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 Computed Tomography

Computed tomography (CT) is the imaging 
modality of choice for detection and staging of 
pancreatic cancer due to its high spatial resolu-
tion and the ability to produce multiplanar refor-
mats. The proper imaging protocol and technique 
is crucial for these purposes.

 CT Protocol

Recent recommendations from the National 
Comprehensive Cancer Network, based on con-
sensus publications written by members of the 

American Pancreatic Association including radi-
ologists from the Society of Abdominal Radiology, 
provide detailed instructions to optimize imaging 
with computed tomography [1]. These recom-
mendations include the following for a CT exami-
nation optimized for detection, characterization, 
and staging of a pancreatic mass that may be a 
pancreatic tumor. Intravenous iodinated contrast 
should be injected rapidly at a rate of approxi-
mately 3–5  mL per second. Imaging should be 
obtained during the phase of peak pancreatic 
parenchymal enhancement, typically 40–50 s fol-
lowing the start of injection of intravenous con-
trast, followed then by a second phase, a portal 
venous phase, at 65–70 s after the start of contrast 
injection. The pancreatic parenchymal phase 
facilitates imaging of the primary tumor, as well 
as arterial anatomy, while the portal venous phase 
facilitates visualization of venous structures and 
the detection of liver metastases. Neutral contrast, 
such as water, should be utilized. Images should 
be obtained at the thinnest slice profile possible, 
preferably submillimeter, to allow for reconstruc-
tions in the axial, coronal, and sagittal planes at a 
2–3 mm slice thickness to facilitate visualization 
of the relationship of tumor to vessels (Fig. 5.1). 
Dual energy imaging techniques, in which X-ray 
beams of two different energies are utilized at the 
same time, have been shown to improve the visi-
bility of pancreatic tumors, particularly low, 
40–50 keV monochromatic energy images as well 
as iodine material density images which empha-

S. Javadi (*) 
Diagnostic Radiology, University of Texas MD 
Anderson Cancer Center, Houston, TX, USA
e-mail: sanaz.javadi@mdanderson.org 

V. Wong · J. J. Ibarra Rovira · P. Bhosale 
Abdominal Imaging, University of Texas MD 
Anderson Cancer Center, Houston, TX, USA
e-mail: vkwong@mdanderson.org;  
jjibarra@mdanderson.org

P. Bhosale 
Abdominal Imaging, The University of Texas MD 
Anderson Cancer Center, Houston, TX, USA
e-mail: Priya.bhosale@mdanderson.org

E. Tamm 
Department of Abdominal Radiology, University of 
Texas MD Anderson Cancer Center,  
Houston, TX, USA
e-mail: etamm@mdanderson.org

© Springer Nature Switzerland AG 2022 
M. S. Bhutani et al. (eds.), Pancreatic Cancer: A Multidisciplinary Approach, 
https://doi.org/10.1007/978-3-031-05724-3_5

mailto:sanaz.javadi@mdanderson.org
mailto:vkwong@mdanderson.org
mailto:jjibarra@mdanderson.org
mailto:jjibarra@mdanderson.org
mailto:Priya.bhosale@mdanderson.org
mailto:etamm@mdanderson.org
https://doi.org/10.1007/978-3-031-05724-3_5#DOI


52

a b

c

Fig. 5.1 Pancreatic head mass (white arrow) as seen on 
the (a) late arterial phase, (b) late arterial phase on an 
iodine material density dual energy image, and (c) late 

arterial phase. Note how boundaries of tumor and differ-
ence between tumors are better seen on late arterial phase 
and particularly the iodine material density image
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Fig. 5.2 Medial hypodense pancreatic head lesion (white 
arrows), biopsy proven chronic pancreatitis. Lesion 
remained stable over the course of multiple examinations

size the presence of iodinated contrast (Fig. 5.1) 
[2, 3]. Alternatively, imaging can be done using a 
low kVp (80-100kVp) technique to improve con-
trast, though limitations on tube  output may con-
strain imaging with regard to patient size [4, 5].

 Diagnosis

Pancreatic ductal adenocarcinoma (PDAC) on 
contrast-enhanced CT typically has the appear-
ance of a solid mass. This is variably hypodense 
to background pancreas on the pancreatic paren-
chymal phase of enhancement (late arterial 
phase) (Fig. 5.1). The sensitivity for the detection 
of tumor on multidetector CT has been reported 
to be approximately 86–97% when considering 
tumors of all sizes, but decreases to a sensitivity 
of 77% for tumors under 2 cm [6–9]. Dual energy 
imaging techniques have been shown to improve 

the conspicuity of primary tumors, particularly 
low keV monochromatic energy images, approx-
imately 40–50 keV, and iodine material density 
images, the latter emphasizing the differences in 
contrast enhancement between tumor and back-
ground pancreas [2, 3]. However, even with 
biphasic imaging, pancreatic tumors can be 
isodense to the background pancreas. A study uti-
lizing multidetector CT noted an incidence of 
11% for isoattenuating tumors even during the 
phase of peak pancreatic enhancement [10].

In the case of such isoattenuating tumors, it is 
important to be aware of secondary signs, which 
may be the only indicator(s) present. These include 
atrophic pancreatic parenchyma within the 
upstream pancreas, abnormal mass effect includ-
ing regional pancreatic enlargement, abnormal 
pancreatic contour, and abnormalities of the pan-
creatic and/or common bile duct. Abnormalities of 
the main pancreatic duct include an interrupted or 
obstructed main pancreatic duct [10]. Studies have 
shown that dilatation of the main pancreatic duct 
with cut-off can be seen in nearly half of cases as 
distant as 2–18 months prior to establishing a clin-
ical diagnosis of pancreatic cancer [11].

 Differential Diagnosis

One of the challenges is the broad differential 
diagnosis for a hypodense or isodense pancreatic 
mass, the primary concern always being the pos-
sibility of pancreatic ductal adenocarcinoma. For 
this reason, tissue sampling is almost always 
needed to guide further management. The etiolo-
gies that will be covered include both inflamma-
tory and neoplastic.

The primary inflammatory considerations are 
forms of chronic pancreatitis, both conventional 
and autoimmune varieties. Histopathologically, 
conventional (non-autoimmune) chronic pancre-
atitis is characterized by parenchymal destruction 
with replacement by fibrotic tissue classically 
resulting in an atrophied pancreas [12, 13]. 
However, chronic pancreatitis can also manifest 
as a focal mass (30%) (Fig. 5.2) causing features 
that mimic pancreatic ductal adenocarcinoma, 
including duct obstruction [13, 14]. Overall, CT 
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has been reported to have a specificity of only 
70% when discriminating between mass-forming 
chronic pancreatitis and pancreatic ductal adeno-
carcinoma [15]. Another challenge is that patients 
with chronic pancreatitis are at risk for develop-
ing pancreatic ductal adenocarcinoma [16]. For 
this reason, even if a biopsy of such a mass is 
negative for malignancy and is indicative of pan-
creatitis, close observation, and consideration for 
re-biopsy is adviased because of the issues like 
smapling errors and potenrial future development 
of cancer.

Autoimmune pancreatitis, a manifestation of a 
related systemic disease, has an average age of 
onset of 60 years, but can affect a wide age range 
[17]. It manifests as two main types: Type 1, a 
predominantly lobular inflammatory manifesta-
tion with a typically diffuse fusiform appearance 
in which most patients develop an elevated serum 
IgG4 level, and Type 2, histopathologically asso-
ciated with granulomas centered about ducts, 
commonly forming a mass, and only rarely 
mounting an elevated serum IgG4 level [17].

The neoplastic differential diagnosis for pan-
creatic ductal adenocarcinoma includes primary 
and metastatic tumors.

Primary pancreatic neuroendocrine tumors, 
while classically hyperenhancing on the pancre-
atic parenchymal phase, can be isoenhancing or 
even hypoenhancing on the pancreatic parenchy-
mal phase; hypoenhancing variants were also 
identified to have poorer prognosis with higher 
rates of nodal and liver metastases [18].

Primary pancreatic lymphoma is rare, but sec-
ondary pancreatic involvement has been reported 
in up to 30% of cases of non-Hodgkin lymphoma 
[19]. The appearance can be variable, including 
diffuse pancreatic involvement as well as mani-
festing as one or more solid masses (Fig.  5.3), 
with or without obstruction of the main pancre-
atic duct [19].

Several extra-pancreatic primary tumors can 
metastasize to the pancreas. These include those 
originating in the breast, colon (Fig.  5.4), kid-
neys, lungs, and prostate. Sarcomas, melanoma, 
and bowel carcinoid tumors can also metastasize 
to the pancreas. These lesions can show a variety 
of enhancement patterns, ranging from hyper- to 

hypoenhancement. While the presence of multi-
ple solid lesions is a useful indicator for meta-
static disease or lymphoma, metastatic disease to 
the pancreas can often manifest as a solitary 
lesion. For this reason, the possibility of meta-
static disease, rather than solely primary pancre-
atic cancer, should be considered in the setting of 
a known extra-pancreatic primary. Biopsy and 
tools such as immunohistochemistry are often 
helpful.

 Staging

The American Joint Committee on Cancer 
(AJCC) provides staging criteria for pancreatic 
adenocarcinoma that follows the tumor/node/
metastasis (TNM) model. There are criteria 
within the TNM model that can only be obtained 

Fig. 5.3 Pancreatic neck hypodense mass (white arrows), 
confirmed as lymphoma, encasing the common hepatic 
artery (white arrowhead). Atrophic upstream pancreas 
(thick white arrow)
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Fig. 5.4 Metastatic colon cancer mass (white arrows) 
involving the pancreatic head and central mesenteric ves-
sels, with 360° encasement of the superior mesenteric 
artery (black arrowhead)

after surgery, for example, nodal staging. Thus, 
the TNM system is more tailored for stratification 
and prognostication rather than pre-operative 
evaluation. In 2016, the eighth edition of the 
American Joint Committee on Cancer (AJCC) 
Staging Manual was released which included 
updates on the staging of pancreatic cancer 
(Table 5.1). One important change was splitting 
pancreatic cancers into cancers of the endocrine 
pancreas and exocrine pancreas, which now use 
different staging systems. Primary tumor staging 
(T) was moved from a more descriptive-based to 
a more size-based system. Nodal staging (N) was 
changed to incorporate the number of positive 
lymph nodes.

T-staging is divided into four categories, T1–
T4, based on tumor size and involvement of the 
celiac axis (CA), superior mesenteric artery 
(SMA), or common hepatic artery (CHA). A T1 

tumor is defined as a tumor size ≤2 cm without 
involvement of the CA, SMA, or CHA.  The 
eighth edition of the AJCC staging manual has 
further subcategorized T1 into T1a (tumor 
≤0.5 cm), T1b (tumor >0.5 and < 1 cm), and T1c 
(tumor 1–2 cm). A T2 tumor is defined as a tumor 
>2 cm and ≤ 4 cm in greatest dimension without 
involvement of the CA, SMA, or CHA.  A T3 
tumor is defined as a tumor >4  cm without 
involvement of the CA, SMA, or CHA. Previously 
in the seventh edition of the AJCC Staging 
Manual, the T3 category was defined as a tumor 
that extends beyond the pancreas, regardless of 
size, but without involvement of the celiac axis or 
the superior mesenteric artery. However, exten-
sion beyond the pancreas may vary among pathol-
ogists and may not be reproducible. Additionally, 
the pancreas lacks a true capsule to delineate 
extension beyond the pancreas, and chronic pan-
creatitis can obliterate the pancreatic and peripan-
creatic interface which can contribute to difficulty 
in determining extension beyond the pancreas 
[20]. As a result, nearly all cases of PDAC could 
be classified as T3 disease based on extra-pancre-
atic according to the seventh edition [21]. The T4 
category is assigned to tumors that involve the 
celiac axis, superior mesenteric artery, or com-
mon hepatic artery, regardless of size. One change 
in the definition of a T4 tumor between the sev-
enth and eighth editions is removal of the phrase 
“unresectable primary tumor” because resectabil-
ity varies among institutions.

N-staging is divided into three categories. N0 
refers to no regional lymph node metastasis. N1 
is defined as metastasis to 1 to 3 regional lymph 
nodes. N2 is defined as metastasis to 4 or more 
regional lymph nodes. N-staging was changed to 
incorporate the number of positive lymph nodes 
which has shown better prognostication for sur-
vival. In one study, 5 year survival rates for N0 
status were 35.6%, N1 status was 20.8%, and N2 
status was 10.9% (P < 0.01) [22].

M-staging remains unchanged between the 
seventh and eighth editions. M0 is defined as no 
distant metastases are present. M1 is defined as 
distant metastases are present.

To address tumor resectability, there are dif-
ferent classification systems from different insti-
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Table 5.2 Comparison of resectability across different organizations

Vascular Involvement NCCN 2019 MDACC AHPBA/SSAT/SSO

SMA ≤ 180° Borderline Borderline Borderline

SMA > 180° Unresectable Unresectable Unresectable

CA ≤ 180° Borderline Borderline Unresectable

CA > 180° Head/uncinate: 
Unresectable
Body/tail:
Borderline if aorta and 
GDA uninvolved to allow 
for modified Appleby 
procedure

Unresectable Unresectable

CHA abutment or short 
segment encasement

Borderline Borderline Borderline

PV or SMV > 180° 
or ≤ 180° with contour 
irregularity or thrombosis 
with reconstruction 
possible

Borderline Borderline Borderline

Table 5.1 American Joint Committee on Cancer (AJCC) Staging Manual for pancreatic cancer comparing seventh and 
eighth editions

AJCC Staging Manual (seventh edition, 2010) AJCC Staging Manual (eighth edition, 2016)
Primary 
tumor (T)

TX primary tumor cannot be assessed TX primary tumor cannot be assessed
Tis carcinoma in situ Tis carcinoma in situ

T1 tumor limited to the pancreas, ≤2 cm in 
greatest dimension

T1 tumor ≤2 cm in greatest dimension
   T1a tumor ≤0.5 cm in greatest dimension
   T1b tumor > 0.5 and < 1 cm in greatest 

dimension
   T1c tumor 1–2 cm in greatest dimension

T2 tumor limited to the pancreas, >2 cm in 
greatest dimension

T2 tumor >2 cm and ≤ 4 cm in greatest dimension

T3 tumor extends beyond the pancreas but 
without involvement of the celiac axis or the 
superior mesenteric artery

T3 tumor >4 cm in greatest dimension

T4 tumor involves the celiac axis or the 
superior mesenteric artery (unresectable 
primary tumor)

T4 tumor involves celiac axis, superior mesenteric 
artery, or common hepatic artery, regardless of size

Node 
status (N)

NX regional lymph nodes cannot be assessed NX regional lymph nodes cannot be assessed
N0 no regional lymph node metastasis N0 no regional lymph node metastasis
N1 metastasis to regional nodes N1 metastasis to 1 to 3 regional nodes

N2 metastasis to 4 or more regional nodes
Distant 
metastasis 
(M)

M0 no distant metastasis present M0 no distant metastasis present
M1 distant metastasis present M1 distant metastasis present

tutions and societies. MD Anderson Cancer 
Center (MDACC) was the first to publish such a 
system [23]. Other classifications include the 
National Comprehensive Cancer Network 
(NCCN), as well as the joint consensus between 
the Americas Hepato-Pancreato-Biliary 
Association (AHPBA), Society for Surgical 
Oncology (SSO), and Society for Surgery of the 

Alimentary Tract (SSAT). Common to the clas-
sification systems, pancreatic adenocarcinoma 
can be categorized as resectable, borderline 
resectable, and unresectable based on the pres-
ence or absence of distant metastatic disease and 
degree of artery and vein involvement by the 
tumor. These differences are highlighted in 
(Table 5.2).
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The degree of vascular involvement of tumor 
is based on how much of the tumor contacts the 
surface of the involved vessel, from no contact 
to 360 degrees. This can be divided into tumors 
that have ≤180° of contact with the vessel (abut-
ment) and >180° of contact with the vessel 
 (encasement). One prospective study evaluated 
the degree of vascular involvement on pre-oper-
ative CT in 25 patients who underwent resection 
or palliative surgery for PDAC.  The authors 
found that >180° of involvement had a positive 
predictive value of 95% and negative predictive 
value of 92% for unresectability of the tumor 

from the vessel [24]. Deformities in the involved 
vessels such as a tear-drop deformity are other 
qualitative factors that help determine vascular 
involvement. A tear-drop deformity describes 
the shape of the vessel as it is pinched by the 
surrounding tumor which is indicative of vascu-
lar invasion regardless of the degree of tumor-
vessel contact [24–26] (Fig. 5.5).

Resectable tumors are those without arterial 
tumor contact of the CA, SMA, or CHA, or 
venous tumor contact of the PV, SMV, or ≤180° 
of involvement without venous contour defor-
mity (Fig. 5.6).

<180º contact with deformity

Tear drop deformity

> 180º contact without deformity > 180º contact without deformity

≤ 180º contact without deformity ≤ 180º contact without deformity

Tumor contact with deformity
(rare)

Arterial Tumor Contact Venous Tumor Contact

0

180

0

180

0

180

0

180

0

180

0

180

0

180

Vessel-Tumor Relationships* 
Fig. 5.5 The degree of 
vascular involvement of 
tumor, based on how 
much of the tumor 
contacts the surface of 
the involved vessel 
(0–360°) [26]
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Fig. 5.6 The SMV and SMA are uninvolved by the pan-
creatic cancer. There is a clear fat plane between these 
vessels and the tumor, qualifying this as a resectable mass

Fig. 5.7 The tumor contacts >180° of the SMA qualify-
ing this as an unresectable mass

Fig. 5.8 The tumor contacts ≤180° of the SMA and 
SMV, qualifying this as a borderline resectable mass

Unresectable tumors are those with distant 
metastatic disease including non-regional lymph 
node metastasis or locally advanced disease. 
Tumors involving >180° degrees of the CA or 
SMA are unresectable, as are those with venous 
involvement that do not allow for vascular recon-
struction, or contact with the most proximal 
draining jejunal branch into the SMV (Fig. 5.7). 
AHPBA/SSAT/SSO guidelines define any tumor 
abutment (≤180°) of the CA as unresectable.

Borderline resectable masses are those that 
have degrees of vascular involvement that fall in 
between the definition of resectable and unresect-
able disease. Tumors that show >180° of involve-
ment of the SMV or PV, or those with ≤180° of 
involvement with contour abnormality that are 
reconstructable are considered borderline resect-
able. Tumors that contact ≤180° or with short 
segment encasement (>180°) of the CHA or con-
tact ≤180° of the SMA are also borderline resect-
able (Fig. 5.8).

For borderline resectable tumors that undergo 
pre-operative therapy with chemotherapy or radi-
ation, it is important to note that radiologic down-
staging is rare after treatment. The imaging 
appearance of the tumor before treatment and 
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after treatment is unlikely to change based on 
RECIST criteria or alter the imaging appearance 
of vascular involvement. In a study by Katz et al. 
that evaluated borderline PDAC after neoadju-
vant therapy, only 1 out of 129 patients showed a 
radiographic reduction in vascular involvement 
to improve their anatomic stage, while 15 out of 
122 patients met criteria for treatment response 
by RECIST criteria. Despite the findings, R0 
(margin-negative) resection was achieved in 81 
out of the 101 patients that did not develop meta-
static disease [27]. The median overall survival 
between patients that did not show a radiographic 
response to therapy was the same as those that 
did show a radiographic response [27].

The use of standardized reports and standard-
ized language for pre-operative staging CT pro-
vides consistency for crucial information that 
helps to determine optimal management, as well 
as improve patient care across institutions. 
Standardized reports should include morpho-
logic, arterial, venous, and extra-pancreatic find-
ings. Under morphologic findings, one may 
describe tumor location (head, uncinated process, 
body, tail), size, appearance, pancreatic ductal 
and biliary ductal dilation. Arterial findings 
should include variant arterial anatomy, assess-
ment of the CA, CHA, and SMA, and evaluation 
for soft tissue contact, hazy attenuation or strand-
ing, vessel narrowing or contour abnormality. 
Venous findings should include assessment of the 
portal vein and SMV, documentation of thrombus 
and collaterals, and vessel narrowing or contour 
abnormality. Extra-pancreatic findings should 
include evaluation of nodes, liver lesions, perito-
neal disease, ascites, and other sites of metastatic 
disease.

 Positron Emission Tomography/
Computed Tomography

Positron emission tomography/computed tomog-
raphy (PET/CT) imaging has been used to diag-
nose, stage, and follow up of pancreatic cancer. 
PET imaging uses the principle of tumor glycoly-
sis to detect sites of disease and has been used as 

a prognostic indicator. PET/CT integrates both, 
morphological and functional data, to compen-
sate for some deficiencies from individual modal-
ities (poor contrast resolution on CT imaging for 
small lesions and poor spatial resolution in PET 
imaging). Since the normal pancreas is not highly 
metabolic on PET, any region of increased radio-
tracer uptake should be considered abnormal.

 PET/CT Protocol

The radiopharmaceutical tracer used in the diag-
nosis and management of the great majority of 
malignancies is 18-F-FDG (18-F-fluoro-2-
deoxyglucose) which is administered intrave-
nously; therefore, intravenous (IV) access must 
be obtained prior to examination. Dosage recom-
mended by the International Commission on 
Radiological Protection (ICRP) is approximately 
259  MBq (7  mCi) of FDG with variability 
between 290 s and 500 s MBq (8–15 mCi) in an 
adult patient [28, 29]. Since 18-F-FDG is an ana-
log of glucose, 6–8 h of fasting is recommended 
prior to the examination. The blood glucose lev-
els are tested and should be within normal limits 
(4–7  mmol/L) or at least less than 140  mg/
dL.  Patients are usually placed in a dark quiet 
room prior to the examination to limit physio-
logic uptake in the muscles. Once the tracer is 
injected, it has an initial physiologic distribution 
into the brain, heart, kidneys, and urinary tract 
within 60 min. Imaging is acquired 60 min post- 
injection. The images are acquired from head to 
toe, first with low dose CT images are obtained 
and then PET imaging [28]. The CT portion of 
the PET/CT may be performed with or without 
intravenous contrast; however, we do recommend 
using contrast, as it gives better anatomic 
delineation.

 Diagnosis

PET has higher sensitivity in detection of pan-
creatic cancer (92%) than CT (87%) and MRI 
(69%); however, the specificity is much lower at 
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Fig. 5.9 Fused PET/CT image showing an avid mass in 
the head of the pancreas (arrow)

Fig. 5.10 Fused PET/CT image showing the presence of 
an FDG avid celiac lymph node (arrowhead) with an FDG 
avid pancreatic head mass (arrow)

Fig. 5.11 Fused PET/CT image demonstrating an FDG 
avid liver metastasis (arrow) in a patient with pancreatic 
cancer

65% compared to 96% and 93% for CT and 
MRI, given that the FDG uptake can be seen in 
other malignancies affecting the pancreas like 
metastasis and inflammatory processes like 
acute pancreatitis and mass-forming chronic 
pancreatitis (Fig. 5.9) [30]. These findings cor-
relate with previously reported meta-analysis 
studies [31–34].

 Staging

PET/CT is limited in local tumor (T) staging of 
the pancreatic cancer due to the common use of 
un-enhanced CT component as well as relatively 
poor spatial resolution when compared to multi-
phase enhanced CT. The extent of tumor involve-
ment of peripancreatic vessels and organs cannot 
be well evaluated with PET/CT, thus, requiring 
more accurate evaluation with another modality 
including multiphasic CT, MRI, or EUS.  If the 
patient is eligible for surgical treatment based on 
prior CT and/or diagnostic laparoscopy, it is pre-
ferred that the study is performed 1–2  weeks 
before scheduled surgery [35].

Nodal (N) disease is one of the most important 
prognostic factors affecting management in 
patients with pancreatic cancer. Accurate detec-
tion of metastatic lymph nodes is of extreme 
importance, since any positive lymph node out-
side of the surgical field is considered M1 and 
may preclude surgical resection (Fig. 5.10). On 
CT and MRI, the detection of metastatic lymph 
nodes is based on enlarged size (short axis size 
>1  cm); however, benign reactive lymph nodes 

can also be enlarged, confounding the accurate 
staging. In particular, reactive lymphadenopathy 
can be seen after biopsy or biliary instrumenta-
tion. PET can also underestimate tumor involve-
ment in small lymph nodes <0.5  cm due to its 
limited spatial resolution (5–8  mm). However, 
the odds of detection of these micrometastases 
are improved when there is significant elevation 
of CA 19–9 level and SUVmax of the primary 
tumor, especially when CA 19–9 values are 
above 240  U/mL and primary tumor SUVmax 
level is over 7.2 +/− 2.6 [36].

Distant metastatic (M) disease in PDAC is 
frequently detected in the liver, peritoneum, 
lungs, and bones (Fig. 5.11). PET/CT has shown 
to be superior in detecting bone metastasis. The 
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advantage of PET is the detection of distant 
metastasis. PET/CT was shown to be superior to 
PET alone in detection of hepatic metastasis 
(82% versus 67%, respectively). It is also supe-
rior to CT plus endoscopic ultrasound (EUS) in 
borderline resectable cases for detection of met-
astatic disease, sparing these patients from 
unnecessary surgeries. Several studies reported 
that PET resulted in staging changes in 27% and 
management changes in up to 11% of the 
patients [29, 33].

 Treatment Response

PET is valuable in evaluation of treatment 
response or detection of progression of disease, 
since metabolic activity changes precede tumor 
size changes (Fig. 5.12). Prior prospective trials 
demonstrated that lower baseline and post- 
chemotherapy SUVmax on PET was predictive 
of histological response. Also, SUVmax, meta-
bolic tumor volume (MTV), and total lesion gly-
colysis (TLG) may be significant prognostic 
factors [37]. In the neoadjuvant setting, if there is 
progression of disease, patients can be spared 
from undergoing an unnecessary operation with a 
high morbidity and in the adjuvant setting, an 
adjustment or change of chemotherapy regimen 
can be performed based on changes in metabolic 
activity of the tumor on PET/CT.

 Detection of Recurrent Disease

Contrast-enhanced CT is the most frequently 
used modality for detection of recurrent disease. 
But in certain cases, including patients who can-
not undergo contrast-enhanced CT due to renal 
failure or contrast allergy or in patients with sus-
pected recurrence due to mild or equivocal eleva-
tions of CA 19–9 without morphologic signs of 
disease recurrence; PET/CT has clear value, 
detecting metabolically active disease. PET/CT 
has sensitivity of 91%, specificity of 100%, and 
accuracy of 92% for detection of recurrent pan-
creatic cancer [38].

 Magnetic Resonance Imaging

 MRI Protocol

MRI for diagnosis and staging of pancreatic can-
cer may be performed on a 1.5 or 3.0 Tesla gradi-
ent systems using cardiac 16 channel coils 
phased-array torso coils to improve the signal-to- 
noise ratio. An MRI protocol should include a 
single-shot fast spin-echo (SSFSE) sequence in 
the coronal plane, an axial fat-saturated T2 FSE 
sequence, a T1 gradient echo (GRE) fat-saturated 
sequence, and a post-contrast 3D dynamic GRE 
sequences in arterial, portal, and delayed phases. 
Diffusion weighted imaging (DWI) has been 

a b

Fig. 5.12 Fused PET/CT images demonstrating (a) the 
pre-adjuvant therapy scan with FDG avid pancreatic head 
mass (arrow) and (b) decreased FDG avidity of the pan-

creatic head mass (arrow) suggestive of a favorable 
response to treatment in a patient with advanced pancre-
atic cancer
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used in assessment of pancreatic cancers. Coronal 
and axial magnetic resonance cholangiopancrea-
tography (MRCP) images are usually obtained. 
Fast imaging employing steady-state acquisition 
(FIESTA) or true fast imaging with steady-state 
free precession (Tru-FISP) images are performed 
to assess the vessels. The typical MRCP 
 techniques involve fluid-sensitive sequences such 
as thin-section T2-weighted single-shot fast spin- 
echo (HASTE/SSFSE) and thick-slab 
T2-weighted half-Fourier SSFSE MRCP and 3D 
respiratory-triggered or navigator-triggered 
techniques.

 Diagnosis

Currently, MR is used as a “problem-solving” 
tool in patients with an inconclusive CT diagno-
sis or in suspected masses without contour defor-
mity of the pancreas. MR can also be used for 
pre-operative staging in patients who are allergic 
to iodinated contrast agents or have renal 
insufficiency.

MRI has an excellent soft tissue resolution 
and can detect signal intensity changes within the 
pancreas. The normal pancreas has a high signal 
intensity on T1-weighted fat-suppressed 
sequences due to acinar proteins which shorten 
the T1 values of the normal gland [39]. The nor-
mal pancreas enhances maximally during the 

arterial phase of contrast enhancement [40]. 
PDACs are low in signal on the precontrast and 
the post-contrast images compared to the pancre-
atic parenchyma due to presence of fibrous 
stroma [39, 41]. On delayed phase, more than 
1 min delay in enhancement may result in invisi-
bility of pancreatic cancer, since the contrast dif-
fuses through the capillaries and tumor becomes 
similar in signal to that of the pancreatic paren-
chyma [39]. However, it should be noted that dif-
ferentiating small PDAC from focal chronic 
pancreatitis might be very difficult or impossible 
[42]. Both focal chronic pancreatitis and PDAC 
can appear as focal hypointense masses with 
associated dilatation of common bile duct and 
main pancreatic duct (double-duct sign). Both 
conditions may also demonstrate ductal stric-
tures, infiltration of the adjacent fat, arterial 
encasement, or venous obstruction [43]. There 
are often no distinguishing features on T1- and 
T2-weighted MR imaging [44]. Specific imaging 
features that favor an inflammatory mass are non-
dilated or smoothly tapering pancreatic and bile 
ducts coursing through the mass (“duct- 
penetrating” sign) [45], irregularity of the pan-
creatic duct, and the presence of pancreatic 
calcifications. In contrast, a smoothly dilated 
pancreatic duct with an abrupt interruption prior 
to the ampulla favors the diagnosis of cancer 
(Fig. 5.13). Other feature that favors cancer is a 
mass at the site of obstruction resulting in distal 

a b

Fig. 5.13 (a) Axial T2 weighted MR image demonstrates 
dilated pancreatic duct (arrowhead) with abrupt cut off 
due to pancreatic cancer (arrow) and (b) corresponding 

post-contrast MR image demonstrates a hypoenhancing 
mass (arrow) at the location of ductal cut off consistent 
with pancreatic cancer
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atrophy of the pancreas [46]. A mass causing 
upstream chronic pancreatitis can sometimes be 
detected on early phase dynamic gadolinium- 
enhanced images. The cancer sometimes is seen 
as a focal hypointense mass relative to the 
hypoenhancing region of chronic pancreatitis on 
early gadolinium-enhanced images [46]. The 
combined MRI features of a focal pancreatic 
mass, pancreatic duct dilatation, and parenchy-
mal atrophy are highly suggestive of ductal ade-
nocarcinoma [42].

Approximately less than 50% of patients with 
pancreatic adenocarcinomas exhibit mildly 
hyperintense signal intensity on T2-weighted 
images [47]. The T2 signal intensity of PDAC 
may depend on the amount of desmoplastic reac-
tion within the tumor and the degree of intratu-
moral necrosis as necrotic tumor may have a high 
T2 signal intensity. On MRCP, a double-duct sign 
is the common indirect sign which suggests pres-
ence of a pancreatic neoplasm, where the pancre-
atic duct and the common bile duct are both 
obstructed by the tumor [48]. A study reported a 
specificity of 97% and a sensitivity of 84% for 
MRCP images in the detection of pancreatic ade-
nocarcinoma based on these findings [49]. On 
DWI, the PDAC demonstrates diffusion restric-
tion and has a high signal intensity relative to the 
surrounding pancreatic tissue. Apparent diffusion 
coefficient (ADC) is a calculated value from a 
DWI sequence. One study showed that ADC val-
ues were able to differentiate pancreatic cancer 
(1.44 ± 0.20), compared to that of normal pan-
creas (1.90 ± 0.06) and tumor-associated chronic 
pancreatitis (2.31  ±  0.18) [50]. The sensitivity 
and specificity of MRI including T1-weighted 
3D-GRE sequences for differentiating pancreatic 
carcinoma from chronic pancreatitis were 93% 
(13/14) and 75% (6/8), respectively [51].

 Staging

Currently, complete resection provides the only 
potential cure for pancreatic adenocarcinomas. 
Classic contraindications for resection include 
involvement of the celiac axis, SMA encasement 
and organ invasion other than the duodenal, and 

mesenteric infiltration. 3D Dynamic post- contrast 
T1 weighted imaging is a valuable tool to assess 
vascular encasement [47, 48] and can help 
in local staging of pancreatic cancer. The tumor 
in the pancreatic head can spread into the root of 
the mesentery, along the left jejunal vascular 
branches and the common hepatic artery result-
ing in unresectable tumor [52]. These findings 
can be well visualized on the post-contrast T1 
weighted sequence or the FIESTA/tru-FISP 
sequences.

Liver is the most common site of distant 
metastasis in pancreatic cancer. Hepatic metasta-
ses from pancreatic cancers are low in signal 
intensity relative to the hepatic parenchyma on 
both fat-saturated and non-fat-saturated T1 
weighted images. They are slightly hyperintense 
relative to the hepatic parenchyma on T2 
weighted images during the short TE (time to 
echo) sequence and demonstrate irregular rim 
enhancement on the arterial phase. Signal inten-
sity may be low in the center of the lesion because 
of the primary cancer’s desmoplastic nature. 
Transient, ill-defined, peritumoral enhancement 
in the hepatic parenchyma may be present on the 
arterial phase of contrast enhancement. 
Perilesional enhancement is typically wedge- 
shaped and is usually present in small, hypervas-
cular, and subcapsular liver metastases; these 
metastases are observed in more than 80% of the 
patients and may be the only site of metastases in 
up to 20% of the patients [53, 54]. Since the 
patients with pancreatic cancer frequently 
undergo biliary procedures and biopsies, they are 
prone to develop cholangitis and hepatic 
abscesses which can mimic metastasis. 
Asymptomatic focal cholangitis may present as a 
new hepatic lesion with restricted diffusion simi-
lar to metastasis. Hepatic abscesses tend to have 
T2 hyperintense signal with peripheral rim 
enhancement and would resolve following antibi-
otic therapy [55].

Assessment for metastatic lymph nodes may 
be difficult on MRI. On any cross-sectional imag-
ing modality metastases to the lymph nodes are 
based on size. Lymph nodes >1 cm in the short 
axis are considered metastatic. However benign 
lymph nodes can also be enlarged leading to a 
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false negative diagnosis, similarly lymph nodes 
containing micrometastases may be of a normal 
size. Lymph nodes, which are centrally necrotic 
and have a high signal on the T2 weighted images, 
may be considered metastatic and this feature has 
a high specificity.

 Assessment of Recurrent Cancer

Local recurrence post-surgery may appear as 
infiltrating soft tissue mass on the post-contrast 
T1 weighted sequence. The soft tissue thickening 
may be present along the vessels and the nerves 
specifically posterior to the SMA and SMV, at the 
surgical margin. Differentiating between tumor 
recurrence and post-inflammatory stranding may 
be difficult to diagnose in the early postoperative 
period. Recurrent tumor in the surgical bed can 
infiltrate into the adjacent stomach and the jejunal 
loops and along the hepatico-jejunostomy, caus-
ing biliary obstruction. The tumor markers will be 
elevated in the setting of recurrent disease whereas 
will be normal when the soft tissue thickening just 
represents fibrosis or granulation tissue [56].

 Conclusion

Imaging plays a significant role in diagnosis, 
staging, and follow-up of pancreatic cancer. 
There are several entities including mass- forming 
focal pancreatitis, autoimmune pancreatitis, neu-
roendocrine tumor, or metastasis that can mimic 
pancreatic cancer. Each imaging modality has 
strengths and weaknesses for detection, staging, 
and follow-up of pancreatic cancer. CT is the 
main and most common imaging modality for 
evaluation and staging of pancreatic cancer. PET/
CT can be used for detection and follow-up but is 
less frequently used for staging. MRI is mostly 
used for problem-solving and evaluation of 
hepatic lesions. Overall, pancreatic cancer should 
be evaluated with appropriate imaging in con-
junction with tumor marker and clinical presenta-
tion of the patient. In some cases, multiple 
imaging modalities are needed for thorough eval-
uation of the patient.
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