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Abstract

The radiologist’s role in the evaluation of pancreatic
ductal adenocarcinoma remains critical in the manage-
ment of this deadly disease. Imaging plays a vital role in
the diagnosis and staging of pancreatic cancer. Although
CT is more commonly used for staging pancreatic can-
cer, MR is increasingly playing an important role in this
regard. In our institution, all pancreatic malignancies
undergo staging with MRI. In this pictoral essay, we
illustrate the MR imaging features of pancreatic ductal
adenocarcinoma and its mimics, and we also discuss
pearls and pitfalls in MR staging of pancreatic carci-
noma.

Key words: Pancreas cancer—Adenocarcinoma—MRI

Pancreatic ductal adenocarcinoma is a common malig-
nancy, with the American Cancer Society estimating over
55,000 new cases and over 44,000 deaths in the United
States in 2018 [1]. Despite advances in treatment, the
mean 5-year survival remains 8%. However, the stage of
pancreatic adenocarcinoma is an important prognostic
indicator, as the 5-year survival for localized disease is
32% [2]. This highlights the importance of accurate
staging of pancreatic adenocarcinoma.

From the radiologist’s perspective, diagnosing and
staging pancreatic cancer can be challenging. In the axial
plane, the pancreas is frequently in the very center of the
patient’s abdomen, ensconced in the duodenal sweep and
deep to both the stomach and colon. Vital vascular
structures for solid and hollow viscera flank the pan-
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creas. Additionally, by the nature of the disease, pan-
creatic adenocarcinoma frequently is poorly marginated
and poorly enhancing. This hampers detection of
involvement of adjacent organs and vascular structures,
which confers drastic changes in treatment and progno-
sis. Not surprisingly, it has been reported that over 50%
of surgeries performed for curative resection encounter
locally advanced or metastatic disease not detected on
pre-operative imaging [3].

Staging of pancreatic adenocarcinoma most routinely
is performed with multiphase contrast-enhanced com-
puted tomography (CT), given its ready availability, high
spatial resolution, and reproducibility [4]. For local
staging of pancreas cancer, magnetic resonance imaging
(MRI) performs comparably to CT [5]. Given its supe-
rior soft-tissue characterization, however, MR may be
better suited for small masses or isoattenuating masses
not well appreciated on CT [6, 7]. MR has also demon-
strated increased sensitivity for detection of metastatic
disease, particularly that involving the liver [8]. Conse-
quently, MR has become the modality of choice at our
institution for staging pancreas cancer [9]. The purpose
of this pictorial essay is to share our approach and
experience using MRI to diagnose pancreatic adenocar-
cinoma, to illustrate pancreas cancer mimics, and to
stage disease.

Technique

All of our pancreas cancer exams are performed on a 3T
MR scanner (Siemens Skyra, Berlin, Germany) using a
torso coil. All patients fast for at least 4 h before the
exam. The protocol and typical parameters are listed in
Table 1. All patients receive a weight-based dose of ga-
dobutrol (Gadavist, Bayer, Leverkusen, Germany) IV
contrast. Importantly, 0.5 mg IV glucagon is adminis-
tered immediately before contrast administration to
suspend bowel peristalsis. Of note, immediately follow-
ing contrast administration, two consecutive axial T1
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Table 1. MR imaging parameters for pancreas cancer

Sequence Flip angle (degrees) Repetition time (ms) Echo time (ms) Slice thickness (mm) Slice gap (mm) Field of view
Coronal T2 SSFSE 145 1400 92 5 6 319 x 319
Axial T2 SSFSEfs 146 1400 99 5 6 210 x 320
Sagittal T2 SSFSE 130 1400 106 5 6 218 x 280
Axial in/out of phase 9 4.53 2.51/1.28 3 N/A 240 x 320
Axial DWI 90 6300 59 6 7.2 280 x 399
3D MRCP 120 1700 499 1.7 N/A 280 x 280
Thin axial T2 SSFSE 150 1200 113 4 4.4 217 x 290
Thin coronal T2 SSFSE 120 1600 118 4 44 300 x 300
Axial T1fs pre/post 9 3.36 1.34 3 N/A 210 x 320
Thin axial T1fs post 17 3.6 1.29 L.5 N/A 225 x 300
Coronal TlIfs pre/post 9 3.31 1.25 3 N/A 318 x 340
Sagittal T1fs pre/post 9 3.38 1.28 2.5 N/A 224 x 299

SSFSE single-shot fast-spin echo, M RCP magnetic resonance cholangiopancreatography, DWI diffusion weighted imaging, fs with fat suppression

weighted post-contrast sequences are obtained with de-
creased slice thickness and a higher flip angle. The first
covers the pancreas and the inferior aspect of the liver;
the second covers the remaining superior aspect of the
liver [9]. This technique was initially adopted to better
delineate the peripancreatic vascular anatomy, and more
specifically to discover variants of the hepatic arterial
anatomy. However, we have also found these thinner
sliced sequences with higher contrast to be extremely
valuable in tumor staging, as discussed below.

Diagnosis

The majority of pancreatic adenocarcinomas arise in the
pancreatic head, with approximately 25% arising in the
body and tail [10]. The classic appearance of pancreatic
adenocarcinoma on MRI is an irregular, T1 hypointense,
poorly enhancing mass that obstructs nearby ducts, ei-
ther the pancreatic duct or the common bile duct
(Fig. 1). Adenocarcinomas generally demonstrate vari-
able T2 intensity and can exhibit restricted diffusion.
Adenocarcinomas that arise from malignant transfor-
mation of intraductal papillary mucinous neoplasms
(IPMN) typically are cystic, T2 hyperintense lesions
(Fig. 2), similar to those developing in nodular, solid
components of mucinous cystic neoplasms (Fig. 3) [11-
14]. Occasionally, adenocarcinomas exhibit only very
subtle signal abnormalities or enhancement, with or
without very mild ductal irregularities (Fig. 4) [6]. Here
in particular, MRI, with superior contrast resolution and
multiple sequences of varying techniques, truly can make
a diagnostic impact surpassing that of CT.

Mimics
The differential diagnosis for pancreatic adenocarcinoma
includes an eclectic array of pathologies [15].

Non-neoplastic mimics

Focal acute pancreatitis can appear as an irregular T1
hypointense area of poor enhancement and increased T2

signal, similar to an adenocarcinoma on initial imaging
(Fig. 5) [10]. Focal pancreatitis may also demonstrate
ductal obstruction, peripancreatic fat infiltration, and
involvement of adjacent vascular structures [16]. Clinical
presentation and laboratory evaluation can be crucial to
differentiate the two pathologies. Short interval follow-
up imaging exam and/or additional evaluation with
endoscopic ultrasound (EUS) may also be necessary.

Groove pancreatitis, a specific type of focal chronic
pancreatitis, can pose a diagnostic dilemma. Tradition-
ally, groove pancreatitis has been divided two types, the
pure form and the segmental form [17]. Both forms in-
volve the space between the pancreatic head and the
duodenum (the pancreaticoduodenal groove), though the
segmental form typically extends into the pancreatic
head. Its imaging appearance can range from mild
inflammation about the groove to sheetlike, crescentic
soft-tissue deposits in the groove, often in conjunction
with medial duodenal wall thickening and/or cystic de-
posits within that wall [18]. Cases of significant soft-tis-
sue deposition may be indistinguishable from pancreatic
adenocarcinoma prospectively; however, suggestive
imaging features include the typical location in the
pancreaticoduodenal groove, medial duodenal wall
thickening, and T2 hyperintense cysts in the duodenal
wall or along the margin between the pancreas and the
duodenum (Fig. 6). Regardless, surgical resection may be
required to provide a definitive diagnosis.

Autoimmune pancreatitis (AIP) is another form of
chronic pancreatitis, classically representing the pancre-
atic manifestation of IgG4-related disease [19]. AIP can
demonstrate both focal and diffuse forms, and the focal
form generally presents as a masslike lesion that is
hypoenhancing relative to the rest of the pancreas on
early post-contrast sequences [20]. Differentiation be-
tween focal AIP and adenocarcinoma may be impossible
based on the imaging appearance of the pancreas alone.
Features suggesting its diagnosis include evidence of
IgG4 disease elsewhere in the body (often the biliary
system), elevated serum IgG4 levels, and improvement of
imaging findings following treatment with steroids.
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«Fig. 1. Axial T1 weighted  post-contrast  image
(A) demonstrating a small hypoenhancing mass in the
head of the pancreas (white arrows). As was confirmed at
surgery, this is a resectable tumor with no abnormal soft-
tissue involvement of the nearby superior mesenteric vein
(SMV, solid arrowhead) or superior mesenteric artery (SMA,
open arrowhead). Axial T2 weighted fat-saturated image
(B) at the same level illustrates increased T2 signal within
the mass (arrows) relative to the adjacent pancreatic
parenchyma. Coronal T1 weighted post-contrast image
(C) again shows the edge of the hypoenhancing mass (thin
arrow) as well as diffuse dilatation of the pancreatic duct
throughout the body and tail (block arrows).

Fig. 2. Coronal T2 weighted image (A) and T1 post-contrast
image (B) demonstrating a large, heterogeneous mass in the
pancreatic head (thin arrows) growing within a T2
hyperintense cyst (hollow arrow), consistent with malignant
transformation within an intraductal papillary mucinous
neoplasm.
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Fig. 3. Axial T2 weighted image (A) and motion-corrected
subtraction post-contrast image (B) demonstrating a large

cystic lesion (*) in the pancreatic tail containing a
heterogeneous nodule with measurable enhancement
(arrow), consistent with adenocarcinoma arising within a
mucinous cystic neoplasm, confirmed upon distal
pancreatectomy.

However, EUS and biopsy may be necessary to confirm
the diagnosis.

Inflammatory pseudotumors, also known as pseu-
dotumoral pancreatitis or mass-forming pancreatitis
[10], can arise in the setting of chronic pancreatitis and
can be another common cancer mimic. A prior study
has estimated that inflammatory pseudotumors may be
present in almost 50% of cases of chronic pancreatitis
[21]. Differentiating between adenocarcinoma and an
inflammatory pseudotumor can be impossible without
biopsy, and it can account for 5%—10% of ultimately
benign pancreatic resections for presumed malignancy

Fig. 4. Axial T2 weighted image (A) demonstrating a small
area of subtly increased T2 signal (arrows) without significant
associated ductal dilatation. Axial high b-value diffusion
weighted image (B) shows a corresponding area of
increased diffusion signal (arrows). Decreased signal on the
associated attenuation diffusion coefficient (ADC) map
confirmed true diffusion restriction (not shown). Subsequent
endoscopic ultrasound (EUS) and distal pancreatectomy
yielded ductal adenocarcinoma.

[22]. Like adenocarcinoma, pseudotumors typically ap-
pear as a poorly enhancing mass. Unlike cancer, they
generally do not cause abrupt duct disruption, instead
demonstrating a gradually tapering pancreatic duct as it
courses through the mass (the “duct penetrating sign’’)
[23].

Lastly, an intrapancreatic splenule can mimic a neo-
plasm, though more often a neuroendocrine tumor than
adenocarcinoma. Intrapancreatic splenules usually can
be correctly diagnosed when they demonstrate typical
morphology and location in the pancreatic tail. Addi-
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Fig. 5. Coronal T2 weighted image (A) demonstrating
heterogeneously increased T2 signal within the uncinate
process of the pancreas (white arrow) as well as hazy, ill-
defined increased signal within the peripancreatic fat inferior
to the uncinate (white *). Axial T1 weighted post-contrast
image (B) demonstrates a small focal area of decreased

tionally, MR can be helpful as splenules demonstrate the
same signal intensity as the spleen on all sequences [9]. If
still uncertain, Tc99m sulfur colloid scan or Tc99m-la-
beled denatured red blood cell scan can confirm the
diagnosis.

Neoplastic mimics

While adenocarcinoma is the most common pancreatic
neoplasm, others may demonstrate a similar appearance,
especially when small. In these cases, histologic sampling
by either EUS and biopsy or surgical resection is re-
quired for final tumor diagnosis [15].

Pancreatic neuroendocrine tumors (PNETs) are the
second most common primary pancreatic malignancy
[24]. They typically occur sporadically but may be seen in

enhancement in the uncinate (black arrow) as well as
abnormal enhancement along the posterior border of the
SMV (black *). Follow-up coronal T2 weighted image (C) and
axial T1 weighted post-contrast image (D) 2 months later
demonstrate resolution of these findings, consistent with
resolved focal pancreatitis in the uncinate.

genetic syndromes such as multiple endocrine neoplasia
type 1, neurofibromatosis type 1, Von Hippel-Lindau,
and Tuberous Sclerosis. Similar to adenocarcinoma,
PNETs are solid tumors that can cause ductal dilatation
and demonstrate diffusion restriction [25]. While PNETs
classically demonstrate brisk arterial enhancement, al-
most 50% of PNETs may not, and these certainly can
appear similar to adenocarcinoma (Fig. 7A) [26].Unlike
adenocarcinoma, however, PNETs frequently are
encapsulated and, accounting for their size and location,
may cause less ductal obstruction than adenocarcinoma
[27]. Additionally, those PNETs that demonstrate the
classic brisk arterial hyperenhancement are easier to
accurately diagnose.

Solid-pseudopapillary tumors are uncommon pan-
creatic neoplasms that are indolent but have malignant



941 A. W. B. Bowman, C. W. Bolan: MRI evaluation of pancreatic ductal adenocarcinoma

Fig. 6. Axial T1

weighted
(A) demonstrating a hypoenhancing band (arrows) between
the pancreatic head (P) and the second portion of the

post-contrast image

duodenum (D). Corresponding axial T2 weighed fat-
suppressed image (B) shows T2 hyperintense cystic
structures in the hypoenhancing band (arrows). Findings are
consistent with groove pancreatitis, confirmed at surgery.

potential. They generally arise in a specific demographic
(women in the second-fourth decade) [28] and most fre-
quently are quite large at presentation, averaging 9 cm in
size [29]. Smaller tumors (i.e., less than 3 cm), while less
common than their larger counterparts, tend to be solid,
homogeneously hypoenhancing masses without a defined
capsule, thereby mimicking adenocarcinoma (Fig. 7B)
[30]. The lack of significant ductal dilatation and asso-
ciated parenchymal atrophy may be the only features
suggesting against adenocarcinoma. Ultimately, tissue
sampling may be required for definitive diagnosis. The

more common larger tumors, however, often exhibit
both solid and cystic components, hemorrhagic elements,
and a defined capsule, thereby posing little diagnostic
challenge, particularly in the appropriate patient demo-
graphic [15].

Pancreatic acinar cell carcinomas (PACC) are ex-
tremely rare exocrine tumors. Affected patients have
been known to present with a marked elevation of cir-
culating lipase and may present with polyarthropathy,
subcutaneous nodules, and fat necrosis [31]. PACC tu-
mors are also usually large at diagnosis [32, 33], and they
often present with metastatic disease [31]. Like solid-
pseudopapillary tumors, they are more likely to mimic
adenocarcinoma when small, appearing as a solid mass
that is hypoenhancing relative to the normal pancreatic
parenchyma (Fig. 7C) [32]. They differ from adenocar-
cinoma by typically being encapsulated, and they usually
do not obstruct nearby ducts. The clinical and laboratory
presentation can also help lead to the correct diagnosis
[31, 32].

Primary pancreatic lymphoma is also rare, generally a
B cell type lymphoma., defined as lymphoma in the
pancreas and peripancreatic lymph nodes without
involvement of superficial lymph nodes, thoracic nodes,
or other abdominal organs, and with a normal leukocyte
count [33, 34]. While it may exhibit any imaging feature,
its most typical appearances are diffuse involvement
infiltrating throughout the pancreas and a fairly homo-
geneous, diffusion restricting mass without ductal
dilatation or vascular obstruction [35]. The diffuse form
mimics pancreatitis while the focal form mimics adeno-
carcinoma. Lack of significant ductal obstruction in the
setting of a large homogenous mass can aid the radiol-
ogist in differentiating between the two.

Metastatic disease to the pancreas accounts for 2%-—
5% of pancreatic tumors [36]. Tumors that metastasize to
the pancreas include renal cell carcinoma most com-
monly, followed by bronchial carcinoma, melanoma,
breast cancer, and colon cancer [9, 15]. The imaging
appearance of the metastasis depends on the primary
tumor. As with the other pancreas masses described,
metastases to the pancreas, when solitary and hypovas-
cular, can mimic pancreatic adenocarcinoma [37]. How-
ever, as metastases tend to be multiple in number at the
time of diagnosis [9], correctly diagnosing metastatic
disease is rarely challenging.

Ampullary adenocarcinomas and periampullary
duodenal adenocarcinomas can also masquerade as
pancreatic adenocarcinoma. Both are rare tumors arising
from the ampulla of vater or duodenal mucosa, respec-
tively [38]. Given their origin, ampullary tumors tend to
obstruct nearby ducts, and periampullary duodenal
adenocarcinomas may cause ductal obstruction if they
are close enough to the ducts. As adenocarcinomas, they
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Fig. 7. Neoplastic mimics of pancreas adenocarcinoma.
Axial T1 weighted post-contrast image (A) showing a
hypoenhancing mass (thin arrows) with faint peripheral
hyperenhancement. The mass also causes pancreatic
duct dilatation (block arrow). EUS-guided biopsy yielded a
pancreatic neuroendocrine tumor. Axial T1 weighted post-
contrast image (B) demonstrates a hypoenhancing mass
(arrow) in  the pancreatic head. Subsequent
pancreaticoduodenectomy confirmed the mass to be a

solid-pseudopapillary neoplasm. Axial T1 weighted
delayed phase post-contrast image (C) illustrates a
Table 2. Summary of AJCC 8th edition TNM staging

T1 Tumor <2 cm

Tla Tumor < 0.5 cm

Tlb Tumor > 0.5cm and < 1 cm

Tlc Tumor 1-2 cm

T2 Tumor > 2 cm and <4 cm

T3 Tumor > 4 cm

T4 Tumor involves CA, SMA, and/or CHA
NO No regional lymph node metastases

N1 Regional metastases in 1-3 nodes

N2 Regional metastases in 4 or more nodes
MO No distant metastases

Ml Distant metastases

AJCC American Joint Committee on Cancer, TNM tumor, node,
metastasis, CA celiac axis, SM A4 superior mesenteric artery, CHA
common hepatic artery

exhibit signal characteristics and enhancement properties
similar to pancreatic adenocarcinoma (Fig. 7D) [39, 40].
As these tumors tend to have a more favorable prognosis
than pancreatic adenocarcinoma, distinguishing between

heterogeneous, infiltrating mass in the pancreatic head
(thin arrows) with peripheral enhancement. The mass
encroaches upon a stented common bile duct (arrowhead)
without significant dilatation of the pancreatic duct (block
arrow). EUS-guided biopsy demonstrated pancreatic
acinar cell carcinoma. Coronal T1 weighted post-contrast
image (D) demonstrate a large mass (*) encircling the
duodenum at the level of the ampulla causing marked
dilatation of both extrahepatic and intrahepatic bile ducts
(block arrows). On pathology this tumor was discovered to
be an ampullary carcinoma.

the two is significant and often requires histologic sam-
pling [40].

Staging/restaging

Once the diagnosis of pancreatic adenocarcinoma is
confirmed, staging of the disease and evaluation for
surgical resectability become paramount. The tumor,
node, metastases (TNM) system from the American
Joint Committee on Cancer (AJCC) is the preferred
system for staging (Table 2) [41]. Its recent 8" edition
classifies the T stage based on the size of the tumor and
whether or not critical peripancreatic vascular structures,
such as the superior mesenteric artery (SMA), celiac axis,
or common hepatic artery, are involved. Nodal disease is
stratified not only on the presence of involved regional
lymph node metastases, but also on the actual number of
nodes involved. Most critical remains the presence or
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Table 3. NCCN 2017 resectability criteria based on peripancreatic vascular involvement

Resectability Arterial involvement Venous involvement

Resectable No contact (CA, SMA, CHA) No contact or < 180 (SMV, PV)

Borderline -GDA encasement up to the hepatic artery with either short Involvement of the SMV or portal vein (distortion, narrowing, or
resectable segment encasement or direct abutment of the hepatic artery occlusion) with suitable vessel proximal and distal, allowing

without extension to the CA
-Tumor abutment of the SMA or CA (< 180)
-Aortic or IVC invasion or encasement
-> 180° SMA encasement
-Involvement of first jejunal SMA branch

Unresectable

for safe resection and replacement

-Unreconstructable SMV/portal vein
-Involvement of draining jejunal branch into SMV

NCCN National Comprehensive Cancer Network, CA celiac axis, SM A superior mesenteric artery, CHA common hepatic artery, GDA gastro-
duodenal artery, SMV superior mesenteric vein, PV portal vein, IV C inferior vena cava

Fig. 8. Axial (A) and sagittal (B) T1 weighted post-contrast
images showing unresectable disease, with abnormal soft
tissue (arrowheads) encasing both the celiac axis and SMA,
as well as near-encasement of the abdominal aorta. Note how
the single sagittal image (B) clearly outlines tumor
involvement along the proximal celiac artery and SMA.

absence of distant metastatic disease, as the presence of
any metastases precludes surgical treatment.

In terms of potential surgical management of disease,
the National Comprehensive Cancer Network typically

Fig. 9. Axial T weighted post-contrast image
demonstrating a hypoenhancing mass (*) in the pancreatic
head with abnormal soft tissue abutting the posterior margin
of the SMV (small white arrow) and SMA (small black arrow).
There is less than 180° involvement of both vessels. In the
absence of known metastatic disease, these findings render
the tumor borderline resectable, and the patient underwent
chemoradiation. Also noted is a common bile duct stent (S).

divides pancreatic adenocarcinoma into three categories:
resectable, borderline resectable, and unre-
sectable (Table 3) [42—44]. In general, tumor resectability
relies upon its relationship with adjacent vessels, partic-
ularly the SMA, celiac axis, hepatic artery, portal vein,
superior mesenteric vein (SMV), aorta, inferior vena
cava (IVC), and first jejunal artery and vein. The greater
the involvement of the peripancreatic vasculature, the
less likely the tumor can be resected with negative mar-
gins. Tumors with no vessel involvement or distant
metastases are generally resectable (Fig. 1). Tumors with
encasement of critical vessels, such as the SMA and its
primary branches, are unresectable, with encasement
described as involving more than 180° of the vessel cir-
cumference (Fig. 8). Borderline resectable tumors gen-
erally abut vessels, described as involving less than 180°
of the vessel circumference (Fig. 9). However, tumors
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Fig. 10. Axial contrast-enhanced CT image (A) in a patient
with a known pancreatic head tumor (not shown)
demonstrating ill-defined density around the celiac
bifurcation (arrowheads), suspicious for tumor involvement.
Axial (B) and coronal (C) T1 weighted post-contrast images of
a subsequent MR exam 4 weeks later with no interval
treatment demonstrate no tumor involvement about the
celiac axis (thin arrow) or SMA (block arrow). This patient
proceeded to pancreaticoduodenectomy with negative
surgical margins.

with short-segment encasement of the portal vein, SMV,
or even the celiac axis or hepatic artery may be border-
line resectable as well. The resectability of such tumors

Fig. 11. Axial T2 weighed image (A) and T1 weighted post-
contrast image (B) demonstrating a large hypoenhancing
mass in the pancreatic head (*) with direct invasion of the wall
(small arrows) of the duodenum (D).

frequently depends on the length of encasement, suit-
ability for vascular reconstruction, and skill of the sur-
geon. Detailed discussion with the referring surgeon is
always recommended as newer surgical approaches
continue to evolve [45, 46].

While studies have shown comparable accuracy be-
tween CT and MR in correctly staging the degree of
vascular involvement [5], the limited soft-tissue contrast
inherent in CT sometimes leads to overestimation of
perivascular tumor spread (Fig. 10). As previously dis-
cussed, the multiple MR sequence types also afford the
radiologist several opportunities to prove or disprove
vascular involvement. In particular, sequences acquired
in the coronal and sagittal planes can be invaluable in
correctly identifying or confirming the extent of vascular
involvement (see Figs. 8B and 10C). Equally important is
detection of any vascular anatomic variants, most com-
monly involving the hepatic artery or its branches arising
from the SMA or left gastric artery, to minimize the
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Fig. 12. Oblique axial thin arterial phase T1 weighted post-
contrast maximum intensity projection (MIP) images of the
posterior inferior pancreaticoduodenal artery (PIPDA, small
arrows) arising from the SMA (larger arrow), around normal
uncinate parenchyma (A) and a hypointense adenocarcinoma
(*) in the pancreatic head (B). The cancer involves the PIPDA,
an imaging biomarker for extrapancreatic perineural invasion.
Common bile duct stent (S) is also present in (B).

chance of injury during surgery or to identify unexpected
tumor involvement of an anatomic variant. Coronal and
sagittal images are useful in this regard as well. More
recent literature has also highlighted imaging biomarkers
for aggressive tumor biology, such as duodenal invasion
and extrapancreatic perineural invasion [47—49]. Similar
to CT, MR can accurately identify the presence of both
(Figs. 11 and 12).

Additionally, the evaluation for advanced locore-
gional disease also includes assessment for abnormal
regional lymph nodes and for invasion of other adjacent
organs. With the exception of the spleen, tumor invasion
of any adjacent organ affects surgical resectability [43,
45]. Regional lymph node involvement confirms ad-
vanced locoregional disease, while more remote nonre-
gional lymph node involvement, such as in inferior
retroperitoneal nodes, infrarenal nodes, or jejunal

Fig. 13. Axial T1 weighted post-contrast image (A), high b-
value diffusion weighted image (B), and ADC map image
(C) in a patient with known pancreatic adenocarcinoma
demonstrate multiple hypointense, peripherally enhancing
lesions with associated restricted diffusion in the right
hepatic lobe, consistent with metastatic disease.

mesenteric lymph nodes, equates to distant metastatic
disease.

The most common site for pancreatic metastases is
the liver. Previous studies have demonstrated that MRI
is superior to CT in the detection of liver metastases due
to a combination of multiphase contrast sequences plus



A. W. B. Bowman, C. W. Bolan: MRI evaluation of pancreatic ductal adenocarcinoma 946

v

Fig. 14. An example highlighting the power of the thin
arterial phase T1 weighted sequences with higher flip angle
in evaluating small liver lesions in a patient with known
pancreatic adenocarcinoma. Axial high b-value diffusion
weighted image (A) and axial T2 weighted fat-suppressed
image (B) demonstrate a small focus of increased diffusion
and T2 signal near the gallbladder fossa (arrows). This focus
was too small to appreciate on ADC map (not shown). Axial
T1 post-contrast image from the portal venous phase
(C) demonstrates  fairly = homogeneous, low-level
enhancement. Based on these findings, it is impossible to

determine whether this represents a metastasis or a small
benign hemangioma. However, the thin axial arterial phase T1
weighted post-contrast image (D) clearly demonstrates
suspicious ring-enhancement, most suggestive of a
metastasis. This was subsequently confirmed on follow-up
MR exams which demonstrated progression of metastatic
disease despite treatment (not shown). Axial contrast-
enhanced CT image (E) performed one month after the
initial MR exam shows no detectable liver lesion despite its
confirmed presence on the earlier MR and subsequent MR
exams (not shown).
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Fig. 15. Axial T1 post-contrast image (A) showing an
expansile mass (*) in the pancreatic body/tail causing
pancreatic duct dilatation in the tail. There are two visible
soft-tissue implants in the omentum (arrows), consistent with
carcinomatosis. The omental implants are much more
conspicuous on the corresponding axial high b-value
diffusion weighted image (B). Note that it is not unusual for
tumor implants and metastases to have higher signal on
diffusion weighted images than the primary tumor, as in this
case.

diffusion weighted imaging (DWI) (Fig. 13) [8, 50]. Small
metastases are much more readily identified on MR.
Moreover, because of the disparate imaging character-
istics targeted by the various sequences, an occult or
indeterminant CT lesion often can be definitively diag-
nosed [51]. In particular, we have found that the thin
arterial phase T1 weighted sequences with higher flip
angle that we run through the liver often allow for im-
proved detection and characterization of these small
metastases, even compared to other post-contrast se-
quences (Fig. 14).

After the liver, the most common site for metastatic
disease is the peritoneum [42]. MR is known to be highly
effective in the detection of peritoneal disease, though
most published studies highlight this utility in ovarian
cancer [52, 53]. Similar to others [6, 53], we have found
that MR is adept at diagnosing peritoneal metastases
from pancreas adenocarcinoma. Peritoneal implants
typically demonstrate intermediate T1 and T2 signal
intensity and can be obscured if adjacent to other
abdominal organs or bowel. However, they are fre-
quently more conspicuous on post-contrast and DWI
sequences, especially when small (Fig. 15).

Patients ~ with  unresectable  or  borderline
resectable disease at diagnosis undergo neoadjuvant
chemotherapy and/or radiation with subsequent imaging
surveillance to monitor response to treatment. Interpre-
tation of these follow-up exams often is challenging [54].
While many tumors demonstrate some response to
treatment, either as diminished size or decreased diffu-
sion restriction, complete resolution of abnormal signal
or enhancement about involved peripancreatic vessels is
rare. In one recent trial, only 4% of patients initially
diagnosed with unresectable disease responded to
neoadjuvant therapies well enough to proceed to surgical
resection [55]. However, complete or near-complete re-
sponses do occur, typically in borderline resectable cases
(Fig. 16). More commonly, distinguishing residual viable
perivascular tumor from perivascular fibrosis can be
problematic. Often, a clinical decision will be based on
additional considerations, such as the response of the
original tumor, tumor serum markers (such as carbohy-
drate antigen 19-9), and the overall condition of the
patient [56]. In our institution, if there is dramatic re-
sponse to therapy of the primary tumor and near reso-
lution of the abnormal soft tissue surrounding nearby
vessels, the surgeon may opt for EUS or exploratory
surgery to confirm or exclude residual perivascular tu-
mor involvement. If no tumor is confirmed, the case will
proceed to definitive resection. In our practice, this
stepwise treatment scheme has led to several resections
with negative margins, despite persistent perivascular
soft tissue on immediate pre-operative MR exams.

Conclusion

Despite recent advances in imaging technology, accurate
diagnosis and staging of pancreas adenocarcinoma re-
mains difficult. In our institution, MRI has become the
standard imaging modality for the diagnosis and staging
of pancreatic adenocarcinoma. As more recent studies
highlight the importance of specific imaging biomarkers
in the prognosis of the disease, MR has proven well
suited to detect them. As newer treatment regimens for
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Fig. 16. Two examples of tumor response to neoadjuvant
therapy. Axial T1 post-contrast images before (A) and after
(B) chemoradiation treatment. The image in (A) is the same as in
Fig. 9. Post-treatmentimage (B) demonstrates decrease in size
of the primary pancreatic tumor (*) and complete tumor
regression from the SMV and SMA (small white and black
arrow, respectively), as well as regression from the duodenum.
This patient subsequently proceeded to pancreatico-
duodenectomy with negative surgical margins and no vascular

locally advanced and metastatic disease continue to
emerge, we expect MR imaging to become increasingly
essential in accurately assessing disease burden, thera-
peutic options, and treatment response.
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