-57% for CT.
Nonetheless, MRI is superior over FDG-PET for detecting
liver metastases, particularly those measuring less than 1 cm.

During the initial workup, FDG-PET should be used only
when in doubt about the presence of remote metastases,
notably involving the peritoneum or nodes (eg, in the retro-
peritoneal space).
FDG-PET Combined With MRI
FDG-PET combined with MRI is a recently introduced tech-
nique that may hold promise, as it provides both structural
information via the MRI sequences (Fig. 11), notably DWI,



Figure 11 Appearance of pancreatic adenocarcinoma by 18-fluoro-
deoxyglucose positron emission tomography (FDG-PET) coupled
with magnetic resonance imaging (MRI). (a) MRI, postgadolinium
T1-weighted fat-suppressed GRE sequence, axial view at the arterial
pancreatic phase. (b) Same view merged with the metabolic images
obtained by FDG-PET. High uptake by a lesion in the body of the
pancreas (white arrows) indicating a primary tumor. Courtesy of O.
Lucidarme, Piti�e, University Hospital, Paris, France. (Color version
of figure is available online.)
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and metabolic information. The contribution and indications
of FDG-PET-MRI are under evaluation. A recent meta-analy-
sis suggests that FDG-PET-MRI may have similar diagnostic
performance to FDG-PET-CT plus contrast-enhanced multi-
detector CT.61
Differential Diagnoses
Chronic Pancreatitis
Differentiating MFCP from pancreatic adenocarcinoma is the
most difficult challenge raised by pancreatic imaging. In both
conditions, the patient profile, clinical presentation (pain,
weight loss, jaundice), and imaging findings, notably by CT,
can be similar. In addition, the 2 conditions may co-exist
(Fig. 12), as chronic pancreatitis is among the risk factors for
pancreatic cancer. In this situation, the diagnosis of cancer is
often made late, at the stage of locally advanced or metastatic
disease.

Pancreatic adenocarcinoma is highly fibrous and hypovas-
cular, 2 characteristics shared by chronic pancreatitis. Conse-
quently, a tumor that is well differentiated or contains an
abundance of fibrous stroma may be difficult to diagnose on
histological specimens. Similarly, MFCP may be seen by CT
as a hypoattenuating mass that enhances gradually (indicat-
ing fibrosis) and is accompanied with indirect upstream signs
(segmental atrophy and segmental duct dilation).

CT findings that suggest chronic pancreatitis rather than
pancreatic cancer include intraductal or intraparenchymal
calcifications, less pronounced and irregular upstream duct
dilation, and a more gradual decrease in main bile duct diam-
eter in contact with the lesion.

Triple-phase CT has been used to evaluate enhancement
kinetics.62 Chronic pancreatitis produced a delayed washout
pattern contrasting with gradually increasing enhancement
of pancreatic adenocarcinoma. However, overlap occurred
between the 2 patterns. In addition, this technique is ill-
suited to clinical practice.

Recently developed functional imaging modalities seek to
assist in differentiating chronic pancreatitis from pancreatic
cancer.63 Perfusion CT may provide diagnostic assistance but
is not capable at present of definitively distinguishing between
the 2 entities.64 Finally, there is some evidence that absence of
KRASmutations (ie, presence of the wild-type gene) in pancre-
atic fluid strongly suggests a benign condition.55

Contrast-Enhanced Ultrasound
Contrast agents specifically designed for ultrasonography can
be used during standard transcutaneous ultrasound or EUS.
Contrary to the contrast agents used for CT or MRI, they
remain within the vascular network and consequently pro-
vide information on tissue blood supply.

Pancreatic adenocarcinoma is usually hypovascular. In
contrast, moderate and continuous vascularization is seen in
chronic pancreatitis, which appears isovascular to the adja-
cent normal parenchyma.65 When used in combination with
other ultrasound criteria, enhancement kinetics may improve
the ability to distinguish among various pancreatic
conditions.66

However, longstanding MFCP may appear hypovascular.67

In practice, CEUS is rarely used as it is both highly operator-
dependent and unable to reliably differentiate benign and malig-
nant lesions.

Perfusion CT
As discussed above, structural CT imaging may fail to distin-
guish pancreatic adenocarcinoma from MFCP, both of which
may produce a hypovascular image at the pancreatic arterial
phase, gradual enhancement, and indirect signs (postobstructive
pancreatitis, notably with cephalic lesions). Analyzing the perfu-
sion parameters may help to distinguish the vascularized tissue
component from the fibrous component.



Figure 12 Pancreatic adenocarcinoma developing on calcified mass-forming chronic pancreatitis (MFCP) visualized by
magnetic resonance imaging (MRI). (a and b) MRI postgadolinium T1-weighted fat-suppressed GRE sequence, axial views
at the arterial pancreatic phase (a) and portal phase (b). (c) Magnetic resonance cholangiopancreatography, T2-weighted
2D sequence, coronal view. Lesion in the pancreatic head (white arrowheads) generating low signal compared to the adja-
cent parenchyma at the arterial phase, with gradual enhancement; Double duct sign on the Wirsung-MRI sequence. Several
fine needle biopsies were negative. (d) Histological examination (only a, b and c actually) of the cephalic duodenopancrea-
tectomy specimen showed an infiltrating adenocarcinoma. (Color version of figure is available online.)
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With triple-phase pancreatic CT, enhancement kinetics
falls into 3 patterns:

� Early washout pattern with an early peak at the pancre-
atic arterial phase followed by gradual washout of the
normal parenchyma;

� Delayed washout pattern with a peak at 60-70 seconds
followed by gradual washout of MFCP lesions; and

� Gradually increasing enhancement of pancreatic ade-
nocarcinoma.

Comparing the enhancement value curves may perform
well for distinguishing between MFCP and pancreatic adeno-
carcinoma, with 82%-94% sensitivity and 83%-90% specific-
ity depending on the injection protocol.62 This tool may
therefore hold promise, although it appears ill-suited to clini-
cal practice.

MRI, Diffusion, Perfusion
As indicated above, conventional acquisitions combining
gadolinium-enhanced T2-weighted structural sequences
with duct sequences have similar diagnostic performance to
CT. Adding diffusion and perfusion sequences may help to
differentiate pancreatic adenocarcinoma from MFCP.

Diffusion-weighted imaging (DWI)
Although DWI performs well for detecting pancreatic

abnormalities (see the section on DWI-MRI), both pancreatic
adenocarcinoma and MFCP are highly fibrous lesions that
restrict diffusion, producing a high diffusion signal and a



Figure 13 Examples of autoimmune pancreatitis by magnetic resonance imaging (MRI) and computed tomography (CT).
(a, b, and c) Acute autoimmune pancreatitis of the tail: (a) MRI, postgadolinium T1-weighted fat-suppressed GRE sequence
at the arterial pancreatic phase, axial view and (b) contrast-enhanced CT at the arterial pancreatic phase, axial view showing
edema of the tail of the pancreas with a rim of low signal by MRI (halo sign) and of hypoattenuation by CT (white arrow-
heads); (c) magnetic resonance cholangiopancreatography, T2-weighted sequence, 2D coronal view: the main pancreatic
duct is abnormally slender and is interrupted in several places in the caudal region (asterisk). (d, e, and f) Autoimmune pan-
creatitis of the body with upstream chronic pancreatitis by MRI: postgadolinium T1-weighted fat-suppressed GRE sequence,
axial view, (d) arterial pancreatic phase and (e) late phase showing an ill-defined tumor-like image in the body of the pan-
creas (black arrowheads) with evidence of upstream parenchymal atrophy of the tail; (f) magnetic resonance cholangiopan-
creatography, T2-weighted sequence, 2D coronal view showing an abnormally slender main pancreatic duct in the body of
the pancreas with no cutoff at the level of the tumor-like image, ruling out a primary tumor; note the dilation of the second-
ary ducts in the tail of the pancreas (white arrow) indicating upstream chronic pancreatitis.
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Figure 14 Autoimmune focal pancreatitis visualized by magnetic resonance imaging. (a) T2SSFSE sequence, axial views.
(b) Diffusion-weighted imaging. (c) Apparent diffusion coefficient. (d) T2-weighted magnetic resonance cholangiopan-
creatography, 2D coronal view. (e) T1-weighted fat-suppressed GRE sequence at the portal phase, axial view. (f) 3D
T1-weighted fat-suppressed GRE sequence at the portal phase. Lesion in the body of the pancreas generating interme-
diate signal on T2 images and low diffusion signal, with a high ADC value and gradual peripheral enhancement around
a hypovascular center. Note the duct cutoff on the magnetic resonance cholangiopancreatography image with upstream
signs of chronic pancreatitis. A biopsy collected by endoscopic ultrasound confirmed the diagnosis of autoimmune
pancreatitis.
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decrease in ADC values. ADC is significantly lower in pancre-
atic adenocarcinoma than in the normal parenchyma or
MFCP.68 Nonetheless, ADC values vary with tumor differen-
tiation and the amount of fibrosis, so that considerable over-
lap exists between adenocarcinoma and MFCP. Thus, no
reliable cutoffs exist for differentiating these 2 conditions.

Perfusion-weighted imaging (PWI)
As with CT, the perfusion parameters during MRI may

help to distinguish pancreatic cancer from MFCP. However,
research into PWI is still in its early stages and this method is
therefore not suitable for clinical practice.
Figure 15 Paraduodenal pancreatitis by magnetic resonance imaging.
(a) T2SSFSE sequence, coronal view. (b) Postgadolinium T1-weighted
fat-suppressed GRE sequence at the portal phase, coronal view. Note
the multiple cyst-like images in the paraduodenal region (white arrow-
heads indicating paraduodenal pancreatitis).
Autoimmune Pancreatitis (AIP)
AIP is a rare form of chronic pancreatitis that exists as 2 variants,
Type 1 and Type 2,69 whose main features are listed below.

� Type 1 (about 80% of all cases of AIP): Predominance
in men, mean age at diagnosis of about 60-70 years,
higher incidence in Asia, IgG4 elevation in many cases,
and multiorgan involvement in some patients (eg, liver,
kidneys, lungs)

� Type 2 (20%-30% of all cases of AIP): Affects males and
females equally, younger mean age at diagnosis of about
40 years, usually normal IgG4 levels, and chronic
inflammatory bowel disease in about 30% of cases

Imaging studies may show diffuse or focal involvement of
the pancreas. Diffuse AIP is usually easy to distinguish from
pancreatic cancer. Focal AIP predominantly involving the
cephalic region may account for up to 67% of all cases of
AIP70 and can raise greater diagnostic challenges.
Clinical, laboratory, and imaging criteria have been sug-

gested for the diagnosis of AIP, such as those developed by
Hisort.71 IgG4 levels are elevated in about two-thirds of
cases of type 1 AIP but are usually normal in type 2 AIP.
The specificity of IgG4 elevation has been estimated at
95%.72 CA19-9 is often high in patients with cancer but is
less helpful due to its low specificity, with other causes of
elevation including AIP, as well as uncontrolled diabetes
and cholestasis.
The main imaging study findings that suggest AIP are

listed below.73-75

Pancreatic parenchyma

� Uniform enhancement of the mass at the portal and
delayed phases

� Multiple pancreatic masses
� Hypointense capsule-like rim (halo sign)
� Absence of parenchymal atrophy upstream of the

lesion
� Absence of spread to the adjacent blood vessels
� Marked restriction of diffusion <0.88
Abnormalities of the ducts

� Long stenoses of the main pancreatic duct (>3 cm) in a
multifocal distribution, with little or no upstream
narrowing

� Little or no dilation (<4 mm) of the main pancreatic
duct upstream of the lesion

� Duct-penetrating sign, defined as penetration of the
main pancreatic duct into the mass, with no stop sign

� Icicle sign, defined as a smooth tapered stenosis of the
main pancreatic duct upstream of the mass.76

MRI may perform better than CT for differentiating cancer
from AIP. Reported sensitivities of these 2 investigations are



Figure 16 Pancreatic neuroendocrine tumor by computed tomography (CT) and magnetic resonance imaging (MRI).
(a) Contrast-enhanced CT, arterial pancreatic phase. (b) MRI, postgadolinium T1-weighted fat-suppressed GRE
sequence at the arterial pancreatic phase, axial view. Hypervascular, exophytic, partly calcified, 2-cm lesion in the tail
of the pancreas (white arrowheads) with no dilation of the main pancreatic duct. The biopsy confirmed the diagnosis
of well-differentiated neuroendocrine tumor. (c and d) Contrast-enhanced CT, arterial phase, axial views showing an
ill-defined hypervascular mass in the pancreatic head (white arrow) and several hypervascular lesions in the liver. The
diagnosis was pancreatic gastrinoma with liver metastases.
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88.5%-90.2% vs 77%-80.3% for AIP and 97.5%-99.2% vs
91.8%-94.3% for cancer.77

Autoimmune disease at another site (eg, cholangitis, renal
involvement, or chronic inflammatory bowel disease) suggests
AIP, whereas the presence of remote lesions indicates cancer.78

Finally, the CT and MRI abnormalities usually resolve at least
partially after a course of corticosteroid therapy, which serves as
a diagnostic test. Consequently, when the diagnosis is in doubt,
these investigations should be repeated after a short interval to
avoid missing a malignant lesion (Figs. 13 and 14).
Paraduodenal Pancreatitis (PDP)
PDP is a focal form of chronic pancreatitis that involves the
pancreaticoduodenal groove. This condition was formerly
known as cystic dystrophy of heterotopic pancreas and is still
sometimes designated groove pancreatitis. Middle-aged
(about 40 years) males are predominantly affected, and about
80% of patients have chronic alcohol abuse.
PDP occurs as a cystic form and as a solid form that is
more difficult to distinguish from pancreatic groove adeno-
carcinoma. PDP is also classified as either pure, ie, confined
to the groove, with no spread to the parenchyma; or segmen-
tal, with involvement of both the groove and the adjacent
parenchyma.79

There are 3 main signs of PDP on imaging studies. Pres-
ence of all 3 signs should suggest the diagnosis.

� Focal mural thickening (>3 mm) of the second duode-
num, more marked on the pancreatic side, with
increased contrast enhancement

� Cystic formations in the duodenal wall or neighboring
region (Fig. 15)

� Fibrous tissue filling the groove.

Some signs that may be present in PDP should neverthe-
less lead to a reappraisal of the diagnosis and suggest a malig-
nancy if the groove is infiltrated. They include pancreatic



Figure 17 Cyst-like form of neuroendocrine tumor by magnetic resonance imaging (MRI). (a and b) T2SSFSE sequences,
axial (a) and coronal (b) views. (c and d) Postgadolinium T1-weighted fat-suppressed GRE sequence at the (c) arterial
pancreatic and (d) venous phases, axial views. Cyst-like, 11-mm lesion in the head of the pancreas (white arrowheads)
generating high signal on T2 images, with a rim of contrast enhancement.
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duct dilation, main bile duct dilation, encasement of the gas-
troduodenal artery, and invasion of the portal vein.
Neuroendocrine Tumors (NETs)
NETs account for only about 10% of all pancreatic tumors
and are classified as functioning or nonfunctioning. High vas-
cularity is a feature of the vast majority of NETs, notably
those in the functioning category. As a result, NETs are usu-
ally readily differentiated from pancreatic adenocarcinoma.
However, some NETs are not hypervascular and therefore
raise diagnostic challenges.

Functioning NETs
Most functioning NETs cause symptoms and are therefore

detected at an early stage. Imaging studies show a small,
well-defined, solitary lesion that often has an abundant and
uniform blood supply.

Nonfunctioning NETs
The diagnosis of nonfunctioning NETs is frequently estab-

lished at a later stage, when the tumor is larger and has often
produced metastases, notably to the liver. Hypervascularity
on imaging studies is less marked than with functioning
NETs, and the differential diagnosis with pancreatic adeno-
carcinoma may therefore be more difficult. The tumor may
have a heterogeneous appearance with necrotic foci, calcifica-
tions, or hemorrhagic remodeling.

In a patient with a pancreatic mass, imaging study findings
that support a diagnosis of NET rather than of pancreatic
adenocarcinoma include sharper mass contours, greater
enhancement at the arterial pancreatic and portal phases
(Fig. 16), and absence of upstream changes to the pancreatic
ducts, bile ducts, or pancreatic parenchyma.80 MRI usually
shows high signal on T2-weighted images and high diffusion
signal by DWI with an ADC value that is almost consistently
lower than that of the adjacent parenchyma.81 The ADC
value has been proven useful for detecting high-grade NETs.
The optimal ADC cutoff was 1.19¢10�3 mm2/s, with values
below the cutoff having 100% sensitivity and 92% specificity
for grade 3 NET.82

Other presentations of NETs include cystic pattern with
peripheral enhancement (Fig. 17) or purely cyst form with-
out enhancement.83



Figure 18 Neuroendocrine tumor with endovascular spread visual-
ized by computed tomography (CT). (a and b) Contrast-enhanced
CT, portal phase, (a) axial and (b) coronal views showing a tissular
pancreatic lesion (white arrowheads) with endoluminal budding
within the splenic vein (black arrowheads). This patient had a high-
grade neuroendocrine tumor.

Figure 19 Two examples of renal carcinoma metastases to the pan-
creas by computed tomography (CT). Contrast-enhanced CT at
the arterial phase, (a) axial view show hypervascular lesion in the
tail and (b) coronal view show a hypervascular lesion in the head
of the pancreas. Histology showed that both lesions were rena
carcinoma metastases.
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Spread to the veins often occurs as endoluminal
invasion of a vessel located in contact with the tumor, in a
pattern similar to that commonly seen in hepatocellular
carcinoma (Fig. 18). In contrast, venous involvement
with pancreatic adenocarcinoma generally occurs by
direct spread, causing stenosis then occlusion of the
vessel.
When the diagnosis is in doubt, isotopic investigations can

be helpful. They include somatostatin receptor scintigraphy
l

to detect well differentiated NETs and FDG-PET-CT for
undifferentiated grade 3 NETs.
Other Rare Pancreatic Tumors
Apart from NETs, several other histological types of pancre-
atic malignancies exist, although they are far less common
than pancreatic adenocarcinoma.

Pancreatic Metastases
Metastases rarely develop in the pancreas. The most com-
mon primaries are melanoma and cancers of the kidney,
lung, breast, colon, and rectum.84 The peripheral pan-
creas is most commonly involved. Both unifocal and mul-
tifocal forms exist. Absence of main pancreatic duct
dilation is suggestive. Pancreatic metastases often share



Figure 20 Acinar cell carcinoma by computed tomography (CT).
Contrast-enhanced CT at the portal phase, (a) axial and (b) coronal
views: large, sharply marginated, heterogeneous, oval lesion in the
pancreas with exophytic development and a cyst-like component
causing compression of the portal vein and dilation of the upstream
bile ducts. Courtesy of M.P Vullierme, Beaujon University Hospital,
Clichy, France.
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the same enhancement characteristics as the primary.
Most are hypoattenuating well-defined tumors, although
metastases from renal cancer or melanoma may be hyper-
vascular (Fig. 19) and must therefore be differentiated
from NETs.85,86
Acinar Cell Carcinoma
Acinar cell carcinoma contributes less than 1% of all pan-
creatic tumors. Imaging studies usually show a large, oval,
sharply marginated mass, often with a capsule (Fig. 20).
Enhancement after contrast injection is moderate and less
marked than that of the adjacent parenchyma.87 An
exophytic appearance is suggestive. Intraductal forms have
been reported.88
Challenges in the Management of
Pancreatic Adenocarcinoma
Primary surgical resection followed by adjuvant chemother-
apy is currently the reference standard treatment and can
provide a cure in patients with pancreatic adenocarcinoma,
provided tumor-free resection margins (R0) are achieved.5

Survival is lower and roughly similar to that seen with radio-
therapy and chemotherapy alone when the margins contain
microscopically visible tumor cells (R1) or macroscopically
visible tumor tissue (R2).89

The challenge therefore consists in identifying those
patients in whom R0 resection is likely to be achieved. When
surgery is not an option, chemotherapy is the main treat-
ment. Resectability is assessed based on the vascular connec-
tions of the tumor and on the absence of remote metastases
(see the section on staging below).

About 80% of patients are ineligible for surgery, either
because of locally advanced disease precluding the achieve-
ment of R0 margins or because remote metastases have
developed. Thus, only 20% of patients have potentially
resectable disease.

Many studies conducted over the last few years suggest that
neoadjuvant chemotherapy with or without radiotherapy may
constitute an effective debulking strategy that decreases the
tumor stage in about 30% of patients,90 thereby converting
locally advanced nonresectable tumors to resectable tumors
with similar R0 resection rates and survival outcomes to those
seen in patients with initially resectable tumors.83 Based on
these studies, a neoadjuvant treatment strategy has been devel-
oped for borderline-resectable or locally advanced pancreatic
adenocarcinoma. This strategy has several advantages: obser-
vation during neoadjuvant therapy helps to identify patients
who are not good candidates for surgery due to aggressive
tumor behavior with early metastases (about 30%); if the
tumor responds to neoadjuvant therapy, the likelihood of R0
resection increases; any micrometastases are rapidly sterilized;
and the opportunity to assess tumor chemosensitivity, as well
as patient tolerance to chemotherapeutic agents, helps to select
patients to surgery.91 Neoadjuvant therapy is increasingly used
but is not the reference standard and remains poorly standard-
ized. Several randomized trials are currently evaluating the
potential benefits.
Staging
Accurate staging is crucial in patients with pancreatic adeno-
carcinoma, as it governs the treatment decisions. Classifica-
tions developed to define resectability of pancreatic tumors
include those from the National Comprehensive Cancer Net-
work (NCCN), which was updated in 2018; the MD Ander-
son Cancer Center; and the American Society of Clinical
Oncology (ASCO), published in 2017. The criteria used to
define resectability differ across these 3 classification



Table 4 NCCN Criteria for Staging Pancreatic Adenocarcinoma

Note: CA, celiac artery; CHA, common hepatic artery; HA, hepatic artery; IVC, inferior vena cava; PV, portal vein; SMA,
superior mesenteric artery; SMV, superior mesenteric vein.

Figure 21 The 3 main classifications used to assess pancreatic tumor
resectability. ASCO, American Society of Clinical Oncology; MDACC,
MD Anderson Cancer Center; NCCN, National Comprehensive Cancer
Network. (Color version of figure is available online.)
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schemes. The NCCN classification defines resectability as
absence of vascular spread or vein contact <180° without
vessel lumen irregularity (Table 4). The ASCO classification
uses a more restrictive definition requiring absence of CT evi-
dence of vascular contact.92 MD Anderson Cancer Center cri-
teria are less stringent, in contrast, as patent portal or
mesenteric vein invasion does not rule out resectability.93

Figure 21 illustrates the differences across these 3 classifica-
tions.
The NCCN classification is the most widely used at pres-

ent and is therefore described in detail here. Tumors are
divided into 3 categories: resectable, borderline-resectable,
and nonresectable locally advanced or metastatic.89
Resectable Tumors (Figs. 22 and 23)

� No arterial tumor contact (celiac axis [CA], superior mesen-
teric artery [SMA], or common hepatic artery [CHA])

� No tumor contact with the superior mesenteric vein
(SMV) or portal vein (PV) or �180° contact without
vein contour irregularity.
Borderline-Resectable Tumors (Fig. 24)
Arterial

Pancreatic head/uncinate process

� Solid tumor contact with CHA, without extension to
CA or hepatic artery bifurcation, allowing for safe and
complete resection and reconstruction

� Solid tumor contact with the SMA of �180°
� Solid tumor contact with variant arterial anatomy (eg,

accessory right hepatic artery, replaced right hepatic
artery, replaced CHA, and the origin of replaced or
accessory artery); the presence and degree of tumor
contact should be noted, if present, as it may affect sur-
gical planning.

Pancreatic body/tail

� Solid tumor contact with the CA of �180°
� Solid tumor contact with the CA of >180° without

involvement of the aorta and with intact and
uninvolved gastroduodenal artery, thereby permit-
ting a modified Appleby procedure (some panel
members prefer this criterion to be in the unresect-
able category).

Venous

� Solid tumor contact with the SMV or PV of >180°,
contact of �180° with contour irregularity of the
vein or thrombosis of the vein but with suitable ves-
sel proximal and distal to the site of involvement
allowing for safe and complete resection and vein
reconstruction.

� Solid tumor contact with the inferior vena cava
(IVC).



Figure 22 Example of a resectable tumor, computed tomography (CT). Contrast-enhanced CT at the arterial pancreatic
phase, (a) axial view and (b and c) coronal maximum intensity projection reconstructions: Tissular lesion in the pan-
creatic body (white arrowheads) with spread to the splenic artery (black arrow) and a very tight stenosis of the splenic
vein (black arrowhead) but no contact with the celiac artery or mesenteric vessels.
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Nonresectable Tumors
Locally Advanced Tumors (Figs. 25 and 26)
Arterial
Head/uncinate process:

� Solid tumor contact with the SMA >180°
� Solid tumor contact with the CA >180°
� Solid tumor contact with the first jejunal SMA branch

Body and tail

� Solid tumor contact with the SMA or CA of >180°
� Solid tumor contact with the CA and aortic involvement

VENOUS
Head/uncinate process:

� Unreconstructible SMV/PV due to tumor involvement
or occlusion (can be due to tumor or bland thrombus)

� Contact with most proximal draining jejunal branch
into the SMV
Body and tail:

� Unreconstructible SMV/PV due to tumor involvement
or occlusion (can be due to tumor or bland thrombus)

Metastatic Tumors

� Distant metastasis (including non-regional lymph node
metastasis)
Note that vascular invasion does not consistently indicate
nonresectability. For instance, invasion of the splenic artery
and/or vein does not contraindicate primary surgical resec-
tion of a tumor in the left part of the pancreas.

Table 3 recapitulates the resectability criteria depending on
the degree of vessel invasion in the NCCN classification.
Pretreatment Imaging Workup
Imaging plays a pivotal role in assessing tumor spread to
determine the tumor stage. Ultrasonography contributes little



Figure 23 Different example of a resectable tumor, computed tomography (CT), and magnetic resonance imaging
(MRI). (a) MRI, postgadolinium T1-weighted fat-suppressed GRE sequence at the arterial pancreatic phase, axial view.
(b) MRI, T2 SSFSE sequence, axial view. (c) Diffusion-weighted imaging. (d) Contrast-enhanced CT, portal phase, axial
view. Lesion in the posterior pancreatic head (white arrowheads), at a distance from the superior mesenteric artery and
vein (asterisks). Note the annular pancreas (black arrowheads).
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to staging, whereas CT and MRI are indispensable and com-
plementary. CT is most effective for assessing locoregional
spread and MRI for detecting remote metastases. EUS and
FDG-PET-CT may be used also but are not performed
routinely.
Vascular Spread
Vascular spread governs tumor resectability and must there-
fore be evaluated in detail. Many studies have compared the
diagnostic performance of CT and MRI for predicting vascu-
lar invasion and evaluating tumor resectability. In most of
the recent studies of CT performance in predicting vascular
spread, sensitivity ranged from 70% to 96% and specificity
from 82% to 100%.28,94-97 Importantly, 2 meta-analyses by
Asian groups found fairly low false-positive rates,98,99 indi-
cating a low risk of depriving patients of potentially curative
surgery. MRI had 70%-80% sensitivity and 96%-99% speci-
ficity. Overall performance was similar for CT and MRI in
most of the recent studies.97,100,101 Nonetheless, CT remains
the reference standard for detecting vascular spread, due
both to its better spatial resolution, which may translate into
higher sensitivity,102 and to its better reproducibility.
Thus, the diagnostic performance of CT for detecting vas-
cular involvement is very good overall103 provided the inves-
tigation is performed before any invasive procedures
(diagnostic fine needle biopsy or endoscopic drainage) and
before starting chemotherapy and/or radiotherapy.

Venous Involvement
Venous involvement typically involves 3 phases: Direct spread,
stenosis, and occlusion. Endoluminal invasion of the vessel in
contact with the tumor is rare and far more suggestive of pan-
creatic NET than of pancreatic adenocarcinoma (Fig. 27).

Venous involvement produces direct and indirect signs, as
listed below (Fig. 27):

Direct signs

� Occlusion or thrombosis
� Vein contour irregularity/stenosis
� Teardrop deformity of the vein in contact with the

tumor
Contact over less than 180° of the vessel circumference

with no change in vessel diameter is not highly specific of
vascular invasion. A very short stenosis is far more specific.



Figure 24 Tumor classified as borderline-resectable in the NCCN classification, computed tomography (CT). Contrast-
enhanced CT, axial views at the (a) arterial pancreatic and (b) portal phases; (c) coronal view at the arterial pancreatic
phase; and (d) coronal maximum intensity projection reconstruction of a contrast-enhanced acquisition at the portal
phase. Lesion in the head of the pancreas (white arrowheads) with encasement of the superior mesenteric vein causing
nonocclusive stenosis (black arrowheads) over about 2 cm.
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Indirect signs
Venous invasion can produce indirect signs. Thus,

involvement of the splenic vein or superior mesenteric vein
causes segmental portal hypertension with the development
of collaterals about the stomach (from the gastroepiploic
vein) or pancreas (from the pancreaticoduodenal arcades). In
addition, the spleen may become enlarged if the splenic vein
is involved.

Arterial Involvement
Encasement of an artery over more than 180° of its circum-
ference is specific of arterial invasion (Fig. 28).

The Retroportal Space
The retroportal space is a predominant pathway for the dis-
semination of pancreatic head tumors, notably those located
posteriorly. A routine imaging study assessment is indispens-
able, as invasion of the retroportal space indicates a T3 or, in
many cases, a T4 tumor that is not amenable to primary
resection.
The retroportal space contains fat tissue that contains

the nerve plexus between the uncinate process and
superior mesenteric artery, the superior and inferior pan-
creaticoduodenal arteries and veins, and lymphatic struc-
tures. The retroportal space is bounded laterally by the
uncinate process, medially by the superior mesenteric
artery, anteriorly by the mesentericoportal vein, posteri-
orly by the abdominal aorta, superiorly by the right celiac
node, and inferiorly by the third duodenum.104

By CT imaging, invasion is seen as hypoattenuating tissue
within the retroportal space that is contiguous with and iso-
attenuating to the pancreatic tumor.
Lymph Node Invasion
Node status in patients with resectable pancreatic cancer is
closely associated with survival.105 The contribution of
both CT and MRI to the diagnosis of node involvement is
limited. Although sensitivity has been considerably
improved by the introduction of multislice CT and DWI,
specificity remains low. CT has only 14% sensitivity.106 The
CT criterion used to diagnose node involvement is a short
axis diameter greater than 10 mm. However, many involved
nodes are below this cutoff. On the other hand,



Figure 25 Locally advanced tumor, computed tomography (CT). Contrast-enhanced CT at the arterial pancreatic phase,
(a) axial view, (b) coronal view, and (c) coronal maximum intensity projection reconstruction (MIP): Hypoattenuating
lesion in the head of the pancreas (white arrowheads) with circumferential encasement of the superior mesenteric vein
(black arrowheads) producing an irregular area of stenosis, with involvement of the jejunal veins and 360° encasement
of the superior mesenteric artery (white arrows).

460 A. Dallongeville et al.
inflammatory nodes may measure more than 10 mm. MRI is
not superior over CT.
In practice, the presence on CT images of a peripancreatic

node with a short axis greater than 10 mm should not influ-
ence the treatment strategy for tumors classified as resect-
able.107 Involvement of remote nodes (hepatic hilum, root of
the mesentery, retroperitoneal space, or aorta-vena cava
interval), in contrast, indicates a poor prognosis and classifies
the tumor as nonresectable.
PET-CT may be helpful when the diagnosis is in doubt,

although its poor spatial resolution results in low
sensitivity.108

EUS has the same limitations as noninvasive imaging
modalities, with only fair sensitivity and specificity, but may
nevertheless be the best means of evaluating the peripancre-
atic nodes. Criteria for node involvement are a short axis
greater than 5 mm, sharp margins, a rounded shape, and low
echogenicity. EUS has a mean accuracy of about 70% for pre-
dicting node involvement, whereas specificity is only about
50%.109
Perineural or Duodenal Spread
A recent study by Chang et al. drew attention to the little
known association between CT evidence of extra-pancreatic
perineural or duodenal spread and decreased survival after
pancreaticoduodenectomy for cephalic pancreatic adenocar-
cinoma.110 The malignant cells can spread along the fat that
extends directly away from the tumor, along the following
perineural pathways:

� The plexus pancreaticus capitalis 1, which can be
involved by tumors in the superior or middle part of
the uncinate process;

� The plexus pancreaticus capitalis 2, at risk for involve-
ment by tumors in the caudal part of the uncinate pro-
cess;

� The anterior pathway along the gastroduodenal artery
plexus and common hepatic artery plexus, potentially
involved by tumors in the anterior part of the pancre-
atic head or isthmus; and



Figure 26 Different example of locally advanced tumor, computed
tomography (CT). Contrast-enhanced CT at the arterial pancre-
atic phase, (a) axial view and (b) coronal view: hypoattenuating
infiltrating mass in the isthmus (white arrowhead) with circum-
ferential encasement of the portal vein and superior mesenteric
vein (white arrow) responsible for a very tight stenosis with a
portal cavernoma (asterisk); note also the circumferential
encasement of the celiac artery (black arrow).
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� The root of mesentery pathway, which can be invaded
by tumors of the uncinate process that extend along
the mesenteric perineural plexuses, following the supe-
rior mesenteric artery or transverse mesocolon.

Duodenal invasion was defined as CT evidence of hypoat-
tenuating involvement of the duodenal wall extending
directly from the pancreatic tumor.111 Invasion was defined
both as interruption of the normal duodenal wall enhance-
ment by tissue exhibiting the same attenuation as the adja-
cent pancreatic tumor and by diffuse or nodular thickening
of the duodenal wall (Fig. 29).
Metastatic Tumor Spread
About 53% of patients have remote metastases at the diagno-
sis of pancreatic cancer.112 In addition to remote lymph
nodes, the most common sites of metastatic dissemination
are the liver and peritoneum. Lung and bone metastases are
possible but more delayed sites of involvement.
Liver
Liver metastases are difficult to evaluate on imaging studies.
Ultrasonography is not recommended, due to low sensitivity.
CT has insufficient accuracy and sensitivity for detecting liver
micrometastases, with about 85% negative predictive value
85%.31 The only 77%-87% accuracy of CT for establishing
resectability113,114 is the main limitation of CT as a staging
tool in pancreatic adenocarcinoma. Liver metastases are usu-
ally seen by CT as small, ill-defined, hypoattenuating images.

MRI performs better than CT for detecting and character-
izing liver metastases.115,116 Excellent contrast resolution is
its main advantage. The introduction of DWI has improved
the sensitivity of MRI for detecting liver metastases. Com-
pared to CT and PET-CT, MRI with DWI may have better
diagnostic performance characteristics, with 80% sensitivity
and 96% specificity.117 Compared to CT, MRI may identify
10% more liver metastases, thereby avoiding unnecessary
resection surgery in some patients. DWI is also the most sen-
sitive sequence for detecting liver metastases from pancreatic
NETs,118 which are usually seen as small, ill-defined lesions
with high signal on DWI images, a low ADC value, intermediate
signal on T2-weighted images, gradual postgadolinium
enhancement and, in some cases, a hypervascular rim (Fig. 30).

In practice, MRI should be performed routinely before sur-
gery for pancreatic adenocarcinoma. Routine MRI is also
required before neoadjuvant therapy in patients with CT
signs indicating a borderline-resectable or locally advanced
nonmetastatic tumor.24

PET-CT has poor spatial resolution and is consequently
not superior over CT or MRI. If the available preliminary
results are confirmed,61 PET-MRI might improve the detec-
tion of liver metastases by providing both structural images
and functional diffusion and metabolic information.
Peritoneum
In published work, peritoneal metastases were often investi-
gated at the same time as liver metastases. As with the liver, the
performance of CT for detecting peritoneal metastases is only
fair, with low sensitivity, notably at the early stages. MRI with
diffusion sequences may provide better detection performance.
Future Prospects
Computational Medical Imaging (Radiomics)
and Texture Analysis
Computational medical imaging, also known as radiomics, is
a recently introduced and highly promising discipline that



Figure 27 Spread of a primary pancreatic tumor to the veins, computed tomography (CT). Contrast-enhanced CT,
portal phase, axial views (a and e), coronal views (c and d) and coronal maximum intensity projection reconstructions
(b and f). (a and b) Focal nonocclusive stenosis of the portal vein (black arrowhead). (c and d) Occlusion of the supe-
rior mesenteric vein (white arrowheads). (e and f) Tear-drop deformity (white arrows).
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consists in using computers to analyze medical images and
convert them to complex quantitative data. The high dimen-
sional data thus obtained provide a more detailed characteri-
zation of tumor phenotypes. Advantages of computational
medical imaging include noninvasiveness, a whole-body
assessment, and the ability to monitor the tumor over time
by repeating the test. The ultimate goal is to identify imaging
biomarkers that both help to guide medical decisions and
provide new insights into cancer biology. Researchers have
started to look at the potential contribution of radiomics to
the assessment of pancreatic cancer. Associations have been
demonstrated between the genomic profile of pancreatic



Figure 28 Spread of a primary pancreatic tumor to the arteries, computed tomography (CT). Contrast-enhanced CT,
(a) axial view, (b) coronal view, and (c and d) coronal maximum intensity projection reconstruction. (a and b)
Lesion in the head of the pancreas (asterisk) that has spread to the arteries, with circumferential encasement of the
superior mesenteric artery (white arrowheads). (c and d) Lesion in the head and isthmus of the pancreas responsi-
ble for circumferential encasement of the celiac artery (black arrowheads) and hepatic artery (white arrows), with
caliber irregularities.
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adenocarcinoma and tumor aggressiveness, treatment
response, and clinical outcomes. The most significant genes
identified to date are KRAS, CDKN2A, TP53, SMAD4, ATM,
MLL3, BRCA1, PDX-1, SLC39A4 encoding ZIP4, and
SLC39A4.119

Another focus of recent research is texture analysis by
CT, MRI, or PET-CT. Canellas et al reported that texture
analysis and CT features predicted the grade of NETs and
might help to predict the risk of recurrence after surgical
resection.120 Also under study are the differentiation of
various stages of fibrosis in AIP and chronic pancreatitis
(notably MFCP), malignant architectural disruption in
pancreatic adenocarcinoma, and the optimal parameter
changes for evaluating the response to chemotherapy and
radiotherapy.121 Texture analysis holds promise but is
subject to observer bias, since the images are segmented
manually, and may be influenced by the CT acquisition
parameters.103 The results are therefore difficult to inter-
pret. Further research is clearly needed before texture
analysis can be used in clinical practice.
Artificial Intelligence (AI) �Machine Learning
The use of AI as a medical imaging tool will radically change
the clinical practice of radiology over the next few decades.
Recent advances have broadened the field of application of
AI to medical imaging for computer-assisted tumor detection
or diagnosis and for image segmentation, notably at the
abdomen.

For the pancreas, fully automated segmentation is avail-
able, using a type of artificial neural network known as multi-
level deep convolutional networks. Accuracy may be as high



Figure 29 Tumor spread to the duodenum, computed tomography (CT) and magnetic resonance imaging (MRI).
(a and b) Contrast-enhanced CT, arterial pancreatic phase, (a) axial view and (b) coronal reconstruction.
(c) MRI, T1-weighted fat-suppressed GRE sequence at the arterial phase, axial view. (d) MRI, T1-weighted fat-
suppressed GRE sequence at the portal phase, coronal view. Lesion straddling the uncinate process and lower
part of the head (white arrows), with posterior extension and spread to the anterior wall of the third part of the
duodenum (black arrows: extension; asterisk: duodenum). The stage was T3/N0. R0 margins were obtained dur-
ing cephalic duodenopancreatectomy performed after neoadjuvant chemotherapy. This patient experienced a
local and peritoneal recurrence 6 months after surgery.

464 A. Dallongeville et al.
as 80%.122 The automated detection of node involvement
and peritoneal lesions may also hold promise.123

Machine learning can be used to drive additional levels of
pancreatic investigations, as well as to characterize various
pancreatic disorders (malignancies, inflammatory diseases,
fibrous processes, and others). Research is proceeding along
these avenues.
Conclusion
The rising incidence of pancreatic cancer is creating a public
health issue. Surgical resection with tumor-free margins is the
only potentially curative treatment. Imaging studies therefore
play a crucial role, as they allow tumor staging and the identifi-
cation of patients likely to benefit from surgery. CT is a major
tool for assessing locoregional spread, notably to the blood ves-
sels, but performs less well for detecting liver micrometastases
and peritoneal metastases. MRI with DWI must therefore be
performed before surgery to look for remote metastatic dissem-
ination. Another important contribution of MRI/DWI is the
assessment of lesions that are apparently isoattenuating on CT
images. The introduction of perfusion modalities and radio-
mics may benefit the evaluation of pancreatic lesion parame-
ters, thus helping to rule out differentials (notably MFCP).
However, these techniques require further investigation and



Figure 30 Distal tumor spread: Liver metastases, magnetic resonance imaging (MRI) of the liver. (a and b) Diffusion-
weighted imaging, axial views. (c and d) T2 SSFSE sequence, axial view. (e and f) T1-weighted fat-suppressed GRE
sequence at the portal phase, axial view. Two lesions, each 1 mm in size, are visible in segment VI (at the top) and seg-
ment VII. Both lesions produce high diffusion signal, intermediate T2 signal, and low signal at the portal phase. These
lesions were not visible by computed tomography. Thus, by providing the diagnosis of metastatic disease, MRI allowed
this patient to avoid unnecessary surgery.
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standardization. Finally, neoadjuvant treatment is a recently
developed strategy that raises challenges with the imaging
study assessment of the tumor response.
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