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Abstract

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive gastrointestinal malignancy with a poor 5-year survival rate.
Accurate staging of PDAC is an important initial step in the development of a stage-specific treatment plan. Different staging
systems/consensus statements convened by different societies and academic practices are currently used. The most recent
version of the American Joint Committee on Cancer (AJCC) tumor/node/metastases (TNM) staging system for PDAC
has shifted its focus from guiding management to assessing prognosis. In order to preoperatively define the resectability
of PDAC and to guide management, additional classification systems have been developed. The National Comprehensive
Cancer Network (NCCN) guidelines, one of the most commonly used systems, provide recommendations on the manage-
ment and the determination of resectability for PDAC. The NCCN divides PDAC into three categories of resectability based
on tumor-vessel relationship: ‘resectable,” ‘borderline resectable,” and ‘unresectable’. Among these, the borderline disease
category is of special interest given its evolution over time and the resulting variations in the definition and the associated
recommendations for management between different societies. It is important to be familiar with the evolving criteria, and
treatment and follow-up recommendations for PDAC. In this article, the most current AJCC staging (8th edition), NCCN
guidelines (version 2.2019—April 9, 2019), and challenges and controversies in borderline resectable PDAC are reviewed.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most
common formof pancreatic cancer and the third leading
cause of cancer death in the western world, accounting for
approximately 22% of the deaths from malignant gastroin-
testinal neoplasms. Compared to the generally improving
survival for other gastrointestinal cancers, the 5-year sur-
vival of patients with PDAC remains low at a dismal 4%
[1]. Accurate presurgical staging is vital to identify patients
who are most likely to benefit from surgery. The American
Joint Committee on Cancer (AJCC) TNM staging criteria for
PDAC are used to characterize the local and systemic spread
of PDAC. Recent modifications made to the AJCC staging
(8th edition) for PDAC are aimed to improve its prognos-
tic accuracy; the new staging system has been in use as of
January 2018 [2, 3]. Although the AJCC staging system has
improved pathologic staging, clinical classification systems
for disease management [such as National Comprehensive
Cancer Network (NCCN)] based on the results of presurgical
imaging studies are commonly used to define resectability
of PDAC [4]. The diagnosis and clinical staging of PDAC
are established using computed tomography (CT) and/or
magnetic resonance imaging (MRI), or biopsy/fine-needle
aspiration using endoscopic ultrasound (EUS). The NCCN
is one of the most used systems that has guidelines for the
diagnostic workup and resection of PDAC. The NCCN
classifies PDAC into three categories which are based on
tumor-vessel relationships: ‘resectable,” ‘borderline resect-
able,” and ‘unresectable’ [4]. There is growing evidence to
suggest that neoadjuvant therapy may be of particular benefit
to patients with borderline resectable disease by increasing
the likelihood of margin-negative (R0O) resections. However,
the imaging criteria to define borderline resectability vary
between the guidelines from different societies. As a result,
disease classification and the selection of treatments for this
subset of patients remain a challenge. Radiologists and cli-
nicians in other specialties need to be familiar with these
evolving recommendations. In this article, AJCC staging
(8th edition), NCCN guidelines (version 2.2019—April 9,
2019), and challenges and controversies in borderline resect-
able PDAC are reviewed. This review is a product of the
dedicated efforts of the members of the Society of Abdomi-
nal Radiology’s Disease-Focused Panel for PDAC which
aims to provide up-to-date information on key topics in the
field of PDAC. While not exhaustively comprehensive, this
article nevertheless attempts to be a sufficiently comprehen-
sive educational resource to keep radiologists abreast of this
latest information.

AJCC staging system

Over the past several years, the American Joint Committee
on Cancer (AJCC) has developed the tumor/node/metasta-
ses (TNM) system for solid tumor staging. Precise staging
for PDAC is critical in making treatment decisions, select-
ing patients for clinical trials and determining prognoses.
The AJCC recently updated its TNM staging system in
2018 (8th edition) for PDAC [2, 3]. Investigators had criti-
cized prior versions for their limited clinical applicability
because of the wide variations in treatment practices in the
community. Another criticism was unclear terminology,
such as the lack of a clear definition for “extension beyond
the pancreas” and the difficulty in making such determina-
tions [5]. An example is the limited interobserver agree-
ment between pathologists on histopathologic assessment
for extrapancreatic extension [6]. The N-category was also
criticized as it did not take into account the number of
positive lymph nodes or lymph node ratio (the number
of lymph nodes with positive disease divided by the total
number of lymph nodes) which have been reported to have
important prognostic value in patients with PDAC [7, 8].

The revised AJCC criteria for staging PDAC responded
to these criticisms of the earlier versions with several
changes to the T and N categories, with the current pri-
mary goal of providing information on prognosis, rather
than guiding patient’s management. In the eighth edition,
T stage (T1 through T4 disease) is nearly entirely based
on the tumor size; extension of tumor beyond the pancreas
alone is no longer considered T3 (Table 1). Subdivisions
have also been added to T1 (T1a<0.5 cm, T1b 0.5-1 cm,
and Tlc 1-2 cm in greatest dimension). The size crite-
ria for the T2 and T3 categories have been modified (T2
defined as >?2 and <4 cm and T3 defined as tumors >4 cm
in greatest dimension), and T4 disease has been defined as
any tumor that involves the celiac axis (CA), superior mes-
enteric artery (SMA), or common hepatic artery (CHA),
regardless of tumor size. The N-category is now stratified
according to the number of involved regional lymph nodes
identified at the time of surgical resection and assessment
by histopathology. N1 is defined as pathologically proven
metastases in one to three regional lymph nodes and N2 as
proven metastasis in four or more regional lymph nodes.
The criteria for M-stage [absence (MO) or presence (M1)
of distant metastases] are unchanged [3]. The seventh and
eighth editions of the AJCC TNM staging system are com-
pared in Table 1.

The goal of the updated AJCC staging system, as stated
by the panel itself, is to determine prognosis, and not to
guide management given the wide range of treatment prac-
tices in the medical community. However, various organi-
zations/societies have developed guidelines for the clinical
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Table 1 Comparison of seventh and eighth editions of AJCC TNM staging system for pancreatic ductal adenocarcinoma

Stage Description (numerical values indicate maximum tumor dimension) Staging groups
Eighth edition T1 <2cm 1A T1 NO MO
Tla <0.5cm 1B T2 NO MO
T1b >0.5cmand<1cm IIA T3 NO MO
Tlc 1-2cm 1B T1, T2, or T3 N1 MO
T2 >2and<4 cm III T1, T2, or T3 N2 MO
T4 any N MO
T3 >4 cm v Any T any N M1
T4 Tumor involves the CA, SMA, and/or CHA (regardless of tumor size)
NO No regional lymph node metastasis
N1 Metastasis in 1-3 regional lymph nodes
N2 Metastasis in >4 regional lymph nodes
MO No distant metastatic disease
Ml Distant metastasis

Seventh edition T1 < 2 cm (confined to pancreas)

1A T1 NO MO

T2 > 2 cm (confined to pancreas) 1B T2 NO MO

T3 Tumor extends beyond the pancreas but without involvement of the CA or SMA IIA T3 NO MO

T4 Extrapancreatic extension with involvement of the CA or the SMA 1IB T1, T2, T3 N1 MO
NO No regional lymph node metastasis III T4 any N MO

N1 Regional lymph node metastasis v Any T any N M1
N2 Not applicable

MO No distant metastatic disease

M1 Distant metastasis

CA celiac axis, SMA superior mesenteric artery, CHA common hepatic artery, TNM tumor, node, metastasis

management of patients with PDAC. These guidelines
are typically based on the findings from cross-sectional
imaging studies (such as tumor-peripancreatic vessel
relationship) to generally classify patients with PDAC as
resectable, borderline resectable, or unresectable (locally
advanced or metastatic). Such guidelines from the NCCN,
and a limited comparison with those from other societies,
will be discussed in ensuing sections [4, 9].

NCCN guidelines

The most current guidelines from the NCCN place patients
with PDAC into one of three broad groups: resectable,
borderline resectable, and unresectable disease based pre-
dominantly on imaging findings (Figs. 1, 2, 3) (Table 2)
[4, 9]. The NCCN’s clinical practice guidelines for PDAC
are a consensus statement to aid diagnosis and treatment.
The guidelines are reviewed and updated on a continu-
ing basis to ensure that the recommendations consider the
most current evidence. This section provides an overview
of the most recent version of the NCCN guidelines for
PDAC (version 2.2019—April 9, 2019) [4].

@ Springer

Fig. 1 Resectable pancreatic ductal adenocarcinoma (PDAC). Axial
pancreatic phase CT image show hypovascular mass confined to the
pancreatic head and without involving peripancreatic vessels (SMA
and SMV) (SMA superior mesenteric artery, SMV superior mesen-
teric vein, CBD common bile duct)
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Fig.2 Borderline resectable PDAC. Coronal pancreatic phase CT
image show a pancreatic mass encasing the CA, CHA, LGA, and SA
(GDA was not involved; not shown here). Based on the NCCN guide-
lines, and tumor-vessel relationship (CA encasement) the disease may
be classified as borderline resectable. However, if classified accord-
ing to the MDACC, ACTO, and AHPBA/SSAT/SSO classification
systems, the disease would be considered unresectable (SMA superior
mesenteric artery, CA celiac axis, SA splenic artery, LGA left gastric
artery, GDA gastroduodenal artery)

Fig.3 Locally advanced PDAC. Axial pancreatic phase CT image
show a large pancreatic body mass encasing SMA and abutting the
aorta (SMA superior mesenteric artery)

NCCN recommendations on the use of diagnostic
tools: when and how-to image

The NCCN recommends multi-detector computed tomogra-
phy (MDCT) of the abdomen obtained in the pancreatic and
portal venous phases as the preferred imaging modality to
be performed at presentation and preferably no more than
4 weeks before surgery [10]. The NCCN considers dual-
phase pancreatic CT protocol (Table 3) as necessary for
optimal evaluation of the primary tumor, for assessing the
tumor’s relationship to adjacent arterial/venous vasculature,

and for detecting liver and peritoneal metastasis (the specif-
ics of vascular involvement will be discussed later in this
article). Additional imaging of the chest and pelvis can be
considered as per institutional preference. Although MRI has
shown equal sensitivity in local staging of PDAC (Table 3),
CT is recommended as the preferred technique owing to
its wide availability, superior spatial resolution, and rapid
acquisition. In addition, clinicians from various specialties
(e.g., surgeons, radiation oncologists etc.) have better famili-
arity with CT than MRI. MRI is therefore recommended
as an adjunct tool when CT findings are indeterminate
(small pancreatic tumors or liver lesions), or when contrast-
enhanced CT is not possible due to a life-threatening allergy
to iodinated contrast agent [11].

To ensure all relevant imaging findings like evaluation
of primary tumor, its relationship with arterial and venous
structures and extrapancreatic extension are reported for
complete assessment and staging of PDAC, the NCCN
recommends the use of a radiology reporting template as
defined by a multidisciplinary expert consensus group (Soci-
ety of Abdominal Radiology and American Pancreatic Asso-
ciation) [10].

Other than CT and MRI, additional imaging techniques
[endoscopic ultrasound (EUS), endoscopic retrograde chol-
angiopancreatography (ERCP), PET/CT, dual-energy CT
(DECT) and PET/MRI] are also considered useful; some
have established roles, while the roles of others are noted to
be still evolving.

EUS is recommended primarily as a tool to procure tis-
sue for diagnosis and to provide additional information to
characterize pancreatic lesions which are either occult or
indeterminate on staging CT/MRI. EUS is generally recom-
mended over CT-guided FNA because of the lower risk of
peritoneal seeding.

ERCP is recommended primarily as a means to treat
biliary obstruction in symptomatic patients when surgical
intervention is either delayed or not elected, and before neo-
adjuvant therapy [12]. In the diagnostic setting, MRCP is
considered equivalent to EUS/ERCP.

PET/CT in conjunction with a pancreatic protocol CT
exam improves the detection of metastatic disease, but its
role in the staging of the PDAC is not clearly established
[13, 14]. The NCCN suggests that PET/CT be considered
following a dedicated pancreatic protocol CT in those
patients who are at high risk for distant/disseminated disease
(such as large primary tumors or large regional lymph nodes,
borderline resectable disease, markedly elevated CA19-9,
excessive weight loss and/or marked symptomatology such
as severe abdominal pain). Newer techniques (DECT and
PET/MRI) are being used in clinical practice, but their roles
are not addressed in the current guidelines.

The guidelines note that diagnostic laparoscopy can be
considered in patients with resectable disease on imaging

@ Springer
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Table3 MDCT and MRI protocol for pancreatic ductal adenocarcinoma [4, 10]

MDCT protocol

Parameters

CT scanner

Acquisition and section thickness

Interval
Oral contrast agent
Intravenous contrast

Contrast-enhanced phases

Image reconstruction

Multi-detector CT (at least 64-slice scanner preferred)

Thinnest collimation is used [preferably submillimeter (0.5—-1 mm) if
available]

Same as section thickness (without gap)
Neutral agent such as water

Usually 125-ml iodinate contrast agents [preferably high concentration
(>300 mg I/L) at injection rate of 3—5 ml/s. If low kV technique is
used, lower concentration contrast may be used].

Pancreatic phase: 40-50 s
Portal venous phase: 65-70 s
(following the beginning of contrast injection)

Axial and multiplanar reformats (coronal and sagittal) slice thickness at
2-3 mm

Maximum intensity projection or 3D volumetric: for the evaluation of
arterial and venous structures

MRI protocol for 1.5T scanner

Sequences

T2-weighted single-shot fast spin-echo

T2-weighted fat-suppressed spin-echo

T1-weighted in-phase and opposed phase gradient echo

T2-weighted MR cholangiopancreatography (3D navigator triggered
or rapid acquisition with relaxation enhancement)

Diffusion weighted imaging

Pre-contrast and dynamic gadolinium enhanced 3D T1-weighted fat-
suppressed gradient echo (pancreatic, portal venous, and equilibrium
phases)

Coronal with or without axial (<6 mm)
Axial (<6 mm)
Axial (<6 mm)

Coronal (<3 mm)

Axial (<6 mm)
Axial (2-3 mm) [4-6 mm if overlapping]

but who are at high risk for distant/disseminate disease (e.g.,
large tumors, notably high CA 19-9, extreme weight loss,
etc.) and in those patients with borderline resectable dis-
ease to evaluate for possible metastatic spread. However, the
routine use of diagnostic laparoscopy is controversial [15,
16]. Positive cytology from washings alone obtained during
laparoscopy or laparotomy is considered M1 disease under
the current guidelines.

Role of CA 19-9

In addition to the above measures, serum CA 19-9 level
(drawn following biliary decompression and with confirma-
tion that serum bilirubin levels have normalized) and base-
line standard laboratory studies are also recommended. Not
all patients with PDAC have tumors that express CA 19-9,
a sialylated Lewis A blood group antigen. CA 19-9 can be a
good diagnostic and prognostic marker in those tumors that
express it. Preoperative CA 19-9 levels have shown correla-
tion with resectability and can provide additional informa-
tion for staging [17, 18]. The NCCN recommends measure-
ment of serum CA 19-9 levels before and after neoadjuvant

treatment, before surgery, immediately prior to adjuvant
treatment, and for the purposes of surveillance [4].

Summary of NCCN guidelines for clinical
management of resectable and borderline
resectable PDAC

Surgical resection

Surgical resection is currently the only potentially curative
option for PDAC. The median survival of resected patients
after adjuvant therapy ranges from 20.1 to 28.0 months even
in optimal clinical trial conditions [19-21]. Patient selection
should be based on the probability of achieving an RO resec-
tion; RO means a negative resection margin based on assess-
ment with microscopy. Small tumor size, RO margin, and NO
(node-negative) status are the strongest predictors of long-
term patient survival [22, 23]. The guidelines advise that
patient performance status, symptom burden, and comor-
bidity profile also be utilized to identify those patients who
can undergo major surgery. The panel supports, as a central
principle, multidisciplinary collaboration for the formula-
tion of treatment plans and for determining management of
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PDAC. The NCCN recommends that pancreatic resections
be performed at institutions that perform a large number of
pancreatic tumor resections annually (at least 15-20).

For clearly resectable disease (Fig. 1 and Table 2), upfront
surgical resection of the pancreatic tumor and regional
lymph nodes is recommended. When dealing with a poten-
tially resectable PDAC, the goal, as noted by the NCCN,
is a prompt and cost-efficient initial workup to determine
suitability for upfront surgery. While there is increasing
enthusiasm for the use of neoadjuvant chemotherapy and/
or chemoradiation, the NCCN did not recommend neoadju-
vant therapy for tumors that are clearly resectable in patients
without high-risk features, except in the context of a clini-
cal trial. It is also important to note that tissue diagnosis is
not required under the NCCN guidelines for the resection
of clearly resectable disease, unless neoadjuvant therapy is
considered, or the patient is enrolled in a clinical trial [4].

Unlike patients with clearly resectable disease, patients
with borderline resectable disease (Fig. 2 and Table 2) are
at high risk for a positive surgical margin and recurrence
in the setting of upfront surgery. For patients with border-
line resectable disease, the aim of neoadjuvant therapy is
to sufficiently treat the tumor so that a negative resection
margin can be achieved even though such a change may not
be apparent at imaging. Treatment and imaging features of
borderline resectable disease will be discussed later in this
article.

In the setting of a suspected tumor that has the appear-
ance of borderline resectable disease, but in which a cancer
diagnosis could not be confirmed even after repeated biopsy
[EUS guided (preferred) or percutaneously], intraoperative
biopsies should be obtained according to the NCCN panel.
If during that operation, tumor is identified and is found to
be resectable, the recommendation is for tumor resection fol-
lowed by adjuvant therapy. If a tumor is identified to be unre-
sectable, patients should be managed as locally advanced or
metastatic disease (depending on the findings) [4].

The nature, extent, and the type of particular surgical
procedure required (e.g., Whipple procedure or distal pan-
createctomy or total pancreatectomy) should be based on
the size, extent, and location of the pancreatic tumor. The
need for vascular resection and reconstruction is dependent
on the tumor-vessel relationships in a given case. Although
it is clear that patients with distant metastatic disease (liver,
peritoneal and distant lymph nodes) derive no benefit from
resection, institutions differ in their approaches regarding
locoregional disease involvement (pancreatic and peripan-
creatic lymph nodes). Data from randomized control tri-
als have not shown a survival advantage for performing an
extended regional lymphadenectomy in addition to a stand-
ard pancreaticoduodenectomy. Overall, the panel recom-
mends that an extended regional lymphadenectomy not be
considered outside of a clinical trial [24, 25].

@ Springer

Neoadjuvant (preoperative) therapy

In patients presenting with resectable disease, surgery fol-
lowed by adjuvant chemotherapy has been the standard of
care. However, patients with borderline resectable disease
pose a unique challenge as they are at higher risk for R1
resections (which is a microscopically positive margin)
[4]. Neoadjuvant therapy in this setting has several poten-
tial benefits: (1) increases the likelihood of RO resection
by downsizing the tumor and sterilizing the field/vessel
margins, (2) effectively selecting for patients with disease
that is either stable or responsive to treatment, (3) treat-
ing micrometastases at an early stage, (4) decreasing the
incidence of pancreatic fistula, and (5) avoiding the risk of
post-operative delays in starting adjuvant therapy or inabil-
ity for adjuvant therapy because of post-operative morbidity
when an upfront approach is utilized. Many clinical trials
utilizing neoadjuvant therapy for borderline resectable dis-
ease have demonstrated its clinical feasibility, effectiveness,
and acceptability by patients [26—28]. Neoadjuvant therapy
(preferably given at a high-volume center or coordinated
through such a center) as opposed to immediate surgery
is being increasingly used and is the preferred approach at
most NCCN member institutions. As of the 2016 version
of the NCCN guidelines, upfront resection in patients with
borderline resectable disease was no longer recommended.
The panel does note that no randomized phase III trials have
compared neoadjuvant therapy versus upfront surgery in
borderline resectable disease. The NCCN panel also deter-
mined that it is currently not clear what are the best neoadju-
vant regimen, or regimens, to use in the setting of borderline
resectable disease.

Several studies have also evaluated the use of neoadju-
vant treatment in patients with resectable disease. Although
current limited evidence suggests a better chance of a mar-
gin-negative resection when preoperative therapy is admin-
istered, the panel indicates that more conclusive evidence
is needed from randomized clinical trials. Currently, the
NCCN does not recommend neoadjuvant therapy for clearly
resectable patients without high-risk features, except in a
clinical trial [29]. For patients that have imaging findings
consistent with clearly resectable disease, but have clini-
cal features suggestive of a poor prognosis (e.g., markedly
elevated CA 19-9 levels, large primary tumor, large regional
lymph nodes, excessive weight loss, extreme pain), the panel
states that neoadjuvant therapy could be considered after
pathologic confirmation of the presence of tumor.

Practices vary regarding neoadjuvant chemotherapy and
chemoradiation regimens for resectable/borderline resect-
able disease. The panel includes acceptable regimens as
FOLFIRINOX/modified FOLFIRINOX, gemcitabine/
albumin-bound paclitaxel, and gemcitabine/cisplatin (for
patients with BRCA1/2 or other DNA repair mutations).
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Radiation after chemotherapy can be included in the neo-
adjuvant setting. If preoperative therapy is administered, a
restaging evaluation after completion of treatment and just
prior to anticipated surgery is recommended [4].

Adjuvant (post-operative) therapy

Several clinical trials have shown that adjuvant therapy
improves outcome over observation alone following resec-
tion [19, 30]. Even with an RO resection, recurrence rates
are very high in this disease. Therefore, the guidelines rec-
ommend additional therapy for all patients with resected
PDAC. In the adjuvant setting, treatment with chemo-
therapy is recommended; the role of radiation therapy is
being evaluated. Based on the available data, no standard
approach to adjuvant therapy has been established. The
NCCN therefore strongly recommends enrollment into
a clinical trial. Adjuvant chemotherapy regimens listed
by the NCCN include gemcitabine alone or with capecit-
abine (category 1), 5-FU with leucovorin (category 1),
and continuous infusion 5-FU and capecitabine (category
2B). Recently, modified FOLFIRINOX (category 1) was
added. Other suggested regimens are chemotherapy (gem-
citabine, 5-FU/leucovorin, or continuous infusion 5-FU)
followed by chemoradiation (gemcitabine or fluoropy-
rimidine based), with subsequent chemotherapy being
an option [4]. However, the majority of studies compar-
ing chemotherapy and chemoradiation have not shown a
survival advantage by adding radiation in the adjuvant
setting [31, 32]. Patients who have received neoadjuvant
chemotherapy or chemoradiation may also be candidates
for adjuvant therapy depending on the response to neoad-
juvant therapy, clinical considerations, and multidiscipli-
nary review. The NCCN recommends initiating adjuvant
therapy within 12 weeks of surgical resection, assuming
complete recovery. Before beginning treatment, baseline
contrast-enhanced CT (chest, abdomen, and pelvis) and
serum CA 19-9 level are required as some patients will
develop recurrence within just weeks following resection.
If chemotherapy precedes chemoradiation, additional
restaging with imaging should be done before commenc-
ing the next treatment period [4].

Imaging surveillance

For surveillance of resected disease, the NCCN recommends
a history and physical examination for symptom assessment
every 3 to 6 months for 2 years, then every 6 to 12 months
as clinically indicated. CA 19-9 level testing and follow-up
contrast-enhanced CT scans every 3 to 6 months for 2 years
after surgical resection are suggested [4].

Management: locally advanced/metastatic disease

With metastatic disease and locally advanced disease (except
for a small number of patients that show favorable treat-
ment response in latter subset), the primary goals of treat-
ment are palliation and lengthening survival. The NCCN
has indicated that even with combination chemotherapy and
radiation treatment, surgical resection of locally advanced
disease is very unlikely. Moreover, the clinical course is
often complicated by difficult-to-control issues such as
tumor-related pain, biliary obstruction, gastroparesis, and
gastric outlet obstruction for which palliative interventions
are often needed.

The treatment strategies for patients with locally advanced
disease are similar to those for patients with metastatic dis-
ease. In patients with good performance status, combination
systemic therapy is recommended (such as FOLFIRINOX/
modified FOLFIRINOX, gemcitabine with albumin-bound
paclitaxel, and gemcitabine with cisplatin) [29]. For patients
who have progressed on first-line therapy but have main-
tained good performance status, a second-line therapy can
be considered. Those with poor performance status are best
treated with single-agent chemotherapy (gemcitabine or
capecitabine or continuous infusion 5-FU), but palliative
measures and measures that emphasize patient comfort are
also important. In locally advanced disease, chemoradiation,
or stereotactic body radiation therapy (SBRT) can be used
selectively, primarily in those with stable disease during
initial chemotherapy, with chemo-limiting toxicity, or with
issues related to local disease (such as obstruction) that are
anticipated to emerge or have emerged during treatment.
The goal of the addition of radiotherapy is to prevent/delay
local progression. In patients with poorly controlled pain,
local gastrointestinal obstructive symptoms, or gastrointes-
tinal bleeding secondary to tumor, upfront chemoradiation
or SBRT are an option. SBRT should be avoided if direct
invasion of the bowel is evident on imaging. When radiation
therapy is incorporated into the treatment regimen, fluoropy-
rimidine-based chemoradiation is generally preferred (due
to a slightly better outcome) over gemcitabine-based chemo-
radiation [33, 34]. The panel notes that radiotherapy gener-
ally does not have a role in patients with metastatic disease.
Although surgical resection of locally advanced disease is
very unlikely even after chemotherapy and radiation therapy,
an opportunity for curative resection may occasionally arise.
In the setting of marked radiographic improvement or stabil-
ity, and marked clinical improvement or decline in CA 19-9,
the guidelines recommend that such patients be referred to
high-volume centers for further evaluation. In some studies
(limited data), patients with locally advanced disease who
demonstrated radiographic and clinical improvement were
shown to have survival rates similar to those initially con-
sidered to be resectable [35-37].
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Summary of NCCN guidelines on PDAC

In summary, imaging is the most important component in
the initial diagnosis and staging of PDAC. For the purpose
of management, patients are divided into three groups:
resectable, borderline resectable, and unresectable disease.
For clearly resectable disease, upfront surgical resection
of the pancreatic tumor and regional lymph nodes is rec-
ommended. Patients with borderline resectable tumors,
and select patients with resectable tumors, can undergo
neoadjuvant therapy in order to increase the chances for
an RO resection. Patients with locally advanced unresect-
able disease and good performance status at presentation
can be considered for chemotherapy, chemoradiation, or
SBRT; second-line therapy may be considered after pro-
gression if the patient maintains good performance sta-
tus. Though an RO resection of locally advanced disease
is very unlikely, curative resection after chemotherapy
and radiation therapy is occasionally possible if stability
or marked radiographic improvement is shown. Patients
with metastatic disease and good performance status can
undergo chemotherapy; second-line therapy is considered
after progression if performance status is maintained.
When locally advanced disease is complicated by biliary
or gastric obstruction, severe abdominal pain, or other
tumor-associated symptoms, specific palliative measures
are the best options. In all of these circumstances, imaging
plays a central role in determining the extent of disease,
and in aiding the assessment of treatment response. The
current NCCN guidelines provide comprehensive rec-
ommendations regarding imaging techniques and for the
reporting of imaging findings.

Definitions, imaging features, and reporting
of borderline resectable PDAC: current challenges
and controversies

Definitions of borderline resectable disease based
on imaging

Surgical resection remains the only potentially curative
procedure for PDAC. Guidelines have been developed by
various societies, including the NCCN, primarily based on
imaging, to aid in the identification of those patients who
would most benefit from surgery. As highlighted before,
these typically divide patients into resectable, borderline
resectable, and unresectable disease based on imaging
features, which will be discussed now. Criteria defining
clearly resectable (no tumor contact with vessels) and
unresectable disease (typically clearly greater than 180°
of involvement of critical arterial structures such as the

@ Springer

celiac and superior mesenteric arteries) are generally
agreed upon between the various societies. In contrast,
the definitions and treatment recommendations for bor-
derline resectable disease notably vary between societies.
The NCCN recommendations for management of border-
line resectable disease have been discussed previously, and
the details of the NCCN described features for borderline
resectable disease are presented in detail in Table 2. This
section will review the imaging features that define border-
line resectable disease, noting the most significant differ-
ences between the recommendations of various societies.

Initially described as “marginally resectable”, the term
borderline resectable PDAC was first described in 2006 by
the Pancreas Cancer Group (a multidisciplinary clinical
group) at MD Anderson Cancer Center in Houston, Texas
[38, 39]. Since then, several societies have described features
that classify PDAC into the borderline category based on
vascular involvement [4].

The current NCCN criteria for borderline resectable dis-
ease are based on cross-sectional imaging features for arte-
rial involvement. Borderline resectable disease is defined
as (1) solid tumor contact with the common hepatic artery
(CHA) without extension to the celiac axis (CA) or hepatic
artery (HA) bifurcation, (2) <180° involvement of the SMA
and/or celiac axis (CA), and (3) solid tumor contact with
variant arterial anatomy (Fig. 2 and Tables 2, 4). The NCCN
makes an exception for greater than 180° involvement of
the CA if the aorta and gastroduodenal artery (GDA) are
uninvolved, and the surgeons are able to perform an arterial
anastomosis (modified Appleby procedure) [4]. The modi-
fied Appleby involves resection of the mass and the celiac
axis en bloc. The arterial supply to the liver is maintained
through the SMA in a retrograde fashion via the GDA to the
proper hepatic artery. The ability to maintain adequate blood
flow via this path postoperatively may require preoperative
embolization of the common hepatic artery or anastomosis
of the common hepatic artery to the aorta [40]. In contrast,
current guidelines of other major societies [MDACC (MD
Anderson Cancer Center), ACTO (Alliance for Clinical
Trials in Oncology), and AHPBA/SSAT/SSO (American
Hepato-Pancreato-Biliary Association/Society for Surgery
of the Alimentary Tract/Society for Surgical Oncology)]
consider celiac axis encasement to be unresectable (Fig. 3
and Table 4) [4, 9, 41-45].

The NCCN criteria for borderline resectable disease
based on venous involvement include > 180° solid tumor
contact of the SMV or PV, or <180° contact with SMV or
PV if the vein has contour abnormality or occlusion that can
be reconstructed. Solid tumor contact with the IVC is also
considered borderline resectable disease [4, 46] (Tables 2
and 4). The clinical benefit for resection of the portal or
superior mesenteric vein when the vein is involved by tumor
remains controversial. It has been reported that when venous
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Table 4 Borderline resectable pancreatic ductal adenocarcinoma: comparing resectability criteria between different societies [4, 9, 41-45]

Superior mesenteric vein/
portal vein

Superior mesenteric artery

Common hepatic artery Celiac artery

NCCN Involvement with distortion/ Abutment (< 180°)
v2019 narrowing and/or occlusion
amenable to reconstruction
MDACC Short segment occlusion Abutment (< 180°)
amenable to reconstruction
AHPBA/SSAT/SSO Abutment, encasement, or Abutment (< 180°)

short segment occlusion
amenable to reconstruction

ACTO Tumor-vessel inter-
face > 180° and/or occlu-
sion amenable to recon-

struction

face < 180°

Tumor-vessel inter-

Abutment or short segment  Abutment or encasement®

encasement

Short segment encasement/
abutment

Abutment (no encasement)

Abutment or short segment  No abutment or encasement

encasement

Short segment tumor-vessel ~ Tumor-vessel interface < 180°
interface (any degree)

amenable to reconstruction

NCCN National Comprehensive Cancer Network, AHPBA American Hepato-Pancreato-Biliary Association, SSAT Society for Surgery of the
Alimentary Tract, SSO Society for Surgical Oncology, MDACC MD Anderson Cancer Center, ACTO Alliance for Clinical Trials in Oncology

“The current NCCN guidelines allow for celiac trunk involvement depending on the location of the primary tumor within the pancreas (see
Table 2). As per the most recent version of NCCN guidelines, > 180° involvement of the CA but provided aorta and GDA are uninvolved (see
Table 2), can be classified as borderline resectable. NCCN does clarify that some members prefer CA encasement to be in the unresectable cat-

egory

involvement does not exceed 2 cm in length, resection of
the tumor and the involved vein followed by venous recon-
struction will improve survival [47]. However, in patients
with more extensive venous involvement, resection with
venous grafting does not correlate with improved survival;
it has been speculated that the presence of extensive venous
involvement may indicate an aggressive tumor biology [48].

As noted previously, one of the challenges in applying the
term “borderline” resectable disease to managing patients
is that the definition of “borderline” varies between socie-
ties. A potentially even greater challenge is the variability
in treatment practices across the country. Different surgeons
and radiologists view the significance of vessel involvement
differently given variable experience and comfort in per-
forming operations involving vascular reconstructions and
grafts [41].

Controversies in the use of radiotherapy in borderline
resectable disease and the interpretation of imaging
findings in this setting

An area of controversy is the use and regimen of preop-
erative radiotherapy with the NCCN guidelines as the data
are limited to support the role of radiotherapy in the set-
ting of neoadjuvant treatment. Several trials have evaluated
the effectiveness of preoperative chemotherapy alone or
in combination with radiation [49]. While the majority of
these trials appear to demonstrate benefit from neoadjuvant
chemotherapy and radiation, the optimal treatment regimens
to best improve overall survival and/or progression-free sur-
vival have not been determined [44]. In general, these trials
have shown that the primary benefit of chemotherapy is for

treating systemic disease, while radiotherapy treats the pri-
mary tumor and involved vessels.

Another associated controversy is the role of preopera-
tive therapy in “downstaging” tumor based on imaging.
Recent studies have shown that imaging may not be reliable
in determining resectability in patients who have undergone
preoperative therapy [8]. In a study of 129 patients treated
with neoadjuvant therapy, only 1 patient was downstaged to
resectable disease (no tumor involvement of notable vessels)
based on cross-sectional imaging findings. However, 81 out
of 101 patients in the same group that eventually had surgery
achieved an RO resection [42]. Hence, distinguishing tumor
fibrosis from viable tumor on imaging remains a challenge,
with studies showing relatively low sensitivity and specific-
ity (71% and 58%, respectively) for cross-sectional imaging
to identify viable tumor [50]. Patients with borderline resect-
able disease are increasingly considered surgical candidates
if they do not have imaging features of disease progression
or do not develop distant metastases [51]. Other important
clinical features that appear to correlate with improved sur-
vival are patient’s performance status and whether during
therapy he or she shows a decrease in biochemical markers
such as CA 19-9. For example, in a study of 41 patients with
pancreaticobiliary tumors, patients who were considered
resectable after neoadjuvant therapy, 34/41 (83%) showed
on average a decrease in CA 19-9 of 87% [50].

Overall, while controversies exist regarding the defini-
tion of borderline resectable disease and the best treat-
ment approaches, there is a broad agreement that the goal
of preoperative therapy is to improve the patient’s likeli-
hood of achieving an RO resection and that neoadjuvant
therapy is a means to doing so. Though imaging following
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preoperative therapy may not reliably show whether viable
tumor continues to involve vessels, imaging can be helpful
to identify clear signs of disease progression, such as the
development of distant metastases while on therapy, which
renders a given patient unresectable. It is also important
to reiterate that other patient factors such as performance
status and change in CA 19-9 levels are additional factors
to be considered in identifying which patients have suffi-
ciently responded to neoadjuvant therapy to benefit from
attempted surgical resection.

Summary

Surgical resection with RO margin is the only potentially
curative option for PDAC. Unfortunately, only a small
subset of patients present at an early enough stage that a
potentially curative resection can be considered. Deter-
mining resectability and predicting prognosis for PDAC
are dependent on accurate staging of the disease. The pri-
mary goal of the most recent revision of the AJCC staging
system is to aid in the determination of a given patient’s
prognosis. In contrast, clinical management guidelines
based on clinical and radiographic examinations have been
developed by several societies; one of the most notable
and comprehensive being those of the NCCN. Various
guidelines, including those of the NCCN, typically divide
patients into the broad categories of resectable, borderline
resectable and unresectable disease based on imaging find-
ings. For clearly resectable disease, upfront resection of
the pancreatic tumor and regional lymph nodes is recom-
mended. Patients identified as having borderline resect-
able disease and select patients with resectable disease but
with high-risk features are recommended by the NCCN
to undergo neoadjuvant therapy in order to increase the
chances for an RO resection. Patients with locally advanced
unresectable disease can undergo chemotherapy and chem-
oradiation or SBRT, and those with metastatic disease are
best treated with chemotherapy. Potential palliative meas-
ures recommended by the NCCN are to be kept in mind
during treatment planning. Imaging plays a central role in
determining the extent of disease. Other factors such as
CA 19-9 levels and patient performance status should be
considered when predicting treatment response and when
selecting treatment options.
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