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Imaging preoperatively for pancreatic adenocarcinoma
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Abstract: Pancreatic cancer is a highly lethal malignancy which is increasing in incidence and mortality.
The fourth leading cause of cancer death in the U.S., pancreatic cancer is projected to become the second
leading cause of cancer death by 2020. Patients with pancreatic cancer have an abysmal 5-year survival of
6%, and 90% of these patients eventually die from the disease. This is in large part due to the commonly
advanced stage of disease at the time of diagnosis. Currently, the only potentially curative therapy for
pancreatic carcinoma is complete surgical resection. Patients who undergo incomplete resection with residual
disease have similar survival rates to those patients with metastatic disease and should be spared this relatively
morbid surgery. Thus, the key to impacting prognosis is the detection of smaller and earlier stage lesions,
and the key to optimal management is accurately determining which patients have potentally resectable
surgery and which patients would not benefit from surgery. Cross-sectional imaging plays an essential
role in both the diagnosis and appropriate staging of pancreatic carcinoma. The diagnosis and staging of
pancreatic adenocarcinoma is performed with cross-sectional imaging. Multi-detector computed tomography
(MDCT) is the most commonly used, best-validated imaging modality for the diagnosis and staging of
pancreatic cancer. Modern contrast-enhanced magnetic resonance imaging (MRI) has been demonstrated
to be equivalent to MDCT in detection and staging of pancreatic cancer. Endoscopic ultrasound (EUS) is
very sensitive for detecting pancreatic masses; however, due to limitations in adequate overall abdominal
staging, it is generally used in addition to or after MDCT. Transabdominal ultrasound and positron
emission tomography/computed tomography (PET/CT) have limited roles in the diagnosis and staging
of pancreatic cancer. Preoperative imaging is used to characterize patients as having resectable disease,
borderline resectable disease, locally advanced disease (unresectable) and metastatic disease (unresectable).
As the definitions of borderline resectable and unresectable may vary from institution to institution and
within institutions, it is essential to accurately assess and describe the factors relevant to staging including:
local extent of tumor, vascular involvement, lymph node involvement and distant metastatic disease. To
facilitate this, standardized reporting templates for pancreatic ductal adenocarcinoma have been created and
published. Structured reporting for pancreatic cancer has been reported to provide superior evaluation of

pancreatic cancer, facilitate surgical planning, and increase surgeons’ confidence about tumor resectability.
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Introduction

Pancreatic cancer is a highly lethal malignancy which is
increasing in incidence and mortality (1,2). Pancreatic
adenocarcinoma, the most aggressive form, accounts for 85-
95% of all pancreatic malignancies (3). It is estimated that there
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will be 46,420 new cases of pancreatic cancer diagnosed and
39,590 deaths from pancreatic cancer in the U.S. in 2014 (4).
Approximately 90% of patients diagnosed with pancreatic
cancer eventually die from the disease (5). Currently,

pancreatic cancer is the fourth leading cause of cancer death
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Figure 1 A 58-year-old man with stage IV pancreatic adenocarcinoma at presentation. (A) Portal venous phase 5 mm axial MDCT image

through the pancreatic body and tail reveals slight dilation of the main pancreatic duct and numerous liver metastases; (B) at a more caudal

level, the hypovascular mass in the right aspect of the uncinate process and additional hepatic metastases are noted, note the high density plastic

biliary stent and the moderately dilated main pancreatic duct (both seen in cross section). MDCT, multi-detector computed tomography.

in the U.S.; however, it is projected to become the second
leading cause of cancer death in the U.S. by 2020 (2).

Survival with pancreatic cancer is dismal with only a
6% 5-year survival (2). This is in large part due to the
commonly advanced stage of disease at the time of diagnosis
(Figure I). The most common presenting symptoms of
pancreatic cancer (i.e., abdominal pain, weight loss, anorexia
and asthenia) are nonspecific and no effective screening tool
to detect early asymptomatic patients is available (6).

Currently, the only potentially curative therapy for
pancreatic carcinoma is complete surgical resection. However,
this therapy is limited to patients whose tumors can be resected
with negative pathologic margins (RO resection) and do not
have metastatic disease. Unfortunately, 53% of patients have
distant metastatic disease at the time of diagnosis and only
15-20% of patients have potentially resectable disease at the
time of diagnosis (2,7). Of those patients deemed resectable
prior to surgery, 14-30% of these patients are found to
be unresectable at the time of surgery (8,9). Patients who
undergo incomplete resection with residual microscopic (R1)
or macroscopic (R2) disease have similar survival rates to
those patients with metastatic disease and should be spared
this relatively morbid surgery (10). Thus, the key to optimal
management is accurately determining which patients have
potentially resectable surgery and which patients would
not benefit from surgery. Cross-sectional imaging plays an
essential role in both diagnosing and appropriately staging
pancreatic carcinoma (11).

Initial diagnosis

The diagnosis of a solid pancreatic mass is made with cross-
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sectional imaging modalities including, transabdominal
ultrasound, endoscopic ultrasound (EUS), multi-detector
computed tomography (MDCT), magnetic resonance
imaging (MRI) and positron emission tomography/
computed tomography (PET/CT).

Ultrasound

Transabdominal ultrasound

The initial workup of typical symptoms of pancreatic cancer,
including upper abdominal pain and jaundice, often starts
with transabdominal ultrasound. While ultrasound is readily
available, inexpensive, and does not use ionizing radiation,
it is not an ideal screening tool for detection of pancreatic
masses due to its relatively low sensitivity (11,12). This is
in part due to high operator dependence as the sensitivity
for detection of pancreatic masses has been reported from
67-90% (13). The pancreas in often not well visualized
in obese patients and can be significantly obscured by
shadowing bowel gas in both obese and non-obese patients.
When pancreatic adenocarcinoma is identified via ultrasound,
it is typically a hypoechoic hypovascular mass (Figure 2) with
irregular margins. In the absence of a discrete visualized
mass, secondary signs of pancreatic cancer including
pancreatic duct (PD) dilatation (>2-3 mm) and contour
abnormalities can be seen, suggestive of an underlying mass,
thus warranting further investigation.

Endoscopic ultrasound (EUS)

EUS is the dominant endoscopic technique used for the
diagnosis and evaluation of pancreatic masses (12). High
resolution imaging of the pancreas can be achieved by
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Figure 2 A 50-year-old man who underwent abdominal sonography for abdominal pain. (A) Transabdominal sonographic transverse image
through the pancreatic body and tail in the upper abdomen shows a poorly marginated hypoechoic lesion (arrow); same patient, multiphasic
MDCT the next week demonstrates that the small mass in the posterior pancreatic body and the upstream main pancreatic duct are much

better seen on the pancreatic parenchymal phase 2.5 mm axial image (arrow on B) acquired at 35 s after the initiation of IV contrast medium

compared to the portal venous phase image (arrow on C) acquired at 70 s. MDCT, multi-detector computed tomography.

placing a high frequency probe in close proximity to the
pancreas (14). EUS is highly sensitive for the detection of
pancreatic masses (sensitivities reported as high as 93-100%)
and has a negative predictive value approaching 100%,
particularly when used in conjunction with fine needle
aspiration (FINA) (13). EUS is useful for the detection
of small masses (<2-3 cm) which may be occult on other
imaging modalities and for patients with indeterminate
findings on prior imaging (15-17). The National
Comprehensive Cancer Network (NCCN) guidelines for
pancreatic adenocarcinoma state that patients who do not
have a pancreatic mass visualized on cross-sectional imaging
should undergo further evaluation with EUS and/or
endoscopic retrograde cholangiopancreatography (ERCP)
as clinically indicated (18). Another advantage of EUS is that
pancreatic masses can be detected and characterized without
the use of intravenous contrast, which is of particular use for
patients with renal dysfunction or other contraindications to
intravenous contrast. The typical appearance of pancreatic
adenocarcinoma with EUS is a heterogeneous hypoechoic
solid mass with irregular borders; however, this appearance
is not specific for adenocarcinoma.

EUS is an invasive procedure; however, it is generally
safe, and has reported procedural complication rates as low as
1.1-3% (19). The most commonly reported complications
are bleeding (1-4%), pancreatitis (1-2%), perforation (0.03%)
and tumor seeding of the biopsy tract (20). Peritoneal tumor
seeding with EUS-FNA is a rare complication and occurs
less frequently with EUS-FNA than with percutaneous
biopsy (21). The major limitation of EUS that impacts
patient care and management decision making is the
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inability to stage disease beyond the pancreas, thus it is
generally used in addition to or after MDCT.

Multi-detector computed tomography (MDCT)

MDCT is widely available and the most commonly used,
best-validated imaging modality for the evaluation of a
patient with a suspected pancreatic mass (11,18). The
reported sensitivity of MDCT for the detection of pancreatic
adenocarcinoma is as high as 89-97% (22). The sensitivity
for detecting small masses (<1.5 cm) is lower and has
been reported to be 67% (23). The typical appearance of
pancreatic adenocarcinoma on MDCT is an ill-defined mass
which is hypoenhancing relative to the avidly-enhancing
non-tumoral pancreatic parenchyma (Figure 3). Eleven to
twenty-seven percent of adenocarcinomas are isoenhancing
to the pancreatic parenchyma and are occult on CT,
particularly when small (24-26). In these cases, secondary
signs of a pancreatic mass such as abrupt cutoff of the PD
with upstream dilatation (Figure 4), mass effect, and contour
abnormality may be present (27). Approximately 10% of
pancreatic adenocarcinomas do not appear as a focal mass
but as diffuse gland enlargement/involvement (28).

Pancreas CT protocols can vary somewhat from institution
to institution but typically are multiphasic with thin-section
imaging (<3 mm) and with multi-planar reconstructed
(MPR) images (coronal and/or sagittal planes). Post-contrast
imaging must include the pancreatic parenchymal phase
which is a late arterial phase acquired after a delay of 35-50's
and a portal venous phase which is acquired after a delay of
60-90 s (29,30). The pancreatic parenchymal phase is
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Figure 3 A 60-year-old man who presented to the emergency department with nausea and abdominal pain was found to have possible
pancreatic head mass. (A) Portal venous phase 5 mm axial image demonstrates fullness in the pancreatic head, but a mass is not clearly
discernable. A multiphasic MDCT examination was performed specifically to evaluate potential pancreatic mass; (B) pancreatic parenchymal
phase 2.5 mm axial image better demonstrate the margins of the hypovascular mass in the posterior head region compared to either the
initial emergency department CT or (C) the 5 mm portal venous phase image obtained as part of the multiphasic pancreatic scan. MDCT,

multi-detector computed tomography.

Figure 4 A 63-year-old woman with small pancreatic adenocarcinoma and upstream main pancreatic duct dilation. (A) Coronal reformatted

3 mm MDCT portal venous phase image demonstrates the dilated main pancreatic duct (small arrow) leading in to the 1.0 cm ductal
adenocarcinoma (large arrow) in the pancreatic neck region. Note the slightly diminished enhancement of the gland in the body and tail
region; the tiny tumor is better depicted on the pancreatic parenchymal phase 2.5 mm axial image (B); compared to the portal venous phase

image (C) and appears resectable from a vascular standpoint; however, there is a small metastasis present in the lateral segment of the left

lobe of the liver (circle on B). MDCT, multi-detector computed tomography.

timed for peak parenchymal enhancement to maximize
the difference in enhancement of the hypoenhancing
adenocarcinoma and background pancreas in order to
increase conspicuity of the mass (31,32) (Figure 2). This
phase allows for adequate evaluation for the relationship of
the mass with adjacent arterial structures which is essential
for staging (31,32). The portal venous phase of imaging
provides optimal evaluation for involvement of adjacent
veins (mesenteric, portal and splenic) and for the presence
of metastatic disease, particularly in the liver (30). However,
despite optimal imaging, small metastatic lesions in the liver
can be missed on CT resulting in unresectable disease being
found at surgery (33).
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MPR images are typically included in a pancreas protocol
CT as they have been shown to improve evaluation of local
extension of tumor and evaluation for vascular involvement
(34,35). Curved planar reformatted (CPR) images (Figure 5)
are also often included as they have been shown to increase
lesion detection and improve evaluation of vascular
involvement (36,37).

Dual-energy CT (DECT) (Figure 6) is a novel imaging
method which utilizes X-ray beams at two different energy
levels to increase image contrast on intravenous contrast-
enhanced CT images. This is possible because the viewing
energies can approach the K-edge of iodine, and the
differences in Hounsfield units (HU—CT measure of
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Figure 5 A 69-year-old man with a narrowed superior mesenteric vein. (A-D) Successive coronal reformatted images progressing from
anterior to posterior demonstrate narrowing of the portal confluence by the hypovascular pancreatic adenocarcinoma in the superior head
region, much better depicted, particularly from the standpoint of length of vein involved, on the curved multiplanar reformatted image (E).

The axis of this image is aligned with the long axis of the portal vein.

Figure 6 Dual energy MDCT in a 50-year-old man with a small resectable pancreatic ductal adenocarcinoma in the body region (same
patient as Figure 2). (A) Low viewing energy (52 keV) axial 2.5 mm image and (B) iodine material density 2.5 mm image demonstrate
increased conspicuity of the lesion and its relationship to the adjacent splenic artery (compare to Figure 2B and 2C). MDCT, multi-detector
computed tomography.
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Figure 7 A 49-year-old woman who underwent upper abdominal MRI to evaluate an incidental hepatic lesion detected on abdominal

ultrasound obtained for abdominal pain. (A) Pancreatic parenchymal; and (B) portal venous phase 5 mm axial images well depict the 3.0 cm

mass (solid arrows) in the pancreatic body. Note the upstream glandular atrophy and main pancreatic duct dilation (open arrows); the lesion

is seen as high (bright) signal on the diffusion weighted image (arrow on C); and is confirmed to have restricted diffusion on the ADC map

(arrow on D). MRI, magnetic resonance imaging; ADC, apparent diffusion coefficient.

density or linear attenuation coefficient of tissue) between
tumoral and non-tumoral tissue increases. DECT also
allows generation of iodine images from the same CT
acquisition; these images have high contrast to noise
ratios, thus enhancing lesion conspicuity. This advance
is important for imaging small pancreatic cancers which
tend to be isoattenuating or near isoattenuating to the
remainder of the pancreas. Early studies have shown an
improvement in lesion detection for patients with pancreatic
adenocarcinoma (38-41). Staging can also be improved by
review of iodine images and generation of CT angiograms
from low energy or iodine datasets (41). It is important to
note that dual energy CT techniques are relatively radiation
dose neutral examinations, and do not result in significantly
increased radiation exposures for patients compared to
standard single energy CT (42).

Magnetic resonance imaging (MRI)

Modern contrast-enhanced MRI has been demonstrated to
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be equivalent to MDCT in detection and staging pancreatic
cancer (43,44). With its superior contrast resolution,
MRI provides increased lesion conspicuity and may be
better than CT at detecting small cancers (44-46). MRI is
particularly useful for the detection and characterization
of pancreatic masses that are isoenhancing to the
pancreatic parenchyma and not directly seen on CT (25).
A limitation of MRI in the detection of pancreatic
adenocarcinoma is the susceptibility of MRI to significant
degradation by respiratory motion artifact. This is of
particular concern when using gadoxetate disodium
contrast as it has been associated with increased motion
artifact on arterial-phase imaging, which is often critical
for detecting these cancers (47,48). The typical appearance
of pancreatic adenocarcinoma on MRI is an ill-defined T'1
hypointense, T2 hypointense, relatively hypoenhancing
mass. Adenocarcinomas usually demonstrate restricted
diffusion on diffusion weighted imaging (Figure 7), which
may allow for increased detection of tumors even in the
unenhanced state (49).
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Figure 8 A 75-year-old man with SMV occlusion and locally advanced pancreatic cancer who underwent PET/CT. (A) Axial PET/CT
image through the pancreatic body and neck regions reveals an FDG-avid lesion in the midline (arrow). No distant metastatic lesions were
detected, but there is abnormal, less FDG avid activity extending toward the gastric antrum; (B) MRCP image demonstrates focal narrowing
of the main pancreatic duct (arrow) in the region of the mass, with upstream dilation in the body and tail; (C) pancreatic parenchymal phase
5 mm axial image; and (D) portal venous phase 5 mm axial image demonstrate the abrupt duct cut off by the small pancreatic mass (small

arrows), with an inflammatory collection extending towards the stomach. SMV, superior mesenteric vein; PET/CT, positron emission

tomography/computed tomography; FDG, fluorodeoxyglucose; MRCP, magnetic resonance cholangiopancreatography.

PET & PET/CT

PET and PET/CT are not routinely used for the initial
diagnosis of cancer in patients with clinical suspicion for
pancreatic adenocarcinoma. PET/CT is more sensitive for
the detection of pancreatic cancer than PET alone (50).
The sensitivity and specificity of PET/CT in diagnosing
pancreatic carcinoma has been reported to be 89% and
88%, respectively (51). PET/CT may be more sensitive for
the diagnosis of pancreatic carcinoma than conventional
MDCT and MRI (51). Multiple studies have demonstrated
that PET/CT is more sensitive than standard cross-
sectional imaging for detecting distant metastatic disease
(52,53). Contrast-enhanced PET/CT has also been shown
to improve detection of distant metastatic disease when
compared with non-contrast PET/CT (54). The typical
appearance of pancreatic carcinoma on PET/CT is a focal
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fluorodeoxyglucose (FDG)-avid mass with CT or MRI
characteristics as previously described (Figure §).

The role of PET/CT in the initial diagnosis and staging
is evolving and not well defined at this time. The NCCN
clinical practice guidelines acknowledge the utility of PET/
CT in staging pancreatic adenocarcinoma but state that PET/
CT is not a substitute for high-quality contrast-enhanced CT
but can be used in conjunction with a pancreas-protocol CT
as indicated (18).

Staging

Cross-sectional imaging plays an essential role in the
staging of pancreatic adenocarcinoma and thus determining
the most appropriate therapy for patients. MDCT is the
most widely used and validated modality for the staging of
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Table 1 TNM pancreatic cancer staging (AJCC)

Stage Definition

Primary tumor (T)
TO No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor limited to pancreas, <2 cm
T2 Tumor limited to pancreas, >2 cm
T3 Extension into peripancreatic tissues

(excluding arteries)
T4 Tumor involves celiac axis or superior
mesenteric artery
Regional lymph nodes (N)

NXx Regional lymph nodes not assessed
NO No metastatic regional lymph nodes
N1 Metastatic regional lymph nodes

Distant metastasis (M)
MO No distant metastatic disease
M1 Distant metastatic disease

AJCC, American Joint Committee on Cancer.

pancreatic adenocarcinoma; however, MRI is an equivalent
alternative to MDCT for staging. The NCCN practice
guidelines recommend that imaging for staging should
be done with specialized pancreatic CT or MRI while the
consensus statement by the International Study Group
of Pancreatic Surgery (ISGPS) recommends evaluation
with specialized pancreatic CT (55,56). The decision to
use MDCT or MRI should be based on availability, local
practice, and local experience/expertise.

Preoperative imaging is used to characterize patients
as having resectable disease, borderline resectable disease,
locally advanced disease (unresectable without distant
metastatic disease) and metastatic disease (unresectable).
Borderline resectable disease refers to locally advanced
pancreatic adenocarcinoma with involvement of the
mesentericoportal veins or local arteries that is in between
routinely resectable disease and definitely unresectable
disease (56). The exact definitions of borderline resectable
and unresectable disease have evolved over recent years
and still vary from institution to institution and between
different societies. Therefore, it is critical that accurate
assessment and reporting of the local extent of disease
and the presence and absence of lymph node and distant
metastatic disease is performed for optimal management.

The staging system that is most commonly used by
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clinicians is the TNM staging system maintained by the
American Joint Committee on Cancer (AJCC) (57). This
system evaluates local extent of the primary tumor, lymph
node involvement, and presence of distant metastatic disease
to classify disease and give prognosis (Tuble 1) (58). The
resectability of a tumor is dependent on its location in the
pancreas, involvement of local arteries (celiac, superior
mesenteric, and hepatic) and veins (superior mesenteric
and portal), lymph node involvement, and presence
of distant metastatic disease. A step-wise approach to
assessment of resectability is utilized in our practice and
includes: (I) location of the primary tumor and relation to
surrounding organs; (II) evaluation of distant metastatic
disease (most commonly in the liver and peritoneum); (III)
involvement of the peripancreatic arteries; (IV) involvement
of the peripancreatic veins, with description that can
allow the surgeon to prepare for potential vein graft; (V)
extrapancreatic perineural spread of tumor to the celiac
region. If stage IV disease is identified in the liver, a critical
analysis of the peripancreatic vessel involvement is not
necessary.

Tumor location

Approximately 60-70% of pancreatic cancers involve the
pancreatic head (3,59). Pancreatic head cancers are defined as
those arising to the right of the superior mesenteric—portal vein
confluence (58). Approximately 10-20% of pancreatic cancers
are in the body and 5-10% are in the tail. Cancers between
the mesenteric-portal vein confluence and left lateral margin
of the aorta are in the body and those lateral to the aorta are
in the tail (58). The location of the tumor determines whether
the patient would be treated with a pancreaticoduodenectomy
(Whipple procedure) or distal pancreatectomy. The size of the
tumor is also important, as it contributes to the T stage and
could be important for determining response to the therapy on
subsequent studies (60).

Location of the tumor is also important as it determines
the route of local spread of disease. With pancreatic
adenocarcinoma, there can be direct invasion (Figure 9)
of adjacent structures (e.g., duodenum, stomach, adrenal
gland, kidney, and colon); however, this does not make
disease for a patient unresectable, if this extension can be
otherwise adequately and safely resected (61). One route
of direct tumor spread that is of particular importance
for tumors of the head and uncinate process is perineural
invasion (retrograde extension of disease along the neural
fascicles of the neurovascular bundles), as it is indicative of a
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very poor prognosis (62). Perineural invasion (Figure 10) is
extremely common with pancreatic carcinomas of the head
and uncinate process, being reported in up to 53-100%
of cases, and often results in positive resection margins at
surgery (63). Adenocarcinomas of the pancreatic head
typically spread along the plexus pancreaticus capitalis 1
(PPC1) or gastroduodenal artery (GDA) plexus (if in the
dorsal aspect of the head). This can be seen on MDCT as
direct contiguous extension of tumor soft tissue extending
posterior to the portal vein to along the medial upper margin
of the uncinate process or along the GDA to the common
hepatic artery (CHA), respectively (63). Adenocarcinomas of
the uncinate process typically extend along the PPC2. This
can be seen on MDCT as direct contiguous tumor soft tissue
extending along the posteroinferior pancreaticoduodenal

Figure 9 An 85-year-old woman with locally invasive pancreatic
adenocarcinoma. Pancreatic parenchymal phase axial image
demonstrates the low attenuation hypodense mass in the pancreatic
neck/body extending through the posterior antral wall and

disrupting the enhancing gastric mucosa.

351

artery (PIPDA) up to and along the superior mesenteric
artery (SMA) (63,64). Note is made that tumor can also
extend along this pathway to involve the mesenteric root (63).

Vascular involvement with tumor

Determining vascular involvement is the most important
component of determining the resectability of a borderline
or locally advanced pancreatic adenocarcinoma. Evaluation
of the celiac artery, SMA, CHA, superior mesenteric vein
(SMV), and portal vein are essential for accurate staging
and determining subsequent therapy. Encasement (>180°
circumferential contact) of a vessel by tumor (Figure 11)
is an imaging sign of vascular invasion with a sensitivity
of 84% and specificity of 98% (65). Abutment (<180°
circumferential contact) of a vessel with tumor (Figure 12)
is not considered a sensitive sign of vessel invasion (65).
Addition findings suggestive of vessel invasion are tumor
causing vessel deformity (tear-drop configuration) or
narrowing (regardless of degree of contact), vessel irregularity,
direct invasion into a vessel, and thrombosis (3,66).
Note that the degree of vascular contact is best evaluated
perpendicular to the long axis of the vessel (Figure 13), so,
for example, the SMA and SMV should be assessed on axial
images, while a coronal or sagittal reformatted image might
better demonstrate involvement of the portal vein and
CHA. These imaging signs of vessel invasion were selected
to maximize specificity (at the expense of sensitivity) to
ensure that patients with clearly unresectable disease did
not undergo an unnecessary surgery and to minimize the
number of patients with potentially resectable disease being
denied surgery.

The exact definition of borderline resectability and
unresectability of locally advanced pancreatic cancer is vague,

Figure 10 A 61-year-old man with small pancreatic cancer and perineural spread to the celiac ganglion. (A-C) Successively caudal pancreatic

parenchymal phase 2.5 mm axial images demonstrate the hypovascular mass in the medial pancreatic head extending posteriorly along the

plexus pancreaticus capitalis 1 and abutting the right margin of the celiac trunk. This patient received neoadjuvant therapy.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Figure 11 A 55-year-old woman with SMA encasement. (A) Pancreatic parenchymal phase 2.5 mm axial image depicts the relationship of
the hypovascular mass in the medial pancreatic head to the SMA (arrow) where there is >180° contact indicating encasement; note that this
relationship is better seen on this phase of IV contrast administration compared to (B) the portal venous phase 5 mm axial image. SMA,

superior mesenteric artery.

Figure 12 A 52-year-old man with SMA abutment. (A) Pancreatic parenchymal phase 2.5 mm axial image demonstrates contact of the large
mass in the pancreatic head with <90° of the SMA (arrow); the SMV (open arrow) is not well evaluated in this phase of contrast, but is better
seen on (B) the portal venous phase 5 mm image, where approximately 180° contact is present with slight straightening of the right lateral
SMV (open arrow) wall indicating involvement/invasion. SMA, superior mesenteric artery; SMV, superior mesenteric vein.

oo~

Figure 13 Cartoon depiction of vascular involvement. (A) Abutment of the C with the V; (B) encasement; and (C) involvement/invasion
with teardrop deformity. C, cancer; V, vessel.
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Table 2 Different definitions of borderline resectable pancreatic cancer
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MD Anderson
Anatomy NCCN 2014 AHPBA/SSAT/SSO ISGPS ACTO
Cancer Center
Superior Involvement with Abutment, Short-segment Involvement with Tumor-vessel
mesenteric distortion/narrowing  encasement, or occlusion distortion/narrowing  interface >180° and/or
vein/portal vein and/or occlusion short-segment amenable to and/or occlusion occlusion amenable to
amenable to occlusion amenable reconstruction amenable to reconstruction
reconstruction to reconstruction reconstruction
Superior Abutment (<180°) Abutment (=180°) Abutment (<180°)  Abutment (<180°) Tumor-vessel
mesenteric artery interface <180°
Common hepatic Abutment or Abutment or Short segment Abutment or Short-segment
artery short-segment short-segment encasement/ short-segment tumor-vessel interface
encasement encasement abutment encasement (any degree) amenable
to reconstruction
Celiac artery No abutment or No abutment/ No abutment or No abutment or Tumor-vessel

encasement encasement

encasement

encasement

interface <180°

NCCN, National Comprehensive Cancer Network; AHPBA/SSAT/SSO, American Hepato-Pancreato-Biliary Association/Society for
Surgery of the Alimentary Tract/Society of Surgical Oncology; ISGPS, International Study Group of Pancreatic Surgery; ACTO, Alliance

for Clinical Trials in Oncology.

controversial, and varies from institution to institution (67).
Differences in imaging practices and interpretation, local
surgical skill, and local experience contribute to these
varying definitions. Tumors with no evidence of metastatic
disease, no definite involvement (abutment or encasement)
of the SMV or portal vein, and clear fat planes around the
celiac artery, hepatic artery and SMA are considered clearly
resectable as per the consensus statements by the NCCN
and by the American Hepato-Panceato-Biliary Association
(AHPBA)/Society for Surgery of the Alimentary Tract
(SSAT)/Society of Surgical Oncology (SSO)/Gastrointestinal
Symposium Steering Committee (GSSC)/University of
Texas M. D. Anderson Cancer Center (MDACC) (68,69).
Note is made that isolated tumor involvement of the
pancreaticoduodenal artery does not constitute borderline
resectability or unresectability, as this vessel is routinely
resected as part of a Whipple procedure.

The MDACC published a classification system for
the resectability of pancreatic cancer in 2006 (70).
Subsequent consensus guideline statements regarding
borderline resectable cancer have been published by the
NCCN, the AHPBA/SSAT/SSO/MDACC, and the
ISGPS (18,56,68,70,71). The Alliance for Clinical Trials
in Oncology (ACTO) has recently published their own
definition of borderline resectable disease (67). These are
summarized in Table 2. Findings that are not directly related
to vascular invasion but otherwise affect surgical planning
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are extension of the tumor along the CHA to the origins of
the right and left hepatic arteries, extension of tumor along
the SMA to the first branch, and extension of tumor along
the SMV to the most proximal draining vein (72).

Accurate restaging of vascular involvement following
preoperative neoadjuvant therapy of borderline resectable
pancreatic cancers is difficult and somewhat controversial.
Neoadjuvant-therapy-induced regional changes decrease
the sensitivity of CT for detecting disease resectability (71).
Katz er al. demonstrated that while only 0.8% of patients
demonstrated downstaging to resectable disease on
imaging, 66% of patients were found to be resectable at
surgery (73). The ISGPS consensus statement recommends
that if neoadjuvant therapy is administered, an exploratory
laparotomy with attempted resection should be considered
in the absence of disease progression (distant metastasis) on
subsequent imaging (56).

In addition to vascular involvement with tumor, relevant
variant vascular anatomy is also important to identify and
report when determining resectability. For example, multiple
jejunal branches inserting high on the SMV near the portal
confluence can make vascular resection/reconstruction
difficult (74). Arterial variants that can preclude resection
include a replaced hepatic artery arising from the SMA (which
is involved with tumor) and a low origin of the CHA from
the celiac axis with an aberrant course inferior to the portal
vein (74).
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Nodal disease

Although cross-sectional imaging is not particularly
sensitive for the detection of lymph node involvement
with pancreatic cancer, MDCT is generally considered
the modality of choice. Abnormal appearing region
lymph nodes (>1 cm in short axis diameter, rounded
morphology, or cystic appearance) that are in the surgical
bed are considered nodal metastasis and are generally not
a contraindication to surgery; however, if confirmed at
surgery, adjuvant chemotherapy is indicated. For cancers
in the pancreatic head/neck, this includes lymph nodes
along the celiac axis and in the peripancreatic and periportal
regions and for cancers in the body/tail this includes
lymph nodes along the CHA, celiac axis, splenic artery and
splenic hilum. Lymph node involvement outside of the
surgical bed is considered distant metastatic disease and is
a contraindication for surgery. Therefore, a description of
the location of abnormal appearing lymph nodes is the most
important aspect of nodal evaluation for staging.

Distant metastatic disease

Distant metastatic disease most commonly occurs in the
liver, peritoneum, lungs and bones. As previously stated,
lymph node metastases outside of the surgical field are
considered distant metastases. The presence of distant
metastatic disease makes the primary lesion unresectable.
Note that if a patient is scanned initially with a standard
abdominal portal venous phase MDCT, and liver metastases
along with a primary pancreatic adenocarcinoma are clearly
evident, a repeat multiphasic CT is not required to further
evaluate, and follow up imaging can also be single portal
venous phase. The majority of patients found to have
unresectable disease at surgery despite the appearance of
resectable disease on state of the art multiphasic MDCT
preoperative imaging are due to small metastatic lesions in
the liver and peritoneum. Evaluation for hepatic metastatic
disease is most often performed with MDCT or MRI;
however, MRI is more sensitive for the detection of small
metastatic lesions (75). Furthermore, MRI provides better
specificity in characterizing indeterminate liver lesions (43),
and MRI is often used for further evaluation when MDCT
demonstrates indeterminate liver lesions. None of the
imaging modalities are sensitive for the detection or early
peritoneal disease. Peritoneal thickening/nodularity and/
or ascites not otherwise explained should be considered
suspicious for metastatic disease. Although PET/CT has
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been reported to be more sensitive for the detection of
distant metastatic disease, the cost-effectiveness has not been
proven, and PET/CT is not routinely used in staging (76).

Structured reporting

As imaging plays an essential role in determining the
appropriate management of patients with pancreatic
adenocarcinoma, an accurate, complete, and concise report
is needed to ensure that the pertinent findings are relayed to
the referring clinicians. Structured reports have been shown
to not only be equally efficient and accurate in conveying
information to referring clinicians as free-style reports, they
have been shown to be more accepted and preferred by both
radiologists and clinicians (77-79). A standardized reporting
template for pancreatic ductal adenocarcinoma has been
published as a consensus statement of the Society of
Abdominal Radiology (SAR) and the American Pancreatic
Association (APA) (72). Structured reporting for pancreatic
cancer has been reported to provide superior evaluation of
pancreatic cancer, facilitate surgical planning, and increase
surgeons’ confidence about tumor resectability (80).

Conclusions

Detection and accurate staging of pancreatic carcinoma
utilizing abdominal cross sectional state of the art imaging
is essential to providing optimal therapy for patients. While
specialized pancreatic MDCT is the most commonly used
and best-validated modality for diagnosing and staging, MRI
is an equally sensitive alternative. A complete and accurate
assessment of the primary tumor, its relationship to/
involvement of neighboring structures (particularly vascular
structures) and distant metastatic disease is required for
accurate characterization of disease as resectable, borderline
resectable and unresectable. Structured reporting is a good
tool for reporting pancreatic adenocarcinoma and has been
shown to improve evaluation and surgeons’ confidence in
the report.
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