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Abstract

Purpose: To test the applicability of National Compre-
hensive Cancer Network (NCCN v 3.2017) resectability
criteria for pancreatic ductal adenocarcinoma (PDAC) in
clinical practice, at a high-volume tertiary referral center.
Materials and methods: 102 consecutive patients (53
female; mean age 66.2 years, range 34-90 years) with
biopsy proven, non-metastatic PDAC were evaluated by
our multidisciplinary pancreatic cancer program between
July 2013 and February 2016. Retrospective review of
staging pancreatic CT angiography was performed, and
radiographic features were categorized as conforming to
or non-conforming to existing v 3.2017 definitions.
Results: Among 102 patients, 10 (10%) had CTA
evidence of vascular involvement that did not conform
to existing NCCN Guidelines. Six new scenarios of
vascular involvement were identified. The remaining 92
patients presented with resectable (n = 20 [22%]), bor-
derline resectable (n = 42 [45.6%]), or unre-
sectable (n = 30 [33%]) PDAC. Approximately half
(n = 21 [51%]) of borderline resectable patients’ tumors
demonstrated isolated venous involvement, whereas 39%
had both arterial and venous involvement. A minority
(11%) demonstrated only major arterial involvement.
Assignment to unresectable status reflected both arterial
and venous involvement (11, 37%), arterial involvement
only (10, 33%) patients, and unreconstructible venous
involvement in 9 (30%).

Conclusion: In our experience, current NCCN resectabil-
ity guidelines for PDAC do not accurately classify
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vascular involvement identified in approximately 10%
of patients. Revision of the current guidelines could be
helpful to clinical practice.
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Pancreatic cancer is the third leading cause of cancer-
associated death in the United States of America, and its
incidence has been increasing by 1.3% each year between
2006 and 2010 [1]. Utilization of high-quality cross-sec-
tional CT or MRI imaging for the diagnosis and ade-
quate staging of pancreatic adenocarcinoma (PDAC) is
crucial for patient management. Accurate imaging is
critical to identify patients at potentially curable stages of
disease and to prevent misallocation of local treatment
among patients with unresectable cancer [2].

At present, there are many different systems
throughout the world utilized for the staging of PDAC.
However, one of the most applied systems that define
resectability by analyzing the extent of vascular
involvement is the National Comprehensive Cancer
Network (NCCN) guidelines. The NCCN criteria
determine the resectability status as three different sce-
narios: ‘resectable,” ‘borderline resectable (BLR),” and
‘unresectable.” The criteria assign these categories by
determining the extent of arterial and venous involve-
ment by the PDAC [3]. In the absence of distant
metastasis, the presence and degree of contact between
the tumor and the peripancreatic vessels are considered
the most important parameters for defining surgical
resectability, and hence, the NCCN Guidelines are rec-
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ommended as a valuable tool in aiding medical and
surgical decision-making strategies [4, 5]. The current
resectability criteria table is different from earlier ver-
sions (v 2.2016) by wording differences. “Presence of
variant anatomy” was modified to say: “Solid tumor
contact with variant arterial anatomy” also, the authors
added the possibility to perform an Appleby procedure
on a specific celiac artery involvement scenario. All ac-
tive NCCN Guidelines are reviewed and updated at least
annually and the guidelines are evaluated and updated
on a continuing basis to guarantee that the recommen-
dations take into account the most current evidence [0].

Among all imaging modalities available for the eval-
uation of pancreatic pathology, multi-detector computed
tomography (MDCT) CT angiography has demon-
strated the best accuracy in the assessment of vascular
involvement showing excellent sensitivity (100%), speci-
ficity (72%), and high positive predictive value (89%) [7].
MDCT pancreatic CTA is, therefore, currently the pri-
mary imaging modality in the evaluation of patients with
known or suspected pancreatic malignancy.

This study tests the applicability of current v3.2017
NCCN Guidelines in defining the resectability of patients
with pancreatic ductal adenocarcinoma using the state-

Table 1. NCCN Guidelines version 3.2017 pancreatic adenocarcinoma

of-the-art MDCT pancreatic CTA and demonstrates
significant omissions relevant in common clinical prac-
tice.

Materials and methods
Sample population

This study was approved by our Institutional Review
board and was compliant with the Health Insurance
Portability and Accountability Act (HIPPA). Waiver of
informed patient consent was obtained for this retro-
spective study. Patients were evaluated by our multidis-
ciplinary pancreatic cancer program that included but
not limited to abdominal radiologists, expert liver and
pancreatic surgeons, radiotherapists and oncologists.
The inclusion and exclusion criteria included patients
with non-metastatic, treatment naive, biopsy-proven
PDAC, that underwent MDCT staging (n = 102) be-
tween July 2013 and February 2016 and that were as-
sessed by our multidisciplinary clinic (MDC) team.
Patients that underwent MRI/MRCP staging were ex-
cluded from the study (n = 8). After the patients were
evaluated and the treatment was decided by the MDC,

Criteria defining resectability status

Resectability status Arterial

Venous

Resectable

tery (CHA))

Borderline resectable Pancreatic head|uncinated process

Solid tumor contact with CHA without extension to
celiac axis or hepatic artery bifurcation allowing
for safe and complete resection and reconstruction

Solid tumor contact with the SMA of < 180°

Solid tumor contact with variant arterial anatomy
(ex: accessory right hepatic artery, replaced right
hepatic artery, replaced CHA and the origin of

No arterial tumor contact (celiac axis (CA), superior
mesenteric artery (SMA), or common hepatic ar-

No tumor contact with the superior mesenteric vein
(SMV) or portal vein (PV) or < 180° contact
without vein contour irregularity

Solid tumor contact with the SMV or PV of > 180°,
contact of < 180° with contour irregularity of the
vein or thrombosis of the vein but with suit-
able vessel proximal and distal to the site of
involvement allowing for safe and complete
resection and vein reconstruction

Solid tumor contact with the inferior vena cava
avo)

replaced or accessory artery) and the presence and
degree of tumor contact should be should be noted
if present as it may affect surgical planning

Pancreatic body|tail

Solid tumor contact with the CA of < 180°

Solid tumor contact with the CA of > 180° without
contact of the aorta and with intact and unin-
volved gastroduodenal artery thereby permitting a
modified Appleby procedure (some members pre-
fer this criteria to be in the unresectable category)

Unresectable
node metastasis)
Head[uncinated process
Solid tumor contact with SMA > 180°

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

branch
Body and tail

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

involvement

Distant metastasis (including non-regional lymph

Head|uncinated process

Unreconstructible SMV/PV due to tumor involve-
ment or occlusion (can be due to tumor or bland
thrombus)

Contact with most proximal draining jejunal branch
into SMV

Body and tail

Unreconstructible SMV/PV due to tumor involve-
ment or occlusion (can be due to tumor or bland
thrombus)

Criteria defining resectability status
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the staging MDCT was re-reviewed by our expert radi-
ologist for our study.

Imaging technique

Staging MDCT scans were acquired from various helical
64 multi-detector row CT scanners (Siemens, Toshiba,
and GE). We used two cups of water as an oral contrast
medium 15 min prior for better visualization of the
duodenum. Next, we used a split-bolus injection pan-
creas CTA protocol that is being used consistently in our
practice for staging primary pancreatic tumors [8, 9]. A
40-cc saline bolus was injected prior to contrast admin-
istration at a rate of 4.5 cc/s. The total volume of con-
trast (Omnipaque 350, GE Healthcare, Milwaukee, WIS,
USA) was injected at a rate of 4.5 cc/s depending on the
patient’s body mass index (BMI) and with a pause be-
tween the initial and second bolus: 150 cc (100/50 cc
split, 33 s pause) for BMI < 25 kg/m?, 170 cc (120/50 cc
split, 29 s pause) for BMI between 25 and 35 kg/m?, and
200 cc (150/50 cc split, 22 s pause) for BMI > 35 kg/m?.
A 40-cc saline chaser followed contrast injection at a rate
of 4.5 cc/s. Scanning was started after an 80-s delay.
Routine coronal and sagittal reformatted images recon-
structed images were also available for review.

Imaging analysis

All MDCT angiography images were reviewed by a
single radiologist (KJM) with 19 years of experience
interpreting pancreatic and abdominal cross-sectional
high-resolution images. All cases were reviewed, staged
and allocated to one of three categories regarding their
resectability status according to NCCN Guidelines Ver-
sion 3.2017 [5] (Table 1). We determined the resectability
status of each patient by identifying the extent and
location of both arterial and venous contacts of the tu-
mor. For each patient, we recorded two facts: the pres-
ence or absence of tumor contact and the degree of
contact of the tumor with the peripancreatic arteries and
veins. The reader was aware that all cases had the
pathological diagnosis of PDAC, and had access to the
patient’s age and gender, but blinded to all additional
relevant clinical history. The review was performed using
a commercially available Picture Archiving and Com-
munications System (PACS—GE Healthcare/Milwau-
kee, USA). The radiological evaluation was not time-
limited, and the radiologist was free to change the zoom
level and the window settings to his preference.

After all the patients were reviewed, only the radio-
logical scenarios that did not fit with the current NCCN
table were evaluated with our expert surgeon (AJM) to
independently classify findings according to their
resectability status based on his expertise.

Results
Patient demographics

The final study population consisted of 102 patients: 53
females (52%) and 49 males (48%) with a mean age of
66.2 years (range 34-90 years). The PDAC were located
in the pancreatic head and neck (n = 93; 91%), body
(n = 8; 8%), and tail (n = 1, 1%).

Pancreatic CTA findings

Existing NCCN Guidelines classified 20 patients (20%)
as resectable, 42 patients (41%) as borderline resectable,
and 30 patients (29%) unresectable. Radiographic find-
ings in 10 patients (9.8%) did not conform to existing
scenarios of vascular involvement (Fig. 1). These previ-
ously uncategorized scenarios were classified as
resectable (n = 1, 10%), borderline (n = 6, 60%), or
unresectable (n = 3, 30%).

Six specific scenarios were identified (Table 2): (1)
solid head tumor contact with the common hepatic ar-
tery (CHA) with extension to the proper hepatic artery
(PHA) and hepatic artery bifurcation (n = 4) (Fig. 2);

42

30

20

10

Resectable BRL Unresectable  Not in NCCN table

Fig. 1. The total number of patients staged according to the
NCCN 3.2017 resectability criteria. BRL borderline re-
sectable.

Table 2. Novel scenarios of vascular involvement not described by
NCCN v 3.2017

Radiological scenario n

Solid (head) tumor contact with CHA with extension to the 4
PHA and hepatic artery bifurcation not allowing for safe
and complete resection or reconstruction

Solid (body) tumor contact with the CHA < 180°

Solid (body) tumor contact with the CHA of > 180° 1

Solid (body) tumor contact with the CHA of > 180° with 1
extension to CA

Solid (neck) tumor contact with the CHA of > 180° 1

Solid tumor contact to adjacent organs (stomach, kidney, 1
spleen)

Total 10

CHA common hepatic artery, PHA proper hepatic artery, RHA right
hepatic artery, CA celiac artery
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Fig. 2. A 65-year-old woman presenting with abdominal
pain and weight loss with unresectable disease. A Contrast-
enhanced axial CT image shows encasement of the proper
hepatic artery (white arrowhead) with extension to the left
hepatic artery (black arrow). B Contrast-enhanced axial CT
image shows also tumor encasement of the right hepatic ar-
tery (arrow). C Maximum intensity projection (MIP) image
from CTA dataset shows irregularity of the common hepatic
artery (arrow), and irregularity of left and right hepatic arteries
(arrowheads).

»

.
.

Fig. 3. Borderline resectable if the GDA is spared. A
61-year-old woman presenting with moderate abdominal pain.
A Maximum intensity projection (MIP) image from CTA da-
taset shows the presence of body tumor (arrow); superior
mesenteric vein (asterisk). B Contrast-enhanced coronal CT
image shows tumor contact of less than 180° with the com-
mon hepatic artery (arrow).

(2) solid body tumor contact with the CHA < 180°
(n = 2) (Fig. 3); (3) solid body tumor contact with the
CHA of > 180° (rn = 1) (Fig. 4); solid body tumor
contact with the CHA of > 180° with extension to celiac
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Fig. 4. A 73-year-old woman presenting with abdominal
pain. Borderline resectable if GDA is spared; unresectable if
not. A Contrast-enhanced axial CT image shows encasement
of the common hepatic artery by the body tumor; superior
mesenteric vein (asterisk). B Maximum intensity projection
(MIP) image from CTA dataset shows narrowing of the
common hepatic artery (arrowheads) by the tumor.

axis (CA) (n = 1) (Fig. 5); (5) solid neck tumor contact
with the CHA of > 180° (n = 1) (Fig. 6); and (6) solid
tumor contact to adjacent organs (kidney, stomach,
spleen) (n = 1) (Fig. 7).

Types and frequency of vascular involvement

NCCN criteria were applicable in 92 patients, of whom
20 were resectable, 42 borderline, and 30 unresectable.
Among 42 borderline resectable patients, 21 (50%)
demonstrated isolated venous involvement, 16 (38%) had
both arterial and venous involvement, and 5 (12%) had
arterial involvement alone. Unresectable patients
demonstrated prohibitive arterial and venous involve-

ment in 11 (37%), advanced arterial involvement (10,
33%), and unreconstructible vein involvement in 9 (30%)

(Fig. 8).

Follow-up

All of our patients underwent neoadjuvant therapy to
downsize the tumor for a probable resection of the tu-
mor. At the end of this study, 35 (34.3%) patients
underwent surgical resection [26 Whipple procedure
(pancreatoduodenectomy), 8 distal pancreatectomies and
one Appleby modified resection].

Discussion

Pancreatic ductal adenocarcinoma (PDAC) is the third
leading cause of cancer-related deaths in the United
States with incidence equaling mortality [2]. According
to the American Joint Commission on Cancer (AJCC),
PDAC is staged based on the TNM system, which cat-
egorizes the primary mass by size (T), the spread of
nearby lymph nodes (N), and the presence of metastases
(M). For resectability purposes, however, a staging sys-
tem based on computed tomography angiography (CTA)
findings has been created by the National Comprehen-
sive Cancer Network (NCCN) with its primary focus on
the vascular involvement of the tumor. This system is
intended for the assessment and categorization of
resectability status in PDAC into three groups: ‘re-
sectable,” ‘borderline resectable’ (BLR), and ‘unre-
sectable’ [10]. To the best of our knowledge, no
comprehensive report has described the radiological
applicability of the NCCN Guidelines (current version:
3.2017 for PDAC) in a large cohort of patients. A proper
review of the applicability of the NCCN Guidelines for
PDAC would present substantial advantages and impli-
cations. First, the radiological features and clinical pre-
sentations of PDAC, as shown in multiple studies, vary
widely from patient to patient [2, 5, 11, 12]. Second, an
adequate determination of the extent of disease on
imaging at the time of staging is one of the most
important steps in optimal patient management for
pancreatic cancer [12].

Therefore, in this study, we evaluated the applicabil-
ity of the defining resectability criteria using the current
NCCN Guidelines for a total of 102 consecutive patients
with pathologically proven PDAC encountered in our
clinical practice. A total of 90% of patients were able to
be grouped following the NCCN resectability criteria,
while 10% presented with radiological scenarios that are
not depicted on the current guidelines criteria. Within
this subgroup, more than half of the patients (n = 6)
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Fig. 5. A 85-year-old woman presenting with abdominal»
pain and weight loss. A Contrast-enhanced axial CT image
shows a head tumor surrounding the common bile duct which
has a metallic stent in place (white arrowhead). B Contrast-
enhanced axial CT image shows tumor encasement of the
common hepatic artery by more than 180° (black arrowhead)
and tumor extension to the celiac axis (arrow). C Maximum
intensity projection (MIP) image from CTA dataset shows
encasement of the common hepatic artery (CHA), the splenic
artery (SA), and extension of the tumor to the celiac axis (CA)
(white arrow) demonstrating unresectable disease.

were accordingly grouped as ““borderline resectable” due
to additional solid tumor involvement found according
to the following scenarios. The absence of radiological
scenarios in these commonly used standardized criteria
such as the aforementioned findings can lead to an
incorrect treatment decision, by either overestimating or
underestimating the extent of disease.

Modification of current NCCN Guidelines regarding
major arterial involvement is a necessary prerequisite to
accurately compare the scenarios based on the preoper-
ative status prior to multimodality therapy. Evolving
multimodality approaches to preoperative treatment of
pancreatic cancer may impact the likelihood of pro-
longed disease-free survival after advanced surgical
resection among some classes of patients treated at ex-
pert centers [13—15]. These data will remain heteroge-
neous and subject to significant selection bias until
radiological classification precisely defines the location
and extent of regional disease upon entry to intent-to-
treat protocols designed to maximize survival after
potentially curative surgery matched to attendant major
postoperative morbidity [16].

With regard to the analysis of how frequent and why
patients were classified in one of three groups, we iden-
tified that the BLR category comprised 51% of patients
due to solid tumor contact with SMV or PV of less than
180°. As for the arterial standpoint, only 10% were found
to be BLR due to solid tumor contact with either CA or
SMA of less than 180° or, due to solid tumor contact to
the CHA without extension to celiac axis or hepatic ar-
tery. In the unresectable category, 37% were deemed
unresectable due to an unreconstructible SMV/PV or due
to contact with the most proximal draining jejunal
branch into the SMV. Thirty-three percent were con-
sidered unresectable due to solid tumor contact with
SMA/CA greater than 180° or solid tumor contact to the
first jejunal branch (Fig. 7).

Our study has various limitations. First, it was a
retrospective study performed in a single institution.
Second, only one radiologist was involved in the CT
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Fig. 6. A 64-year-old female with jaundice. A Contrast-en-
hanced axial CT image shows the location of the tumor in the
neck of the pancreas (delineated area) and normal pancreatic
tissue in the head (asterisk). B Contrast-enhanced axial CT
image shows encasement of both the common hepatic artery
(white arrow) and the right hepatic artery (black arrow). There
is a common bile duct stent in place (white arrowhead) with
unresectable disease. C Maximum intensity projection (MIP)
image from CTA dataset shows narrowing of the common
hepatic artery (arrowheads).

Fig. 7. Contrast-enhanced axial CT images from a 51-year-
old female presenting with left abdominal pain show
resectable tumor (asterisk) with invasion of the kidney (ar-
row), stomach (white arrowheads), and spleen (black arrow-
heads) presenting with borderline resectable disease due to
the need for multi-visceral resection.

Arterial and venous involvement accordingly to
NCCN criteria

H Artery and vein
B Artery
o Vein

0%
Resectable (n= 20)

BRL (n=42)

Unresectable (n= 30)

Fig. 8. Arterial and venous involvement on each of the
status accordingly to the NCCN 3.2017 criteria defining
resectability status. BRL borderline resectable.

staging of the pancreatic cancers. Further research into
the study’s findings may assist to anchor the above data.

In conclusion, the current NCCN resectability criteria
lack six radiological scenarios found in 10% of the pa-
tients in our study. Henceforth, we believe that these
broadly used resectability criteria could be reviewed so
medical centers, which do not have the convenience of
having expert abdominal radiologists, expert pancre-
atic/vascular surgeons and a weekly based multidisci-
plinary clinics as we do in our institution, can base their
treatment approach aided by a more generalizable ta-
ble (Table 3).
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Table 3. Proposed revisions to NCCN Guidelines version 3.2017 for pancreatic adenocarcinoma

Criteria defining resectability status

Resectability status

Arterial

Venous

Resectable

Borderline resectable

No arterial tumor contact (celiac axis (CA), superior
mesenteric artery (SMA), or common hepatic artery
(CHA))

Pancreatic head/uncinated process:

Solid tumor contact with CHA without extension to celiac
axis or hepatic artery bifurcation allowing for safe and
complete resection and reconstruction

Solid tumor contact with the SMA of < 180°

Solid tumor contact with variant arterial anatomy (ex:
accessory right hepatic artery, replaced right hepatic ar-
tery, replaced CHA and the origin of replaced or acces-
sory artery) and the presence and degree of tumor contact
should be should be noted if present as it may affect
surgical planning

Pancreatic body/tail/neck:

Solid tumor contact with the CA of < 180°

Solid tumor contact with the CA of > 180° without
involvement of the aorta and with intact and uninvolved
gastroduodenal artery thereby permitting a modified
Appleby procedure (some members prefer this criterion
to be in the unresectable category)

Solid tumor contact with the right hepatic artery (RHA)/left
hepatic artery (LHA) of = 180°°

Solid tumor contact with the CHA of < 180°

Solid tumor contact with the CHA of < 180° with extension

No tumor contact with the superior mesenteric vein (SMV)
or portal vein (PV) or < 180° contact without vein con-
tour irregularity

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

Solid tumor contact with the inferior vena cava (IVC)

Solid tumor contact to adjacent organs without venous con-
tact®

to CA®
Solid tumor contact to adjacent organs without arterial con-
tact®
Unresectable Distant metastasis (including non-regional lymph node Head/uncinated process:
metastasis) Unreconstructible SMV/PV due to tumor involvement or

Head/uncinated process:

Solid tumor contact with CHA with extension to the proper
hepatic artery (PHA) and hepatic artery bifurcation not
allowing for safe and complete resection or reconstruction

Solid tumor contact with the CA > 180°°

Solid tumor contact with the first jejunal SMA branch

Body and tail:

Solid tumor contact of > 180° with the SMA or CA

Solid tumor contact with the CA and aortic contact

Solid tumor contact with the CHA 2 180°¢

occlusion (can be due to tumor or bland thrombus)

Contact with most proximal draining jejunal branch into
SMV

Body and tail

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

Criteria defining resectability status

Bold text represents the added radiological scenarios encountered in our study

Italic text represents the proposed eliminated scenarios and words

%(1) If the LHA or RHA are involved, this should be categorized as unresectable unless there is replaced anatomy. If either replaced or accessory
replaced RHA, this should be characterized as borderline resectable as long as the PHA is spared

®(1) If the cancer is in the head and the gastroduodenal artery (GDA) is involved, this should be characterized as unresectable. (2) If the cancer is in
the neck without head margins or GDA involvement, this should be categorized as borderline resectable

°Solid tumor contact to adjacent organs such as spleen, stomach, or kidney that requires a multi-visceral resection

9If the GDA is spared, this should be categorized as borderline resectable
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