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Over the past decade, great efforts have been made toward refining the clini-
cal systems used to stage localized pancreatic cancer. As the benefits of the
administration of preoperative therapy have increasingly become recognized,
and as the performance of vascular resection and reconstruction at pancre-
atectomy has concurrently become more common, many infiltrative cancers
that were historically considered unresectable are now more commonly
described as “borderline resectable.” Tumors in this category are those that
are technically removable, but which are associated with a significant likeli-
hood of a positive margin when surgery is performed de novo. Given that the
overall survival rate of patients who undergo margin-positive operations is
similar to that of patients who do not undergo surgery at all, recognition of
borderline resectable pancreatic cancer as a unique clinical entity is critical,
both for optimal patient care and for the proper evaluation of novel (neo)
adjuvant treatment regimens in clinical trials.

In this book, we have assembled an internationally recognized group of
clinical experts to compile an up-to-date appraisal of the diagnostic and ther-
apeutic modalities used for patients with borderline resectable pancreatic
cancer. The book includes an overview of clinical staging, a review of endo-
scopic approaches, a summary on the latest clinical research, and a discussion
of emerging targeted therapies. We also present several well-illustrated surgi-
cal chapters on novel technical strategies and techniques that may be utilized
to safely manage this difficult group of patients in the operating room.

We acknowledge Mr. Andy Kwan, Mr. Brian Halm, and Ms. Portia Wong
from Springer, whose support of this project was essential for its develop-
ment and completion.

We would like to thank the physicians who trained us to provide safe,
thoughtful, and effective surgical care for patients with pancreatic tumors:
Drs. Douglas Evans, Jeffrey Lee, Jason Fleming, Peter Pisters, Michael
Bouvet, Andy Lowy, Jeffrey Matthews, Michael Edwards, and the late
A.R. Moossa. We would also like to thank our families for their patience dur-
ing the preparation of this book. Dr. Ahmad would like to acknowledge his
wife, Shagufa, and his children, Samar, Ameen, and Saher. Dr. Katz would
like to acknowledge his wife, Kristen, and children, Annie and Lucy.
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Finally, we would like to dedicate this book to the patients and families
who have battled pancreatic cancer. It is their courage and bravery that moti-
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Houston, TX Matthew H.G. Katz
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Overview



Rebecca A. Snyder, Alexander A. Parikh,
Kamran Idrees, and Nipun B. Merchant

Introduction

Pancreatic cancer is the fourth leading cause of
cancer death in the United States [1]. Although
the incidence of pancreatic adenocarcinoma is
lower than that of other malignancies, mortality
rates remain high. In 2014, there were approxi-
mately 46,420 new cases of pancreas cancer and
39,590 people died of the disease [2]. The major-
ity of patients present with advanced disease at
the time of initial diagnosis; 5-year survival rates
are estimated to be 9.9 % in patients with region-
ally advanced cancers and 2.3 % in those with
distant disease [2]. Survival rates are higher for
patients with localized tumors (25.8 %); how-
ever, fewer than 10 % of patients with pancreatic
adenocarcinoma present at an early stage [2].
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As with other cancers, surgery offers the only
opportunity for cure. Therefore, one of the most
important determinants of overall prognosis for
patients with pancreatic cancer is resectability.
Indeed, a margin-negative resection is considered
one of the strongest prognostic factors for long-
term survival in patients with pancreatic cancer.
Resection margins are classified as having no evi-
dence of microscopic tumor deposits at or within
1 mm of the inked margins (RO) or as having
microscopic tumor deposits but no gross tumor at
the margins (R1). Discrimination between R0 and
R1 margins is made on the basis of observations
made by both the surgeon and the pathologist.
Grossly positive resections (R2), which are now
rare due to advances in preoperative staging, usu-
ally occur as a result of perineural or lymphatic
invasion at the retroperitoneal margin within the
neural plexus surrounding the SMA.

A number of studies have demonstrated that
the median survival of patients who undergo
margin-negative (RO) resection is significantly
better (17-26 months) than that of patients who
undergo a margin-positive (R1 or R2) resection
(8-12 months) [3-9]. In fact, the median over-
all survival duration of patients who undergo R2
resection is no different than that of patients with
locally advanced disease who are treated with pal-
liative chemotherapy and/or chemoradiation. This
fact emphasizes the critical need to determine
each patient’s likelihood of undergoing a margin-
negative resection early in the development of the

M.H.G. Katz, S.A. Ahmad (eds.), Multimodality Management of Borderline
Resectable Pancreatic Cancer, DOI 10.1007/978-3-319-22780-1_1
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treatment plan [4, 6, 10, 11]. Unfortunately, fewer
than 20 % of patients with pancreatic cancer pres-
ent with disease amenable to RO resection.

Historically, surgeons determined whether or
not a patient had resectable cancer in the operating
room at the time of laparotomy. In patients without
evidence of liver or peritoneal metastases, division
of the pancreas and stomach was performed to
determine the relationship of a tumor within the
pancreatic head or uncinate process to the mesen-
teric vessels. Over time, improvements in imaging
capabilities, including computed tomography
(CT), magnetic resonance imaging (MRI), and
endoscopic ultrasound (EUS), has allowed clini-
cians to better determine a patient’s candidacy for
a margin-negative resection preoperatively. At
present, a triple-phase contrasted CT with thin
cross-sectional cuts (<3 mm) and sagittal and cor-
onal reconstructions is the best preoperative imag-
ing modality to characterize a patient’s tumor,
specifically with regard to its relationship to the
surrounding vascular structures.

In the past, patients were considered to have
resectable disease if the tumor had no direct con-
tact with the celiac axis, hepatic artery (HA),
superior mesenteric artery (SMA), superior mes-
enteric vein (SMV), or portal vein (PV).
Radiographic tumor involvement of these ves-
sels, in any capacity, was considered to represent
locally advanced and unresectable cancer, as it
was thought that a negative margin resection was
not feasible in the setting of tumor involvement
of the major mesenteric vasculature. However,
patients whose tumors involve the SMV/PV and
who receive modern multidisciplinary treatment
regimens including pancreatectomy with con-
comitant vascular resection have a similar out-
come to patients who do not require venous
resection and reconstruction at the time of sur-
gery [12—15]. Survival following pancreatectomy
with concomitant resection of major arteries, on
the other hand, is less encouraging. Although
survival following pancreatectomy with concom-
itant arterial resection can be associated with rea-
sonable rates of survival in highly selected
patients, such operations are typically associated
with prohibitive rates of perioperative morbidity
and mortality [16—-18].

R.A. Snyder et al.

Additionally, tumors with vascular involve-
ment have historically been considered to have a
fundamentally aggressive disease biology irre-
spective of treatment. For this reason, too,
patients with tumors that involved major vascular
structures were traditionally offered only pallia-
tive chemotherapy or chemoradiation therapy.
With advances in systemic therapy, however, a
subset of patients with historically unresectable
tumors that have demonstrated an indolent dis-
ease process have been shown to benefit from
surgical intervention.

These results have ultimately led to the devel-
opment of the clinical stage of “borderline resect-
able” pancreatic cancer (BRPC). This stage
designation categorizes a distinct subgroup of
patients with localized tumors who are nonethe-
less at high risk for a margin-positive resection
and early therapeutic failure when surgery is used
as an initial treatment strategy. The administra-
tion of preoperative chemotherapy and/or chemo-
radiation therapy to patients with this stage of
disease provides an opportunity for RO resection.
Furthermore, the administration of neoadjuvant
therapy improves patient selection for surgery
and helps surgeons avoid pancreatectomy for
patients with biologically unfavorable disease.

Importance of a Definition

Because one of the critical determinations in the
work-up of each patient with localized pancreatic
cancer is the potential of undergoing a RO resec-
tion, localized pancreatic tumors are generally
divided on the basis of CT images into three clin-
ical stages: resectable, borderline resectable, and
locally advanced. Use of these descriptors—and
specifically the use of the borderline resectable
category—is helpful not only to understand a
patient’s prognosis, but also to determine the best
treatment algorithm. Given their high likelihood
of treatment failure with a surgery-first approach,
patients with BRPC—in contrast to patients with
resectable tumors—may benefit from multimo-
dality therapy prior to intended resection.

One of the difficulties in attempting to pre-
cisely define BRPC is that the definition of what
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constitutes a tumor in which an RO resection can
be achieved is highly variable and subjective
amongst surgeons. In addition, clinical trials that
have attempted to study BRPC have included
patients with locally advanced disease, making
not only defining BRPC challenging, but also
making the interpretation of overall prognosis
and treatment options very difficult. Only one
multi-institutional prospective trial has been
attempted to specifically study patients with
BRPC; however, it closed prematurely from a
lack of accrual due to a poorly defined study pop-
ulation that included patients with BRPC and
locally advanced disease, and a lack of therapeu-
tic and surgical standards [19]. A more standard-
ized definition is clearly needed to allow accurate
and meaningful investigation of the clinical man-
agement of this subset of patients.

Borderline Resectable Disease
and Staging

Contemporary clinical staging for pancreatic
cancer is outlined by the American Joint
Committee on Cancer (AJCC) 7th edition using
the TNM format. However, the subgroup of bor-
derline resectable tumors is not well delineated
within the current AJCC staging system. In that
system, the primary tumor (T) stage is deter-
mined by size and extension beyond the pan-
creas. T3 tumors are those that extend beyond the
pancreas without involvement of the celiac axis
or SMA. In contrast, T4 tumors involve the celiac

Table 1.1 Resectable pancreatic cancer definitions

MDACC
Celiac axis (CA) No extension

Common hepatic artery
(CHA)

Superior mesenteric
artery (SMA)

No extension

No extension; normal fat
plane between tumor and
SMA

Abutment or encasement
with patent vessels (no
occlusion)

Superior mesenteric
vein-portal vein
(SMV-PV) confluence

axis or SMA. Stage III cancer comprises T4
tumors with or without lymph node (LN) metas-
tases. Stage III is considered to represent locally
advanced, unresectable disease. Based on this
system, tumors with <180° CA or SMA involve-
ment on imaging—which would typically be
considered borderline resectable using modern
clinical staging—would be classified as unresect-
able. AJCC staging is therefore of limited clinical
relevance in this patient population.

Relevant Anatomy

The fundamental .anatomic relationships relevant
to the clinical staging of tumors of the pancreatic
head include those between the primary tumor
and the common hepatic artery (CHA), the SMA,;
and the (SMV), portal vein (PV), and SMV-PV
confluence. In addition, the relationship of the
tumor to the inferior vena cava (IVC) is often
considered. For tumors of the pancreatic neck
and body, the relationships between the tumor
and the celiac axis (CA) and aorta are also
relevant.

In an attempt to gain some clarity toward
defining which patients have resectable, border-
line resectable, or locally advanced disease, sev-
eral entities have provided definitions for these
categories of patients including MD Anderson
Cancer Center (MDACC), the National
Commission on Cancer Network (NCCN), and a
joint consensus statement issued by the AHPBA,
SSO, and SSAT medical societies (Table 1.1).

AHPBA/SSO/SSAT NCCN

Clear fat plane around CA No contact
Clear fat plane around CHA No contact
Clear fat plane around SMA No contact

No contact OR <180°
contact without vein
contour irregularity

No abutment, distortion, tumor
thrombus, or encasement

MDACC MD Anderson Cancer Center, AHPBA/SSO/SSAT Americas Hepato Pancreato-Biliary Association/Society of
Surgical Oncology/Society for Surgery of the Alimentary Tract, NCCN National Comprehensive Cancer Network



Definitions of Resectable Disease

Uniformly, resectable disease includes tumors
that do not appear to contact the CA, HA, SMA,
or SMV given that a margin-negative resection
can often be achieved without any prior therapy
in patients with these tumors. More recently, sev-
eral groups have also considered as resectable
tumors with limited involvement of the SMV-PV
confluence in which an RO resection is still pos-
sible, albeit with vascular resection and recon-
struction. For example, the definition used at
MDACC considers tumors resectable if there is
abutment of the SMV—-PV with patent vessels (no
occlusion) [20]. The NCCN definition also clas-
sifies as resectable any tumor with <180° contact
of the SMV-PV but without any vein contour
irregularity [21] (Table 1.1, Fig. 1.1).

Definitions of Locally Advanced
Disease

Definitions of locally advanced disease (LAD)
also vary, although in general, LAD characterizes
those patients in whom the likelihood of response
to non-operative therapy sufficient to allow for a
subsequent margin-negative resection is nearly

Fig.1.1 CT scan
demonstrating resectable
pancreatic
adenocarcinoma of the
head with SMV
abutment of less than
180° and a clear fat
plane between the tumor
and the SMA

R.A. Snyder et al.

zero. For example, according to the MDACC
definition, locally advanced disease consists of
tumors that involve the SMA greater than 180°,
those that encase the CA or CHA without a tech-
nical option for reconstruction, and those which
occlude the SMV-PV with no technical option
for reconstruction [20].

The NCCN considers tumors of the pancreatic
head and uncinate process locally advanced if the
tumor demonstrates contact with the first jejunal
vein draining into the SMV or an unreconstruc-
table SMV-PV confluence. Tumors with >180°
contact with the SMA, CA, or contact the first
jejunal arterial SMA branch are also considered
locally advanced. Body and tail tumors are con-
sidered locally advanced if the SMV-PV conflu-
ence is involved and unreconstructable or if there
is contact of >180° with the SMA or HA, or with
the CA and aorta (Table 1.2, Figs. 1.2 and 1.3).

Definitions of Borderline Resectable
Disease

The definition of borderline resectable (BRPC),
first termed marginally resectable, was first
described in 2001 in a prospective case series by
Mehta et al. and was intended to describe patients
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Table 1.2 Locally advanced (unresectable) pancreatic cancer definitions

Celiac axis (CA)

Common hepatic
artery (CHA)

MDACC

Encasement

Encasement with no technical

option for reconstruction

Superior mesenteric | Encasement >180°

artery (SMA)

Superior mesenteric | Occluded and no technical
option for reconstruction

vein-portal vein
(SMV-PV)
confluence

AHPBA/SSO/SSAT
Abutment or encasement

Encasement with
extension to celiac axis

Encasement >180°

Occlusion without options

for reconstruction

NCCN

Contact >180°

Contact with extension to CA
or bifurcation

Contact >180° or contact with
first jejunal SMA branch
Unreconstructible due to
tumor involvement or
occlusion, contact with
proximal jejunal branch

MDACC MD Anderson Cancer Center, AHPBA/SSO/SSAT Americas Hepato Pancreato-Biliary Association/Society of
Surgical Oncology/Society for Surgery of the Alimentary Tract, NCCN National Comprehensive Cancer Network

Fig.1.2 CTscanofa
locally advanced
pancreatic
adenocarcinoma with
obliteration of the SMV
at the base of the
mesentery, leaving no
distal venous target for
reconstruction

Fig.1.3 CT scan of a
locally advanced
pancreatic
adenocarcinoma with
encasement of the SMV
as well as the CHA
(common hepatic artery)




at high risk of grossly positive margins with
immediate resection [22]. Patients were treated
with 5-FU and radiation therapy and then re-
evaluated for resection; 9 of 15 patients subse-
quently underwent resection with negative
margins [22]. In 2006, the NCCN first adopted
the term “borderline resectable” to characterize
the group of patients at high risk for a margin-
positive resection and for whom administration
of neoadjuvant therapy should be considered.

Over the past decade, a number of different
radiographic classification schemes have been
subsequently developed to describe which patients
are considered borderline resectable, including
consensus statements and guidelines from not only
the NCCN, but also the International Study Group
of Pancreatic Surgery (ISGPS); MDACC;
Americas Hepato Pancreato-Biliary Association
(AHPBA), Society of Surgical Oncology (SSO),
and Society for Surgery of the Alimentary Tract
(SSAT) [20, 23, 24]. A definition has also been
established within the context of a now-completed
multi-institutional prospective trial, the Intergroup
borderline resectable pilot study (Alliance
A021101) [25]. These criteria have been endorsed
by the NCCN and are summarized in Table 1.3 and
shown with representative CT scans in Figs. 1.4,
1.5, and 1.6. To date, no single definition has been
used uniformly.

The most recent NCCN guidelines outline a
definition of BRPC as tumor demonstrating
radiographic contact with the SMV-PV of >180°,
or contact of <180° with contour irregularity or
thrombosis of the vein but with suitable vessel
proximal and distal to the site of involvement to
allow for adequate resection [21]. Solid tumor
contact with the IVC is also considered border-
line resectable. Regarding arterial involvement,
NCCN considers tumor contact with CHA with-
out extension to CA or HA bifurcation and <180°
contact with SMA to be borderline resectable for
pancreatic head lesions. A tumor within the body
or tail is considered borderline resectable if there
is contact <180° with CA or >180° of CA with-
out involvement of aorta and with an uninvolved,
intact GDA.

The MDACC definition published in 2006
allows for short segment occlusion of the SMV—

R.A. Snyder et al.

PV as long as a suitable vessel is available above
and below the involved segment for reconstruction
[20]. Additionally, tumor abutment of <180° of
the circumference of the SMA and short segment
encasement or abutment of the CHA (usually at
the GDA origin) is considered potentially resect-
able. In follow-up work, Katz et al. elaborated on
these definitions further, to not only account for
anatomical feasibility but also clinical appropri-
ateness for pancreatectomy [26]. MDACC catego-
rized patients into three subsets: Group A
comprised patients meeting the anatomic criteria
listed above; Group B consisted of patients with
preoperative work-up suggestive but not diagnos-
tic of metastasis; and Group C was made up of
patients with comorbidities or those with a mar-
ginal, but potentially reversible, performance sta-
tus (typically ECOG 2-3). Group B patients had
CT findings suspicious for but not diagnostic of
metastatic disease (indeterminate subcentimeter
liver lesions or peritoneal or omental nodules too
small for biopsy) or known N1 disease as deter-
mined by EUS-FNA or pre-referral laparotomy.

In 2008, the AHPBA, SSO, and SSAT held a
Consensus Conference to outline a uniform defi-
nition of borderline resectable disease [25].
Published in 2009, the proceedings delineated the
following criteria to define BRPC: tumor-
associated deformity of the SMV-PV, abutment
of the SMV-PV >180°, short-segment occlusion
of the SMV—-PV amenable to resection and recon-
struction, short-segment involvement of the HA
or its branches amenable to resection and recon-
struction, and abutment of the SMA (<180°).

The ISGPS published a consensus statement
in 2014 intended to promote an internationally
agreed upon definition for the subset of patients
with BRPC [24]. This group endorses the NCCN
criteria for the definition, based on preoperative
CT imaging performed within 4 weeks of consid-
eration for resection. Consistent with NCCN, the
ISGPS classification of BRPC allows for SMV—
PV occlusion if reconstruction is possible,
encasement of the GDA up to the HA with
encasement of HA without extension to the CA,
and abutment of the SMA <180°.

Most recently, members of several coopera-
tive groups, including the Southwest Oncology
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Fig.1.4 CT scan
demonstrating a
borderline resectable
pancreatic
adenocarcinoma with
SMYV abutment of
approximately 180° and
subtle haziness posterior
to the SMA

Fig.1.5 CT scan
demonstrating a
borderline resectable
pancreatic
adenocarcinoma with
tumor thrombus within
the SMV

Group, (SWOG) Alliance for Clinical Trials in
Oncology, Eastern Cooperative Oncology Group
(ECOG), and Radiation Therapy Oncology
Group (RTOG), proposed a precise definition for
use in a now-completed pilot study for patients
with BRPC. The Alliance Trial (A021101) was a
multi-institutional single-armed trial designed to
evaluate the feasibility of multi-institutional

R.A. Snyder et al.

study of BRPC using a modified regimen of
FOLFIRINOX (oxaliplatin, irinotecan, leucovo-
rin, and 5-FU) followed by 5040 Gy external
beam radiation therapy prior to intended surgery
[26]. Here, the investigators advocated for an eas-
ily reproducible definition based on objective
data derived from standard CT imaging and sug-
gested avoidance of subjective or imprecise
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Fig.1.6 CT scan
demonstrating a
borderline resectable
pancreatic
adenocarcinoma with
SMYV abutment of
approximately 180° at
the base of the
mesentery and haziness
around the SMA

assessments of “impingement” or “abutment.”
This definition consisted of the following: (1) an
interface between the tumor and SMV-PV >180°
of the vein wall circumference; (2) short-segment
occlusion of the SMV-PV with normal vein
above and below the obstruction amenable to
resection and reconstruction; (3) short-segment
interface of any degree between tumor and HA
with normal artery proximal and distal to the
interface amenable to arterial resection and
reconstruction; and (4) interface between the
SMA and CA measuring <180° of the circumfer-
ence of the artery.

Classifying Venous Involvement

In addition to the definitions described above,
there have been efforts to describe the extent of
venous involvement based on preoperative imag-
ing in order to more accurately predict the likeli-
hood of RO resection and define borderline
resectable disease. In 1991, Ishikawa et al. pub-
lished a classification system of SMV-PV
involvement based on the portal phase of preop-
erative arteriography [27]. Invasion of the SMV—
PV was classified as Type (I) normal, (IT) smooth
shift without narrowing, (III) unilateral narrow-

ing, (IV) bilateral narrowing, (V) bilateral nar-
rowing with the presence of collateral veins.

A follow-up study in 2010 at Fox Chase
Cancer Center utilized the Ishikawa definitions to
evaluate the effect of neoadjuvant chemoradia-
tion therapy among patients with SMV-PV
involvement [28]. Preoperative therapy was asso-
ciated with improved RO resection rates and over-
all survival among patients with Type II or III
vein involvement, but not in patients with Type
IV or V. However, the number of patients with
bilateral involvement or occlusion (Type IV or
V) was small.

More recently, Tran Cao et al. correlated pre-
operative CT imaging of the circumferential
SMV-PV tumor-vein interface (TVI) with the
presence of histologic vein invasion post-
resection in order to determine the ability of pre-
operative radiographic criteria to predict the need
for vein resection at the time of pancreaticoduo-
denectomy [29]. The TVI was assigned to the fol-
lowing classifications: (1) No direct interface
with either normal pancreas or fat separating the
primary tumor from the vessel, (2) <180° of the
vessel circumference, (3) >180° of the vessel cir-
cumference, or (4) vascular occlusion (absence
of contrast within the lumen of the vein in asso-
ciation with adjacent tumor). Based on review of
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254 patients undergoing pancreaticoduodenec-
tomy, the authors found that the TVI system pre-
dicted the need for SMV-PV resection and
histologic vein involvement with reasonable
accuracy. Specifically, 89.5 % of patients with
TVI >180° or occlusion required SMV-PV
resection, and 82.4 % of these patients had docu-
mented histologic SMV-PV invasion.

Validation of Classification Systems

Although the various anatomic definitions are
similar, there are several important differences
among them. Unfortunately, it is very difficult to
ascertain which definition is most appropriate
without comparison or validation studies.
Extrapolating from a number of single-institution,
retrospective studies investigating neoadjuvant
chemotherapy and/or chemoradiation therapy
prior to resection in the borderline resectable
population, it is possible to perform a limited
comparison of resection rates by definition.

By definition, a proportion of patients with
initially BRPC are expected to have disease pro-
gression, but an additional percentage will ulti-
mately represent reasonable candidates for
margin-negative resection. However, it is
unclear as to what percent of patients that come
to resection after neoadjuvant therapy should be
considered the benchmark to validate a defini-
tion of BRPC.

Among recent studies using the NCCN con-
sensus definition, resection rates range from 46 to
56 % after preoperative therapy [30, 31]. Rates of
resection among patients considered to have bor-
derline resectable disease based on the MD
Anderson definition range between 18 and 46 %
after completion of neoadjuvant therapy [26, 32,
33]. In a study comparing rates using both the
AHPBA/SSO/SSAT definition and the MD
Anderson definition among the same study popu-
lation, resection rates differed significantly at 84
% and 78 %, respectively [34]. Given that the
AHPBA/SSO/SSAT definition considers abut-
ment or encasement of the SMV-PV to be BRPC,
whereas MD Anderson considers those patients
candidates for upfront resection, it is not surpris-
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ing that resection rates differ. Additionally, MD
Anderson definition allows for a greater extent of
arterial involvement, specifically abutment of the
celiac artery, compared to the AHPBA/SSO/
SSAT definition.

Of equal importance, the neoadjuvant treat-
ment regimens differed significantly across these
studies which adds another significant con-
founder, further limiting comparisons of the vari-
ous definitions.

Special Considerations: Aberrant
Anatomy

As many as 40-45 % of patients have a variation
in visceral arterial anatomy, which becomes an
important consideration in the surgical evaluation
of patients with pancreatic cancer [35]. The most
common anomaly is a replaced or accessory right
hepatic artery, originating off the SMA in approx-
imately 11-15 % of patients. In this setting, the
right HA courses posterior to the head of the pan-
creas and is positioned lateral to the PV, entering
the right side of the hepatoduodenal ligament.
Additionally, in approximately 2.5 % of patients,
areplaced CHA can arise from the SMA and fol-
low a similar path.

Although not specifically addressed in the
contemporary definitions of BRPC, abutment or
encasement of either a replaced (not accessory)
right HA or replaced CHA should also be consid-
ered BRPC, consistent with borderline resectable
definitions of CHA involvement.

Summary

The concept of BRPC is a relatively recent, but
important development in the treatment of pan-
creatic cancer. The evolution of this category is
two-fold. First, even with modern imaging tech-
niques, a percentage of patients who undergo
attempted resection will have microscopic resid-
ual disease left behind, primarily adjacent to the
mesenteric vasculature. These patients, unfortu-
nately, do not benefit from immediate resection
and should be treated instead with systemic and/or
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locoregional therapy prior to attempted resection.
Second, largely due to advances in our under-
standing of the biology of the disease and to
somewhat improved locoregional and systemic
therapies, there appears to be a subset of patients
whose tumors do not progress (or may even
regress) following neoadjuvant therapy. These
patients may represent suitable candidates for
resection. These patients are considered to have
borderline resectable tumors.

Although conceptually this definition appears
fairly straightforward, the precise definition of
BRPC remains somewhat subjective. While the
various definitions have similar core components,
differences exist regarding the precise details of
vascular involvement. In addition, with signifi-
cant institutional differences associated with the
treatment of borderline resectable disease, a
direct comparison amongst these definitions is
nearly impossible. The recently completed
Alliance pilot trial used a more objective defini-
tion of BRPC with attempted centralized review
for rapid evaluation and consistency in a multi-
center fashion. The pilot trial has recently been
completed, and it is our hope that the success of
this trial will pave the way not only for future
studies in regard to the best treatment options, but
also for a universal definition of BRPC.
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Staging and Pretreatment Management



Kyuran Ann Choe and Nicholas M. McDonald

Introduction

Pancreatic adenocarcinoma has been increasing
in incidence [1] and it has been estimated to rep-
resent 3 % of new cancer diagnoses and 7 % of
cancer deaths in 2014 [2]. Most commonly, the
staging of pancreatic carcinoma follows American
Joint Committee on Cancer (AJCC) guidelines.
In the absence of metastatic disease, there is con-
current classification of tumors into resectable,
borderline resectable, and unresectable locally
advanced disease for the purposes of clinical
management [3—6]. Although there is discussion
regarding some of the criteria that define border-
line resectable and locally advanced pancreatic
cancer, both tumor staging and evaluation of local
extent of disease for potential resectability are
based on findings seen on cross-sectional imaging,
primarily contrast-enhanced multidetector com-
puted tomography (MDCT) and magnetic reso-
nance imaging (MRI).

K.A. Choe, M.D. (b<) « N.M. McDonald, M.D.
Department of Radiology, University of Cincinnati
Medical Center, 234 Goodman St. ML 0761,
Cincinnati, OH 45267, USA

e-mail: ann.choe @uc.edu; mcdonana@ucmail.uc.edu

© Springer International Publishing Switzerland 2016

Ultrasound

Transabdominal ultrasound is frequently the initial
examination that is performed in a patient with
jaundice and it is sensitive for the detection of
biliary ductal dilation. However, the etiology of
the biliary obstruction can be difficult to eluci-
date and visualization of the entirety of the pan-
creas is difficult due to patient body habitus and
interference from overlying bowel gas which
limits tumor detection. In addition, when a tumor
is present, complete assessment of local tumor
extension is limited [7]. The finding of biliary
and/or pancreatic ductal dilation on ultrasound
commonly prompts further imaging evaluation
by CT or MRI. The role of endoscopic ultrasound
will be discussed in Chaps. 3 and 4.

Multidetector Computed
Tomography

Optimal imaging of the abdomen and pelvis by
CT for the evaluation of patients with pancreatic
carcinoma is performed using multidetector scan-
ners which provide thin slices and isotropic data
for multiplanar reformatted images and 3D recon-
structions. Rapid image acquisition allows for
multiple phases of image acquisition with con-
trast enhancement optimized for tumor detection,
vascular assessment, and evaluation for meta-
static disease. Initial noncontrast imaging of the

M.H.G. Katz, S.A. Ahmad (eds.), Multimodality Management of Borderline
Resectable Pancreatic Cancer, DOI 10.1007/978-3-319-22780-1_2
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Fig. 2.1 Normal multiphasic appearance of the pancreas
and adjacent structures. The arterial phase image (a) dem-
onstrates dense arterial enhancement of the celiac artery
(arrowhead) and mild enhancement of the pancreas
(arrow). The pancreatic parenchymal phase (b) shows
excellent arterial enhancement of the splenic artery

abdomen is not required but is recommended in
the 2012 National Comprehensive Cancer
Network (NCCN) guidelines [8]. Negative enteric
contrast (usually water) is used to avoid obscura-
tion of the vasculature particularly if 3D recon-
structions are utilized [9, 10]. Following
intravenous high-iodine (>300 mg I/mL) contrast
administration at 3-5 mL/s [11], images may be
acquired in the angiographic arterial phase, pan-
creatic parenchymal phase [12], and portal venous
(hepatic) phase (Fig. 2.1). Images are acquired in
at least two of these phases, one of which is the
portal venous (hepatic) phase for the detection of
metastatic disease [13, 14]. At our institution, the
portal venous phase extends through the pelvis to

(arrowhead) with enhancement of the pancreas (arrow).
In the portal venous phase (c), there is dense enhancement
of the portal vein (arrowhead) with persistent enhance-
ment of the pancreas (arrow). There is parenchymal
enhancement of the liver

assess for metastatic disease if a recent CT has
not been performed. The arterial angiographic
phase (Fig. 2.1a) will optimally demonstrate the
arteries with less background solid organ
enhancement (for 3D volume rendered images),
but has less sensitivity for lesion detection due to
less image contrast between the tumor and nor-
mal parenchyma [13]. Some authors advocate
image acquisition in the late arterial/pancreatic
parenchymal phase (Fig. 2.1b) to optimize lesion
detection and local arterial vascular involvement
since the image contrast between the tumor and
normal parenchyma is greater in this phase in
addition to greater arterial enhancement [13, 15,
16]. The timing of image acquisition is dependent
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Fig.2.2 Pancreatic
adenocarcinoma in the
uncinate process
(arrowhead) appears
hypodense in
comparison to the
normal parenchyma
(arrow)

upon the rate of intravenous contrast administra-
tion which is 3-5 mL/s. The arterial phase of
enhancement is at 30, 25, and 20 s following the
start of peripheral intravenous contrast adminis-
tration at an injection rate of 3, 4, and 5 mL/s,
respectively [13]. Similarly, the normal pancreas
demonstrates peak parenchymal enhancement at
50, 45, and 40 s, respectively [13]. Images in the
portal venous phase are acquired between 60 and
70 s [13]. Images are typically reconstructed at
slice thicknesses of 3 mm or less [3]. The thinner
slice data (1.0 mm or less) is used for multiplanar
and 3D reconstruction. If the initial examination
is not of diagnostic quality to perform adequate
tumor and vascular assessment, it should be
repeated using a dedicated pancreas cancer proto-
col [11]. Preferably, imaging is performed prior
to biliary stent placement since the stent may
cause streak artifact at the level of the pancreatic
head limiting evaluation of the local extent of
tumor and secondary pancreatitis may obscure
the primary lesion and complicate vascular
assessment [3, 14].

Pancreatic adenocarcinoma is typically
isodense to the normal pancreas on the noncon-
trast images, limiting their utility for the purposes
of staging. Most pancreatic adenocarcinoma
tumors enhance less than the normal pancreatic
parenchyma and appear hypodense on contrast-
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enhanced images (Fig. 2.2). The sensitivity for
the detection of tumor is greatest in the pancre-
atic parenchymal phase in comparison to the arte-
rial and portal venous phases due to maximal
differential enhancement and image contrast
between tumor and normal parenchyma [13].
Isoattenuating and isoenhancing tumors (Fig. 2.3)
comprise a small portion of tumors—5.4 % of
pancreatic adenocarcinoma tumors evaluated in a
recent study [17] and 11 % in an older study [18].
A higher percentage of smaller (2 cm or less)
tumors have been shown to be isoattenuating
[19]. These tumors are difficult to detect but may
be inferred by secondary signs including mass
effect of the tumor on the contour of the pancreas
or on adjacent structures or by the level of biliary
and/or pancreatic ductal obstruction [17, 18].
When tumors are isoattenuating, evaluation of
local extent of disease can be difficult; particu-
larly problematic is the assessment of abutment
or encasement of the intrapancreatic portion of
the portal vein and superior mesenteric vein in
the absence of distortion.

Evaluation of the local extent of the tumor
requires careful evaluation of the local vascula-
ture, including the celiac artery and branches,
superior mesenteric artery, superior mesenteric
vein, and portal vein. Evaluation for aberrant
vasculature such as a replaced or accessory right



20

K.A. Choe and N.M. McDonald

Fig. 2.3 Isodense pancreatic adenocarcinoma. A pan-
creatic head mass (arrowhead, a) is present causing a
contour bulge anteriorly which was not present on a

hepatic artery or a replaced common hepatic
artery originating from the superior mesenteric
artery is also important as the course of these ves-
sels frequently lies between the inferior vena
cava and portal vein at the pancreatic head
(Fig. 2.4). In the absence of distant metastases,
preservation of the fat and soft tissue planes sur-
rounding the adjacent vasculature indicates
resectable disease (Fig. 2.5).

The delineation between resectable, border-
line resectable, and unresectable locally advanced
tumor is based upon the relationship between the
tumor and adjacent vasculature [4—6]. Assessment
of tumor involvement of the vasculature has been
defined relative to the circumference of the vessel
[20] without or with distortion of the vessel. An
interface between the tumor and vessel of 180° or
less has been termed abutment (Fig. 2.6) and
greater than 180° has been termed encasement
(Fig. 2.7) [11]. Greater than 180° of interface
between tumor and vessel (encasement) was
demonstrated to be specific for vessel invasion
[20]. Irregularity of the vessel contour or narrow-
ing (deformity) is also indicative of vascular
invasion (Fig. 2.8) [11, 14]. Multiplanar refor-
matted images are beneficial for evaluation of
the vessels with tumor involvement and assess-
ment of degrees of the interface between the
tumor and the vessel (Fig. 2.9) [15, 21, 22].
Vascular tumor obliteration or bland thrombus
should also be noted. Since the definition of
borderline resectable tumors includes those

comparison CT (b). The central hypodensity seen in (a)
is the pancreatic duct

Fig. 2.4 Two adjacent slices demonstrate a replaced
common hepatic artery (arrowhead) originating from the
superior mesenteric artery (arrow)

tumors where arterial or venous resection and
reconstruction are being considered, assessment
of longitudinal extent of tumor along the portal vein,
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Fig.2.5 The pancreatic
head mass (arrow)
appears relatively
hyperdense due to fatty
infiltration of the
pancreas. A normal
tissue plane is
maintained between the
tumor and the portal
vein (P). There is a
replaced right hepatic
artery (arrowhead) seen
posterior to the
pancreatic head

Fig.2.6 The pancreatic
mass abuts the superior
mesenteric artery by
about 120° (between
arrowheads). The soft
tissue seen posterior to
the superior mesenteric
artery is the left renal
vein

superior mesenteric vein, and artery and hepatic 2014 NCCN guidelines acknowledge the need

artery should also be noted [3]. for more restrictive definitions of borderline
The definition of borderline resectable tumor is resectable tumors in clinical trials [4].
under some debate with at least three prevailing Pancreatic adenocarcinoma may also directly

definitions, the AHPBA/SSO/SSAT consensus extend to involve adjacent structures, including
conference [6], the NCCN 2014 guidelines [4], adjacent bowel, mesentery, spleen, kidneys, adre-
and the Intergroup study [5]. The most recent nal glands, aorta, and inferior vena cava (Fig. 2.10).
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Fig.2.7 Pancreatic
adenocarcinoma
circumferentially
encases the superior
mesenteric artery
(arrow)

Fig.2.8 Tumor is seen
encasing and distorting
the superior mesenteric
vein (arrow). There is
greater than 180° of
encasement of the
superior mesenteric
artery (arrowhead)

Manifestations of metastatic disease include hepatic
metastases, adenopathy beyond the local region,
and peritoneal carcinomatosis. Hepatic metasta-
ses are typically hypovascular and are best visu-
alized on portal venous phase imaging, appearing
hypodense to the enhancing liver (Fig. 2.11). Small
liver lesions can be particularly difficult to charac-
terize [14]. Evaluation for adenopathy is based on

"
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size criteria (greater than 1 cm) and enlarged lymph
nodes are particularly notable if outside the poten-
tial surgical resection bed. Peritoneal tumor may
be seen as peritoneal nodularity, omental or sero-
sal thickening or nodularity (Fig. 2.12). However,
small volume metastatic deposits on or in the liver
and small peritoneal implants are difficult to visu-
alize by imaging [3, 23].
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Fig.2.9 Coronal multiplanar reformatted images demonstrate encasement of the superior mesenteric artery (a, arrow)
and encasement with narrowing of the portal vein (b, arrow)

é

160/mm

Fig. 2.10 Pancreatic adenocarcinoma with extension into the small bowel mesentery (a, arrowheads) and into the

posterior gastric wall (b, arrow)

Magnetic Resonance Imaging

Although most centers use MDCT as the primary
examination for staging pancreatic cancer, MRI is
a useful alternate imaging modality for both
detection and staging, particularly when contrast-
enhanced MDCT is contraindicated [14]. MR is
equivalent to MDCT for detection and assessment
of local disease [24-26]. On T1 weighted images,
the normal pancreas is relatively hyperintense due
to the higher content of protein in the pancreatic
acini [10]. This is more conspicuous on T1
weighted images with fat suppression (Fig. 2.13).
Tumors are hypointense to isointense to the

normal pancreas on T1 weighted images [27]. On
T2 weighted images, tumors are usually hyperin-
tense to isointense (Fig. 2.14) [27]. Heavily T2
weighted images acquired for MR cholangiopan-
creatography (MRCP) will demonstrate the level
of biliary or pancreatic ductal obstruction if pres-
ent (Fig. 2.15) [28]. The atrophic parenchyma in
the region of upstream pancreatic ductal dilation
may demonstrate decreased signal on the T1
weighted images [10]. With gadolinium-based
intravenous contrast administration, images are
acquired using fast T1 weighted fat-suppressed
3D gradient echo sequences, also allowing for
multiphase acquisitions [29] similar to MDCT
(Fig. 2.16). The enhancement characteristics of
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Fig.2.11 Hypodense
liver lesions
(arrowheads)
representing metastatic
disease

Fig.2.12 Omental
nodules (arrows) are
consistent with
peritoneal
carcinomatosis. A small
amount of free fluid is
also present

normal pancreatic parenchyma and tumor are
similar to CT, with pancreatic adenocarcinoma
enhancing less than normal parenchyma in the
arterial and portal venous phases. Lesion conspi-
cuity is greatest on the arterial phase images
(Fig. 2.17) [29]. On diffusion weighted images,
pancreatic carcinoma tends to have restricted
diffusion [10], but these images are less sensitive

K.A. Choe and N.M. McDonald

than the contrast-enhanced images for tumor
detection [29]. In addition, diffusion weighted
images are unable to differentiate between pan-
creatic adenocarcinoma and mass forming chronic
pancreatitis [30, 31]. Assessment of vascular
involvement may also be performed by MR with
equivalent performance to MDCT for determina-
tion of resectability [32]. Preservation of the fat
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Fig.2.13 Fat-suppressed
T1 weighted spoiled
gradient echo image
demonstrates bright T'1
signal intensity of the
normal pancreas (arrows)

Fig.2.14 Tumor (arrowheads) is hypointense to the pan-
creas (arrow) on the T1 weighted image. (a) On the fat-
suppressed T2 weighted image (b), the mass (arrowhead)

plane between tumor and vessel is seen as a
persistent high T1 signal fat surrounding the ves-
sel on non-fat suppressed T1 weighted images.
MRI can be useful in detecting tumors that are
isoattenuating on CT (Fig. 2.18) [27], with a
reported sensitivity of 79.2 % of this group of
tumors [17]. MRI may also have a benefit in the
imaging of small tumors (less than 2 cm) [10].
Evaluation for metastatic disease is well doc-
umented by MRI. MR evaluation of the liver is
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is isointense to slightly hypointense to the pancreas.
A dilated pancreatic duct (arrow) is seen

better than MDCT at characterizing small lesions
[10, 33] since cysts and hemangiomas are high
signal on T2 weighted images and contrast
enhancement  patterns are  characteristic
(Fig. 2.19). MR evaluation with agents that are
taken up by normal hepatocytes on delayed imag-
ing (gadoxetic acid) is more sensitive for the
detection of hepatic metastases but also allows
for the detection of tumor and evaluation of local
extent of disease [34].
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Fig.2.15 3D MRCP
image demonstrates the
level of biliary and
pancreatic ductal
dilation (arrows)

1]
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Fig.2.17 Arterial phase (a) and portal venous phase (b) images demonstrate greater signal intensity difference between
the tumor and the pancreas (arrow) on the arterial phase study (a)
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Fig. 2.18 In the same patient as seen in Fig. 2.3 (a), the  posterior to the tumor is shown to represent a dilated pan-
tumor is now visible on the contrast-enhanced study (b, creatic ductal sidebranch on the T2 weighted image (c)
arrows). The small hypointense focus (arrowhead) seen

Fig.2.19 A tiny low attenuation lesion (arrow) is seen on CT (a). On T2 weighted MR (b), the lesion is well circum-
scribed and high in signal intensity consistent with a cyst
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0 mm

Fig.2.20 Tumor (arrow) is seen deforming the superior mesenteric vein prior to therapy (a). Following neoadjuvant
therapy (b), there is residual, but less extensive soft tissue (arrow)

Positron Emission Tomography/
Computed Tomography

At this time, 3fluorodeoxyglucose (FDG) PET/
CT has no role in the assessment of the local extent
of pancreatic carcinoma [35]. The limited CT
images are performed for attenuation correction
and are routinely performed without intravenous
contrast which is not adequate for evaluation for
local vascular involvement [36]. '®)FDG uptake by
the tumor limits also evaluation of the local tissues
[10, 37]. The role of ¥FDG PET/CT in detection
and evaluation of metastatic and recurrent disease
is evolving [38, 39].

Imaging Following Therapy

Following neoadjuvant therapy for borderline
resectable and unresectable locally advanced
tumor, MDCT is less sensitive for prediction of
potential resectability [40, 41]. This may be due
to the inability to differentiate residual soft tis-
sue at the tumor bed as either residual tumor or
fibrosis (Fig. 2.20) [41]. Following therapy, the
degree of vascular involvement may also be
overestimated [40]. In a recent study, decreasing
contact between tumor and the superior mesen-
teric vein or portal vein and decreasing contact with
the superior mesenteric artery were associated

with an RO resection. However, decreasing tumor
size was not significantly associated with an RO
resection [42].

Reporting

A multidisciplinary expert group sponsored by the
Society of Abdominal Radiology and the American
Pancreatic Association recently provided a consen-
sus statement and reporting template for pancreatic
ductal adenocarcinoma to facilitate complete
reporting of the imaging findings [11, 43]. This
document provides guidelines for comprehensive
description of the primary tumor with characteriza-
tion of the interface between tumor and adjacent
vasculature and evaluation of extrapancreatic dis-
ease. Documentation of pertinent vascular variants
is also included. Utilization of a structured reporting
template is favored to provide consistent image
interpretation and reproducible reports.

Summary

In summary, the clinical staging of pancreatic
carcinoma is dependent upon optimal cross-
sectional imaging, either MDCT or MRI. With both
imaging modalities, multiphase imaging is needed
to detect the tumor, to evaluate the relationship of
the tumor to adjacent vasculature for potential
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resectability, and to evaluate for metastatic dis-
ease. MDCT is more commonly used, but MRI is
an alternative modality. MRI can be beneficial in
detecting tumors that are isodense on CT and is
better at characterizing small liver lesions.
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EUS: Staging and Operating
Characteristics

Endosonography or Endoscopic Ultrasound
(EUS) was initially developed approximately 25
years ago for the evaluation of gastrointestinal
lesions and specifically, primary staging of GI
malignancies. The relative merits of EUS for
staging accuracy will be presented in greater
detail in the ensuing paragraphs. The ability to
determine resectability remains paramount for all
imaging modalities. Large meta-analyses and
comparative studies purport a degree of superior-
ity for EUS in assessing the subset of patients
deemed to be borderline resectable [1, 2].
Thorough review may point to a more neutral or
equivocal view regarding such claims. In theory,
however, EUS is well suited for providing the
detail necessary to determine borderline resect-
able pancreatic cancer.

The advent of the mechanical scanning radial
echoendoscopes allowed for elegant images in a
360° imaging plane very similar to computed

G. Mishra, M.D., M.Sc. (0X) « R. Pawa, M.D.
Internal Medicine-Section on Gastroenterology,
Wake Forest School of Medicine, Medical Center
Boulevard, Winston-Salem, NC 27157, USA
e-mail: gimishra@wakehealth.edu;
rpawa@wakehealth.edu

© Springer International Publishing Switzerland 2016

tomography (Fig. 3.1). However, widespread
acceptance of EUS has largely been due to the
emergence of the linear array echoendoscope.
The rapid refinement of the linear echoendo-
scope, both in scope design and imaging resolu-
tion coupled with an improvement in the
accessory channel has allowed for constantly
evolving therapeutic options including fine-
needle aspiration (FNA) [3, 4]. Compared to con-
ventional ultrasound, EUS is literally positioned
within a few millimeters from the area of interest,
such as the pancreas, making this an ideal diag-
nostic and therapeutic tool for pancreatic carci-
noma. “Dead space” can be circumvented so that
the ultrasound waves are targeted directly to the
pancreatic parenchyma. Furthermore, EUS
utilizes high-frequency probes that range from 5
to 20 MHz at the tip of the endoscope. This
increased frequency when combined with the
decreased distance needed for the ultrasound
wave to travel, allow for the high-resolution
images of the main pancreatic duct and surround-
ing parenchyma such that structures as small as
2-3 mm can be distinguished [5].

Perhaps in no other disease state has the
widespread use of the linear echoendoscope
become more apparent than in pancreatic cancer.
In addition to vascular staging, the immediate
advantage of tissue confirmation is implicit.
Initial primary staging, followed by FNA of
either the pancreatic mass itself or of lymph
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Fig. 3.1 Normal anatomy of the pancreas using a linear
echoendoscope (a) head of the pancreas with the SMV/
PV confluence. (b) Body of the pancreas with the main

nodes, to the ultimate ability to deem the patient
as having unfortunate distant metastasis to
organs such as the liver via tissue confirmation at
the same setting make the linear echoendoscope
the preferred instrument. Using a “station
approach,” one can obtain excellent views of the
uncinate pancreas (with the EUS scope tip near
the ampulla), head of the pancreas (with the EUS
scope tip in the duodenal bulb), body of the pan-
creas (with the EUS scope tip in distal stomach),
and tail of the pancreas (with the EUS scope tip
in the gastric fundus). The left lobe of the liver is
best seen with the scope along the lesser curve of
the stomach and the scope tip at the body/antrum
junction. Metastatic lesions to the left lobe can
be easily seen, especially those abutting the gas-
tric wall and amenable to FNA (Fig. 3.2). The
working channel (which varies in diameter from

Wake Forest Univ
Baptist Med Ctr

T7.50M RS.0 G50 C13

pancreatic duct (c¢) imaging of the celiac trunk and celiac
artery take-off

2 to 3.8 mm) is designed so that as the FNA
needle is advanced, it will be within the plane of
scanning and can be visualized as it enters the
target tissue.

Radial Versus Linear Echoendoscope

Several studies emerged in the late 1990s that
specifically compared radial scanning with the
linear array for primary staging of pancreatic
cancer as well as the utility of the linear array
scope in both benign and malignant pancreatic
lesions. The first study performed by Gress et al.
utilized a cohort of 79 patients referred with pan-
creatic cancer [6]. As only 33 patients ultimately
had surgical excision, the evaluable groups con-
sisted of 17 patients randomized to linear array
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Fig.3.2 (a) EUS image of an approximately 4.2 cm mass
in the tail of the pancreas with irregular borders (b) FNA
using a 25-gauge needle of a large metastatic lesion in the

and 16 to radial scanning EUS. EUS staging
accuracy for linear array was 94 % (16 of 17) for
T and 71 % (12 of 17) for N staging. The staging
accuracy for radial scanning was 88 % (14 of 16)
for T and 75 % (12 of 16) for N staging.
Surprisingly, radial scanning was more accurate
for predicting vascular invasion 100 % (16 of 16)
than the linear array 94 % (16 of 17). More recent
literature militates against EUS superiority in
assessing for vascular invasion. Seicean et al.
explored the staging accuracy of radial EUS in
pancreatic cancer and how well EUS can predict
tumor resectability in 30 patients with pancreatic
masses staged by both a radial EUS and surgery
[7]. Resectability was based on EUS involvement
of either the celiac trunk or superior mesenteric
artery. Specific EUS criteria for vascular invasion
were defined as direct visualization of loss of

2. 8um

left lobe of the liver (¢) cytology from the liver showing
large, irregular cells consistent with metastatic
adenocarcinoma

hyperechoic vascular wall, tumor ingrowth with
complete vascular obstruction or the presence of
peripancreatic venous collaterals. The accuracy
of EUS T staging was 86.6 %, N staging was 93.3
%, while that of vascular invasion was 80 %.
These authors advised using adjunct imaging
modalities to a radial EUS for assessing arterial
invasion. Conventional radial and linear
echoendoscopes offer 2D imaging. However, 3D
imaging would be ideal when assessing for vas-
cular invasion. Fritscher-Ravens et al. describe
their experience using a linear echoendoscope to
identify a pancreatic tumor followed by 3D image
acquisition using a magnetic tracked 3D sensor
[8]. The EUS results from 22 patients with solid
pancreatic lesions (17 adenocarcinomas, 5
chronic pancreatitis) were compared to surgical
histology. In 30 % of cases, the 3D reconstruction



34

G. Mishra and R. Pawa

suggested vascular compression rather than vas-
cular invasion. One patient was incorrectly clas-
sified as having vascular invasion with the 3D
reconstruction. Although 3D reconstruction is
largely investigational, this study is tantalizing
for the prospect of achieving greater clarity of
vascular involvement by EUS preoperatively.

EUS Versus Other Imaging Modalities

The initial excitement of the superior imaging
qualities provided by EUS for pancreatic cancer
has now been tempered by the reality that newer
generation computed tomography (CT) scanners
with 3D reconstruction allow for superb imaging
and, thus, staging. Nonetheless, reviewing the lit-
erature offers insights as to the relative merits for
each technology. A landmark study by DeWitt
and colleagues compared EUS and multidetector
CT for the detection, staging, and resectability of
known or suspected locoregional pancreatic can-
cer using a prospective, observational cohort [9].
EUS followed by multidetector CT was per-
formed in 104 patients; patients with known or
suspected pancreatic cancer felt to be resectable
by 1 or both tests were considered for surgery. Of
the 80 patients with pancreatic cancer, 27 (34 %)
were managed nonoperatively and 53 (66 %)
underwent surgery (n=25, resectable; n=28,
unresectable). The sensitivity of EUS for detect-

ing a pancreatic mass was 98 % [95 % CI, 91-100
%]; the sensitivity for CT was 86 % [CI, 77-93
%]; p=0.012. EUS was superior to CT for tumor
staging accuracy (67 % vs. 41 %; p<0.001) but
equivalent for nodal staging accuracy (94 % vs.
47 %; p>0.2). In the 25 patients recommended
for surgery, EUS correctly identified 88 % of
patients whereas CT correctly identified 92 % of
patients. In the 28 unresectable pancreatic tumors
in the patients recommended for surgery, EUS
and CT correctly identified 68 % and 64 %,
respectively. The investigators teased out charac-
teristics of masses undetected by EUS (n=2) and
CT (n=10) in patients undergoing surgery. Nine
of these missed lesions by CT were <25 mm. The
authors’ conclusions echoed most diagnosticians
in the field that a preoperative EUS should be per-
formed when a CT fails to detect a mass in patients
with suspected pancreatic cancer (Fig. 3.3).

As mentioned above, EUS allows for detailed
imaging to assess for vascular involvement prior
to planned surgery. However, recent studies ques-
tion the ability of expert endosonographers to
accurately assess for vascular involvement [10,
11]. Rosch and colleagues showed videotapes of
75 patients with cancer involving the pancreatic
head and asked to assess for involvement of either
the portal vein confluence, superior mesenteric
vein, or the celiac axis. The investigators with-
held clinical information from the EUS experts to
exclude potential bias. The sensitivity and
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election is not available.

Fig.3.3 (a) Linear EUS image of an approximately 1.6x 1.6 cm mass in the pancreatic head with a biliary stent. This
lesion was not detected by CT (b) FNA of pancreatic head mass, positive for adenocarcinoma
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specificity of EUS in the diagnosis of venous
invasion were 43 % and 91 %, respectively, when
using parameters such as visualization of tumor
in the lumen, complete obstruction, or collateral
vessels. The portal vein confluence was the only
vascular system that could be properly visual-
ized. A more recent study from Aslanian and col-
leagues compared EUS with surgical findings of
vascular adherence and the pathology finding of
vascular invasion among patients undergoing
resection of pancreatic masses [12]. Vascular
adherence was defined as tumor adherence
requiring vascular resection and vascular inva-
sion was defined as histologic invasion of vessel
wall by tumor. They used both the radial and lin-
ear echoendoscopes. Thirty of 68 patients were
eventually resectable. Sensitivity, specificity,
PPV, and NPV of EUS were 63 %, 64 %, 43 %,
and 80 % for vascular adherence and 50 %, 58 %,
28 %, and 82 % for vascular invasion, respec-
tively. Similar to Rosch’s study, Aslanian and
colleagues found that the NPV rose to 90 % for
vascular adherence if only the portal confluence
was considered.

An in-depth evaluation of the ability of EUS
and CT to predict an RO resection is absolutely
germane as we constantly strive to offer our
patients the greatest opportunity for cure and
long-term survival when dealing with pancreatic
cancer. Data derived from both CT and EUS are
often necessary to determine the best treatment
options, often with a multidisciplinary approach.
The complementary roles for both EUS and CT
are best highlighted by a recent study specifi-
cally investigating the ability of EUS and CT to
predict a margin-negative RO resection in
patients undergoing a pancreaticoduodenectomy
[13]. A linear echoendoscope was used in 76
patients. The endosonographers were blinded to
prior imaging results and clinical outcome and
reviewed either a video or the procedure note
with pictures and noted the involvement of the
superior mesenteric vein and artery, celiac axis,
hepatic artery, portal vein, lymph nodes, and
liver. Their definitions were similar to those used
by prior investigators and included vessel abut-
ment (loss of the hyperechoic interface between

the tumor and vessel), vessel invasion (visualiza-
tion of tumor within the lumen), vessel encase-
ment, and vessel occlusion (Fig. 3.4). Using a
subgroup of 27 evaluable patients who did not
have a biliary stent, and using the above criteria,
when EUS detected either venous invasion or
abutment, there was an association with incom-
plete resection giving a sensitivity, specificity,
PPV, NPV, and accuracy of 79 %, 69 %, 73 %,
75 %, and 74 %, respectively. In line with other
studies, Bao and colleagues noted that EUS find-
ings of arterial involvement were inaccurate,
with three of six patients achieving an RO margin
despite the EUS report.

Clinically, it is not uncommon to attempt
EUS staging after the placement of a transpapil-
lary biliary stent by endoscopic retrograde chol-
angiopancreatography (ERCP) for malignant
biliary obstruction. However, biliary stents can
cause acoustic reverberation and shadowing,
artifacts that can distort the outer margins of a
mass, hampering the excellent views critical for
EUS staging. This technical impediment was
supported by a few studies that cautioned against
the high accuracy rates for EUS staging [14, 15].
In fact, Kim et al. found that patients with biliary
stents had lower accuracy of EUS-FNA for
malignancy (77 %) than those without a biliary
stent (89 %). These reports subsequently led to
studies to specifically address the potential nega-
tive impact of a biliary stent (both plastic and
metal) on staging accuracy and diagnostic yield
for FNA [16-19]. These studies are limited due
to retrospective study designs. However, the
findings from these studies uniformly and con-
sistently conclude that neither a metal nor a plas-
tic biliary stent hampers accurate EUS staging or
the high yield of EUS-FNA.

So, how does EUS compare to CT and other
imaging modalities for staging of pancreatic can-
cer after factoring in the relative strengths and
weaknesses of both modalities? Advances in
cross-sectional imaging allow detailed views of
the pancreas and the surrounding vasculature to
warrant its use as a first-line modality for detec-
tion and staging when pancreatic cancer is sus-
pected [20, 21]. Meta-analyses comparing these



Fig. 3.4 EUS interpretation of vascular invasion (a)
resectable pancreatic head mass with abutment (b) resect-
able pancreatic head mass with a short segment of adher-
ence to the portal vein (c¢) unresectable pancreatic head

two technologies highlight the methodological
limitations, heterogeneity in study design, qual-
ity, and results [22-24]. Interpretation of the
results is further marred by the lack of technical
uniformity in the CT scans and echoendoscopes
used in the differing studies. These studies do,
however, favor a slightly increased sensitivity for
EUS in detecting pancreatic lesions less than
3.0 cm. If pancreatic cancer is detected with evi-
dence of distant metastases, then there is no role
for EUS outside of a research protocol or need
for tissue acquisition prior to planned therapy. If
however, the CT does not show a mass and the
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mass due to portal vein invasion. A pancreatic stent is
noted within the mass. (Images courtesy of Dr. Shyam
Varadarajulu)

clinical suspicion for pancreatic cancer is high,
then an EUS should be performed at which time
an FNA can also be performed [25, 26].

Finally, and of great consolation for our
patients and healthcare providers is the finding of
a normal EUS when searching for a pancreatic
cancer. EUS is associated with the best negative
predictive value in patients with suspected pan-
creatic cancer [27-30]. Klapman and colleagues
retrospectively reviewed nearly 700 patients with
suspected pancreatic cancer who underwent EUS
over a 4-year period. The NPV of EUS in exclud-
ing pancreatic cancer was 100 % over a mean
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follow-up of 25 months (range 8—48 months). In
addition, 88 % of patients required no further
work-up following the EUS.

Adjunct EUS Methods to Improve
Detection

Contrast Enhancement

Contrast enhanced (CE) images are routinely
used to better visualize mass lesions as well as
the vasculature during cross-sectional imaging.
Typically, malignant pancreatic masses present
as hypoechoic lesions on EUS. However, benign
pancreatic masses (either inflammatory or auto-
immune) can often be difficult to distinguish on
imaging, thus, necessitating an FNA. Intravenous
US agents consist of microbubbles filled with
heavy gases that allow for better visualization of
the blood supply [31]. Contrast enhanced EUS
(CE-EUS) allows for noninvasive visualization
of the blood flow in small vessels as well as the
microvasculature surrounding the target lesion of
interest using harmonic imaging (CEH-EUS)
[32]. Many of the commercially available agents
used for enhancement in conventional ultraso-
nography cannot be used with EUS—the smaller
transducer size and acoustic power of EUS limits
use of certain agents. In a pilot study with 35
patients, Napolean and colleagues used an intra-
venous injection of a second-generation ultra-
sound contrast agent SonoVue®, (Bracco, Milan,
Italy) along with a new Olympus prototype echo-
endoscope capable of detecting extended har-
monics (XGF-UCT 180, Olympus America,
Melville, NY) [33]. Sixteen of the 18 adenocarci-
nomas gave a hypointense signal on CEH. The
sensitivity, specificity, NPV, PPV, and accuracy
of hypointensity for diagnosing pancreatic ade-
nocarcinoma were 89, 88, 88, and 89 %, com-
pared with 72, 100, 77, 100, and 86 % for
EUS-FNA. Several other studies have shown
similar results—a hypoechoic mass on CEH-
EUS was highly sensitive for pancreatic adeno-
carcinoma [34, 35]. In fact, Fusaroli et al. found
that hyperenhancement specifically excluded
adenocarcinoma (98 %).

Sonoelastography

The advent of newer needle designs when com-
bined with greater experience by endosonogra-
phers and cytopathologist have led to
phenomenal yield by EUS-FNA for diagnosing
pancreatic cancer. However, false-negative
results between 20 and 40 % have been reported
in technically challenging cases or in the set-
ting of inflammatory masses such as chronic
pancreatitis [36-38]. The ability to obtain “vir-
tual biopsies” without FNA in order to distin-
guish benign from malignant solid pancreatic
masses would fill the void of false-negative
samples [39]. Elastography represents a novel
addition to EUS in an ongoing quest to improve
imaging and help differentiate benign from
malignant pancreatic masses technology that
has evolved over the past 5 years. This technol-
ogy can be applied with real-time ultrasound
and relies on the firmness or elasticity of a
given tissue relative to the adjacent normal tis-
sue by measuring the strain or displacement
generated in response to compression or vibra-
tion [40]. Conventional linear-array echoendo-
scopes (Pentax Medical, Montvale, NJ), an
ultrasound platform (Hitachi 7500 or 8500,
Hitachi) with an integrated elastography mod-
ule can be used such that inflammatory masses
or tumors will appear hard [41]. The elastogra-
phy image can be superimposed over the con-
ventional B-mode imaging such that hard tissue is
depicted as blue, soft tissue in red, and tissue of
intermediate elasticity as green-yellow (Fig. 3.5).
This is termed qualitative elastography. Second-
generation elastography or quantitative elastog-
raphy attempts to remove the subjectivity by
utilizing the ratio of the elasticity of a given
mass to that of a selected region within adjacent
soft tissue, termed the strain ratio (SR) [40].
Iglesias-Garcia et al. reported a 100 % sensitiv-
ity for both qualitative and quantitative elastog-
raphy in 86 consecutive patients who underwent
an EUS for the evaluation of solid pancreatic
masses for distinguishing malignancy [42].
They reported an overall accuracy of 90.7 %
using qualitative elastography and 97.7 % using
strain ratio. Subsequent studies have not been



38

H goo Soft

75/+[31410/AI5 26%
LINEA!

G. Mishra and R. Pawa

No.276/283
Start  -13/4/0/A/5
7.5N LINEAR 40mm

E ERatioDis  [jRatio-Area

Fig.3.5 (a) Sonoelastography images of a malignant pancreatic mass (b) sonoelastography images of malignant pan-
creatic mass with strain ratios (Images courtesy of Pentax Medical)

able to replicate the same impressive performance
characteristics suggesting that at present, elas-
tography cannot replace pancreatic tissue sam-
pling [40]. Meta-analyses of EUS elastography
underscore the somewhat contradictory find-
ings using this technology [43, 44].

Confocal Laser Endomicroscopy

Confocal laser endomicroscopy (CLE) allows real-
time imaging of the GI tract at approximately 1000-
fold magnification such that the endoscopic images



3 Endoscopic Ultrasonography: Staging and Therapeutic Interventions 39

resemble light microscopy with resolution of
approximately 1 pm [45]. Tissue illumination via a
laser and subsequent detection of the fluorescence
of light reflected through the pinhole increases the
spatial resolution of CLE allowing for in vivo real-
time histopathology of the mucosal layer [46]. The
two clinically available systems are either endo-
scopic (eCLE) manufactured by Pentax (Pentax
America, Montvale, NJ) or through-the-scope
probe (pCLE) (Cellvizio, Mauna Kea Technologies,
Paris, France). eCLE has been used to detect dys-
plasia and neoplasia in Barrett’s esophagus, classifi-
cation of polyps, and assessment of resection
margins after polypectomy, and evaluation of
inflammatory disease [45, 47-51]. pCLE can be
used for the above conditions but has steadily
gained more acceptance for pancreatobiliary appli-
cations [52]. The diameter of the fiber can be as
small as 300 pm. Such a small diameter fiber can be
used to image the pancreatic duct, bile duct, and be
inserted through the fine-needle system currently
used for performing EUS-guided FNA (nCLE). An
ERCP is often performed to evaluate biliary and
pancreatic strictures. Using a CholangioFlex confo-
cal probe with Cellvizio (Mauna Kea Technologies,
Paris, France), either the bile duct or the pancreatic
duct can be further accessed. Early reports from
several small series suggest excellent agreement
between cytology/histopathology and focal endo-
microscopy [53, 54]. Kahaleh and colleagues
reported a Kappa coefficient of agreement of 0.8
between cyto/histopathology and pCLE in 15/16
cases (p=0.0001). Furthermore, the clinical impact
of the pCLE was such that 4 patients underwent a
Whipple rather than a total pancreatectomy.
Giovannini and colleagues found specific and
reproducible patterns that reliably distinguished
malignant from benign strictures using intraductal
confocal microscopy (IDCM; Fig. 3.6). The pres-
ence of irregular vessels, large black bands, and
black clumps seen on IDCM predicted neoplasia
with a sensitivity of 83 %, specificity of 75 %, and
accuracy of 86 % in 33 patients.

Further advancement and refinement using
pCLE technology has led to the development of a
prototype new confocal miniprobe that is flexible
and small enough to be introduced through either
a standard 19-gauge or 22-gauge puncture needle
currently used for EUS-FNA (nCLE) (Mauna

Kea Technologies, Paris, France). Becker and
colleagues showed that it was technically feasible
to obtain in vivo histology in a porcine model
using nCLE through a 22-gauge needle (Fig. 3.7)
[55]. Konda et al. have taken this concept, model,
and needle design to evaluate pancreatic lesions
in humans [56, 57]. They found that an nCLE
was technically feasible in 17 of 18 cases (2 solid
lesions) using a 19-gauge needle with moderate
to good imaging qualities (l-pancreatic endo-
crine tumor; l-adenocarcinoma) [56]. Two
patients suffered mild pancreatitis in cystic
lesions, perhaps due to the larger needle size
used. Konda et al. performed a subsequent, pilot
in vivo nCLE multicenter study in the Pancreas
with  Endosonography of Cystic Tumors
(INSPECT) [57]. They found that the presence of
epithelial villous structures based on nCLE was
associated with pancreatic cystic neoplasms
(p=0.004) and with a sensitivity of 59 %, speci-
ficity of 100 %, PPV of 100 %, and NPV of 50 %.
The overall complication rate was 9 % with three
cases of intracystic bleeding.

EUS-Guided Cholangiography
Biliary Drainage

ERCP remains the procedure of choice for pal-
liation of malignant biliary obstruction. Although
technical success for ERCP hovers near 95
%, some caveats and challenges exist. Biliary
drainage can elude even the most skilled biliary
endoscopists in patients with variant anatomy,
ampullary pathology, and/or malignant luminal
obstruction. Traditionally, the drainage options
when the papilla is not accessible include either
percutaneous or surgical drainage [58—60]. The
morbidity associated with these non-endoscopic
approaches is high, especially in patients with
advanced malignancy. EUS-guided biliary drain-
age (EGBD) provides an alternative for accessing
the bile duct when transpapillary biliary cannulation
fails (Fig. 3.8.) [61-64]. What makes it particularly
attractive is that it can be performed in the same
session as the originally failed ERCP without fur-
ther delay. In addition, it provides immediate inter-
nal biliary drainage without the need for external
drains. The first description of diagnostic
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Adenocarcinoma

Fig. 3.6 (a) confocal laser endomicroscopy of pancreatic adenocarcinoma and (b) pancreatic neuroendocrine tumor

(Images courtesy of Dr. Mark Giovannini)

tive trials, EGBD appears to allow an alternative EUS-Guided Fiducial Placement

technical approach for relieving biliary obstruc-

tion in select centers and with great caution. In recent years, the development of image-
guided radiation technique (IGRT) has allowed
the delivery of precisely aimed radiation beams
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Fig. 3.7 (a) confocal probe through an EUS-FNA needle (nCLE) and (b) EUS image nCLE in a pig liver (Images
courtesy of Dr. Michael Wallace)

Fig. 3.8 Linear EUS images demonstrating EUS-guided trast injection (d) Puncture of CBD with a 19-g EUS
cholangiography and biliary drainage after unsuccessful needle (e) fluoroscopic image of guidewire placement via
ERCP (a) EUS image of an approximately 2.0 cm, dilated  a 19-g EUS needle and antegrade passage of wire through
CBD (b) EUS image of dilated intrahepatic ducts (c¢) fluo-  the (f) papilla (g) deployment of metal biliary stent
roscopic image of EUS-guided puncture of CBD and con-
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Fig.3.8 (continued)

EUS-guided cholangiography was published
in 1996 by Wiersema et al. [65]. Subsequently
in 2006, Giovannini et al. performed a palliative
hepaticogastrostomy under EUS guidance in a
patient with inoperable hepatic hilar obstruction
[66]. EGBD can be achieved by one of two routes:
(1) EUS-guided intrahepatic bile duct drainage,
where the bile duct is punctured from a transesoph-
ageal, transgastric, or transjejunal approach, and
(2) EUS-guided extrahepatic bile duct drainage,
where the common bile duct is punctured from
a transduodenal or a transgastric approach [67].
EUS-guided access and drainage can be either
transluminal (endoscopic choledochoduodenos-
tomy) or transpapillary (rendezvous) procedure.
Over the past decade, several therapeutic modi-

fications of EGBD have been developed. Both
rendezvous and transluminal techniques seem to
be equally effective and safe [62]. Based on the
current literature, the cumulative success rate
is 84-93 %, regardless of the approach, with an
overall complication rate of 16-35 % [68]. Khasab
et al. compared EGBD to percutaneous drainage
(PTBD) in patients with malignant distal biliary
obstruction who failed ERCP. Although technical
success was higher in the PTBD group (100 % vs.
86.4 %, p=0.007), clinical success, stent patency,
and survival were equivalent in both groups. The
PTBD group, however, was also associated with
a higher adverse event rate and higher costs (>2
times) mostly due to a greater number of interven-
tions [69]. Based on these limited, early, compara-
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Fig. 3.9 (a) Fluoroscopic images of EUS-guided fiducial placement (b) final location and placements of fiducials
(Courtesy of Dr Shyam Varadarajulu)

to tumors with great accuracy, thereby minimiz-
ing damage to the surrounding organs [70]. This
is achieved by implantation of fiducials (cylin-
drical gold seeds) into the target lesion in order
to target and track the location of tumor in real
time (Fig. 3.9). The standard fiducials measure
3-5 mm in length and 0.8—1.2 mm in diameter.
The new smaller, longer fiducial markers are
10 mm in length and 0.35 mm in diameter. To
enable appropriate fiducial tracking by the
CyberKnife system (Accuracy, Sunnyvale,
Calif), it is recommended to place fiducials with
“ideal fiducial geometry,” i.e., at least 3 fiducials
with a minimum interfiducial distance >2 cm,
minimum interfiducial angle >15°, and non-col-
linear placement in the imaging plane [71].
Traditionally, fiducial placement has been
attempted either intraoperatively or percutane-
ously by interventional radiology under CT
guidance. In the past few years, EUS has been
increasingly used for fiducial placement in
patients with inoperable pancreatic cancer [72—
74]. With real-time visualization, Doppler imag-
ing capability and the ability to access deeper
structures within the GI tract, fiducial delivery
can be successfully achieved using a 19-gauge or
a 22-gauge needle. In a prospective study by
Sanders et al., 51 patients with locally advanced
or recurrent pancreatic cancer underwent EUS-

guided placement of 0.8 x5.0 mm fiducials using
a 19-gauge needle [73]. Successful placement
was achieved in 90 % of patients, with 91 % of
patients successfully completing stereotactic body
radiotherapy. There was 1 complication of mild
pancreatitis occurring in a patient undergoing
simultaneous placement of fiducials and celiac
plexus neurolysis (CPN) for intractable abdominal
pain. 91 % of patients successfully completed
stereotactic body radiotherapy. Fiducial migra-
tion rate was low (7 %) and no migration-related
complications were reported. Technical failures
were seen in 4 patients (8 %) with recurrent can-
cer after pancreaticoduodenectomy.

EUS-Guided Tumor Ablation or
Delivery of Anti-tumor Agents

After EUS cemented itself as the primary tool for
tissue acquisition via EUS-FNA, the focus shifted
to using the FNA needle as a vehicle for drug
delivery or therapy. Intuitively, the field of
EUS-guided fine-needle injection or FNI makes
great sense (Fig. 3.10). FNA needles currently
used to perform biopsies of pancreatic masses
have been employed as the delivery vehicle or
method for performing EUS-guided radiofre-
quency ablation, cryoablation, and/or EUS-
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Fig.3.10 Schema of EUS-guided
fine-needle injection (FNI)

guided implantation of brachytherapy seeds [75].
Wallace et al. made several recommendations in
their working group document but opined that
more human trials will need to be performed to
evaluate the different EUS ablative therapies. So
far, proof of concept and animal studies offer
hope, but human trials are lacking. An area that
has made some inroads involves injection of anti-
tumor agents or FNI. The theoretical advantage of
EUS-FNI vs. other more invasive techniques is
implicit-direct delivery of a cytotoxic agent into a
pancreatic mass without having to traverse other
tissue or intervening vascular structure organs
could minimize toxicity. Perhaps, direct intratu-
moral injection could overcome the hypovascular
milieu of pancreatic cancer and the intense des-
moplastic reaction that poses great challenges for
systemic chemotherapy. Chang et al. performed
the first study exploring this paradigm [76]. They
conducted a phase I clinical trial in 8 patients with
unresectable pancreatic adenocarcinoma using
EUS-guided FNI of an allogenic mixed lympho-
cyte culture (cytoimplant). The median survival
was 13.2 months with two partial responders and
one minor response. There were no major toxici-
ties reported. Subsequent studies have incorpo-
rated the same concept but utilizing different
vectors for EUS-FNI. A few of the studies are
summarized in Table 3.1 [76-81]. Although the
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initial short-term data appear promising, the sus-
tained, long-term results and outcomes remain
unsubstantiated. In fact, when Herman et al. con-
ducted a prospective randomized Phase III study
comparing standard-of-care to TNFerade plus
standard of care for the treatment of locally
advanced pancreatic cancer, they found that
TNFerade was safe, but not effective for prolong-
ing survival in this cohort of patients. Moreover,
EUS-guided injection of TNFerade was a risk
factor for inferior disease-free survival [81].

EUS-Guided Celiac Plexus (Block)
Neurolysis for Pain

Pancreatic cancer pain can be unbearable and at
times, extremely challenging to mitigate.
Narcotic analgesics are effective and serve as
the mainstay of pain management for most
patients. However, in high doses, they com-
monly induce nausea, delirium, and constipa-
tion as well as other adverse effects. CPN is a
technique whereby alcohol or phenol, alone or
in combination with a local anesthetic (bupiva-
caine), is injected directly into or near the celiac
ganglia to destroy the visceral afferent nocicep-
tors to ameliorate or alleviate chronic abdomi-
nal pain, thus serving as an alternative or
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Table 3.1 Phase I/II trials of intratumoral endoscopic ultrasound injection (EUS-FNI)

Study and author

Allogeneic mixed lymphocyte
culture (cytoimplant) in PC (Chang
et al. [76])

ONYX-015 in PC (Hecht et al. [77])

TNFerade in PC (Hect et al. [78])

Vector
Lymphocyte culture

E1B-55-kDa gene-deleted
replication-sensitive adenovirus that
preferentially replicates and kills
malignant cells

Second-generation adenovector
expressing cDNA to TNF. Maximal
TNF secretion to XRT

Results

Phase I promising in 8 pts MS=13.2
months. Phase II halted

21 pts (no liver mets); 8 sessions
over 8 weeks. Final four with
gemcitabine. 2-partial regression,
2-minor responses, 6-stable disease,
11-disease progression. 2-sepsis,

2 duodenal perforations

EUS compared to CT or US (n=50).
Combined with 5-FU. Greater
locoregional control, longer DFS,

BC-819 in unresectable PC (Hanna
et al. [79])

sequences

Immature dendritic cells (DCs)
against PC (Irisawa et al. [80])
antigens

Randomized trial comparing
TNFerade with fluorouracil vs.
standard of care (Herman et al. [81])

adenovector

additive tool in the management of pain due to
pancreatic cancer [82]. With celiac plexus
block (CPB), triamcinolone is used rather than
the more durable agents. Traditionally, anesthe-
siologists and radiologists have performed CPN
via a posterior approach. EUS offers a distinct,
theoretical advantage as the needle used to
instill the injectate can be visualized under
real-time ultrasound guidance transgastric
either in the vicinity of the celiac ganglia (local-
ized by imaging the celiac artery take-off from
the aorta), or directly into the ganglion.
Antecedent risks such as pneumothorax or even
paraplegia could be avoided via this anterior
approach. A recent, randomized, controlled
trial compared the traditional percutaneous
approach for CPB using fluoroscopy vs. EUS-
guidance for managing pain due to chronic pan-
creatitis [83]. Seventy percent of cases noted an
improvement when treated via an EUS approach

DNA plasmid developed to target the
expression of diphtheria-toxin gene
under the control of H19 regulatory

Phase I injection DCs into tumor to
induce T-cell response against tumor

Similar to above, second-generation

stable CA19-9, 45 % resection rate,
improved median survival. Ongoing
multicenter Phase II/I11

6 patients treated with concurrent
chemotherapy plus radiation.

3 patients showed partial response
and other 2 were downstaged to
undergo surgical resection

Media Survival=9 months in 7 pts
with metastatic disease; 1 complete
and three partial responses. No
adverse events reported

187 patients assigned to standard of
care + TNFerade and 90 to standard
of care. Median survival was same
(10 months) in both arms

vs. 30 % in the percutaneous group when ana-
lyzed using a visual analog score (p=0.044).
One of the earliest prospective studies using
EUS-CPN for controlling the pain in pancreatic
cancer showed great promise as nearly 80 % of
the patients reported improvement in pain
scores and a decrease in narcotic usage [84].
This initial excitement led to working group
document that recommended further random-
ized and sham controlled studies to better
assess the role of EUS-CPN for the manage-
ment of pain in pancreatic cancer [85]. Wyse
et al. randomized 96 patients with advanced
pancreatic cancer to early EUS-guided CPN vs.
conventional pain management and found that
the early EUS-CPN-treated patients were
afforded greater pain relief at 3 months [86]. A
recent, systematic review supports the overall
and early use of EUS-CPN for the management
of pain in pancreatic cancer [87].
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Fig.3.11 EUS image of (a) celiac ganglion (b) celiac plexus neurolysis into the celiac ganglion using a 19-g needle
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Milton T. Smith

Introduction

Biliary drainage procedures for management of
obstructive jaundice secondary to pancreatic can-
cer are frequently performed in clinical practice.
Pancreatic cancer accounts for approximately
3 % of all cancers seen in the USA, and it is esti-
mated that approximately 48,960 new cases will
be seen in the USA in 2015 with 40,560 deaths
[1]. This potentially fatal disease accounts for
about 7 % of cancer deaths and is the fourth lead-
ing cause of cancer-related deaths among men
and women [2].

Patients with pancreatic cancer often present
with biliary obstruction as approximately 80 %
of these neoplasms occur in the head of the gland.
Jaundice, with or without pain, is seen in over
half of patients who present with resectable, bor-
derline resectable, or locally advanced disease
[3, 4]. In other patients, jaundice develops later in
the course as the disease progresses. Jaundice is
typically a late finding when the primary tumor is
located in the tail of the pancreas and often
reflects metastatic disease. Surgical resection
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offers the only potential for curative treatment.
However, only 15-30 % of patients are candi-
dates for curative-intent surgery as the majority
present at a more advanced stage and have either
locally advanced or metastatic disease.

Obstructive jaundice may result in severe
pruritus, progressive hepatocellular dysfunction,
coagulopathy, malabsorption, and cholangitis [5].
Biliary decompression may be accomplished by
surgical, radiologic, or endoscopic techniques.
Although these modalities are equally effective in
relieving biliary obstruction, endoscopic drainage
via placement of a biliary stent (plastic or metal)
during ERCP is generally considered safer, less
invasive, and is preferred for most patients when
technically feasible [6, 7]. PBD has been advo-
cated largely in an attempt to reduce postoperative
complications following surgical resections. This
is based upon the rationale that pathophysiolog-
ical derangements seen in the setting of biliary
obstruction could potentially be reversed by
restoring bile flow and ultimately translate into
improved clinical outcomes.

Despite the fact that endoscopic and percutane-
ous drainage procedures are technically successful
in 90-95 % of cases [5], the role of PBD remains
controversial. Clinical studies have reported both
beneficial and adverse effects, and most studies
have advised against routine PBD due to the
potential for procedure-related complications such
as bleeding, perforation, pancreatitis, bacterial
colonization of bile, and complications of stent
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occlusion such as cholangitis. Nevertheless, PBD
is often considered necessary in clinical practice
for selected patients. Most clinicians recommend
PBD for the following clinical scenarios: (1)
Patients with resectable disease who have surgery
delayed for logistical reasons, (2) The resectability
status may not be known with certainty at the
time of initial ERCP, (3) To facilitate neoadju-
vant chemoradiation in patients with borderline
resectable cancer, (4) Management of cholangitis
(or severe pruritus), (5) Palliation of jaundice in
patients with unresectable disease. This chapter
will focus on biliary drainage procedures and their
role in management, diagnosis, and palliation
of patients with obstructive jaundice due to pan-
creatic cancer.

Role of ERCP in the Diagnosis
of Pancreatic Cancer

ERCP is a highly sensitive modality for visual-
ization of the biliary tree and pancreatic ducts. It
also provides the opportunity to obtain tissue
samples and perform therapeutic maneuvers.
However, with advances in cross-sectional imag-

ing and endoscopic ultrasound (EUS), the role of
ERCP in patients with suspected pancreatic can-
cer has evolved into a mainly therapeutic modal-
ity for patients with biliary obstruction and
require decompression. ERCP alone provides
little staging information for pancreatic cancer.
Certain endoscopic and radiographic features
observed during ERCP should alert the endosco-
pist to the possibility of pancreatic cancer. The
presence of mucus extrusion from the papillary
orifice is compatible with a main duct intraductal
papillary mucinous neoplasm (IPMN), a condi-
tion that may lead to the development of pancre-
atic ductal adenocarcinoma. The pancreatogram
in such cases might also reveal intraductal mucin
which is seen as a filling defect within the pan-
creatic duct (Fig. 4.1). Direct invasion of the
ampulla or duodenal wall caused by a neoplasm
in the head of the pancreas is sometimes seen
endoscopically. Standard forceps biopsies may
yield a diagnosis in these cases (Fig. 4.2). Mass
lesions in the head of the pancreas often cause
simultaneous obstruction of the common duct
and pancreatic duct (i.e., double-duct sign).
At ERCEP, this appears as a focal stricture of the
common bile duct and pancreatic duct, typically

Fig. 4.1 (a) Endoscopic photograph of thick mucus
extruding from the orifice of the major papilla. This find-
ing is compatible with main-duct intraductal papillary
neoplasm, a condition strongly associated with pancreatic

ductal adenocarcinoma. (b) Pancreatogram revealing a
long cast-like filling defect in the main pancreatic duct,
reflecting the presence of intraductal mucus. Also note the
presence of a ductal stricture in the head of the pancreas
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Fig.4.2 (a) Endoscopic photograph of direct invasion of

the duodenal wall caused by a pancreatic head mass. Note
the uninvolved orifice of the major papilla seen down-

stream. (b) Standard forceps biopsies confirmed adeno-
carcinoma invading the duodenal wall

Fig.4.3 (a) Double-duct sign. Cholangiogram revealing
a common bile duct stricture with upstream dilation. (b)
Pancreatogram revealing a long irregular stricture in the
head of the pancreas with upstream dilation. Simultaneous

with associated upstream dilation of both ducts
(Fig. 4.3). Other features of a stricture which are
suggestive of malignancy include an abrupt cut-
off of the pancreatic duct, a ragged contour, or
stricture length >1 cm. These radiographic fea-
tures are helpful but nondiagnostic and may
occasionally be found in benign conditions such
as chronic pancreatitis. The presence of a stric-

obstruction of the common duct and pancreatic duct is
highly suggestive of a mass lesion in the head of the
pancreas

ture in the pancreatic duct and/or bile duct must
be interpreted in clinical context, but generally
leads to tissue sampling during ERCP if the diag-
nosis remains in question as a definitive diagno-
sis of malignancy requires tissue confirmation.
Tissue sampling techniques during ERCP
include brush cytology, forceps biopsy, aspira-
tion of bile or pancreatic juice for cytology, or a
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combination. In patients in whom a plastic stent
has already been placed, the stent can be spun
and the cells obtained can be evaluated [8].
Exfoliated malignant cells may be adherent to the
surface of the stent as they become entrapped
within biofilm and sludge. The sensitivity rate for
ERCP-directed brush cytology or biopsy is
30-50 %, with a combination of techniques
achieving sensitivity rates of approximately 70 %
[9, 10]. This is considerably less than EUS-
guided fine needle aspiration (FNA) which has a
sensitivity of approximately 85-90 % for the
diagnosis of pancreatic cancer [11]. Several stud-
ies have shown that diagnostic yield during
ERCP can be increased by using a combination
of different tissue sampling methods [12, 13].
Unfortunately, the negative predictive value in
tissue sampling during ERCP using a combina-
tion of techniques is nearly 40 % [12].

Although aspiration of bile or pancreatic juice
is simple to perform, fluid cytology alone has a
low sensitivity and is not performed by most
endoscopists. Fluid specimens are often acellu-
lar, likely due to the desmoplastic nature of cer-
tain tumors or failure to invade the ductal
epithelium. Techniques to increase tumor exfoli-
ation prior to collecting specimens, such as
stricture dilation or saline irrigation, have not
demonstrated increased cancer detection rates in
prospective comparative trials [12]. Forceps
biopsies have a higher yield, but generally require
a sphincterotomy to gain access to the bile duct
or pancreas. When performing forceps biopsies,
it may be helpful to first place a guidewire across
the stricture to maintain access and for use as a
guide for cannulation and positioning of the
biopsy forceps (Fig. 4.4). Performing intralumi-
nal forceps biopsies during ERCP can be techni-
cally challenging as the device cannot be passed
over a guidewire. It may also increase the risks of
the procedure, including bleeding, pancreatitis,
and perforation. By comparison, biliary brush
cytology is relatively easy to perform as the brush
passes over a prepositioned guidewire to acquire
a specimen within the stricture. The overall tech-
nical success rate of biliary brush cytology is
>90 %. Brush cytology in the pancreatic duct is
sometimes helpful but is frequently more diffi-
cult to perform. Pancreatic cancer often causes
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tight strictures of the main pancreatic duct which
prohibit passage of the brush through the tumor
in greater than 25 % of patients [12] (Fig. 4.4).
Because of the aforementioned challenges, most
practitioners perform biliary brush cytology
alone, which has sensitivity as low as 30 %.
Although the sensitivity of brush cytology or for-
ceps biopsy alone is suboptimal, both techniques
are almost 100 % specific [13]. Advanced tech-
niques such as digital image analysis may
enhance the accuracy of routine cytology [14],
but is not widely available. Additional methods
to improve the diagnostic yield such as the
molecular analysis of the components of pancre-
atic juice and bile remain experimental [9, 15,
16]. Although the overall performance of tissue
sampling techniques during ERCP in patients
with suspected pancreatic cancer is significantly
lower than EUS-FNA, it remains an important
modality and should be performed whenever a
diagnosis has not been established at the time of
the procedure.

Rationale for Preoperative Biliary
Drainage

Historically, major hepatobiliary surgical proce-
dures in patients with obstructive jaundice have
been associated with significant morbidity and
mortality, largely due to the development of
postoperative complications such as sepsis,
bleeding disorders, and renal failure. Biliary
obstruction has been regarded as a risk factor that
can worsen the outcome after surgery [17]. The
primary rationale of PBD for patients with biliary
obstruction due to pancreatic cancer is to reduce
the risk of postoperative complications. The con-
cept of PBD was introduced by A.O. Whipple
and colleagues in 1935 when they published one
of the first case series of PBD for patients with
periampullary cancer [18]. The two-staged tech-
nique involved performing a preliminary open
biliary diversion procedure (cholecystogastros-
tomy) to reduce jaundice, followed by resection
of the primary tumor at a later stage, depending
on the severity of jaundice. The goal of this
approach was to optimize the overall physical
status of the patient prior to definitive resection.



4 Endoscopic and Percutaneous Biliary Drainage Procedures: Role in Preoperative... 55

Fig. 4.4 (a) Biliary forceps biopsy. A guidewire passed
through the biliary stricture is used as a guide for cannula-
tion and positioning of the biopsy forceps. (b) Pancreatic
duct brush cytology. A second guidewire has been passed
through the pancreatic duct stricture and is used to posi-
tion the cytology brush. Brushings within pancreatic duct
may be challenging to perform due to the tight nature of

Biliary obstruction is associated with several
deleterious effects. Animal studies have shown
that obstructive jaundice leads to a proinflamma-
tory state resulting from portal and systemic
endotoxemia [19]. Decreased bile in the intesti-
nal lumen causes increased permeability of the
intestinal mucosal barrier, promoting bacterial trans-

the stricture. (c¢) Biliary brush cytology. A cytology brush
has been passed over a prepositioned guidewire to acquire
a specimen within the stricture. (d) Photomicrograph of a
specimen obtained during biliary brush cytology reveal-
ing crowding and overlapping of cells, compatible with
adenocarcinoma

location and the occurrence of endotoxemia [20].
Systemic endotoxemia leads to impaired cellular
immunity and increased concentrations of proin-
flammatory cytokines such as interleukin-6
(IL-6), interleukin-10 (IL-10), interleukin-8
(IL-8), and tumor necrosis factor (TNF) [21-23].
The overall effects of obstructive jaundice in



56

humans on endotoxin and cytokines may be
different from those seen in animal models [24].
Biliary obstruction also causes a reduction in
hepatic reticuloendothelial system function lead-
ing to a diminished clearance of endotoxin by
Kupffer cells [24, 25]. Persistent elevation of
cytokines has been associated with protein calo-
rie depletion, a factor associated with higher sur-
gical complications which could potentially be
reversed by biliary decompression. Malignant
biliary obstruction may also adversely affect
coagulation due to bile acid-induced hepatocyte
damage [26] as well as impaired hepatic synthe-
sis of vitamin K-dependent coagulation factors
secondary to reduced vitamin K absorption
from the intestine. Despite these effects favoring
bleeding complications, a recent study has
shown that patients with severe biliary obstruc-
tion may also develop a procoagulant state which
was almost completely reversed by preoperative
endoscopic biliary drainage [27]. In addition to
impairment of immune function and coagulop-
athy, biliary obstruction is also associated with
renal dysfunction. Cholestatic jaundice is known
to have deleterious effects on cardiovascular
function, blood volume, and vascular reactivity.
The overall effect of obstructive jaundice predis-
poses the kidney to prerenal failure and acute
tubular necrosis. Most evidence suggests that the
constituents of bile (cholesterol, bilirubin, bile
acids) do not exert a direct nephrotoxic effect
[28]. A multivariate analysis has shown that renal
dysfunction in patients with obstructive jaundice
is associated with the degree of biliary obstruc-
tion as well as the age of the patient [29]. Biliary
obstruction may also be associated with impaired
myocardial function and is associated with
increased plasma levels of atrial natriuretic pep-
tide (ANP). Internal biliary drainage results in
improvement in cardiac function and normaliza-
tion of ANP [30].

The adverse effects of biliary obstruction on
multiple organ systems and immune function
may adversely impact the outcome after major
surgery for patients with pancreas cancer.
Preoperative biliary drainage has the potential to
improve surgical outcomes by reversing the detri-
mental effects via restoration of bile flow.
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Methods of Preoperative Biliary
Drainage

Endoscopic stent placement and percutaneous
biliary drainage have largely replaced surgical
biliary bypass for management of biliary obstruc-
tion due to pancreatic cancer. These techniques are
generally considered less invasive, less expensive,
and have a shorter recovery time as compared to
surgical procedures. The choice between endo-
scopic vs. percutaneous biliary drainage is often a
matter of a local expertise and patient anatomy,
although endoscopic stent placement is preferred
whenever possible due to fewer procedure-associ-
ated complications [31]. Percutaneous biliary
drainage is more often used when endoscopic stent
placement is unsuccessful or not technically pos-
sible due to altered anatomy (e.g., duodenal
obstruction, tumor invasion of the ampulla, or pre-
vious surgical bypass procedures).

Percutaneous Biliary Drainage

Percutaneous transhepatic biliary drainage
(PTBD) was introduced in the 1960s and was the
treatment of choice for biliary drainage for over
two decades [32, 33]. PTBD drainage is most
often performed using fluoroscopic guidance
although ultrasound can be helpful for the initial
puncture when the bile ducts are dilated [34]. The
technique involves passing a skinny needle (21 or
22 gauge) through the hepatic parenchyma until
reaching a dilated intrahepatic bile duct. A percu-
taneous cholangiogram is performed by injecting
contrast as the needle is slowly withdrawn, fol-
lowed by passage of a small diameter (0.018 in.)
guidewire to secure the position in the biliary
tree. Once the dilated duct has been accessed
with the needle, the needle is exchanged for a
coaxial system to upsize the 0.018-in. access
guidewire to a larger guidewire (e.g., 0.035 or
0.038 in.) which is more stable and can be used
for further interventions.

PTBD can provide biliary drainage in three
ways. The simplest of these is external drainage
which involves decompressing the biliary tree
through a percutaneous tube which exits the skin,
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but the intraductal tip is left upstream to the site
of biliary obstruction. The method is typically
used when a tight stricture cannot be traversed
with a guidewire after percutaneous access to the
biliary tree has been achieved. A major disadvan-
tage of external drainage is the fact that bile
flow to the duodenum is not restored. For inter-
nal-external drainage, a directional catheter is
inserted through the percutaneous sheath and
advanced over a hydrophilic guidewire through
the biliary obstruction and into the duodenum.
The catheter can then be exchanged over a stiffer
guidewire (e.g., Amplatz) for a multiside-hole
drainage catheter which is passed through the
stricture into the duodenum. The internal-exter-
nal catheter allows bile to drain externally into a
bag and/or internally into the duodenum, thereby
preserving the normal enterohepatic circulation
of bile (Fig. 4.5). The third technique establishes
internal drainage by percutaneous placement of a
plastic or self-expandable metal stent (SEMS)
across the biliary stricture. Recent studies have
shown percutaneous SEMS placement to be a
safe and effective technique [35-38]. Although it
is common practice to establish initial internal—
external drainage prior to SEMS placement,
some experienced centers have reported good
results with percutaneous SEMS insertion as a
single-stage procedure [35, 36]. A retrospective
study from the UK reported an overall technical
success rate of 79 % among 67 patients undergo-
ing percutaneous short SEMS placement for bili-
ary obstruction due to pancreatic or periampullary
tumors [35]. The complication rate was 9.4 %
although all complications were managed conser-
vatively and none precluded subsequent surgery.
One disadvantage of PTBD is that it cannot be
used in the presence of moderate or severe ascites
[39]. PTBDs can be cumbersome for patients to
manage and require significant maintenance.
External drains require periodic emptying, flush-
ing of the drain, and drain exchanges to prevent
occlusion [40]. PTBDs can also be prone to leak-
age, dislodgement, and complications such as
hemobilia and infection. A recent prospective
study involving 109 patients with advanced
malignancy showed that PTBD improved pruri-
tus and hyperbilirubinemia, but not overall qual-

ity of life [41]. Despite potential drawbacks,
PTBD continues to have an important role for
management of biliary obstruction, especially
when ERCP is unsuccessful [42].

Endoscopic Biliary Drainage

The most common and generally preferred
method of achieving preoperative biliary drain-
age is by ERCP with stent placement. Endoscopic
stents are often used as a bridge to surgery for
patients with resectable or borderline resectable
disease as well as for long-term palliation for
unresectable pancreatic cancer. The main advan-
tage of an endoscopic approach over PTBD is the
avoidance of skin and liver punctures as well as
the risk of tumor seeding which may occur along
the catheter and to the skin [43]. Recent meta-
analyses have suggested that endoscopic stenting
provides superior results to open surgical bypass
in patients with distal biliary obstruction due to
pancreatic cancer [7, 44]. Biliary drainage may
be achieved using either plastic stents or SEMS
and it is now clear that stent luminal diameter is a
critical factor for both types as the risk of stent
occlusion correlates with stent diameter. In gen-
eral, wider diameter stents have a lower risk of
short-term occlusion, whether plastic or metal.
Plastic biliary stents have been used since
their development in the 1980s and are now com-
mercially available in a wide variety of diame-
ters, lengths, and designs (Fig. 4.6). They may be
composed of various materials including poly-
ethylene, polyurethane, and Teflon. Plastic bili-
ary stents are available in diameters ranging from
5 to 12 Fr and lengths from 1 to 18 cm [45]. The
primary advantages of using plastic stents for
malignant biliary obstruction are that they are
effective, have lower costs, and are easily
removed or exchanged. Plastic stents are often
selected when a diagnosis has not been estab-
lished or the patient’s resectability status is
unknown at the time of initial endoscopic treat-
ment. The major disadvantage of plastic stents is
that they have a high rate of occlusion due to
formation of bacterial biofilm, sludge, as well as
dietary fibers [46] (Fig. 4.7); this leads to the
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Fig. 4.5 (a) The patient is a 60-year-old male with bor-
derline resectable pancreatic head cancer who underwent
unsuccessful ERCP due to failed bile duct cannulation. A
percutaneous transhepatic cholangiogram was performed
by injection of contrast through a 22 gauge Chiba needle.
Needles are shown entering left and right intrahepatic
ducts. (b) Initial attempts to pass a guidewire through the
high-grade bile duct stricture in the head of the pancreas

need for repeat procedures and stents exchanges.
In general, 7 Fr plastic stents remain patent for
approximately 8 weeks whereas 10 Fr plastic
stents remain patent for an average of 3—5 months
[47]. It is important to note that plastic biliary
stents often do not maintain patency during the
time required for most patients to complete neo-

150 mm

150 mm

were unsuccessful. No contrast flowed through the stric-
ture. (¢) A stiff 0.035 in. hydrophilic guidewire and 5 Fr
catheter were ultimately passed through the stricture into
the duodenum. (d) Following placement of a 0.035
Amplatz guidewire and dilation of the tract to 10 Fr, a
10 Fr multiside hole internal-external drainage catheter
was placed with tip reaching the transverse duodenum

adjuvant chemoradiotherapy for pancreatic
cancer. A recent retrospective study reported that
among 49 patients treated with plastic stents who
were undergoing neoadjuvant therapy, 55 %
required repeat ERCP for stent malfunction at a
median of 82.5 days after initial stent placement
[48]. Studies evaluating stent designs have
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Fig. 4.6 Various plastic biliary stents. Plastic stents are
available in a variety of diameters, lengths, and designs
and may be composed of different materials. Stents which
have a wider luminal diameter generally remain patent
longer

Fig. 4.7 Endoscopic photograph of an occluded plastic
biliary stent. Plastic stents occlude due to the formation of
bacterial biofilm and biliary sludge. High occlusion rates
is a limiting factor in the use of plastic stents for preopera-
tive biliary decompression for pancreatic cancer

compared stents composed of Teflon without
side holes to standard polyethylene stents with
side holes. No difference in patency rates was
found based upon stent composition or design

[49, 50]. Although it is generally accepted that
larger diameter plastic stents (10 Fr or greater)
have a longer patency than smaller diameter
stents, a study comparing 10—11.5 Fr stents found
no difference in patency rates [51]. A Cochrane
meta-analysis found that choleretic agents such
as ursodeoxycholic acid (UDCA) and/or antibiot-
ics do not appear to improve plastic stent patency
rates [52].

SEMS are now widely used for management
of malignant biliary obstruction. As with plastic
stents, SEMS are available in a variety sizes and
designs (Fig. 4.8). Multiple studies have shown
that when compared to plastic stents, SEMS have
a superior patency rate when used for preopera-
tive biliary decompression due to pancreatic can-
cer [7, 48, 53-58] (Fig. 4.9). The improved
patency of SEMS relates to the fact that when
fully deployed, SEMS have a roughly threefold
wider luminal diameter than most plastic stents.
Longer stent patency is especially important as
more centers adopt neoadjuvant therapy as a
standard of preoperative care. Stent occlusions
during this period can result in severe complica-
tions such as cholangitis as well as interruptions
in therapy, hospitalizations, unplanned proce-
dures, and delays in eventual surgery [59]. In a
recent prospective study evaluating SEMS in 55
patients undergoing neoadjuvant therapy for pan-
creatic cancer, only 15 % experienced stents mal-
functioned by 260 days after placement [60].
This compares favorably to a 55 % stent malfunc-
tion rate when plastic stents were used for a simi-
lar patient population [48]. Another retrospective
study evaluating plastic stents and SEMS for pre-
operative biliary decompression reported a 39 %
stent dysfunction rate for those who received
plastic stents compared to no stent dysfunction
for those who received an SEMS [54]. Adams
et al. evaluated stent complications among 52
patients who underwent placement of either a
plastic stent or SEMS to receive neoadjuvant
therapy for pancreatic cancer [57]. The complica-
tion rate was nearly seven times higher with plas-
tic stents than with SEMS. Moreover, the rate of
hospitalization for stent-related complications
was threefold higher in the plastic stent group
than the SEMS group.
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Fig.4.8 Various self-expandable metal
biliary stents. (a) Uncovered Zilver
(Cook) (b) uncovered Wallflex (Boston
Scientific) (c) partially covered Wallstent
(Boston Scientific) (d) partially covered
Wallflex (Boston Scientific) (e) fully
covered Wallflex (Boston Scientific) (f)
fully covered Viabil (ConMed)

One factor that led to the initial use of plastic
stents for preoperative biliary decompression was
the concern that uncovered SEMS could poten-
tially cause technical difficulties with transecting
the bile duct and creating a biliary anastomosis
during subsequent pancreaticoduodenectomy.
Studies have now shown that placement of a
short-length SEMS (typically 4-6 cm length)
does not interfere with the outcome of surgery [5,
54, 61-63]. Siddiqui et al. reported the outcome
of 241 patients with resectable or borderline
resectable disease who underwent preoperative
SEMS placement [63]. Uncovered, partially cov-
ered, and fully covered SEMS were used.
Ultimately, 166 patients underwent curative-
intent surgery without any observed technical
difficulties during surgery due to the presence of
an SEMS. Similarly, Mullen et al. found no dif-
ference in intraoperative or postoperative compli-
cations, or length of hospital stay among 29
patients who underwent pancreaticoduodenec-
tomy after SEMS placement compared to those
who had plastic stents (n-141), no stent (n-92), or
biliary bypass (n-10) prior to surgery [64]. It is
advisable during stent placement to use the short-
est length SEMS possible to bridge the stricture
with care taken to leave an adequate length of
common hepatic duct un-stented (ideally 2 cm)
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to simplify any future surgical anastomosis,
especially if using an uncovered SEMS. The
choice between plastic stent vs. SEMS may ulti-
mately rely on other factors such as cost, expected
survival length, and certainty of diagnosis at the
time of initial ERCP.

Although SEMS remain patent longer than
plastic stents, they are also at risk for occlusion
due to tumor ingrowth through the mesh inter-
stices, overgrowth beyond the ends of the stent,
or due to a hyperplastic response of normal tissue
caused by the stent (Fig. 4.10). For this reason,
SEMS were developed which are partially or
fully covered with a goal of improving patency
by preventing tumor and tissue ingrowth.
Coverings include material made of polytetraflu-
oroethylene (PTFE), expanded polytetrafluoro-
ethylene/fluorinated ethylene propylene (ePTFE/
FEP), or silicone membranes. The covering may
be on the exterior or interior of the stent. Some
fully covered stents have fenestrations in the
cover without exposing the metal wires.
Unfortunately, covered stents may also occlude
due to stent migration, tumor/tissue overgrowth,
tumor ingrowth as the covering deteriorates over
time, or possibly due to food debris [40]. Reflux
of duodenal contents into SEMS is also known to
occur [65] and could potentially cause problems
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Fig.4.9 (a) A patient with borderline resectable pancre-
atic cancer underwent ERCP for management of obstruc-

tive jaundice prior to neoadjuvant therapy. The
cholangiogram revealed a distal common bile duct stric-

in some patients. One of the advantages of uncov-
ered SEMS, which has been shown in several
studies, is their low migration rate (0-2 %) [56,
66, 67]. This is presumably due to embedding of
the stent into the wall of the bile duct after
deployment. Covered SEMS have a higher migra-
tion rate of approximately 6—8 %. Partially and
fully covered stents have the advantage that they
can be repositioned or fully removed using a rat-
tooth forceps or snare [45]. SEMS are available
in 6, 8, and 10 mm diameters when fully deployed,

ture with upstream dilation. (b) A 10x 60 mm biliary self-
expandable metal stent was placed with subsequent
resolution of jaundice. (¢) Endophoto of a biliary self-
expandable metal stent following placement

which is a key feature in determining the risk of
occlusion. A large prospective multicenter study
randomized 241 patients with malignant biliary
strictures to receive uncovered SEMS of different
designs in two diameters (i.e., 6 mm Zilver,
10 mm Zilver, or 10 mm Wallflex). SEMS occlu-
sions were much more frequent with a 6-mm
diameter SEMS and equivalent in the two 10-mm
arms despite major differences in stent design,
material, and expansion, suggesting that diameter
is the critical feature [68]. Similarly, Yang et al.
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Fig.4.10 (a) Endoscopic photograph demonstrating tis-
sue overgrowth at the duodenal end of a biliary self-

expandable metal stent. (b) Balloon occlusion
cholangiogram revealing a biliary stricture caused by

showed no significant difference in the rate of
occlusion when using uncovered SEMS of equal
diameter, but different stent design [69].

Studies comparing the differences in patency
rates between covered and uncovered SEMS in
patients with malignant distal bile duct obstruc-
tion have shown conflicting results. For example,
two randomized multicenter trials found no dif-
ference in patency rates [70, 71]. Another ran-
domized trial showed longer patency with

tumor or tissue ingrowth through the interstices of the
existing metal biliary stent. (¢) A second SEMS was
deployed within the existing SEMS with resolution of
biliary obstruction

covered SEMS [72]. A meta-analysis concluded
that covered SEMS have a significantly longer
patency compared with uncovered SEMS [73].
However, a subsequent meta-analysis found no
difference in patency between covered and
uncovered SEMS at 6 and 12 months, although
covered stents had a higher rate of stent migra-
tion [74].

Another concern for patients undergoing
placement of a covered SEMS who have an intact
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gallbladder is the potential for developing chole-
cystitis due to obstruction of the cystic duct ori-
gin. Although the rate of developing cholecystitis
as a complication after SEMS placement has
been low in most studies, rates of up to 10 % have
been reported [75, 76]. Some endoscopists rou-
tinely perform a biliary endoscopic sphincterot-
omy (B-ES) to facilitate SEMS placement and to
help avert the risk of pancreatitis due to SEMS
occlusion of the pancreatic duct. On the other
hand, B-ES may itself be a risk factor for
procedure-related complications including pan-
creatitis, bleeding, perforation, and stent migra-
tion. Studies comparing the outcome of SEMS
placement in patients with and without a preced-
ing B-ES have shown the following: (1) SEMS
(covered and uncovered) may be placed without a
B-ES with very high success rates equal to those
who underwent B-ES prior to stent placement,
(2) Avoiding a B-ES prior to SEMS placement
may reduce the risk of complications, especially
short-term complications such as bleeding and
perforation [77, 78].

EUS-Guided Biliary Drainage

Despite a success rate of >90 % in most reports,
ERCP with stent placement for malignant biliary
obstruction occasionally fails owing to anatomi-
cal or technical problems. Surgically altered
anatomy, gastric outlet obstruction, tumor infil-
tration of the ampulla, and periampullary diver-
ticula may result in inability to reach or visualize
the ampulla during ERCP. PTBD or surgical
interventions are conventionally performed after
unsuccessful ERCP. EUS-guided biliary drainage
(EUS-BD) has recently emerged as an effective
biliary drainage technique in cases of unsuccess-
ful ERCP. Following the first report of EUS-BD
by Giovannini et al. in 2001 [79], many groups
have subsequently reported on the efficacy of
EUS-BD as an alternative biliary drainage modal-
ity after unsuccessful ERCP [80-88]. EUS-BD is
accomplished using one of three techniques.
Transluminal biliary drainage involves accessing
the common duct or a dilated left intrahepatic
duct under EUS guidance, followed by dilation

of the tract and placement of a stent between the
common duct and duodenum (cholecystoduode-
nostomy) or the stomach and a left hepatic lobe
duct (hepaticogastrostomy). The stent drains the
biliary tree into the GI tract without crossing the
site of biliary obstruction. In the EUS-BD ren-
dezvous procedure, the biliary tree is accessed
via the common duct or a left hepatic lobe duct
and a guidewire is passed via the bile duct across
the papilla into the duodenum. The EUS-placed
duodenal guidewire is then used to perform
ERCP in the usual retrograde fashion. It should
be noted that the EUS guided rendezvous tech-
nique is possible only when the papilla can be
reached endoscopically. With the EUS-guided
antegrade technique, transgastric puncture of a
dilated intrahepatic duct is performed followed
by tract dilation and transpapillary placement a
stent across the level of obstruction in antegrade
fashion. The antegrade technique may be useful
when the papilla cannot be reached endoscopi-
cally. EUS-BD is a technically complex proce-
dure requiring advanced skills in interventional
EUS. The overall success and complication rates
are approximately 81 % and 15 %, respectively,
in expert hands [47].

Efficacy of Preoperative Biliary
Drainage

The benefit of PBD prior to pancreaticoduode-
nectomy in patients with resectable pancreatic
cancer remains controversial despite numerous
studies which have addressed this issue. Although
several studies have suggested more periopera-
tive complications in patients who underwent
PBD, this approach remains popular in clinical
practice. A recent study found that the use of pre-
operative biliary stenting doubled between 1992
and 2007, with most patients undergoing stent
placement prior to surgical consultation [89].
Another study which evaluated the current clini-
cal practice in pancreatic cancer surgery at
German community and university hospitals
found that of 102 returned questionnaires, 54 %
preferred preoperative drainage procedures for
cholestasis [90].
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Several meta-analyses have evaluated the
impact of PBD on the surgical outcome of
patients with malignant obstructive jaundice
undergoing pancreaticoduodenectomy [91-98]
(Table 4.1). A 2002 meta-analysis by Sewnath
et al. included 5 randomized control trials (RCTs)
and 18 retrospective studies (RS) published from
1966 to 2001 [94]. They found that patients who
underwent PBD had significantly higher overall
complications (mainly PBD-related), prolonged
hospital stays, and no difference in mortality
compared to patients who went directly to sur-
gery. This data led to the conclusion that PBD
carries no benefit and should not be performed
routinely. A second meta-analysis published in
the same year which included two RCTs and
eight RS concluded that preoperative biliary stent
placement had neither a positive or adverse effect
on surgical outcomes for patients with pancreatic
cancer [93]. Velanovich et al. evaluated 1 RCT
and 15 cohort studies, concluding that PBD
increased postoperative wound infections by
about 5 % but did not promote or protect from
other complications [95]. Similarly, Garcea et al.
found that PBD significantly increases the rates
of bile culture positivity for bacteria and the
probability of wound infection [91]. Otherwise,
no evidence was found that PBD directly
increases morbidity and mortality. Another meta-
analysis in 2011 which reviewed 14 RS found no
difference in overall postoperative complications
or mortality between patients with or without
PBD [92]. The authors concluded that PBD
should not be used routinely for malignant
obstructive jaundice. Fang et al. published a
Cochrane review in 2012 which updated their
previous meta-analysis from 2008 [96, 97]. Six
RCTs were evaluated with 520 patients random-
ized (PBD-265, no PBD-255). They found no
difference in mortality, but significantly higher
serious morbidity in the PBD group vs. the direct
surgery group. The study concluded that there is
not sufficient evidence to support or refute rou-
tine PBD for patients with obstructive jaundice.
Finally, a recent meta-analysis published in 2014
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Table 4.1 Summary of meta-analyses evaluating the
impact of PBD for biliary obstruction prior to
pancreaticoduodenectomy

Types of
studies
evaluated | Conclusions

5 RCTs — No benefit of PBD
18 RS — Increased

complications due
to PBD

— PBD not
recommended
routinely

Author, year
published

Sewnath, 2002

Saleh, 2002 2 RCTs -

8RS

No evidence that
PBD has positive
or negative effect on
surgical outcome

PBD increased
wound infections
by 5 %. Otherwise,
no impact

PBD caused
bacterial
contamination of
bile and increased
risk of wound
infections

PBD had no effect
on overall
morbidity or
mortality

PBD increased risk
of morbidity with
no effect on
mortality

1 RCT
15 RS

Velanovich,
2009

Garcea, 2010 6 RCTs -

30RS

Qiu, 2011 0RCT

14 RS

Fang, 2012 6 RCT -

ORS — Evidence does not
support or refute

routine PBD

PBD not associated
with increased
overall morbidity
or mortality

PBD duration

<4 weeks increases
morbidity

— Use of PBD
selectively

(>4 weeks drainage
duration and use
SEMS rather than
plastic stents)

Sunm 2014 3 RCTs -

11 RS

PBD preoperative biliary drainage, RCTs randomized
controlled trials, SEMS self-expandable metal stents
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reviewed 14 studies (3 RCTs, 11 RS) comparing
PBD using endoscopic stents (plastic or metal)
vs. no drainage [98]. The study found no differ-
ence in overall mortality or morbidity between
the PBD group and the nondrainage group.
Interestingly, a subset of the drainage group
which had PBD for <4 weeks had an increased
overall morbidity by 7-23 %; however, morbidity
with PBD for >4 weeks was not significantly dif-
ferent. The authors concluded that PBD should
be used selectively, drainage times should be >4
weeks, and SEMS should be used rather than
plastic stents. Overall, the published meta-
analyses have not definitively demonstrated ben-
efits of PBD on the surgical outcomes of patients
with malignant jaundice undergoing pancreatico-
duodenectomy. It is important to note that the
studies evaluated in various meta-analyses had
significant variability in methodology, including
older studies, making the data difficult to inter-
pret in light of recent improvements in endo-
scopic and surgical techniques [11, 99].

The question of whether jaundiced patients
with resectable pancreatic head cancer should
undergo PBD or proceed directly to surgery was
addressed by a recent large multicenter RCT
involving community and academic hospitals
[100]. Patients with obstructive jaundice and
serum bilirubin levels ranging from 2.3 to 14.6
mg/dL were randomized to undergo either endo-
scopic placement of a plastic biliary stent fol-
lowed by surgery 4-6 weeks later, or surgery
alone within 1 week after diagnosis. The primary
outcome was the rate of serious complications
within 120 days after randomization. The
reported rates of serious complications was 39 %
in the early-surgery group vs. 74 % in the PBD
group (p<0.001). Although PBD was technically
successful in 94 % after one or more attempts, the
reported failure rate during the initial ERCP was
25 %. Of note, 46 % of patients in the PBD group
experienced procedure-related complications
such as pancreatitis (7 %), cholangitis (26 %),
perforation (2 %), and bleeding (2 %). Surgery-
related complications (e.g., infections, bleeding,
anastomotic leaks) occurred in 37 % in the early
surgery group and 47 % in the PBD group

(p=0.14). Mortality and length of hospital stay
did not differ between the two groups. These
results show that patients undergoing PBD have a
higher overall complication rate, mainly as a con-
sequence of the PBD procedure itself, and sug-
gest that routine PBD should not be performed.
As noted by Baron and Kozarek, the initial ERCP
failure rate (25 %) and the procedural complica-
tion rate (46 %) reported in this RCT was much
higher than reported in most studies for these out-
comes (typically 5-10 % for both) [101]. The
unexpectedly high rate of cholangitis (26 %) and
need for stent exchanges (30 %) in the PBD
group during the 4-6 weeks prior to planned sur-
gery can likely be attributed to the use of plastic
stents rather than SEMS in this study. As noted
previously, multiple studies have shown that
SEMS have a superior patency compared to plas-
tic stents and can be used safely in patients who
eventually undergo pancreaticoduodenectomy.

Summary and Conclusions

Although EUS with FNA is more sensitive than
ERCP for tissue diagnosis of pancreatic cancer,
many patients with obstructive jaundice continue
to undergo ERCP as the initial procedure. A focal
stricture seen in the bile duct and/or pancreatic
duct during ERCP in a jaundiced patient should
raise suspicion for malignancy and is an opportu-
nity for tissue sampling via brush cytology, for-
ceps biopsy, or both. Using a combination of
sampling methods increases sensitivity.

The primary rationale of PBD is to reverse the
adverse consequences of biliary obstruction on
various organ systems (e.g., immune function,
coagulation, renal, cardiovascular) with a goal of
reducing complications after major hepatobiliary
surgery. However, most clinical trials and numer-
ous meta-analyses have not shown a clear benefit
of PBD as a routine procedure for patients with
resectable pancreatic cancer who are otherwise
able to proceed directly to surgery. The most
recent RCT found an alarming rate of PBD-
related complications, suggesting that PBD
should not be performed routinely [100].
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Fig.4.11 Proposed algorithm for
management of patients with obstructive
jaundice due to pancreatic cancer
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v
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v \ 4
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Improved technique and referral of patients to
specialized centers with greater expertise could
potentially lower the intrinsic risks of PBD.
Despite the controversy regarding its use,
selected patients with obstructive jaundice due to
resectable or borderline resectable pancreatic
could still potentially benefit from PBD
(Fig. 4.11). Although acute cholangitis is unusual
in malignant obstructive jaundice in the absence
of prior biliary intervention, patients who present
with cholangitis should undergo urgent biliary
decompression [43, 102]. Patients who have sur-
gery delayed due to logistical reasons and those
who require medical optimization or further stag-
ing should be considered for PBD. Finally,
patients who undergo neoadjuvant chemoradia-
tion therapy for borderline resectable pancreatic
cancer or as part of treatment protocols may be
candidates for PBD as a temporizing measure. In
such cases, ERCP with insertion of a short SEMS
is the preferred modality. Percutaneous biliary
drainage procedures should be reserved for

situations when endoscopic stent placement is
unsuccessful. EUS-BD is also a feasible salvage
technique for unsuccessful ERCP but is currently
limited to centers with expertise in therapeutic
endoscopy. Multidisciplinary treatment planning
should be utilized whenever possible.
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Introduction

Pancreatic cancer is by nature biologically
aggressive. Symptoms manifest late in the course
of the disease, critical structures adjacent to the
pancreas are often invaded or encased by tumor
prior to diagnosis, and metastases occur early.
There are, to date, no effective screening methods
and few truly effective therapeutic options. As a
result, this cancer continues to be one of the most
challenging to treat and, although relatively rare
by absolute incidence (46,420 cases in 2014—
SEER), it has remained the fourth leading cause
of cancer-related death in the USA for several
decades.

There has been great effort in recent years to
better understand the biology of this disease and
to develop more effective treatment modalities.
Practitioners in medical oncology, radiation
oncology, surgery, and interventional radiology
have stretched the limits of tolerable toxicity in
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an effort to help patients facing certain mortality.
As a consequence, the number of therapeutic
options has been substantially expanded and the
potential morbidity of many of these treatments
has increased. Patients and treating clinicians
now have aggressive surgical, radiation and sys-
temic therapeutic options to consider, particu-
larly in the more localized forms of the disease.
However, although most individuals will benefit
to some degree from treatment, particularly in
terms of progression-free survival, there is still a
relatively low probability of definitive cure from
any combination of available modalities. Given
this scenario, the decision making involved in
providing the best possible care for these patients
has become much more complex, and the need
for an appropriate multidisciplinary approach to
care has become paramount. In this chapter, we
discuss relevant advances in surgical oncology,
radiology, pathology, radiation oncology, and
medical oncology; we outline the key compo-
nents of an effective multidisciplinary program
and review the potential impact of multimodality
care on patients with borderline resectable or
locally advanced pancreatic cancer.

Classification
In 2009, a joint committee of the Americas

Hepato-Pancreato-Biliary Association (AHPBA),
the Society of Surgical Oncology (SSO), and the
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Society for the Surgery of the Alimentary Tract
(SSAT) published a consensus guideline on the
classification of pancreatic cancer as resectable,
borderline resectable, locally advanced unresect-
able, or metastatic [1]. The AHPBA/SSO/SSAT
system is based on earlier work by the NCCN [2]
and the group at the MD Anderson Cancer Center
[3]. This system has been refined recently by the
Intergroup and widely adopted nationally and
internationally for use in the pretreatment classi-
fication of tumors [4, 5]. This has resulted in bet-
ter, more reproducible selection of patients for
appropriate therapy and for novel clinical studies.
The system currently classifies a given tumor
based on the presence or absence of identifiable
metastatic disease and on the anatomic relation-
ship between the tumor and the mesenteric and
hepatic vasculature. It is now clear that resect-
ability of a localized tumor, i.e., the expectation
that a microscopically negative surgical margin
(RO) can be safely achieved either prior to or after
chemoradiotherapy, is critically dependent on the
degree of arterial and venous involvement by the
tumor at the time of diagnosis [6—8]. Almost any
involvement of the portal and mesenteric vein is
currently considered resectable, provided that
portomesenteric continuity can technically be
reestablished after an en bloc resection which
includes the portal/superior mesenteric vein. For
cases in which there is either celiac, hepatic, or
superior mesenteric arterial involvement, the
degree of vessel encasement is paramount.
Abutment, and up to 180° encasement, is consid-
ered borderline resectable; more than 180°
encasement is locally advanced and unresectable
with the exception that, on occasion, isolated
short segment encasement of the common hepatic
artery may be resectable en bloc with reconstruc-
tion [5].

Recent publications using this system to clas-
sify patients offer some evidence that the border-
line category, as defined by the AHPBA/SSO/
SSAT system, does identify patients that stand to
benefit from aggressive therapy. In a series of 47
borderline resectable patients analyzed by CT
imaging following neoadjuvant therapy, partial
regression in the degree of tumor/vessel contact
was found to be a much better predictor of subse-
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quent RO resection than older measures such as
change in size or attenuation of the tumor [9].
Twenty out of twenty-two patients with partial
regression of tumor contact with any peripancre-
atic vascular structure (portal vein/superior mes-
enteric vein, celiac axis, superior mesenteric
artery, hepatic artery) had an RO resection. In
contrast, reviews from both MD Anderson
Cancer Center and Johns Hopkins University
indicated that resection of borderline resectable
pancreatic cancer after neoadjuvant therapy did
not depend on improved radiographic appearance
of tumor—vessel interface [10, 11]. In the first
study, 122 patients had their disease restaged
after receiving preoperative therapy, with the
finding that 84 patients (69 %) had stable disease,
15 patients (12 %) had a partial response, and 23
patients (19 %) had progressive disease. Although
only 1 patient (0.8 %) had their disease down-
staged to resectable after receiving neoadjuvant
therapy, 85 patients (66 %) were able to undergo
pancreatectomy. In the second study, 58 % of
borderline patients in their series underwent
resection after preoperative therapy with a
median survival of 22.9 months versus 13.0
months for those who did not undergo resection.
Once again, tumor—vessel interface did not
change significantly in either group.

Therapeutic Advances

Margin negative resection has traditionally been
the only way to affect a cure in this disease.
Although most patients with pancreatic cancer
present with disease that is well outside the limits
of what has heretofore been considered surgi-
cally resectable, in recent years there have been
substantial advances in surgical methodology
with newer techniques beginning to push the tra-
ditional physiologic and anatomic limits of
resectable disease. Major advances include: min-
imally invasive approaches to resection of pan-
creatic cancer (addressed in Chap. 20) [12-14];
improvements in the techniques of portovenous,
celiac, and hepatic artery resection and recon-
struction (addressed in Chap. 20) [15, 16]; and
more effective interventional methods allowing
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better management of significant postoperative
complications [17]. The enhanced ability to
perform vascular reconstruction, in particular,
has broadened the definition of what is consid-
ered anatomically resectable disease. This, in
turn, has led to the recognition of a subset of
locally advanced tumors that is neither clearly
resectable nor unresectable based on the location
and degree of vascular involvement by the tumor,
and on other factors such as possible, but not
definitive, radiologic evidence of metastatic dis-
ease and patient performance status [4]. It is esti-
mated that as many as 16,000 cases of locally
advanced disease are diagnosed each year, and
that fully 5000 of these may be borderline resect-
able by current definitions. Resection in these
cases may be technically possible but there is a
perceived increase in the risk of significant post-
operative morbidity and of surgically positive
margins, and questions regarding the true benefit
of an immediate surgical approach persist. True
locally advanced disease is one step further from
surgical intervention in that there is clearly
greater than 180° encasement of one or more
major arteries precluding any attempt at
resection.

It is evident that even in cases judged de novo
to be clearly amenable to a margin negative
resection, surgery on its own is insufficient to
affect a cure in the majority of patients, with both
local and distant recurrence being the norm, and
overall 5-year survival rates no better than 15-20
% in the best centers. While there will continue to
be improvements in the surgical care of these
patients, it is clear that improvements in surgical
technique, alone, will never provide a definitive
answer to this disease. Other modalities that have
been used in effort to improve on results achieved
by surgery alone include locoregional radiation
and systemic chemotherapy. The addition of
external beam radiation has been examined in a
number of key studies, including a small random-
ized study performed in the 1980s by the GITSG
(Gastrointestinal Tumor Study Group), in which
encouraging results were obtained with fluoro-
uracil (5-FU)-based split-course chemoradiother-
apy—median overall survival of 20 versus 11
months [18]; a randomized study initiated some
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years later by the EORTC (European Organization
for Research and Treatment of Cancer) which
failed to confirm the benefit of radiation therapy
[19]; LAP 07 which compared gemcitabine alone
to gemcitabine followed by radiation therapy
in locally advanced pancreatic cancer controlled
by chemotherapy and which failed to show ben-
efit with the addition of radiation therapy [20];
RTOG 97-04, which randomized patients to ini-
tial chemotherapy with either 5-FU or gem-
citabine, followed by 5-FU-based chemoradiation
to 50.4 Gy, followed by additional chemotherapy
with 5-FU or gemcitabine, and which resulted in
an improved rate of local recurrence in both arms
of 25-30 % [21]; and a large multi-institutional
retrospective pooled analysis which did show
benefit to adjuvant chemoradiation after resec-
tion of disease with median O.S. of 39.9 versus
24.8 months [22].

The results of these aforementioned studies
have been widely debated and, to date, a clear
consensus on the overall efficacy of radiation has
not been established. It is clear that when radia-
tion is incorporated into the treatment plan: the
quality of the radiation is critical; the rates of
margin negative resection are improved; local
recurrence is reduced, and some patients initially
considered inoperable are converted into candi-
dates for resection. The impact on overall sur-
vival, however, is not as clear. Furthermore,
newer methods of administering radiation, such
as intensity-modulated radiation therapy (IMRT)
[23], stereotactic body radiation therapy (SBRT)
[24], and even proton beam therapy [25], are
engendering much excitement and may require a
complete reexamination of how this modality is
used.

Equally, chemotherapy historically did not
play an important role in the management of
localized pancreatic cancer. Significant progress
in this regard was made with the discovery of the
activity of single agent gemcitabine in 1996 [26],
but it was not until newer regimens were devel-
oped such as gemcitabine, taxotere and
capecitabine (GTX) [27]; SFU, leucovorin, irino-
tecan, and oxaliplatin (FOLFIRINOX) [28]; and
gemcitabine plus nab-paclitaxel [29] that we
began to think about the potential for meaningful
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Table 5.1 Selected current studies in borderline resectable and locally advanced pancreatic cancer

Setting Study Regimen Goal Opened
Borderline ALLIANCE A021101 mFFX—no 5FU | Accrual rate, toxicity, | March 2013
resectable Pilot study bolus—4 cycles, | CR/PR, completion of
then RT/cape; all therapy, RO/R1
gemcit postop
Borderline Medical University of South | mFFX—no 5FU | RO/R1 resection, (OS, | August 2012
resectable Carolina bolus—6 cycles | TTR, ORR, path CR)
Phase II then RT/cape and safety
Borderline University of Maryland mFFX—no 5FU | Resectability, DFS, September 2013
resectable Pilot study bolus—4 cycles | OS, TTR, path CR,
then SBRT and safety
Locally advanced | UNC LINEBERGER Standard full Assess safety and September 2012
Phase II dose FFX efficacy (OS, PFS,
ORR)
Locally advanced | Foundation for Liver Standard full OS, radiologic RR, July 2014
Research/Erasmus Medical | dose FFX—4 resection rate, PFS,
Center cycles then biologic predictive
Phase II SBRT markers
Locally advanced | Massachusetts General Standard full Feasibility, PFS, OS, March 2013
Hospital/NCI dose FFX—8 toxicity, downstaging,
Phase II cycles plus gene mutations

losartan then
proton beam RT

ORR overall response rate, PFS progression-free survival, OS overall survival, CR complete remission, gemcit gem-
citabine, SBRT stereotactic body radiation therapy, TTF time to treatment failure, cape capecitabine, T7TR time to
response, DLT dose limiting toxicity, DPD dihydropyrimidine dehydrogenase, MTD maximum tolerated dose, FFX

FOLFIRINOX

palliation and even cure. As can be seen from the
prolongation of median survival in stage IV dis-
ease from a few months to almost a year with
FOLFIRINOX, these newer regimens are consid-
erably more active. It is hoped that this activity
will translate into equally notable results in more
localized disease; a selection of current studies
incorporating these treatments in both borderline
resectable and locally advanced pancreatic can-
cer is listed in Table 5.1.

In the last few years, there have been definite
indications that supplementary therapy with
more targeted agents, such as the EGFR inhibitor
erlotinib [30], and genotype-directed choices
such as PARP (poly(ADP-ribose) polymerase)
inhibition with olaparib in BRCA-1 and 2
mutated individuals [31] could be the way of the
future. The decision to use gemcitabine based on
expression of the nucleoside transporter HENT-1
[32, 33] is also being investigated along with
many other initiatives such as targeting the KRAS
pathway [34] and the tumoral stroma [35], and

these results are eagerly awaited. Finally, immu-
notherapy may shortly become yet one more
therapeutic option [36]. Vaccines and immuno-
modulating agents are undergoing rigorous
development and study and hold considerable
promise, with a recent report of GVAX Pancreas
Prime and Listeria Monocytogenes-Expressing
Mesothelin (CRS-207) Boost Vaccines showing
considerable prolongation of overall survival
(9.7 versus 4.6 months) in patients with meta-
static disease [37].

Imaging and Pathology

In parallel to the evolution in treatment of pan-
creatic cancer, there has been equally impres-
sive progress in the imaging of this disease and
in the ability to radiographically characterize
the stage and biology of individual tumors.
Understanding the technical developments in
these areas underlines the importance of effective
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multidisciplinary collaboration. Thin slice
multi-detector CT imaging with oral and intra-
venous contrast, using non-contrast, arterial,
pancreatic parenchymal, and portal venous
phases, is critical to accurate assessment of the
tumor and blood vessels. Anything less than the
full pancreatic protocol sequences results in
suboptimal imaging [38, 39]. If the patient has a
contrast allergy, renal insufficiency, is pregnant
or has inconclusive results on CT, then a pan-
creas protocol MRI may be used. MRI can be of
particular value if small metastases to the liver
or peritoneum are suspected [40]. Diffusion
weighted MRI may even be of value in predict-
ing response to neoadjuvant therapy [41].
Positron emission tomography (PET) scanning
is increasingly being used to assist in planning
for radiation therapy and to detect early meta-
static disease not seen on routine imaging [42,
43]. It may also distinguish benign peripancre-
atic inflammation from metastases or local
extension of malignancy [44].

Accurate staging is particularly germane in the
management of patients with borderline resectable
and locally advanced pancreatic cancer where
agreement on definition is critical and standards of
care are just now being developed to enable stan-
dardization of the therapeutic approach. The
Society of Abdominal Radiology and the American
Pancreatic Association have constructed a radiol-
ogy reporting template which ensures that there is
high quality and reproducibility to the reports, and
this approach should rapidly be adopted by all
institutions [45]. An abbreviated version of this
template, as pertains to the critical vascular struc-
tures, is illustrated in Table 5.2.

Following surgery, the College of American
Pathologists recommends a comprehensive and
standardized analysis of each resected tumor
which includes size, margins, histologic grade,
nodal involvement, vascular involvement, lym-
phovascular invasion, perineural invasion,
intraepithelial neoplasia, and any evidence of
chronic pancreatitis [8]. This has permitted a
more accurate assessment of the cancer prior to
and following any therapeutic intervention and a
more effective selection of appropriate local and
systemic therapy. Handling of specimens, margin
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Table 5.2 Abbreviated radiology checklist

Vascular involvement

[Include degrees (0-360) and length (mm/cm) of
involvement or occlusion with image numbers]

1. Superior mesenteric artery (SMA): [no evidence of
involvement/involvement]

2. Superior mesenteric vein (SMV): [no evidence of
involvement/involvement]

3. Portal vein: [no evidence of involvement/
involvement]

4. Celiac axis: [no evidence of involvement/
involvement]

5. Hepatic arteries (common, proper, right, and left):
[no evidence of involvement/involvement]

6. Gastroduodenal artery (GDA): [no evidence of
involvement/involvement]

7. IVC and aorta: [no evidence of involvement/
involvement]

Vascular anatomy

1. First jejunal branch of SMV: (anterior or posterior)
to SMA

2. Variant anatomy

analysis, and the definition of an R1 resection
still differs among pathologists in the USA and
Europe. These variations need to be considered
when analyzing study results [46]. An assess-
ment of response to neoadjuvant therapy by the
group at MDACC has determined that a full
pathologic complete remission (2.7 %) or pres-
ence of minimal residual disease (16.1 %) fol-
lowing therapy has a much better prognosis than
a moderate (55.6 %) or minimal response (25.6 %)
and correlates with better survival [47].

Endoscopy and Interventional
Radiology

In the last 5 years, we have seen remarkable
advances in endoscopic and interventional radio-
logic capabilities. Upper endoscopy, ERCP, and
EUS have made a significant impact on the safety
and accuracy of diagnosis and staging and on the
management of common problems such as pain
(celiac axis block) [48], biliary obstruction [49],
duodenal obstruction, and postoperative compli-
cations. Duodenal obstruction has become an
increasingly common problem in locally advanced
disease as modern therapy has extended survival,
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with one recent series reporting an incidence of
38 % [50]. Treating duodenal obstruction has
become relatively routine, but managing the
concomitant biliary obstruction when that occurs,
frequently requires multidisciplinary experience.
Creative endoluminal techniques such as double
stenting and transmural biliary drainage tech-
niques may be needed [51, 52].

Advances in interventional radiology have
greatly contributed to improved management of
symptoms related to disease and thus have
allowed patients to initiate and complete neoadju-
vant therapy. Percutaneous approaches to celiac
neurolysis have improved the management of epi-
gastric and back pain associated with celiac
plexus infiltration [53], and percutaneous endo-
vascular stenting has alleviated symptoms of
intestinal and hepatic ischemia from tumor inva-
sion into the SMA or hepatic arteries [8].
Percutaneous transhepatic portovenous stenting
has been shown to be effective in the management
of ascites resulting from portovenous tumor
thrombus [54]. Finally, splenic artery embolization
for non-operative management of low platelet
counts as a result of hypersplenism has allowed
continuation of dose-intensive chemotherapy in
cases in which this has been important [55].

Key Components
of the Multidisciplinary Approach

All these developments have created a menu of
therapeutic and palliative treatment options that,
individually, have uncertain potential benefit for
any given patient. Each of the options in this
menu has to be duly considered, with the risks
and benefits carefully weighed. The optimal way
to do so is to have every patient evaluated by indi-
vidual experts from each of the disciplines
involved, for there to be discussion among the
members of that team, and a consensus approach
to care developed.

Abundant evidence exists to support the
notion that multimodality management of pan-
creatic cancer is associated with improved out-
comes, with some centers demonstrating 5-year
survival rates as high as 27 % among patients
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treated with multimodality therapy compared to
10-15 % in historical series with surgery alone
[56]. There is also, however, considerable evi-
dence that compliance with established national
guidelines, such as that of the NCCN [8], remains
disappointingly low [57], that there is consider-
able variability in the quality of the treatment of
pancreatic cancer in the USA and that multimo-
dality care is, as yet, still quite uncommon [58].
The optimal way to foster this multimodality
care bears some scrutiny as different approaches
may work better in different settings, and various
disease specific groups may learn from one
another. As the complexity of oncologic care
continues to increase, it will be more important
than ever that all involved in the care of the
patient be experienced, knowledgeable, and cur-
rent on new developments and that these experts
communicate effectively.

The Multidisciplinary Conference

The cornerstone of quality multimodality care is
most often the multidisciplinary conference
(tumor board, cancer conference,
HepatoPancreatoBiliary conference) which may
meet on a weekly, biweekly, or monthly schedule.
This gathering has been indispensable at well-
developed cancer centers in regularly bringing all
members of the care team together in a single
forum in which each case can be reviewed and in
which plans for treatment and research can be tai-
lored to the specific needs of the patients and their
pathology. The importance of multidisciplinary
discussion is perhaps best exemplified by the find-
ing, in a 2007 review of national practice from the
national cancer database, that up to 40 % of
patients with resectable peri-ampullary cancers
were not offered surgery [59]. This finding was
directly attributed by the authors to nihilistic bias
on the part of certain members in the care team
and would seem to reflect a lack of communica-
tion between treating and referring physicians.
The multidisciplinary conference as an entity
has been studied. It has been established that the
decision-making process promoted by these
meetings reduces the variability engendered by
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physicians acting independently [60], promotes
enrollment on study protocols [61], and is essen-
tial for the integration of clinical information into
quality biospecimen repositories [62]. It has been
well documented that the conferences have a defi-
nite impact on the ultimate care plan, with multiple
studies demonstrating that the ultimate recom-
mendations for therapy are frequently changed (up
to 43 % of cases) by the consensus opinion devel-
oped in the conference [63]. One recent prospec-
tive evaluation of practice patterns at a large
tertiary cancer center found that 84 % of physi-
cians were somewhat or very certain of their plans
prior to conference and still changed their plans in
36 % of cases (72 % of those changes qualified as
major changes) based on the conference’s consen-
sus recommendations [64]. The recognized impor-
tance of these meetings is underlined by the fact
that both the Commission on Cancer and the
American College of Surgeons require that institu-
tions seeking accreditation have multidisciplinary
conferences prospectively reviewing cases and
discussing management decisions (Cancer
Program  Standards/American  College  of
Surgeons). It is clear that institutional efforts to
ensure accurate pathologic staging via synoptic
analysis, to develop standardized templates for
radiologic reporting, and to standardize protocols
for therapy, promote cost-effective care that pro-
vides the best outcomes for the patients [56].
While there is a reasonably common format
at larger institutions, it is worth reviewing the
essential elements of an effective tumor board
[61, 64, 65]. These elements are tabulated in a
checklist format in Table 5.3. Meetings are
increasingly organized by cancer type as treating
physicians become more subspecialized. The
conferences should ideally take place on a
weekly schedule, thus enabling timely discus-
sion and disposition of cases. While this fre-
quency may not be feasible at all institutions, it
promotes timely treatment planning and mini-
mizes the time a patient waits for a decision
regarding formulated algorithms. Appropriate
physical space needs to be available on a regu-
larly scheduled basis. This includes adequate
seating for all participants, confidentiality
(HIPPA), and availability of the necessary
equipment for projection of radiologic images,
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Table 5.3 Comprehensive multidisciplinary conference
checklist
Y/N
Clearly designated leader

Weekly schedule for timely discussion and
disposition of all cases

Appropriate physical space—adequate seating,
confidential (HIPPA), quiet

Appropriate equipment—yprojecting
microscope, [T/visual equipment for projection
of radiology and endoscopy images

Audiovisual equipment for virtual meetings if
needed

Appropriate representation by all specialties:
surgery, medical oncology, radiation oncology,
interventional radiology, gastroenterology,
radiology, pathology, primary care

Additional desirable staff: nurses, social
workers, nutritionists, pastoral care, geneticists,
tumor registrar, and research associates

Fellows, residents, and students where
applicable

Documentation of discussion and
recommendations in secure, retrievable location

Continuing Medical Education credits

Method for communication of results to all
stakeholders not present

endoscopic images, and microscope slides (and
also videoconferencing if needed). Ideally,
audiovisual/IT equipment may also permit the
projection of computerized data such as treat-
ment schemas, standards of care, investigational
protocols, genomic and proteomic analysis, and
collated data. Suggested participants should
include all of the following: medical oncologists,
surgical oncologists, radiation oncologists,
gastroenterologists with endoscopic expertise,
diagnostic and interventional radiologists,
pathologists, geneticists, and a tumor registrar.
We would argue that, under optimal conditions,
having more than one individual from each dis-
cipline at the meeting affords more effective
evaluation of the available treatment options. In
reality, it is often difficult to consistently have
more than one member of a given discipline at
the conference. At a minimum, it is desirable to
have multiple representatives from surgical
oncology and medical oncology present.
Additional members of the board may include
oncology nurses, social workers, palliative care
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physicians and staff, nutritional services, pasto-
ral care, and the patients’ primary care physi-
cians. Fellows, residents, medical students, and
other trainees should attend and be encouraged
to participate by case presentations and other
means [66].

Attendance at these meetings by more mar-
ginal participants may be better when some form
of incentive, such as continuing medical educa-
tion (CME) credit, is provided. This is likely to
be dependent on location and culture, and does
not appear to be as important at academic centers
(where many alternative sources of CME are
available). One recent study of MDC conferences
at a single academically affiliated tertiary center
reported that only 24 % of attendees sought CME
credits for their participation [67]. The time spent
in such activity, in lieu of actual patient care,
should be recognized by the institution, and par-
ticipants should not be censured in any way. A
clearly designated leader is essential to the
smooth functioning of the conference [68, 69].
This individual should have the personal and
professional respect of the members of the board,
be knowledgeable and experienced, and be able
to foster appropriate discussion. He/she should
maintain decorum and ensure that differing opin-
ions are rightly heard, that the meeting moves
forward, and that it does not get bogged down
over discussion of any one case. Finally, docu-
mentation of all cases presented in a concise,
accessible format, along with diagnostic or thera-
peutic recommendations allows those not present
to easily access this information. This facilitates
the retrieval of data needed for analysis of confer-
ence utilization, tumor volumes, trends, and tis-
sue banks.

Importantly, it should be noted that recom-
mendations from a tumor board are recommen-
dations and are not legally binding. These
recommendations do not relieve the treating phy-
sician from the obligation to provide care for the
patient. The treating physician must critically
scrutinize the recommendations before imple-
mentation and, ideally, any deviation from these
recommendations should be clearly explained
based on the obligation to treat the patient safely
and effectively [70].
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Alternative and Complementary
Arrangements

Several other elements of a multidisciplinary
approach can be valuable adjuncts to the cancer
conference but are not as commonly recognized
and not as often employed across the country. A
prime example is the multidisciplinary clinic
[71]. For many reasons, this has not been as
widely adopted as the multidisciplinary confer-
ence but may be of equal or greater value.
Challenges to establishing this arrangement have
included: limited clinical space to accommodate
a larger group at one time; arranging appropriate
support staff; scheduling of sequential patient
visits; conflicting needs of surgical, oncologic,
and medical specialties; entrenched attitudes to
clinical care; and billing for services. Despite the
logistic difficulties in establishing and maintain-
ing these clinics, they have been consistently
identified as enhancing the efficiency of care by
allowing patients to see all of their care team in
one visit. The clinics provide the opportunity for
real-time interaction between members of the
team who are treating diseases for which condi-
tions change frequently. Including a specialist
clinical cancer pharmacist in the clinic results in
improved medication adherence (p=0.007) and
patient satisfaction (p<0.001) [72].

In one notable study of the efficacy of a pan-
creatic cancer multidisciplinary clinic at Johns
Hopkins Hospital, 25 % of patients had their care
plan revised after analysis in the clinic, with both
upstaging (29/38 patients) and downstaging (9/38
patients) of the original classification of the
extent of disease [73]. Radiology review contrib-
uted the most to a change in plans (18.7 %) and
pathology review was also important (3.4 %).
One notable change in care was the determina-
tion of resectability in those cases where the por-
tal vein/superior mesenteric vein confluence was
involved. Patients identified in this study as hav-
ing tumors involving the portal/SMV confluence
had frequently been evaluated by programs at
smaller referring hospitals, been deemed to have
unresectable disease at these institutions and then
were reclassified as resectable or borderline
resectable in the multidisciplinary clinic.
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Registration into the National Familial Pancreatic
Cancer Tumor Registry was noted to increase
from 49.2 to 77.8 % following initiation of this
clinic, and participation in clinical studies was
offered to 51/203 patients. The clinics also pro-
mote the academic mission, both by creating the
appropriate environment to teach students, resi-
dents, and fellows in a multidisciplinary setting
emblematic of modern oncology and by facilitat-
ing the determination of patient eligibility for
clinical studies.

Virtual tumor boards, with secure access to
protect patient confidentiality, are increasingly
prevalent in regions where clinical volumes and
practice patterns make a regular multidisciplinary
conference practically impossible. This is particu-
larly useful in a rural setting and where a large
institution may have affiliates with which it
wishes to coordinate care and clinical study
accrual [74, 75]. This can also be helpful in com-
plex diseases such as pancreatic cancer and in
which access to tertiary care may be essential for
multidisciplinary management and in which triag-
ing patients for rapid referral may be critical [76].
In-person meetings where possible, however, still
remain preferable as interactions are easier, the
discussions are less regimented, and the number
of cases presented is often greater [77].

Evolving experience with personalized care
now suggests that a molecular or genomics tumor
board may be a necessary addition to the more
standard cancer conference discussed above, and
many larger centers have such an entity. Most
physicians do not have formal training in the
evaluation of advanced genomics, and basic sci-
entists, geneticists, and experts in bioinformatics
may all contribute to the interpretation of results.
In a recent series, 34 patients presented at a uni-
versity molecular tumor board had a median of 4
molecular abnormalities each on next-generation
sequencing, and no two patients had the same
profile [78]. Eleven of 34 patients had treatment
decisions informed by this test, and three of 11
had a meaningful response to treatment that was
determined by molecular or genomic profiling.
Barriers to therapy in those not treated were
mainly related to access to appropriate agents. As
the cost of genome sequencing declines, more
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and more patients with pancreatic cancer will
have their cancers tested. Given the limited effi-
cacy of current chemotherapy in pancreatic can-
cer, any leads engendered by this approach will
be eagerly investigated.

Additional Participants
and Resources

An often unsung member of the multimodality
care team, not typically included in multidisci-
plinary conferences and clinics, is the primary
care physician. Almost all patients with pancre-
atic cancer have concomitant medical conditions
which require ongoing care and which are not
optimally managed by physicians in specialty
settings. These conditions may include diabetes
mellitus, hypertension, malnutrition, cardiovas-
cular disease, thrombosis and embolism, and
intractable pain [79]. Further, the often long-
standing relationship between patient and pri-
mary MD is a source of great comfort to many
individuals, assuring them that they are following
the right path in the treatment of their disease and
providing essential moral support [80, 81].
Communication between the primary MD and
the specialists is often not optimal but can and
should be improved with better organization and
structure [82]. Equally, all physicians are sup-
ported by nurses, technicians, dieticians, social
workers, research associates, pharmacy staff,
phlebotomists, and front office personnel. All of
these individuals provide substantive psychoso-
cial support for patients and technical skill sets
without which their medical care would not be
possible. These caregivers, and others, need to be
rightly recognized as essential members of the
cancer care team.

Finally, it is important to recognize the family
and friends of the patient. These individuals are
critical to the success of both the simplest and
most complex treatment plan and without ques-
tion impact clinical outcomes. Patients often rely
on family members to provide transportation to
treatment centers, fill prescriptions, administer
medications, call insurance companies, report
complications to treating physicians, and manage
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households, in addition to offering emotional
support and encouragement [83]. Because of the
often terminal nature of this disease and the
rapidity with which it may progress, there is fre-
quently little time for caregivers to adjust to the
circumstances facing their loved ones [84, 85].
These individuals may also be concerned about
their own genetic risk and that of other family
members [84]. It is becoming increasingly clear
that although patients with well-developed sup-
port infrastructure and healthy caregivers cope
better with the stress and the complexity of treat-
ment than those who do not have such a system in
place, the caregivers may themselves be at risk of
illness and mortality [86]. As the disease pro-
gresses, these issues intensify and the quality of
life of the caregivers may deteriorate significantly
such that psychiatric care may be needed [87].
This is clearly a neglected aspect of comprehen-
sive pancreatic cancer care, and future studies to
examine more effective and meaningful interven-
tions on their behalf are sorely needed. A recent
pilot study to assess the experience of caregivers
has demonstrated that these data are not only
needed, but that the caregivers are very willing to
share their stories and to seek assistance wher-
ever they may find it [84].

Impact of Multimodality Care
on Sequencing of Therapy

With the above infrastructure in place, a given
case can be duly considered and the critical deci-
sions necessary for optimal therapy can be made.
As this decision-making takes place, a number of
issues are critical. First, the goals of therapy must
be clearly delineated—cure versus palliation ver-
sus other. It may not always be possible to do
this, especially in borderline resectable disease
where ultimate curability is uncertain, but a thor-
ough understanding of the status quo on the part
of the patient is essential if his/her expectations
regarding the ultimate outcome are to be realistic.
Second, the determination of eligibility for clini-
cal studies is vital if important progress is to be
made in this disease. It is estimated that only a
very small fraction of all eligible patients are
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enrolled in clinical studies (3 %), with under-
served populations rarely, if ever, exposed to
available clinical studies and particularly prone
to being neglected in this regard [88]. Third, indi-
vidualized plans are ideally made with consider-
ation given to stage of disease, tumor molecular
profile, inheritance patterns, comorbidities, per-
formance status, fragility scores, and cultural
issues. Fourth, the skill set of the treating physi-
cians and institutional experience must be con-
sidered. Many recent studies have demonstrated
that outcomes of complex surgical procedures are
better when the procedures are done in large cen-
ters performing a critical number of procedures
on an annual basis [57]. When centers and physi-
cians attempt procedures and therapies that they
are not equipped or experienced enough to effec-
tively carry forward, patients will not infre-
quently then need to be referred to tertiary centers
where they may be offered second operations or
attempts at treatment. Second procedures fre-
quently do not have the desired results and an
opportunity to cure may be lost [56]. Despite
existing data supporting the importance of expe-
rience, there does not appear to be a migration to
high-volume centers. There is a perception on the
part of patients that remaining close to home is of
definite benefit, and many procedures continue to
happen in less experienced settings [57].

A typical patient will be referred with a mass
on CT scan and/or obstructive jaundice, requiring
a definitive diagnosis, relief of the jaundice (when
present), and a complete staging evaluation. This
will usually involve the assistance of a gastroen-
terologist or interventional radiologist. Once a
biopsy has been performed and a tissue diagnosis
confirmed, and biliary drainage has been estab-
lished, a full staging evaluation can take place.
This will usually consist of endoscopic ultra-
sound (EUS), CT imaging with pancreatic
cancer-specific protocols, and perhaps MRI and/
or PET scan. Together with a discussion of the
patient’s wishes, multidisciplinary review and an
assessment of his/her performance status, an
optimal plan can then be determined.

As noted previously, in the setting of border-
line resectable, or locally advanced unresectable
disease, it is now clear that a surgery-first
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approach is unlikely to be the best option. There
is a high likelihood of an R1 resection in the for-
mer, impossibility of complete resection in the
latter, and significant delays in the initiation of
adjuvant therapy or even no adjuvant therapy in
up to 30 % of patients [58], particularly if there
are surgical complications [89]. To this end, a
neoadjuvant approach has been pioneered in
recent years and initial results are promising. To
date, only a handful of single institution studies
or case series have been published [90-93]. The
results of the Alliance A021101 study, the first
multi-institutional prospective study in this set-
ting, using four cycles of neoadjuvant
FOLFIRINOX followed by RT/capecitabine, sur-
gery, and then adjuvant gemcitabine for two
cycles are eagerly awaited.

Optimal sequencing of available treatment
modalities is still to be determined. An initial
period of intensive chemotherapy, using one of
the currently most active regimens such as
FOLFIRINOX or gemcitabine/nab-paclitaxel,
followed by combined radiation therapy and
radiation sensitizing chemotherapy has become
a popular and apparently effective choice [93—
95]. The advantages of such an approach are not
only the direct effect of the neoadjuvant therapy
on the cancer, allowing effective surgery where
this may not have been previously feasible, but
also the early therapy of micrometastatic disease
and the selection of patients with disease bio-
logically appropriate for radiation and subse-
quently for resection. In published studies, this
has allowed pathologic complete remission in
fortunate individuals and successful RO resec-
tion in a significant percentage of patients in
both settings [93, 96, 97].

Postoperative treatment has often been recom-
mended, but there is very little agreement on the
optimal approach in this setting, and there has not
been much in the way of innovation in this space.
By default, many physicians have used single
agent gemcitabine, which is the standard of care
in resectable disease treated with immediate sur-
gery, but results with this approach have been
less than satisfying [98, 99]. This inclination to
use gemcitabine may change with studies cur-
rently underway examining both more intensive
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chemotherapy and immunotherapy (PRODIGE
24/ACCORD 24 study) [100]. This is a particu-
larly challenging issue as the performance status
of patients who have completed a course of neo-
adjuvant treatment and then definitive surgery is
often tenuous, and intensive treatment, while
desirable, may not be tolerated. Nutritional status
appears to be an issue in those patients who have
received preoperative therapy and may delay the
start of adjuvant therapy [101]. Fortunately, ini-
tial concerns that neoadjuvant radiation therapy
or combined chemo/RT could result in an increase
in major postoperative complications have not
been validated [102—-104]. A recent analysis of
outcomes in the ESPAC-3 study determined that
it was acceptable to wait up to 12 weeks after sur-
gery before starting adjuvant therapy, providing
that all six planned cycles were then given [99].
The number of treatment cycles rather than the
time to start therapy appeared to be the more
important parameter in this study. If this concept
is validated in all adjuvant therapy, then this will
allow patients to recover more fully from surgery
before adjuvant therapy is started, thereby
increasing their chances of completing the
intended number of treatments.

A full complement of supportive medical
care is a critical adjunct throughout treatment
in this sequence. Paramount in all of these indi-
viduals is the need for adequate nutrition. An
enteral feeding tube may have been placed at
the time of surgery and up to 20 % of patients
may need one later in the course of treatment
[105]. Eating is a challenge in patients having
had complex GI surgical procedures, and mal-
absorption of key nutrients is common owing
to altered anatomy, delayed gastric emptying,
and pancreatic insufficiency [106, 107]. This
challenge needs to be addressed early and
aggressively with a nutritional consult and fol-
low-up, and with nutritional supplements and
pancreatic enzymes as needed. Although
enzyme use has been somewhat empirical to
date, a new paper published in 2014 proposes a
more rational approach to therapy with split
administration of enzymes during a meal and
with antacid and bicarbonate supplements to
optimize the milieu [108]. Appetite stimulants
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may also be tried although the efficacy of these
is only fair at best, with megestrol and thalido-
mide seemingly the most effective to date but
not without side effects [109, 110]. A stepwise
approach to therapy, inclusive of anti-inflam-
matories, has been proposed and should be
tested prospectively [111]. Even in patients
surviving more than 6 months with apparently
good nutrition, as assessed by body mass
index, there can be significant micronutrient
deficiency, especially iron, selenium, and
Vitamins D and E [112].

Adequate pain control, psychological and
social support, and physical therapy and rehabili-
tation as needed complete the menu of supportive
care modalities. Global quality of life in most
domains appears to return around 6 months after
surgery on average [113]. Employing an exercise
regimen during and after adjuvant therapy
appears to hold promise for improved function
and recovery [114, 115]. Follow-up is typically
every 3 months in the first 2 years and then every
6 months for years 3-5 as per NCCN guidelines.
This includes history and physical examination,
lab tests including a CA 19-9, and CT imaging. It
is unclear whether this program impacts on
patient survival or quality of life, but with evolv-
ing options for treatment of recurrent disease it
would seem to be prudent to follow these
recommendations.

Conclusion

In summary, multimodality therapy of borderline
and locally advanced pancreatic cancer has
become the norm in most larger and experienced
centers. Multidisciplinary evaluation and discus-
sion has the potential to profoundly impact care
of the patient, from the inception of treatment
through long-term surveillance and follow-up.
The essential elements of a comprehensive multi-
disciplinary program have been explored and
proposed, and the need for standardization in
diagnosis, classification, reporting, and therapy
has been emphasized. Subsequent chapters will
explore many of these issues in depth.
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Introduction

Management of resectable and borderline resect-
able pancreatic adenocarcinoma (BRPC) repre-
sents a significant challenge. Unfortunately, in
most patients, PDAC is a systemic disease at pre-
sentation. Even in the presence of excellent peri-
operative supportive care and low mortality in
high-volume centers, approximately 80 % of
patients who undergo resection will develop
metastases and die of their disease within 5 years
[1, 2]. This is because most patients likely have
micrometastatic disease at the time of attempted
curative resection [3].

In the era of the multidetector CT optimized
for pancreatic imaging, tumors of ‘“borderline
resectability” have emerged as a distinct subset
of PDAC. The attempt to standardize the defini-
tion of borderline resectable is work in progress.
As discussed elsewhere, the criteria has been
modified with time through the National

M.J. Reilley

Division of Cancer Medicine, MD Anderson
Cancer Center, 1400 Holcombe Blvd, Unit 463,
Houston, TX 77030, USA

e-mail: mjreilley @mdanderson.org

G.R. Varadhachary (D<)

Department of Gastrointestinal Medical Oncology,
MD Anderson Cancer Center, 1515 Holcombe Blvd,
Unit 426, Houston, TX 77030, USA

e-mail: gvaradha@mdanderson.org

© Springer International Publishing Switzerland 2016

Comprehensive Cancer Network (NCCN), initial
descriptions from M. D. Anderson Cancer Center
(MDACC), and consensus conferences, the first
being sponsored by the AHPBA/SSAT/
SSO. Patients with BRPC are poor candidates for
upfront surgery because they are at a high risk for
margin positive resection with initial surgery.
Multiple studies have reported that patients with
margin positive resection do poorly with a life
expectancy between 8 and 12 months, which is
no different from patients with locally advanced
pancreatic cancer [4, 5]. The rationale for pursu-
ing preoperative treatment for a patient with
BRPC is similar to patients with potentially
resectable pancreatic cancer although with a
greater emphasis on maximizing RO resection.
Additional justification for preoperative therapy
includes treating micro metastatic disease early,
giving majority of the “adjuvant” therapy in a
“neoadjuvant” setting when it is better tolerated.
Using this approach to gauge the aggressiveness
of the cancer selects patients for surgery who
have the greatest likelihood of a favorable post-
operative outcome especially given the morbid
nature of the surgery. Data also suggests that pre-
operative chemoradiation may decrease the inci-
dence of pancreaticojejunal anastomotic fistula, a
common complication following pancreaticodu-
odenectomy or distal pancreatectomy. Therefore,
although the sequencing and duration of preop-
erative treatment modalities remain elusive, most
agree that a treatment schema that incorporates
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systemic chemotherapy and chemoradiation is
the optimal strategy for BRPC and this notion has
been embraced by several institutions and high-
volume pancreatic cancer centers.

Herein, we describe the current status of pre-
operative systemic chemotherapy approach to
BRPC. There is considerable controversy on the
topic, including rationale, best regimens, dura-
tion of therapy, standardization of surgical tech-
niques, selection of patients for chemotherapy,
chemoradiation versus both, and sequencing of
these approaches. Analyzing retrospective,
single-institution and small prospective studies
makes it a challenge and emphasizes the impor-
tance of multi-institutional prospective clinical
studies in this setting.

Adjuvant Trial Results Inform
Preoperative Approach

While treatment with a fluorouracil-based (5-FU)
regimen for unresectable pancreatic cancer
became standard in the 1980s, there were limited
trials investigating the role of adjuvant chemo-
therapy [6]. The earliest randomized prospective
trial was published in 1985 by the Gastrointestinal
Tumor Study Group (GITSG) [7]. The study
enrolled 43 patients randomized to observation
or 5-FU based chemotherapy with radiation after
surgery. They found a significant benefit in over-
all survival at 20 months in the treatment arm
versus 11 months in the observation arm.
However, the small size of the study combined
with poor baseline overall survival limited broad
acceptance of these findings.

Follow-up investigations explored role of
adjuvant chemotherapy, chemoradiation, or a
combination. The European Organization of
Research and Treatment of Cancer (EORTC)
organized a study comparing 5-FU based chemo-
radiation versus observation in patients with
resected pancreatic head or periampullary can-
cers. Pancreatic head adenocarcinoma patients in
the treatment group derived an average improve-
ment in overall survival of approximately 4.5
months, unfortunately the study was under pow-
ered for this subgroup (p=0.099) [8]. A more
recent adjuvant trial from the European Study
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Group for Pancreatic Cancer (ESPAC) compared
observation to chemotherapy with 5-FU daily for
5 days each month for 6 months, chemoradiation
with 5-FU and 20 Gy, or combination [9]. The
results of ESPAC-1 demonstrate an improvement
in overall survival among those treated with che-
motherapy, with median survival of 19.7 months
compared with 14.0 months in those who had not
received chemotherapy [10]. The investigators
reported that the use of chemoradiation did not
improve survival and indeed may have a con-
founding negative effect when combined with
chemotherapy.

The CONKO-001 trial compared adjuvant
treatment with gemcitabine for 6 months with
observation following surgical resection and
found evidence of both disease-free and overall
survival with adjuvant chemotherapy [11].
Recently published long-term outcomes data
solidifies the benefit to gemcitabine in the adju-
vant setting. The treatment group had significant
improvement in disease-free survival at 13.4
months versus 6.7, and a near-doubling of 5-year
survival rates [12].

Current trials of adjuvant therapy have clearly
demonstrated a small but absolute benefit of sys-
temic therapy for the prevention of disease recur-
rence. The assumption is that this benefit derives
from treatment of microscopic disease that is nei-
ther clinically or radiographically apparent. The
ESPAC and CONKO results have helped to
establish 5-FU and gemcitabine-based chemo-
therapy regimens as effective in pancreatic ade-
nocarcinoma. These trials inform the neoadjuvant
space and help solidify the rationale for using
systemic therapy in the neoadjuvant setting.

Preoperatively, combination therapy is more
standard than in the metastatic setting. As with
earlier single-agent studies, ongoing multiple
agent chemotherapy trials in advanced disease
will offer insights applicable to neoadjuvant
treatment. The ongoing APACT study with nab-
paclitaxel and gemcitabine versus gemcitabine
alone (NCT01964430) seeks to answer the com-
bination question in the adjuvant setting—the
outcomes will provide insights relevant to
neoadjuvant therapy. Ultimately, the results of
these adjuvant trials are instructive in the treat-
ment of borderline resectable disease as the goal
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of chemotherapy in both settings is to reduce
postoperative disease recurrence. Incorporating
novel agents in the adjuvant setting will further
inform the preoperative platform. The role of
adjuvant chemotherapy in BRPC remains
unclear; however, the outcomes of trials such as
APACT may inform future areas of
investigation.

Retrospective Studies
with Preoperative Chemotherapy
in BRPC

Given the sound biologic and clinical rationale
for the preoperative approach to operable PDC
[13-15], it is not surprising to see an evolving
acceptance of this method for BRPC. The first
trials for preoperative therapy of BRPC were
planned approximately a quarter of a century
ago. A small trial published in 1990 treated
patients with locally advanced pancreatic adeno-
carcinoma with para-aortic adenopathy with neo-
adjuvant chemoradiation prior to surgical
exploration [16]. Patients received infusional
5-FU, bolus mitomycin-C, and radiation therapy
for 3 weeks of treatment prior to CT restaging.
Over 80 % underwent surgical exploration after
completing therapy and approximately 75 % of
those patients had their malignancy resected.
Two-thirds of the patients who were resected
were alive at time of publication; however, the
follow-up time frame for most patients was less
than a year. Additionally, the small study size and
lack of anatomic details limit generalizability to
the borderline resectable population. Regardless,
this prospective trial gave early suggestion that
neoadjuvant therapy may improve survival in
patients with initially non-resectable disease.

In 1997, Lu and colleagues conducted a pro-
spective analysis of the utility of a preoperative
CT scan in predicting resectability based on
degree of vascular involvement [17]. Specifically,
they designed a grading system characterized
tumor involvement of the portal and superior
mesenteric veins (PV/SMV), and celiac, hepatic,
and superior mesenteric arteries based on cir-
cumferential contiguity of tumor to vessel. Tumor
involvement of 80 vessels was analyzed, and they
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found when using a threshold of 180° unresect-
ability could be predicted with very high specific-
ity and high sensitivity. More recent studies that
utilize multimodal therapy, including neoadju-
vant treatment, have demonstrated the 180°
threshold is highly specific for identifying unre-
sectable disease [18-20].

The concept of borderline resectable disease
was first established in the literature in 2001 with
the term “marginally resectable” which was
applied to cancer involving the portal vein, supe-
rior mesenteric vein, or superior mesenteric
artery (SMA) [21]. Since, the definition of bor-
derline resectable pancreatic cancer has evolved
to include involvement of the celiac axis, com-
mon hepatic artery (CHA), and SMA, and PV/
SMV [22]. Extent and characteristics of vascular
involvement remain controversial and are dis-
cussed in greater detail in other chapters.
Accurate imaging with pancreatic-phase thin-
section helical CT plays an essential role in deter-
mining borderline resectable status.

Recognizing that borderline patients represent
a unique disease phenotype, there have been sev-
eral efforts to retrospectively identify BRPC
cases. Table 6.1 outlines key characteristics of
several recent and sizable retrospective studies. It
is important to note that the criteria used to iden-
tify patients as borderline resectable are not uni-
form between these studies. Additionally, some
include non-borderline cases, but the table
reflects only the data from BRPC patients.

MDACC published one of the largest retro-
spective studies to date [23]. 129 patients were
identified as borderline resectable by either
MDACC or AHPBA/SSO/SSAT criteria; 70 met
both sets of criteria. Patients were primarily
treated with either sequential gemcitabine-based
chemotherapy followed by chemoradiation or
chemoradiation alone. A majority of patients
underwent resection and nearly all achieved RO
resection. The average survival in the surgical
group was 32 months while in the unresected
population it was only 12 months. Benefit was
seen even though preoperative therapy rarely
resulted in clinically relevant downstaging of
tumors. Importantly, this study shows benefit
from chemoradiation independently or in
sequence with chemotherapy.
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Table 6.1 Retrospective trials with neoadjuvant chemotherapy in BRPC

Reference BRPC cases | Regiment

Turrini [85] 49 5-FU/Cis + XRT

Chun [24] 74 5-FU/Gem + XRT
Stokes [25] 40 Cape + XRT; Adj GEM

Barugola [86] 27 GEM +/- Cape/OX; then

XRT +GEM +/- Cis/

Cape
Katz [23] 129 GEM +/- Cis;
GEM/5-FU + SBRT
Kang [87] 35 GEM +/- Cis+ XRT
Chuong [26] 57 GTX; then SBRT
Kharofa [88] 39 Multiple
Paniccia [31] 20 FOLFIRINOX
Blazer [32] 18 mFOLFIRINOX

20S endpoint not reached
"Not provided

Chun et al. [24] looked specifically at the
impact of neoadjuvant chemoradiation on margin
negative resection in borderline resectable cases
involving the portal or superior mesenteric vein
(PV/SMV). They compared 74 preoperatively
treated patients to 35 that received upfront sur-
gery. Of those treated, 78 % received gemcitabine-
based chemoradiation while 22 % received 5-FU
based chemoradiation. They found improved sur-
vival with chemoradiation in patients with unilat-
eral involvement of the PV/SMV (Ishikawa type
II and III); however, there was not a significant
survival benefit with bilateral involvement
(Ishikawa type IV and V). Overall, preoperative
therapy and margin negative resection status both
were associated with improved survival in these
cases involving the PV/SMV.

Stokes and colleagues [25] evaluated patients
with borderline resectable disease by the MDACC
classification who were treated with preoperative
capecitabine with radiation. Among the 40 BRPC
patients, 85 % completed therapy and 16 under-
went resection. RO resection was achieved in 75
% of surgical cases. The authors conclude that
capecitabine-based chemoradiation is well toler-
ated and effective in selecting patients most likely
to benefit from surgery.

A single-institution analysis out of Moffitt [26]
looked at sequential induction with 3 cycles of

Number RO resection | OS, all pts | OS, resected
resected (%) | (%) (mo) pts (mo)
9 b b b

74 44 (59 %) b 23

16 (46 %) 12 (75 %) 12 23

41 29 (71 %) 27.8 35

85 81 22 32

32 28 26.3 32.6

32 (56 %) 31 (97 %) 16.4 19.3

22 (56 %) 22 20.4 26.4

17 (85 %) 17 (100 %) b b

11 9 21.2 a

chemotherapy followed by SBRT in a cohort of
BRPC patients. 66 % of patients received a com-
bination of gemcitabine, docetaxel, and
capecitabine (GTX) and the majority received
gemcitabine-based therapy. Of those treated, 56
% went to surgery and 97 % of those achieved an
RO resection. Among these, three patients had a
pathologic complete response (pCR) and one had
a near pCR. These four patients were all treated
with GTX and none had relapsed at time of pub-
lication. This result offers a suggestion that
multi-agent chemotherapy regimens such as
GTX may more effectively control micrometa-
static disease than single-agent chemotherapy
regimens.

An approach combining 5-FU, leucovorin, iri-
notecan, and oxaliplatin, collectively referred to
as FOLFIRINOX, is an important treatment regi-
men that has become more common in the past
several years. This regimen was developed for
metastatic disease given from evidence that 5-FU
plus oxaliplatin [27] and irinotecan [28] inde-
pendently are effective in metastatic pancreatic
adenocarcinoma. The regimen was reasonably
tolerated with overall improvement in quality
of life [29]. Subsequently, in a large phase III
trial comparing FOLFIRINOX to gemcitabine,
FOLFIRINOX was found to be superior in
both progression-free and overall survival [30].



6 Role of Systemic Therapy

Of critical importance, FOLFIRINOX demon-
strated a highly significant improvement in
response rate, 31.6 % versus 9.4 % in the gem-
citabine group. As a result, there is a strong
desire to test the role of this regimen in the neo-
adjuvant setting.

Several small trials have reported positive out-
comes with FOLFIRINOX in the preoperative
setting. Paniccia [31] reported on a small retro-
spective cohort of patients who received
FOLFIRINOX. Approximately half received
only chemotherapy while the rest received che-
motherapy followed by chemoradiation. In spite
of expected toxicities, nearly 90 % of patients
completed chemotherapy. 85 % underwent resec-
tion and all those patients achieved RO resection.
A separate study looking at a modified
FOLFIRINOX regimen with reduced doses
found similar rates of resection and high RO
resection rates with less toxicities [32].

While these retrospective studies yield valu-
able information, they have several limitations.
Many early reviews have limit numbers of bor-
derline cases or conversely do not explicitly
define the criteria used to define patients as bor-
derline resectable. Fortunately, more recent stud-
ies tend to have crisper definitions that make the
resultant findings more application to this popu-
lation. A major challenge is that most studies mix
neoadjuvant treatment regimens. As such, it is
difficult to determine what components of che-
motherapy or chemoradiation are providing the
most benefit. Fortunately, there are several small
prospective trials to evaluate neoadjuvant regi-
mens and several ongoing larger randomized
controlled trials that are improving our preopera-
tive chemotherapy regimens.

Prospective Studies

with Preoperative Chemotherapy
in BRPC, including Current Trials
in Progress

Retrospective studies of borderline resectable
disease provide a strong suggestion that patients
benefit from presurgical chemotherapy. A variety
of prospective trials with a borderline population
have been conducted in the past decade to

95

identify the most effective regimens and many
trials are ongoing. First, we will highlight several
prospective studies investigating the role of neo-
adjuvant chemotherapy as single-modality ther-
apy in patients with BRPC.

Sahora et al. published the results of two sepa-
rate phase II studies with neoadjuvant gem-
citabine plus either oxaliplatin or docetaxel. In
the gemcitabine and oxaliplatin (GemOx) study
[33], patients received 6-9 weekly doses of
GemOx with restaging and surgical exploration if
evidence of response on imaging or clinically. Of
the 15 patients who were classified as borderline
resectable at enrollment, 47 % underwent surgi-
cal exploration. RO resection rate was 69 %, and
median survival was 22 months for resected ver-
sus 12 months for unresected patients. The gem-
citabine and docetaxel (GemTax) trial [34]
treated patients with 8 weeks (2 cycles) of
GemTax prior to restaging. Patients with partial
response or stable disease with improved clinical
condition were taken for surgical exploration. Of
the 12 patients with BRPC at study entry, 7 (58
%) underwent surgical exploration and ultimately
4 (33 %) were resected with curative intent. The
overall RO resection rate was 87 %. Median sur-
vival among resected versus unresected patients
was 16.3 months versus 12.2 months,
respectively.

A separate phase II study examined the role of
neoadjuvant  dose-dense  gemcitabine  and
capecitabine (GX) in locally advanced pancreatic
cancer [35]. Treatment typically consisted of 2
weeks of weekly gemcitabine and daily
capecitabine on a 3-week cycle. Average number
of treatment cycles was three. Per protocol,
patients were classified as borderline resectable
based on NCCN criteria and 18 BRPC patients
were enrolled along with 23 unresectable patients.
A total of 11 (61 %) underwent surgical resection
and9of 11 (82 %) were ROresections. Interestingly,
the authors also analyzed patients based on Asian
Pancreatobiliary Cancer Center (APBCC) criteria
which results in 33 out of 43 patients being classi-
fied as borderline resectable. With broader inclu-
sion criteria, a smaller proportion of patients (46
%) underwent resection, yet a greater number, 13
of 15 (87 %) were RO resections. The median sur-
vival of resected patients was 23.1 months com-
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pared with 13.4 months in unresected patients.
This trial also demonstrates the importance of
standardization of BRPC criteria. The internal
variability of results based on the borderline
resectable classification system demonstrates the
challenge of comparing results between trials.

Most centers use a combination of chemother-
apy and chemoradiation therapy for neoadjuvant
treatment of pancreatic adenocarcinoma, and
many trials combine these modalities of treat-
ment. Chemoradiation therapy can be delivered
independently or sequentially with chemotherapy
to treat BRPC. There is evidence supporting the
use of 5-fluorouracil agents (infusional 5-FU or
capecitabine) [36, 37] or gemcitabine [38, 39] as
radiosensitizing agents in combination with
radiotherapy. The NCCN notes that no standard
chemoradiation regimen exists for the treatment
of borderline resectable disease. Other chapters
of this textbook will discuss the data supporting
chemoradiation in greater detail.

Mehta and colleagues conducted the earliest
prospective trials of preoperative chemoradiation
in patients with borderline resectable characteris-
tics. Specifically, they enrolled patients with pan-
creatic adenocarcinoma had greater than 1 cm of
tumor abutment, but less than 180° involvement
of the PV, SMV, or SMA [21]. Patients received
protracted 5-FU infusion with concurrent radia-
tion totaling between 50.4 and 56 Gy. Of those
treated, 60 % underwent RO resection and had a
median survival of 30 months compared with 8
months for the remaining unresected patients.

A recent study by Takahashi et al. investigated
a regimen of gemcitabine-based chemoradiation
followed by gemcitabine in resectable and bor-
derline resectable patients [40]. Of 80 BRPC
patients, resection rate was 54 %, and among
those resected 34 % were alive at 5 years.
Notably, distant and peritoneal recurrence was
significantly higher in the BRPC group than the
baseline resectable cohort. In this study, neoadju-
vant gemcitabine-based chemoradiation seems to
be an effective therapy for resectable or
BRPC. Given higher rates of recurrence, border-
line resectable patients may benefit from higher
intensity chemotherapy regimens in the neoadju-
vant setting. Further trials investigating role of
chemoradiation therapy are ongoing.

M.J. Reilley and G.R. Varadhachary

Subsequently, a large number of trials to eval-
uate the efficacy of neoadjuvant or preoperative
chemotherapy in borderline or unresectable
tumors have been conducted. A recent meta-
analysis identified 57 studies that examined pre-
operative treatment with chemotherapy, radiation
therapy, or chemoradiation in patients with unre-
sectable tumors at diagnosis [41]. In their analy-
sis—of patients with initially unresectable
disease treated with neoadjuvant therapy—4.8 %
achieved a complete response and 30.2 %
achieved a partial response. These rates were
higher with combination chemotherapy com-
pared with monotherapy. Significantly, 33.2 % of
patients underwent surgical exploration with
resection; of these, 79.2 % of patients achieved
an RO resection. The profound implication of this
meta-analysis is that preoperative therapy, with
an emphasis on systemic therapy, offers the
opportunity for a subset of patients previously
considered incurable to be treated with curative
intent. Importantly, the meta-analysis did not find
a significant difference in the outcomes of
patients initially presenting with resectable dis-
ease receiving neoadjuvant therapy compared
with adjuvant. This highlights the importance of
having criteria to identify which patients are
unresectable and most likely to achieve RO resec-
tion with neoadjuvant treatment.

There are multiple ongoing investigations into
systemic neoadjuvant treatment options for
BRPC. In addition to trying to find an optimal
response rate, there is interest in achieving a bal-
ance of efficacy and toxicity. As many of these
studies are in progress, it is premature to widely
generalize results to broader patient populations;
however, there are exciting signals for novel
combinations and/or therapeutics.

Several early phase trials are investigating role
of S-1, alone or in combination, for the treatment
of BRPC. S-1 is an oral medication that consists
of tegafur, a prodrug of 5-FU; gimeracil, a dihy-
dropyrimidine dehydrogenase (DPD) inhibitor;
and oteracil, an inhibitor of phosphorylation in
the gastrointestinal tract. The prodrug is con-
verted into active 5-FU via hepatic metabolism
and degradation is blocked by inhibition of
DPD. Two phase III studies conducted in Japan
demonstrated non-inferiority to gemcitabine in
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the unresectable setting [42], and superiority
alone or in combination with gemcitabine in the
adjuvant setting [43, 44]. In one phase II trial, 35
BRPC patients were treated with combination
gemcitabine and S-1. 27 had no evidence of dis-
tance metastatic disease at time of resection and
had a median survival of 34.7 months compared
with 10.0 months for those with unresectable or
metastatic disease [45]. Another trial of chemora-
diation therapy with S-1 enrolled 28 patients, 25
of whom completed treatment. 24 (85.7 %)
underwent surgical resection and all achieved RO
resection. All resected pathology specimens had
Evans’ grade Ila response, and 14 had grade IIb
or greater reduction in tumor cells [46]. The large
phase III trials of S-1 have taken place in Japan
and there are concerns about how the toxicity
profile, particularly in Western populations, may
limit utilization of this drug [47]. These results
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are encouraging and trials of S-1 compared with
the more aggressive and established neoadjuvant
regimens are necessary.

Gemcitabine and nab-paclitaxel is an effective
treatment for pancreatic adenocarcinoma in the
metastatic setting. An early phase study of this
combination demonstrated good tolerability and
a promising response rate in the metastatic set-
ting [48]. The IMPACT trial compared this regi-
men to gemcitabine alone and found a good
improvement in response rate of 23 % versus 7 %
in the experimental and control arms, respec-
tively [49]. There are case reports describing the
use of this regimen in the locally advanced set-
ting with good response leading to resection [50].
Figure 6.1 demonstrates tumor and Ca 19-9
response in a patient treated with gemcitabine
and nab-paclitaxel. Current ongoing trials are
comparing these agents to FOLFIRINOX, in

5 months (C)
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Fig. 6.1 Imaging and Ca 19-9 levels in a 67-year-old
male patient with borderline resectable pancreatic adeno-
carcinoma treated with gemcitabine and nab-paclitaxel
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for 5 months followed by capecitabine-based chemoradia-
tion therapy receiving a total of 50.4 Gy
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combination with radiation therapy, or even with
novel targeted agents. Evidence-based data on
the utility of this regimen in the borderline resect-
able population is under active investigation.
FOLFIRINOX is being actively trialed in the
BRPC population. Retrospective studies discussed
earlier have shown much promise; however, vali-
dation from prospective trials is forthcoming. The
Alliance A021101 intergroup trial for BRPC is a
large trial to evaluate preoperative FOLFIRINOX
followed by capecitabine-based chemoradiation
and is currently ongoing. As an example, Fig. 6.2
demonstrates response to treatment without evi-
dence of recurrence in a patient treated with
FOLFIRINOX. Reduced intensity FOLFIRINOX
is appealing as it seeks to combine the benefit of
triple-agent therapy while minimizing dose-related
toxicities. Retrospective studies have shown simi-
lar benefits to full dose therapy with fewer side
effects [32]. However, prospective trials are
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needed. Several smaller prospective trials are
investigating FOLFIRINOX in the resectable or
locally advanced setting. A phase 2 trial at
MDACC is investigating modified preoperative
FOLFIRINOX and chemoradiation in high-risk
resectable and borderline resectable pancreatic
cancer patients. To date, using strict inclusion cri-
teria for high-risk disease resection rates are
approximately 50 %. While the data is still evolv-
ing, approximately 40 % of resected patients have
demonstrated early recurrence at less than 1 year
postoperatively. Importantly, it appears that
aggressive therapy does not rescue aggressive
biology in these patients. Therefore, better meth-
ods to identify the patients most likely to benefit
from therapy are needed. NCT-01992705 is spe-
cifically investigating BRPC and combines this
chemotherapy with SBRT; a similar trial, NCT-
01897454, combines chemotherapy  with
gemcitabine-based radiation therapy. There is

11 months, post-op (C)

T

Fig. 6.2 Imaging and Ca 19-9 levels in a 51-year-old
female with borderline resectable pancreatic adenocarci-
noma treated with FOLFIRINOX for 2 months with dose
reduction of oxaliplatin. This was followed by

capecitabine-based chemoradiation with 50.4 Gy. CT
images and Ca 19-9 levels include before and after surgi-
cal resection of primary tumor
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interest in combining immunotherapy modalities
to target the immunosuppressive environment in
pancreatic adenocarcinoma. NCT-01413022 is a
phase Ib study combining FOLFIRINOX with a
novel CCR2 inhibitor, an agent that has been
shown to target infiltrating, inflammatory
macrophages [51], demonstrated promising early
results [52]. The results of multiple ongoing pre-
operative trials of FOLFIRINOX and other novel
agents will provide a better understanding of the
efficacy in achieving better surgical and long-term
outcomes. Additionally, we need correlative blood
based and tumor studies tied to these prospective
trials that can serve as biomarkers and help sepa-
rate responders and long-term survivors from
patients who do poorly regardless of therapy plan.

There is not a well-established standard of
treatment for BRPC. Therefore, a patient that is
identified as having a primary cancer with ques-
tionable resectability or locally advanced disease
that may meet criteria for BRPC should be con-
sidered for treatment on research protocol and/or
referral to a high-volume center with experience
in treating this subset of disease. If this is not pos-
sible, patient should receive some form of neoad-
juvant treatment.

A recommended treatment algorithm is out-
lined below in Fig. 6.3. If on presentation, a
patient presents with clearly resectable disease,
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they should proceed to surgery or receive preop-
erative treatment on protocol. If presenting with
BRPC, they should receive some form of preop-
erative treatment based on their ability to handle
and desire for aggressive treatment. Either
FOLFIRINOX or gemcitabine-containing multi-
agent regimens are reasonable treatment options.

Rational Study Endpoints
for Preoperative Trials

A challenge encountered in designing preopera-
tive trials involves identifying the most relevant
endpoints for a trial. Commonly cited outcome
measures in studies include response rate, per-
centage of patients undergoing resection, and rate
of margin negative resection. However, many of
these features do not adequately predict relapse
or overall survival. Typically, systemic therapy
alone or in combination with radiation results in
minimal reduction in the primary tumor volume.
Therefore, criteria that qualify a response based
on reduction in tumor volume are typically not a
useful endpoint. Likewise, the percentage of
patients who proceed to surgery after neoadjuvant
treatment is heavily influenced by patient and
tumor characteristics. Indeed, a major benefit of
neoadjuvant treatment is to avoid early surgical

Upfront Gemcitabine-
| surgery based adjuvant
] Clearly
| resectable
Protocol-based
» preoperative
Confirmed treatment
pancreatic
adenocarcinoma
[ Restage |—{ Ssurgery |
Borderline | Preoperative
resectable treatment®

Fig.6.3 Treatment algorithm

*Preferably on protocol
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Table 6.2 Prospective trials with neoadjuvant chemotherapy in BRPC

BRPC
Reference cases Regiment
Landry [89] 21 GEM + XRT versus
GEM/Cis/5-FU then XRT
Sahora [34] 12 GEM + Docetaxel
Sahora [33] 15 GEM +0X
Pipas [90] 23 Cetuximab + GEM + XRT
Lee [35] 18 GEM + Cape
Kim [91] 39 GEM + OX + XRT; Adj
GEM +0X
Motoi [92] 16 GEM +S1 (2¢)
Takahashi [40] 80 GEM + XRT
Rose [93] 64 FOLFIRINOX (6¢)
Takeda [94] 35 GEM +Hyperfract XRT
Esnaola [95] 13 GEM + OX + Cetuximab;
then Cape + XRT

“Not provided

intervention in patients with microscopically
advanced disease that will declare itself as inop-
erable. At the present time, it is not to predict
which BRPC patients have microscopic advanced
disease at diagnosis. Therefore, it is possible that
failure to undergo surgical resection may not rep-
resent failure of preoperative systemic therapy.
Finally, margin negative resection seems to cor-
respond well with survival in the majority of ret-
rospective and prospective studies reported
(Tables 6.1 and 6.2). Margin status most directly
is representative of local disease control, but
seems to act as an indirect surrogate for meta-
static disease control.

Additional endpoints and markers of disease
response may improve our understanding of
treatment efficacy and serve a predictive role. Ca
19-9 is a commonly expressed cell surface marker
in pancreatic cancer cells. Decrease in either
measured level or trajectory of Ca 19-9 is associ-
ated with a response to treatment [53, 54].
Moreover, there is data suggesting that Ca 19-9
may be important in prognostication. In a recent
study from MDACC, normalization of Ca 19-9
after neoadjuvant therapy was associated with
longer overall survival in both resected and unre-
sected patients [55]. Conversely, failure of the Ca
19-9 level to normalize independently predicted
shorter OS. A separate study found that while
low baseline Ca 19-9 carried a positive predictive

Number RO resection | OS, all OS, resected
resected (%) | (%) patients (mo) | pts (mo)
5 a 16.4 26.3

8 (32 %) 87 % a 16

13 (39 %) 69 % a 22

25 (76 %) 92 % a 24.3

11 (61 %) 82 % 16 23

24 (62 %) 84 % 18 25

a 87 % 18 a

43 (54 %) 54 % 19 25

31 (48 %) 27 (87 %) 23.6 a

26 26 12.4 22

9 9 16.4 26.3

value of completing neoadjuvant treatment, this
was limited by poor negative predictive value
[56]. The authors also found little correlation
between Ca 19-9 response and histopathologic
response. Prospective studies that follow Ca 19-9
through the course of treatment are needed. There
are several other potential serum-based testing
methods for response to therapy that will be dis-
cussed in detail later in this chapter.

There is clear evidence that preoperative che-
motherapy is effective in some patients. In BRPC
cases, once inoperable patients are now being
effectively treated with multimodality therapy
and achieving cure. Measuring response to ther-
apy is crucial to improving and designing new
treatment regimens. However, most of these ther-
apies require good performance status and are
most effective when the full four to six treatment
course is completed. To optimize treatment, there
are several areas of patient care that should be
addressed by both non-oncology physicians and
other healthcare providers.

Considerations during Systemic,
Preoperative Therapy

There are several important aspects of care that
need to be optimized prior to initiation of chemo-
therapy; several are discussed in detail in previous
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chapters. Broadly, both physical and emotional
aspects of a patient’s treatment should be system-
atically addressed. These include placing a metal
biliary stent, prehabilitation for deconditioned
patients, optimizing nutrition, and early discus-
sion of patient expectations for experience during
and effect of treatment.

Role of metal stents: Patients with pancreatic
adenocarcinoma are often treated for biliary
obstruction with endoscopic stent placement
prior to evaluation by an oncologist. For resect-
able cancers, stent placement is not necessary
when short-term surgical intervention will
definitively address obstruction. Additionally,
in patients who do not have symptoms of
obstruction at diagnosis or have disease in the
body or tail, biliary drainage may not be neces-
sary. However, given the ambiguity of border-
line resectable cases, pretreatment stenting is
common. Plastic stents are commonly used in
the treatment of malignant obstruction. This is
due to concerns about intraoperative injury dur-
ing transection of the common bile duct arising
from use of uncovered metal stents [57].
Unfortunately, plastic stents have a greater ten-
dency to become occluded and indeed have
been found on to remain patent for less than the
average amount of time required to complete
neoadjuvant therapy [58]. Given that stent
occlusion is likely to interrupt therapy and
potentially result in life-threatening infection,
it is preferable that all locally advanced pancre-
atic adenocarcinoma patients receive a metal
stent [59]. Of importance, stent type should be
determined prior to initiating therapy, and
patients with plastic stents should undergo stent
exchange prior to treatment.

Role of prehabilitation: Prehabilitation is a rel-
atively new concept in the treatment of cancer
and refers to enhancing a patient’s functional
capacity prior to medical or surgical interven-
tion [60]. While the term originally applied to
improving physical capacity, most prehabilita-
tion programs are multidimensional and address
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debilitation, improving nutrition, optimizing
comorbid conditions, and even psychosocial
problems. Several trials of prehabilitation ther-
apy have demonstrated impressive improve-
ment in rates of postoperative recovery in
colorectal cancer patients [61, 62] and chemo-
therapy tolerance in breast cancer patients [63].
It is increasing being recognized that patients
with BRPC and marginal performance status
and/or reversible comorbidities are at higher
risk of poor outcomes [64]. The poor-risk
BRPC patients who are most likely to benefit
for prehabilitation should be identified and
treated with a multidisciplinary approach that
involves physical therapy, nutritional counsel-
ing, and medical or geriatric consultation and
optimization.

Nutrition: A history of weight loss is common at
presentation in many patients. Additionally, clues
to pancreatic insufficiency should be sought such
as a history of loose stools that float and may be
foul smelling and diabetes history. Early initia-
tion of pancreatic enzyme replacement and appe-
tite stimulant is important prior to initiation of
chemotherapy. Referral to a nutritionist may help
a patient to identify and learn optimal eating hab-
its throughout therapy.

Setting expectations: It is also essential to directly
address patient expectations regarding the experi-
ence during neoadjuvant therapy and the chance
of ultimately proceeding to surgical intervention.
Most neoadjuvant regimens are aggressive and
delivered in the outpatient setting. Multimodality
treatment courses are long and patients should
approach therapy like a marathon by addressing
many of the issues above before starting.
Complications, particular in high-risk patients,
may interrupt or necessitate discontinuation of
care. Even with evidence-based preoperative
treatment, radiographic response and surgical
exploration determine resectability [65]. It is
essential that patients understand the risk that
even with neoadjuvant treatment they may not be
curable with surgery.
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Biomarkers and Populations
of Interest: Tested and Work
in Progress

There are several critical points that need to be
addressed to improve outcomes and quality of
life with regard to neoadjuvant therapy in the
BRPC population. Many questions remain
regarding the optimal chemotherapy regimen,
stratification of elderly and high-risk patients,
length of treatment, and how to incorporate novel
therapies. At the present time, we rely heavily on
imaging to stage and track response to therapy.
With increasing recognition of malignancy-
related biomarkers, circulating tumor cells, or
cell-free DNA (cfDNA), it will be critical to uti-
lize such tumor markers to assess response to
treatment. As previously discussed, Ca 19-9 is
well established as marker of response to treat-
ment [55]. Several novel markers are emerging
that may help personalize chemotherapy choice
in the future.

Human equilibrative nucleoside transporter 1
(hENT1) expression has been shown to correlate
with gemcitabine-based therapy responsiveness
and overall survival [66]. In addition to being an
important cellular membrane transporter, its
expression is also associated with the epithelial—
mesenchymal transition (EMT) in pancreatic
adenocarcinoma cells. In knockdown models, it
appears to result in an altered cellular phenotype
[67]. The recognition of this marker is significant
as it allows recognition of tumors that may be
resistant to standard gemcitabine-based thera-
pies. A lipid conjugate of gemcitabine has been
tested in a population with hENT1 expression,
but was not found to be superior to standard gem-
citabine therapy [68]. The ability to recognize a
priori resistance to gemcitabine in the BRPC
population will help to select the optimal regimen
at the outset of treatment and potentially if resis-
tance develops during treatment.

The secreted protein acidic and rich in cysteine
(SPARC) is a protein that plays an essential role
in the stromal microenvironment of pancreatic
cancer. In PDAC, high levels of peritumoral fibro-
blast expression of SPARC in resected specimens
resulted with significantly worse survival, with a
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hazard ratio of 1.89 [69]. Analysis of resectable
patients from the CONKO-001 trial found that
this increased mortality was restricted to patients
who received adjuvant gemcitabine, suggesting
resistance to gemcitabine [70]. In a separate study,
adding nab-paclitaxel to gemcitabine resulted in
the disruption of the stromal microenvironment
and improved clinical outcomes [71]. These find-
ings suggest SPARC expression could be used to
better target chemotherapy to patients. However, a
recent analysis of SPARC expression in the
MPACT trial by Hidalgo [72] found conclusive
evidence it was not predictive in advanced dis-
ease. The role of SPARC in clinical treatment of
BRPC remains unclear.

There is evidence that the transforming growth
factor beta (TGF-f) pathway plays an important
role in pancreatic adenocarcinoma. The SMAD4
protein—also referred to as the DPC4 tumor sup-
pressor gene—is an intracellular mediator of
increased TGF-f pathway activity. While there
are conflicting reports on the role of SMAD4
expression on overall survival [73, 74], a recent
meta-analysis suggests it is correlated with over-
all poor prognosis [75, 76].

The role of liquid biopsies in pancreatic can-
cer is exciting as the quantity of tissue specimen
that can be obtained presurgically is limited.
There is some evidence that circulating tumor
cells can be collected and cultured in pancreatic
cancer [77, 78]. There is limited data evaluating
circulating cfDNA, but it does appear across pan-
creatic inflammatory conditions; pancreatic ade-
nocarcinoma has some of the highest detectable
levels [79]. The ability to obtain circulating
tumor cells and genetic material will be essential
in monitoring response to therapy and ideally
will contribute to understanding different
response patterns among patients.

One important area of consideration is the tol-
erability of neoadjuvant therapy and completion
rates, particularly in the elderly population. There
is some controversy as to whether elderly patients
have increased surgical complication rates [80].
However, studies from major centers suggest that
age is not an independent variable in postsurgical
morbidity [81, 82]. Therefore, it is important that
elderly patients with BRPC complete neoadjuvant



6 Role of Systemic Therapy

therapy to optimize their chance for surgical
resection and cure. One analysis suggests that
BRPC patients over 75 years old are nearly three
times less likely to complete neoadjuvant therapy
than their younger counterparts [83]. A separate
single-institution study of BRPC found similar
RO resection rates, 64.7 % versus 60 %, among
older patients treated with FOLFOX and younger
patients treated with FOLFIRINOX [84]. Indeed,
age may be a less appropriate means of classifica-
tion than a more comprehensive measurement of
performance status and underlying comorbidities.
Further studies are needed in elderly individuals
to identify the optimal neoadjuvant treatment par-
adigm that balances efficacy with tolerability.

Conclusions

Neoadjuvant chemotherapy is an important com-
ponent of the multimodal management of
BRPC. There are ongoing efforts to improve out-
comes of this aggressive disease through combina-
tion of multi-agent neoadjuvant chemotherapy
regimens and novel therapeutic agents. Our percep-
tion of BRPC as being unpredictable highlights a
gap in our understanding of the underlying biology
of this disease. As we enter the era of individual-
ized cancer therapy, it is important to identify novel
markers of disease to better prognosticate and tailor
therapies to patients. In the present, it is essential
that all stakeholders work together to establish uni-
form consensus definitions and prospective trials to
inform clinical practice.

References

1. Yeo CJ, et al. Pancreaticoduodenectomy for pancre-
atic adenocarcinoma: postoperative adjuvant chemo-
radiation improves survival. A prospective,
single-institution experience. Ann Surg.
1997;225(5):621-33. discussion 633-6.

2.Li D, et al. Pancreatic cancer. Lancet.
363(9414):1049-57.

3. Smeenk HG, et al. Long-term survival and metastatic
pattern of pancreatic and periampullary cancer after
adjuvant chemoradiation or observation: long-term
results of EORTC trial 40891. Ann Surg.
2007;246(5):734-40.

2004;

10.

11.

12.

13.

14.

15.

16.

17.

18.

103

. Katz MH, et al. Long-term survival after multidisci-

plinary management of resected pancreatic adenocar-
cinoma. Ann Surg Oncol. 2009;16(4):836—47.

. Neoptolemos JP, et al. Influence of resection margins

on survival for patients with pancreatic cancer treated
by adjuvant chemoradiation and/or chemotherapy in
the ESPAC-1 randomized controlled trial. Ann Surg.
2001;234(6):758-68.

. Wright JC. Update in cancer chemotherapy: gastroin-

testinal cancer, cancer of the pancreas. J Natl Med
Assoc. 1986;78(6):519-27.

. Kalser MH, Ellenberg SS. Pancreatic cancer. Adjuvant

combined radiation and chemotherapy following
curative resection. Arch Surg. 1985;120(8):899-903.

. Klinkenbijl JH, et al. Adjuvant radiotherapy and

5-fluorouracil after curative resection of cancer of the
pancreas and periampullary region: phase III trial of
the EORTC gastrointestinal tract cancer cooperative
group. Ann Surg. 1999;230(6):776-82. discussion
782-4.

. Neoptolemos JP, et al. Adjuvant chemoradiotherapy

and chemotherapy in resectable pancreatic cancer: a
randomised controlled trial. Lancet.
2001;358(9293):1576-85.

Neoptolemos JP, et al. A randomized trial of chemora-
diotherapy and chemotherapy after resection of pan-
creatic cancer. N Engl J Med 2004;
350(12):1200-10.

Oettle H, et al. Adjuvant chemotherapy with gem-
citabine vs observation in patients undergoing
curative-intent resection of pancreatic cancer: a ran-
domized controlled trial. JAMA. 2007;297(3):
267-717.

Oettle H, et al. Adjuvant chemotherapy with gem-
citabine and long-term outcomes among patients with
resected pancreatic cancer: the CONKO-001 random-
ized trial. JAMA. 2013;310(14):1473-8]1.

Spitz FR, et al. Preoperative and postoperative chemo-
radiation strategies in patients treated with
pancreaticoduodenectomy for adenocarcinoma of the
pancreas. J Clin Oncol. 1997;15(3):928-37.
Ishikawa O, et al. Is the long-term survival rate
improved by preoperative irradiation prior to
Whipple’s procedure for adenocarcinoma of the pan-
creatic head? Arch Surg. 1994;129(10):1075-80.
Coia L, et al. Preoperative chemoradiation for adeno-
carcinoma of the pancreas and duodenum. Int J Radiat
Oncol Biol Phys. 1994;30(1):161-7.

Weese JL, et al. Increased resectability of locally
advanced pancreatic and periampullary carcinoma
with neoadjuvant chemoradiotherapy. Int J Pancreatol.
1990;7(1-3):177-85.

Lu DS, et al. Local staging of pancreatic cancer: crite-
ria for unresectability of major vessels as revealed by
pancreatic-phase, thin-section helical CT. AJR Am
J Roentgenol. 1997;168(6):1439—43.

Tamm EP, et al. Staging of pancreatic cancer with
multidetector CT in the setting of preoperative chemo-
radiation therapy. Abdom Imaging.
2006;31(5):568-74.



104

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Kaneko OF, et al. Performance of multidetector com-
puted tomographic angiography in determining surgi-
cal resectability of pancreatic head adenocarcinoma.
J Comput Assist Tomogr. 2010;34(5):732-8.

Tran Cao HS, et al. Radiographic tumor-vein interface
as a predictor of intraoperative, pathologic, and onco-
logic outcomes in resectable and borderline resectable
pancreatic  cancer. J  Gastrointest  Surg.
2014;18(2):269-78. discussion 278.

Mehta VK, et al. Preoperative chemoradiation for
marginally resectable adenocarcinoma of the pan-
creas. J Gastrointest Surg. 2001;5(1):27-35.
Varadhachary GR, et al. Borderline resectable pancre-
atic cancer: definitions, management, and role of pre-
operative therapy. Ann Surg Oncol. 2006;13(8):
1035-46.

Katz MH, et al. Response of borderline resectable
pancreatic cancer to neoadjuvant therapy is not
reflected by radiographic indicators. Cancer.
2012;118(23):5749-56.

Chun YS, et al. Defining venous involvement in bor-
derline resectable pancreatic cancer. Ann Surg Oncol.
2010517(11):2832-8.

Stokes JB, et al. Preoperative capecitabine and con-
current radiation for borderline resectable pancreatic
cancer. Ann Surg Oncol. 2011;18(3):619-27.
Chuong MD, et al. Stereotactic body radiation therapy
for locally advanced and borderline resectable pancre-
atic cancer is effective and well tolerated. Int J Radiat
Oncol Biol Phys. 2013;86(3):516-22.

Ducreux M, et al. Randomized phase II study evaluat-
ing oxaliplatin alone, oxaliplatin combined with infu-
sional 5-FU, and infusional 5-FU alone in advanced
pancreatic  carcinoma  patients. Ann  Oncol.
2004;15(3):467-73.

Ueno H, et al. A phase II study of weekly irinotecan
as first-line therapy for patients with metastatic pan-
creatic cancer. Cancer Chemother Pharmacol.
2007;59(4):447-54.

Conroy T, et al. Irinotecan plus oxaliplatin and
leucovorin-modulated fluorouracil in advanced pan-
creatic cancer—a Groupe Tumeurs Digestives of the
Federation Nationale des Centres de Lutte Contre le
Cancer study. J Clin Oncol. 2005;23(6):1228-36.
Conroy T, et al. FOLFIRINOX versus gemcitabine for
metastatic pancreatic cancer. N Engl J Med.
2011;364(19):1817-25.

Paniccia A, et al. Neoadjuvant FOLFIRINOX appli-
cation in borderline resectable pancreatic adenocarci-

noma: a retrospective cohort study. Medicine
(Baltimore). 2014;93(27), e198.
Blazer M, et al. Neoadjuvant modified (m)

FOLFIRINOX for locally advanced unresectable
(LAPC) and borderline resectable (BRPC) adenocar-
cinoma of the pancreas. Ann Surg Oncol.
2015;22(4):1153-9.

Sahora K, et al. NeoGemOx: gemcitabine and oxali-
platin as neoadjuvant treatment for locally advanced,
nonmetastasized  pancreatic  cancer.  Surgery.
2011;149(3):311-20.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

M.J. Reilley and G.R. Varadhachary

Sahora K, et al. NeoGemTax: gemcitabine and
docetaxel as neoadjuvant treatment for locally
advanced nonmetastasized pancreatic cancer. World
J Surg. 2011;35(7):1580-9.

Lee JL, et al. Prospective efficacy and safety study of
neoadjuvant gemcitabine with capecitabine combina-
tion chemotherapy for borderline-resectable or unre-
sectable locally advanced pancreatic adenocarcinoma.
Surgery. 2012;152(5):851-62.

White RR, et al. Neoadjuvant chemoradiation for
localized adenocarcinoma of the pancreas. Ann Surg
Oncol. 2001;8(10):758-65.

Le Scodan R, et al. Preoperative chemoradiation in
potentially resectable pancreatic adenocarcinoma:
feasibility, treatment effect evaluation and prognostic
factors, analysis of the SFRO-FFCD 9704 trial and
literature review. Ann Oncol. 2009;20(8):1387-96.
Evans DB, et al. Preoperative gemcitabine-based
chemoradiation for patients with resectable adenocar-
cinoma of the pancreatic head. J Clin Oncol.
2008;26(21):3496-502.

Talamonti MS, et al. A multi-institutional phase II
trial of preoperative full-dose gemcitabine and con-
current radiation for patients with potentially resect-
able pancreatic carcinoma. Ann Surg Oncol.
2006;13(2):150-8.

Takahashi H, et al. Preoperative gemcitabine-based
chemoradiation therapy for resectable and borderline
resectable pancreatic cancer. Ann Surg. 2013;258(6):
1040-50.

Gillen S, et al. Preoperative/neoadjuvant therapy in
pancreatic cancer: a systematic review and meta-
analysis of response and resection percentages. PLoS
Med. 2010;7(4), €1000267.

Ueno H, et al. Randomized phase III study of gem-
citabine plus S-1, S-1 alone, or gemcitabine alone in
patients with locally advanced and metastatic pancre-
atic cancer in Japan and Taiwan: GEST study. J Clin
Oncol. 2013;31(13):1640-8.

Uesaka K, et al. Randomized phase III trial of adju-
vant chemotherapy with gemcitabine versus S-1 for
patients with resected pancreatic cancer (JASPAC-01
study). J Clin Oncol. 2013; 31(4): abstr 145.
Fukutomi A, et al. JASPAC 01: randomized phase III
trial of adjuvant chemotherapy with gemcitabine ver-
sus S-1 for patients with resected pancreatic cancer.
J Clin Oncol. 2013; 31(15): abstr 4008.

Mizuma M, et al. Neoadjuvant chemotherapy with
gemcitabine and S-1 for resectable and borderline
pancreatic ductal adenocarcinoma: a prospective,
multi-institutional, phase II trial. J Clin Oncol. 2014;
32(3): abstr 283.

Hattori M, et al. Neoadjuvant chemoradiotherapy
with S-1 in patients with borderline resectable pancre-
atic cancer. J Clin Oncol. 2014; 32(3): abstr 302.
Sudo K, Nakamura K, Yamaguchi T. S-1 in the treat-
ment of pancreatic cancer. World J Gastroenterol.
2014:20(41):15110-8.

Von Hoff DD, et al. Gemcitabine plus nab-paclitaxel
is an active regimen in patients with advanced pancre-



49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Role of Systemic Therapy

atic cancer: a phase I/Il trial. J Clin Oncol.
2011;29(34):4548-54.

Von Hoff DD, et al. Increased survival in pancreatic
cancer with nab-paclitaxel plus gemcitabine. N Engl
J Med. 2013;369(18):1691-703.

Olowokure O, Torregroza-Sanchez MP, Bedoya-
Apraez ID. Gemcitabine plus Nab-Paclitaxel with
chemoradiation in locally advanced pancreatic cancer
(LAPC). J Gastrointest Oncol. 2013;4(2):E16-8.
Sanford DE, et al. Inflammatory monocyte mobiliza-
tion decreases patient survival in pancreatic cancer: a
role for targeting the CCL2/CCR2 axis. Clin Cancer
Res. 2013;19(13):3404-15.

Wang-Gillam A, et al. Phase IB study of FOLFIRINOX
plus PF-04136309 in patients with borderline resect-
able and locally advanced pancreatic adenocarcinoma
(PC). J Clin Oncol. 2015;33(3 suppl):abstr 338.
Montgomery RC, et al. Prediction of recurrence and
survival by post-resection CA 19-9 values in patients
with adenocarcinoma of the pancreas. Ann Surg
Oncol. 1997;4(7):551-6.

Distler M, et al. Preoperative CEA and CA 19-9 are
prognostic markers for survival after curative resec-
tion for ductal adenocarcinoma of the pancreas—a
retrospective tumor marker prognostic study. Int
J Surg. 2013;11(10):1067-72.

Tzeng CW, et al. Serum carbohydrate antigen 19-9
represents a marker of response to neoadjuvant ther-
apy in patients with borderline resectable pancreatic
cancer. HPB (Oxford). 2014;16(5):430-8.

Katz MH, et al. Serum CA 19-9 as a marker of resect-
ability and survival in patients with potentially resectable
pancreatic cancer treated with neoadjuvant chemoradia-
tion. Ann Surg Oncol. 2010;17(7):1794-801.

Wasan SM, et al. Use of expandable metallic biliary
stents in resectable pancreatic cancer. Am
J Gastroenterol. 2005;100(9):2056-61.

Boulay BR, Gardner TB, Gordon SR. Occlusion rate
and complications of plastic biliary stent placement in
patients undergoing neoadjuvant chemoradiotherapy
for pancreatic cancer with malignant biliary obstruc-
tion. J Clin Gastroenterol. 2010;44(6):452-5.

Boulay BR, Parepally M. Managing malignant biliary
obstruction in pancreas cancer: choosing the appropriate
strategy. World J Gastroenterol. 2014;20(28):9345-53.
Silver JK, Baima J. Cancer prehabilitation: an oppor-
tunity to decrease treatment-related morbidity,
increase cancer treatment options, and improve physi-
cal and psychological health outcomes. Am J Phys
Med Rehabil. 2013;92(8):715-27.

Li C, et al. Impact of a trimodal prehabilitation pro-
gram on functional recovery after colorectal cancer sur-
gery: a pilot study. Surg Endosc. 2013;27(4):1072-82.
Mayo NE, et al. Impact of preoperative change in
physical function on postoperative recovery: argu-
ment supporting prehabilitation for colorectal surgery.
Surgery. 2011;150(3):505-14.

de Paleville DT, Topp RV, Swank AM. Effects of aer-
obic training prior to and during chemotherapy in a
breast cancer patient: a case study. J Strength Cond
Res. 2007;21(2):635-7.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

71.

78.

79.

105

Tzeng CW, et al. Morbidity and mortality after pan-
creaticoduodenectomy in patients with borderline
resectable type C clinical classification. J Gastrointest
Surg. 2014;18(1):146-55. discussion 155-6.
Cassinotto C, et al. Locally advanced pancreatic ade-
nocarcinoma: reassessment of response with CT after
neoadjuvant chemotherapy and radiation therapy.
Radiology. 2014;273(1):108-16.

Nordh S, Ansari D, Andersson R. hENT1 expression
is predictive of gemcitabine outcome in pancreatic
cancer: a systematic review. World J Gastroenterol.
2014;20(26):8482-90.

Lee Y, et al. Human equilibrative nucleoside trans-
porter-1 knockdown tunes cellular mechanics through
epithelial-mesenchymal transition in pancreatic can-
cer cells. PLoS One. 2014;9(10), e107973.

Poplin E, et al. Randomized, multicenter, phase II
study of CO-101 versus gemcitabine in patients with
metastatic pancreatic ductal adenocarcinoma: includ-
ing a prospective evaluation of the role of hENTI in
gemcitabine or CO-101 sensitivity. J Clin Oncol.
2013;31(35):4453-61.

Infante JR, et al. Peritumoral fibroblast SPARC
expression and patient outcome with resectable pan-
creatic adenocarcinoma. J Clin Oncol. 2007;25(3):
319-25.

Sinn M, et al. SPARC expression in resected pancre-
atic cancer patients treated with gemcitabine: results
from the CONKO-001 study. Ann Oncol.
2014;25(5):1025-32.

. Alvarez R, et al. Stromal disrupting effects of nab-

paclitaxel in pancreatic cancer. Br J Cancer.
2013;109(4):926-33.

Hidalgo M, et al. O-0004 SPARC analysis in the
phase III MPACT trial of nab-paclitaxel (nab-p) plus
gemcitabine (gem) vs gem alone for patients with
metastatic pancreatic cancer (PC). Ann Oncol.
201425 suppl 2:1i106.

Javle M, et al. Biomarkers of TGF-beta signaling
pathway and prognosis of pancreatic cancer. PLoS
One. 2014;9(1):e85942.

Hua Z, et al. Loss of DPC4 expression and its correla-
tion with clinicopathological parameters in pancreatic
carcinoma. World J Gastroenterol. 2003;9(12):2764-7.
Du Y, et al. Meta-analysis of the prognostic value of
smad4 immunohistochemistry in various cancers.
PLoS One. 2014;9(10):e110182.

Boone BA, et al. Loss of SMAD4 staining in pre-
operative cell blocks is associated with distant metas-
tases following pancreaticoduodenectomy with
venous resection for pancreatic cancer. J Surg Oncol.
2014:110(2):171-5.

Bobek V, et al. Circulating tumor cells in pancreatic
cancer patients: enrichment and cultivation. World
J Gastroenterol. 2014;20(45):17163-70.

Kulemann B, et al. Circulating tumor cells found in
patients with localized and advanced pancreatic can-
cer. Pancreas. 2015;44(4):547-50.

Sikora K, et al. Evaluation of cell-free DNA as a bio-
marker for pancreatic malignancies. Int J Biol
Markers. 2015;30(1):e136-41.



106

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Gerstenhaber F, et al. Pancreaticoduodenectomy in
elderly adults: is it justified in terms of mortality,
long-term morbidity, and quality of life? J Am Geriatr
Soc. 2013;61(8):1351-7.

Frakes JM, et al. Resected pancreatic cancer outcomes
in the elderly. J Geriatr Oncol. 2015;6:127-32.
Makary MA, et al. Pancreaticoduodenectomy in the
very elderly. J Gastrointest Surg. 2006;10(3):347-56.
Miura JT, et al. Neoadjuvant therapy for pancreatic
cancer in patients older than age 75. J Clin Oncol.
2014;32(3):abstr 287.

Son CO, et al. Outcomes of neoadjuvant chemother-
apy with FOLFOX/FOLFIRINOX and chemoradio-
therapy in borderline resectable pancreatic cancer:
single-institution experience. J Clin Oncol. 2014;
32(3): abstr 327.

Turrini O, et al. Neoadjuvant chemoradiation and pan-
creaticoduodenectomy for initially locally advanced
head pancreatic adenocarcinoma. Eur J Surg Oncol.
2009;35(12):1306-11.

Barugola G, et al. Outcomes after resection of locally
advanced or borderline resectable pancreatic cancer after
neoadjuvant therapy. Am J Surg. 2012;203(2):132-9.
Kang CM, et al. Potential contribution of preoperative
neoadjuvant concurrent chemoradiation therapy on
margin-negative resection in borderline resectable pan-
creatic cancer. J Gastrointest Surg. 2012;16(3):509-17.
Kharofa J, et al. Neoadjuvant chemoradiation with
IMRT in resectable and borderline resectable pancre-
atic cancer. Radiother Oncol. 2014;113(1):41-6.
Landry J, et al. Randomized phase II study of gem-
citabine plus radiotherapy versus gemcitabine,

90.

91.

92.

93.

94.

95.

M.J. Reilley and G.R. Varadhachary

S-fluorouracil, and cisplatin followed by radiotherapy
and 5-fluorouracil for patients with locally advanced,
potentially resectable pancreatic adenocarcinoma.
J Surg Oncol. 2010;101(7):587-92.

Pipas JM, et al. Neoadjuvant cetuximab, twice-weekly
gemcitabine, and intensity-modulated radiotherapy
(IMRT) in patients with pancreatic adenocarcinoma.
Ann Oncol. 2012;23(11):2820-7.

Kim EJ, et al. A multi-institutional phase 2 study of
neoadjuvant gemcitabine and oxaliplatin with radia-
tion therapy in patients with pancreatic cancer.
Cancer. 2013;119(15):2692-700.

Motoi F, et al. Neoadjuvant chemotherapy with gem-
citabine and S-1 for resectable and borderline pancre-
atic ductal adenocarcinoma: results from a prospective
multi-institutional phase 2 trial. Ann Surg Oncol.
2013;20(12):3794-801.

Rose JB, et al. Extended neoadjuvant chemotherapy
for borderline resectable pancreatic cancer demon-
strates promising postoperative outcomes and sur-
vival. Ann Surg Oncol. 2014;21(5):1530-7.

Takeda Y, et al. Neoadjuvant gemcitabine-based
accelerated hyperfractionation chemoradiotherapy
for patients with borderline resectable pancreatic
adenocarcinoma. Jpn J Clin Oncol. 2014;44(12):
1172-80.

Esnaola NF, et al. Phase 2 trial of induction gem-
citabine, oxaliplatin, and cetuximab followed by
selective capecitabine-based chemoradiation in
patients with borderline resectable or unresectable
locally advanced pancreatic cancer. Int J Radiat Oncol
Biol Phys. 2014;88(4):837-44.



Neilayan Sen and Ross Abrams

Introduction and Overview

Complete surgical resection has long been a fun-
damental element of any curative intent para-
digm for the treatment of localized pancreatic
adenocarcinoma. Initial surgical series published
in the 1960s—1980s showed significant morbidity
and mortality (up to 30 %) associated with
attempted resection [1, 2]. Subsequently,
advances in surgical technique, diagnostic imag-
ing, and perioperative care decreased surgical
morbidity and mortality [3]. In addition, progress
in the field of diagnostic imaging has allowed for
presurgical evaluation of resectability and the
detection of non-symptomatic metastatic dis-
ease. These distinctions have made it increas-
ingly possible and important to understand the
clinical differences and opportunities among
patients presenting with metastatic and non-
metastatic findings and especially the distinctions
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around extent of local disease. Although medical
oncologists have often included both metastatic
and locally advanced patients in chemotherapy
trials, developments in preoperative staging and
perioperative management have made it increas-
ingly important to recognize which patients are
not well served by a ‘“chemotherapy-only”
approach. These distinctions rely on currently
available imaging for understanding the relation-
ship of local disease to arterial and venous anat-
omy, clinical prognostic factors, and evolving
appreciation of the clinical implications of iden-
tified molecular markers.

Although several retrospective series in the
late 1990s and early 2000s showed the feasibil-
ity and efficacy of neoadjuvant chemoradiother-
apy in potentially resectable disease, there is
considerable difficulty in interpreting these data
as the criteria for resectability were not consis-
tent from series to series. Following the estab-
lishment of NCCN guidelines, and with
collaboration among the American Hepato-
Pancreato-Biliary =~ Association, Society of
Surgical Oncology, and Society for Surgery of
the Alimentary Tract starting in the late 2000s,
many institutions have published their series on
neoadjuvant chemoradiotherapy using standard-
ized criteria for resectability. A summary of
resectability criteria is presented in Table 7.1.
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Table 7.1 Comparison of Americas Hepatopancreaticobiliary Association/Society for Surgery of the Alimentary
Tract/Society of Surgical Oncology (AHPBA/SSO/SSAT), MD Anderson, National Comprehensive Cancer Network

(NCCN), and Intergroup radiographic definitions of borderline resectable pancreatic cancer

AHPBA/SSAT/SSO MD Anderson NCCN 2012 Intergroup trial
SMV-PV Abutment®, encasement®, Occlusion Abutment with Interface between tumor
or occlusion impingement and vessel measuring
or narrowing 180° or greater of the
circumference of the
vessel wall, and/or
reconstructable! occlusion
SMA Abutment Abutment Abutment Interface between tumor
and vessel measuring less
than 180° of the
circumference of the
vessel wall
CHA Abutment or short- Abutment or Abutment or Reconstructabled,
segment encasement short-segment short-segment short-segment interface
encasement encasement between tumor and vessel
of any degree
Celiac No abutment or Abutment No abutment Interface between tumor
trunk encasement or encasement and vessel measuring less

than 180° of the
circumference of the
vessel wall

SMYV superior mesenteric vein, PV portal vein, SMA superior mesenteric artery, CHA common hepatic artery

#The NCCN criteria have changed over the years. The most recent criteria (2.2012) are included

"Defined as tumor-vessel interface less than 180° of vascular circumference

‘Defined as tumor-vessel interface at least 180° of vascular circumference

YNormal vein or artery proximal and distal to the site of suggested tumor-vessel involvement suitable for vascular

reconstruction

Prognostic Factors for Survival in
Locally Advanced Pancreatic Cancer

Clinical parameters at time of diagnosis have
long been demonstrated as prognostic factors in
patients with locally advanced and metastatic
pancreatic cancer. A representative analysis of
335 patients with histologically confirmed pan-
creatic cancer (36 % of whom had localized or
locally advanced disease) showed poor perfor-
mance status (ECOG PS 2-4) and weight loss
>10 % were independently associated with
shorter overall survival [4]. Similarly, a high
Charlson age-comorbidity index >3 at presenta-
tion and weight loss >10 % during neoadjuvant
chemoradiotherapy are independently associated
with reduced survival after resection [5, 6].
More recently, perioperative serum carbohy-
drate antigen (CA) 19-9 has been demonstrated
as a prognostic marker for outcome after defini-

tive resection independent of adjuvant therapy
[7-9]. CA 19-9 has also been shown to be a use-
ful marker in the treatment of patients with meta-
static pancreatic cancer [10, 11]. These
developments have spurred interest in the incor-
poration of CA 19-9 monitoring in the neoadju-
vant setting. In an analysis of 141 patients with
borderline resectable pancreatic cancer treated
with neoadjuvant therapy (NAT) at MD Anderson,
82 % experienced measurable decline in CA 19-9
over the course of NAT. Sixty percent of all
patients underwent resection. The normalization
of CA 19-9 after NAT was associated with longer
median overall survival among both non-resected
(15 vs. 11 months) and resected patients (38 vs.
26 months). In multivariate analysis, failure to
normalize CA 19-9 was independently associated
with reduced survival (hazard ratio 2.13). In a
similar analysis reported by investigators at the
University of Pittsburgh, following NAT, a CA
19-9 response of >50 % predicted for RO resection
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(odds ratio 4.2) in a cohort consisting of 21
resectable, 40 borderline resectable, and 17
locally advanced presentations [12]. None of five
borderline patients with an increase in CA 19-9
after NAT underwent RO resection compared to
80 % of the remaining borderline resectable
patients. Also, CA 19-9 response of >50 % inde-
pendently predicted for improved survival
(median overall survival 28 vs. 11.1 months).

Brief Review of Published Data
on the Use of Radiotherapy
in the Neoadjuvant Setting

Progress in the neoadjuvant management of bor-
derline resectable pancreatic cancer has occurred
in parallel with emerging data in the management
of locally advanced and metastatic pancreatic
cancer. In this section, relevant radiation therapy
data are reviewed chronologically.

Early Investigational Approaches:
External Beam Radiation

as the Only Component of NAT
(1970-1980s)

The rationale for neoadjuvant radiotherapy was
first established in the 1970s after a seminal
review of patterns of failure in patients treated
with definitive surgery at Massachusetts General
Hospital [13]. In 31 patients treated with radical
surgery alone, 50 % had a local recurrence at
time of death or last follow up. It was suggested
from this analysis that radiotherapy after resec-
tion may improve cancer related survival and that
preoperative radiotherapy could increase resect-
ability. The feasibility of neoadjuvant radio-
therapy was also established in the 1970s [14].
A representative early series of 17 patients
reported successful radical operation in six
patients after 40-50 Gy to the region of the pan-
creatic head. Analysis of resected specimens after
preoperative radiotherapy showed severely
degenerative cancer cells were more likely to be
located at the advancing point of carcinoma pro-
viding a histopathologic basis for the theory of
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improving resectability [15]. The technique of
preoperative radiotherapy gained institutional
popularity in the 1980s [16]. One of the first pub-
lished series reported on 54 consecutive patients
deemed appropriate candidates for curative intent
resection. Twenty-three patients were managed
with neoadjuvant radiotherapy (50 Gy in 25 frac-
tions with anterior-posterior parallel opposed
portals to an average field size of 11x11 cm).
These patients were compared to 31 patients who
proceeded to immediate laparotomy. Although
there was no difference in resectability between
the two groups, 1 year survival was significantly
improved and death due to regional recurrence
within 1.5 postoperative years was less common
(75 % vs. 43 %, p<0.05). However, long-term
survival was not affected [17]. In sum, these data
suggest that after preoperative radiotherapy, a
potential survival benefit from improved local
regional control was overwhelmed by systemic
failure.

Pre-gemcitabine-Based
Chemoradiotherapy

Investigators at MD Anderson initiated a series
of NAT protocols in the late 1980s. Technical
feasibility and safety of this paradigm was
established in 1992 with 28 patients with adeno-
carcinoma of the pancreatic head all of whom
received preoperative radiotherapy (50.4 Gy)
and concurrent daily fluorouracil [18]. All 28
patients completed the prescribed course of neo-
adjuvant therapy—five patients demonstrated
metastatic disease at re-staging 4-5 weeks after
completion of chemoradiotherapy and 23 under-
went laparotomy. Six patients were not resected
after laparotomy due to unsuspected metastatic
disease found at laparotomy (three) or locally
advanced  unresectable  disease  (three).
Seventeen patients successfully underwent pan-
creaticoduodenectomy with one perioperative
death. The technical feasibility of electron beam
intraoperative radiotherapy to the postoperative
bed after pancreaticoduodenectomy was estab-
lished soon thereafter [19]. The results of these
two prospective studies laid the groundwork for
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a third prospective trial in which 39 patients
received neoadjuvant chemoradiotherapy (30—
50.4 Gy with daily 5-FU) and intraoperative
radiotherapy (10 Gy with electron beam).
Isolated local or peritoneal recurrences were
documented in only 11 %, whereas 53 % devel-
oped liver metastases.

In parallel with the early prospective trials
conducted at MD Anderson, investigators at Fox
Chase performed a prospective feasibility study
utilizing NAT prior to attempted resection of
locally advanced pancreatic and periampullary
carcinoma [20]. Thirty-four patients were treated
with infusional 5-FU, bolus mitomycin-C, and
radiotherapy (median 50.4 Gy). Twenty-five
patients underwent exploration of whom 11 had
liver or peritoneal metastases and 10 had poten-
tially curative resections (RO resections). Four of
the 10 with potentially curative resections had
previously unresectable disease based on lapa-
rotomy prior to neoadjuvant therapy. One patient
died in the postoperative period. The promising
results of this pilot study prompted an Eastern
Cooperative Oncology Group phase II study of
preoperative chemoradiotherapy for potentially
resectable adenocarcinoma of the pancreas [21].
In this multi-institutional trial, 53 patients
received NAT (50.4 Gy in 28 fractions with mito-
mycin 10 mg/m? on day 2 and 5-FU continuous
infusion days 2-5 and 29-32). Six patients devel-
oped distant metastases at re-staging after neoad-
juvant therapy. Forty-one patients ultimately
underwent surgery and six of these patients had
local tumor not amenable for curative intent
resection. Twenty-four patients underwent resec-
tion and the median survival for this group was
15.7 months.

After the feasibility and safety of 5-FU-based
NAT was established for resectable patients,
individual institutions began to systematically
employ a neoadjuvant treatment paradigm for
patients with questionably resectable disease.
Many of the initial series investigating the role
of NAT in the management of pancreatic cancer
included 5-FU and mitomycin-C as radiosensi-
tizers. A representative series from Stanford
reported on 15 patients with “marginally” resect-
able adenocarcinoma of the pancreatic head
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(portal vein, superior mesenteric vein, or supe-
rior mesenteric artery involvement as identified
by CT). Patients received external beam radio-
therapy (50.4-56 Gy) with concurrent protracted
venous infusion of 5-FU (250 mg/m? per day).
No patient experienced grade 3 toxicity during
neoadjuvant therapy. Nine of the 15 patients
underwent RO pancreaticoduodenectomy [22].
The median survival for resected patients was 30
months. In 2001, investigators at Duke reviewed
a series of 111 patients with localized pancreatic
cancer treated with neoadjuvant 5-FU-based
chemoradiotherapy (median 45 Gy) [23].
Tumors were defined as locally advanced with
any arterial involvement or venous occlusion by
computed tomography. The overall RO resection
rate was 72 and 19 % of patients with initially
locally advanced carcinoma ultimately under-
went resection.

Development of Gemcitabine-
Based Chemoradiotherapy

In parallel with the development of neoadjuvant
therapy protocols, gemcitabine gained popularity
as an active agent in the management of advanced
or metastatic pancreatic cancer and was shown in
a randomized setting to prolong survival in com-
parison to 5-FU [24]. These data challenged the
use of 5-FU-based chemotherapy in the manage-
ment of locally advanced disease. In the same
time frame, rapid technological advancements in
the field of radiation oncology were occurring.
Particularly, the advent of 3D conformal plan-
ning and intensity modulated radiotherapy
(IMRT) allowed for the possibility of dose esca-
lation while minimizing risk of acute and chronic
gastrointestinal toxicity.

From preclinical trials, gemcitabine was
known to be a potent radiosensitizer [25]. This
prompted a series of phase I trials for locally
advanced/unresectable pancreatic cancer which
proved that moderate dose hypofractionated
RT to conventional (historical) treatment vol-
umes (regions of primary tumor and draining
lymph nodes including para-aortic nodes) with
concurrent full dose gemcitabine produced
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unacceptable rates of gastrointestinal toxicity
[26-28]. Efforts at mitigating this toxicity took
several approaches. One was to reduce both the
volume of tissue irradiated and to reduce the
number of fractions and dose per fraction of
radiotherapy when using full dose gemcitabine.
Using this approach, investigators at the
University of Michigan recommended a dose of
36 Gy in fifteen 2.4 Gy fractions to gross tumor
only. Subsequently these investigators extended
this approach to 67 patients with locally advanced
unresectable pancreatic cancer [29]. Of the 17
who ultimately underwent surgical exploration
nine underwent resection (6 RO, NO).

This approach also provided the basis for a
multi-institutional phase II trial in the early 2000s
[30] in which 20 patients were treated with gem-
citabine/RT with neoadjuvant intent (weekly
gemcitabine 1000 mg/m? on weeks 1 and 2,
36 Gy in 15 fractions (using 3D planning) with
weekly gemcitabine 1000 mg/m? on weeks 4-6,
followed by weekly gemcitabine 1000 mg/m? on
weeks 8 and 9). Importantly, this is the first multi-
institutional trial in which patients were prospec-
tively evaluated for degree of resectability
according to national or cooperative group guide-
lines. All 20 patients were deemed to have poten-
tially resectable disease (six borderline
resectable). Borderline cases were confirmed by
endoscopic ultrasound or magnetic resonance
imaging. 19 of 20 patients completed neoadju-
vant therapy without interruption. Twenty under-
went operative exploration of whom 17 were
resected. The RO resection rate was 94 % and at a
median follow up of 18 months, 41 % remained
alive and free of disease.

In contrast to early data with full dose gem-
citabine, reduced dose gemcitabine was shown to
be tolerable with more conventional radiotherapy
treatment volumes and dose. In 2009, a large
series from Germany reported on 120 patients
with borderline or unresectable tumors [31],
based on computed tomography by NCCN crite-
ria. Patients received 55.8 Gy to the primary
tumor and 50.4 Gy to regional nodes. A majority
of patients received concurrent gemcitabine (300
mg/m? on weeks 1, 2, 4, and 5) and cisplatin (30
mg/m? on weeks 1, 2, 4, and 5). No subsequent
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chemotherapy was administered. 31.7 % under-
went resection, among whom 95 % underwent
RO resection. Forty-seven percent had primary
tumor downstaging (pathologic T stage in com-
parison to clinical T stage by computed tomogra-
phy) and 24 % had upstaging. Median
disease-specific survival for patients with RO
resection was 52 months in comparison to 11
months for patients with R1 resection.

The second multi-institutional prospective
trial (E1200) of neoadjuvant therapy for prospec-
tively defined borderline resectable pancreatic
cancer was published in 2010 [32]. In this two-
arm randomized phase II trial, patients with
potentially resectable pancreatic cancer (defined
as tumor abutting the portal vein or superior mes-
enteric vein, abutting the hepatic or superior mes-
enteric artery, extending to the origin of the
gastroduodenal artery, or occluding the superior
mesenteric vein <2 cm) were randomized to one
of two NAT arms. In the first arm, patients
received preoperative radiotherapy (50.4 Gy to
gross tumor +2 cm margin with 3D planning)
with concurrent gemcitabine (500 mg/m?
weekly). In the second arm, the same radiother-
apy regimen was prescribed with concurrent
gemcitabine, cisplatin, and 5-FU. In both arms,
following surgery, maintenance therapy of gem-
citabine 1000 mg/m? for seven cycles was pre-
scribed. Ten patients were enrolled in the first
arm and 11 patients were enrolled in the second
arm. Three patients in the first arm and two
patients in the second arm underwent resection
(total RO resection rate of 60 %). Grade 4 toxicity
was significant and more common in the first arm
(36 % vs. 18 %). The median overall survival of
resected patients was 26.3 months.

The largest single institution analysis of
patients with systematically defined borderline
resectable pancreatic cancer treated with neoad-
juvant intent was performed by investigators at
MD Anderson [33]. In this analysis, patients
were separated into three types. Type A patients
had borderline tumor anatomy with respect to
regional vasculature based on CT (<180° abut-
ment of SMA or celiac axis, tumor abutment or
encasement of a short segment of the hepatic
artery, or short-segment occlusion of the SMYV,
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PV, or SMV-PV confluence amenable to vascular
resection and reconstruction). Type B patients
had possible extrapancreatic metastatic disease
(including those with biopsy proven N1 disease).
Type C patients had marginal performance status
or severe medical comorbidities. One hundred
and sixty patients (7 %) of all patients diagnosed
with pancreatic adenocarcinoma were classified
as having borderline resectable disease based on
these criteria. Eighty-four of these patients were
type A and all received neoadjuvant chemother-
apy with or without radiotherapy (50.4 Gy in 28
fractions or 30 Gy in 10 fractions using 3D plan-
ning with concurrent 5-FU, paclitaxel, gem-
citabine, or capecitabine at radiosensitizing
doses). Thirty-eight percent of these patients ulti-
mately underwent resection with a 97 % RO
resection rate. Full dose concurrent gemcitabine
was not used in this population. All resected
patients had been treated with neoadjuvant
chemoradiotherapy. Median survival for patients
who underwent resection for Type A tumors was
40 vs. 15 months for those who did not undergo
resection. Median overall survival of all 84
patients with Type A tumors was 21 months.
Importantly, included in this population of
patients was a cohort of borderline resectable
patients treated with 4 field 3D conformal radio-
therapy to 30 Gy in 10 fractions with large fields
encompassing the regional nodes with concurrent
reduced dose gemcitabine. Twenty-seven percent
of these patients experienced severe toxicity
(defined as prolonged hospitalization, GI bleed,
more than 3 dose deletions of gemcitabine, dis-
continuation of 5-FU, or grade 5 toxicity). This
cautionary experience highlights the importance
of highly conformal radiotherapy (that is, reduced
volumes of normal tissue irradiated, especially
stomach and small bowel) even with reduced
dose gemcitabine.

A recent prospective trial by Leone et al. in
2013 [34] demonstrated the feasibility of induc-
tion gemcitabine/oxaliplatin (GEMOX) prior to
reduced dose gemcitabine and concurrent radio-
therapy for patients with locally advanced and
borderline resectable pancreatic cancer. Thirty-
nine patients were enrolled in this study, of whom
15 had borderline resectable disease (by MD
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Anderson criteria). Patients received four cycles
of GEMOX prior to re-staging in preparation for
chemoradiotherapy. Twelve of 15 patients with
borderline disease proceeded to chemoradiother-
apy (50.4 Gy in 28 fractions using 3D planning).
Nine of these 12 patients underwent resection
and this group had a median overall survival of
31.5 months.

Advances in Radiation Delivery
and the Integration of Full Dose
Concurrent Gemcitabine-Based
Chemotherapy

Given reports on the efficacy of full dose
gemcitabine-based combination chemotherapy in
the advanced setting, the importance of obtaining
systemic control in the neoadjuvant setting was
reinforced. A phase I study conducted at the
University of Michigan showed the safety of the
addition of oxaliplatin to full dose gemcitabine
and radiotherapy for resectable and unresectable
pancreatic cancer [35]. This prompted a multi-
institutional phase II trial headed by Kim et al.
[36] in which 68 patients with localized pancre-
atic adenocarcinoma were treated with gem-
citabine/oxaliplatin and radiotherapy with
neoadjuvant intent. Patients received two cycles
of neoadjuvant gemcitabine (1000 mg/m? on
days 8, and 15) with oxaliplatin (85 mg/m? on
days 1 and 15) with 30 Gy in 15 fractions (to
small fields encompassing a clinical target vol-
ume defined as gross disease +1 cm margin). Two
cycles of adjuvant chemotherapy were given after
resection. Resectability was defined radiographi-
cally according to NCCN criteria. Ninety percent
completed the prescribed course of neoadjuvant
therapy. At presentation, 23 patients had resect-
able disease, 39 had borderline resectable dis-
ease, and six had unresectable disease. Of the 39
patients with borderline disease, 30 underwent
laparotomy and 24 underwent resection (62 %).
Three of these 39 patients developed local pro-
gression on re-staging prior to surgery and one
developed distant progression. Of note, of the 23
patients with NCCN resectable disease at pre-
sentation, two developed distant progression at
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Fig.7.1 3D conformal radiotherapy (a) vs. IMRT (b). Note increase in conformal target coverage and decrease in high
dose to adjacent organs at risk

re-staging prior to resection (8.7 %). The overall
RO resection rate was 84 % and 13 of 19 patients
with SMA/celiac axis contact underwent RO
resection (68 %). Median survival for patients
undergoing RO resection was 34.6 months and
median survival of 28 patients with borderline
disease who underwent resection was 25.4
months. Of patients who underwent RO or R1
resection, local recurrence as a component of first
failure was 29 %. On multivariate analysis,
incomplete resection (R1/2) was associated with
decreased survival (HR 1.2).

In the early 2000s, IMRT became widely
available. Advantages of IMRT over conven-
tional 3D planning include highly conformal tar-
get coverage and sparing of adjacent organs
allowing potential dose escalation and facilitat-
ing full dose, highly active systemic therapy with
gemcitabine. Comparison of IMRT to 3D plan-
ning to illustrate these points is shown in Fig. 7.1.

A phase I/II trial also conducted at the
University of Michigan established the safety and
efficacy of full dose gemcitabine and dose esca-
lated IMRT in the locally advanced setting [37].
In this trial, a dose of 55 Gy in 25 fractions with
concurrent full dose gemcitabine (1000 mg/m? on
days 22, —15, 1, 8, 22, and 29) was found to be
the maximal tolerated radiotherapy dose with a

24 9% probability of grade 3 or higher GI toxicity
but also yielding an impressive 59 % 2-year local
failure free survival.

Retrospective reports of the safety and effi-
cacy of concurrent full dose gemcitabine-based
chemoradiotherapy have also recently been pub-
lished by others. Investigators at Osaka Medical
center reported their retrospective results of NAT
for borderline resectable pancreatic cancer in
2013 [38]. Of 268 patients treated with
gemcitabine-based chemoradiotherapy, 80 had
borderline resectable tumors (based on MD
Anderson criteria). Patients received 50 Gy in 25
fractions to the primary tumor and regional
lymph nodes using 3D conformal planning tech-
niques and full dose gemcitabine (1000 mg/m?
weekly x three of every 4 week cycle for three
cycles). 99.6 % completed the prescribed course
of radiotherapy. For all patients, the most com-
mon toxicity was leukopenia (grade 3 47.4 %)
and grade 3 GI toxicity was uncommon (3 %).
Fifty-four percent of patients with borderline
resectable disease underwent resection with 98 %
RO resection rate. Five-year survival for patients
who underwent resection with resectable disease
at presentation was 57 % vs. 34 % for patients
with borderline disease. Although this represents
a highly selected patient population, survival in
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this series compares favorably to patients treated
with adjuvant chemotherapy alone in randomized
settings. Nodal involvement and borderline
resectability at presentation were significantly
associated with poorer survival after resection on
multivariate analysis. Importantly, adjuvant che-
motherapy was not administered in this series.

Alternative  concurrent chemotherapeutic
agents: Although gemcitabine has gained consid-
erable popularity as a concurrent agent during
radiotherapy given its radiosensitization and
highly active systemic properties, other radiosen-
sitizers are being investigated. For example,
Esnaola et al. reported on a phase II trial of induc-
tion gemcitabine, oxaliplatin, and cetuximab fol-
lowed by capecitabine-based chemoradiotherapy
for patients with locally advanced or borderline
resectable pancreatic cancer [39]. Patients
received six cycles of induction chemotherapy
followed by chemoradiotherapy consisting of
IMRT with a simultaneous integrated boost tech-
nique (45.9 Gy in 30 fractions to elective nodal
regions and 54 Gy in 30 fractions to gross tumor).
Daily concurrent capecitabine (800 mg/m? BID)
was prescribed on days of radiotherapy. Thirty-
nine patients were enrolled and 69.2 % of all
patients with borderline resectable disease (by
NCCN criteria) achieved RO resection.

Proton Therapy and SBRT
in the Neoadjuvant Setting

An alternate approach to integrating radiotherapy
and chemotherapy regimens not yet tested in the
concurrent setting would be to use a very abbre-
viated course of radiotherapy sequentially with
the intended systemic regimen. A five fraction
regimen of accelerated hypofractionated radio-
therapy has been shown to be effective in
decreasing local recurrence in the neoadjuvant
treatment of rectal cancer [40]. However, dose
escalation and hypofractionation for pancreatic
tumors are complicated by adjacent radiosensitive
dose limiting structures such as the duodenum,
stomach, small bowel, and kidneys. A dosimetric
feasibility study at Massachusetts General
Hospital showed that target coverage with proton
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beam radiotherapy was comparable to IMRT
while mean dose (as a percentage of prescription
dose) to kidney, liver, and small bowel were sig-
nificantly improved [41]. This provided the
impetus for a recently reported phase I/II trial
investigating preoperative chemoradiotherapy
for resectable pancreatic cancer with an acceler-
ated hypofractionated course of proton beam
radiotherapy [42]. The phase II dose was estab-
lished at 5 daily doses of 5 Gy with concurrent
capecitabine. Resected patients received adju-
vant gemcitabine. There were two grade 3 toxici-
ties and no grade 4 or 5 toxicities during
chemoradiotherapy. Thirty-seven of 48 eligible
patients underwent resection. Locoregional fail-
ure occurred in 16.2 % and distant recurrence
occurred in 72.9 %. Proton beam radiotherapy as
a component of neoadjuvant therapy for border-
line resectable pancreatic cancer has not yet been
reported.

Stereotactic body radiotherapy (SBRT) is a
highly conformal treatment modality that requires
precise diagnostic imaging capability, precise
immobilization, and daily image guidance.
Advantages include highly conformal treatment
delivery with a sharp dose fall off in comparison
to traditional 3D conformal or IMRT planning
techniques (see Fig. 7.3). SBRT has been shown
to be effective in obtaining local control in
patients with unresectable locally advanced dis-
ease [43-45]. However, the use of SBRT in the
neoadjuvant setting for borderline resectable pan-
creatic cancer remains investigational. Based on
safety/tolerability and local control data for
patients with unresectable disease, investigators
have also examined the role of SBRT in the neo-
adjuvant setting. In 2013, Chuoung et al. reported
on a series of 73 patients with unresectable or
borderline resectable (by NCCN criteria) pancre-
atic cancer treated with induction chemotherapy
followed by SBRT with neoadjuvant intent [46].
Median doses of 35 and 25 Gy were delivered to
the region of vessel involvement and to the
remainder of the tumor over five consecutive
fractions. Thirty-two patients with borderline dis-
ease underwent surgery (56.1 %) and 31 achieved
an RO resection (96.9 %). These 31 patients
had a median overall survival of 19.3 months.
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Fig. 7.2 Planning target volumes (PTVs) with and without regional nodes. PTVI with regional nodes, PTV2 without

regional nodes

Late grade 3 toxicity was minimal (5.3 %). In
2015, Moningi et al. reported the Johns Hopkins
experience on 88 patients with locally advanced
and borderline resectable pancreatic cancer
(defined according to SSO guidelines) treated
with SBRT [47]. Seventy-four patients had
locally advanced unresectable disease and 14 of
these patients had borderline resectable disease.
Patients received a total dose of 25-33 Gy in five
fractions (PTV=GTV+2-3 mm, gold fiducials
placed in tumor). Institutional constraints for
stomach and small bowel dose were employed.
Most patients received pre-SBRT chemother-
apy—19 patients ultimately underwent resection
(79 % locally advanced at presentation) and 84 %
had RO resections. Resected patients had median
survival of 20.2 months after SBRT. Late GI tox-
icity after SBRT was uncommon (5 % grade 3).

Molecular biology and selection of patients
forneoadjuvant treatment with curative intent:
Although RO resection is universally accepted as
a critical component of treatment with curative
intent, the 5-year overall survival with com-
pletely resected pancreatic cancer remains poor
(20-25 %). Resection after neoadjuvant therapy
is associated with improved survival in two
meta-analyses (see Tables 7.2 and 7.3). However,
isolated locoregional recurrence is rarely a cause
of cancer-specific mortality in this population.
The tumor biology driving lymphovascular
invasion and subsequent distant metastatic
spread is believed to be distinct from the drivers
for local growth. This concept is particularly rel-
evant in the neoadjuvant treatment setting for
borderline resectable pancreatic cancer and an
understanding of tumor biology may, in the
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Fig.7.3 SBRT allows for
extreme hypofractionation
with sharp dose gradient

Table 7.2 Neoadjuvant chemoradiotherapy meta-
analyses: resection is associated with improved survival

Morganti et al.

[86] Festa et al. [87]
Population Unresectable at | Borderline
presentation resectable at
presentation
Resection rate | 27 55
(%)
Median 23.6 months 22 months
survival of
resected
patients
Long-term 43 % at 3 years |44 % at 2 years
survival
Median 10 months 10 months
survival of
unresected
patients

future, allow for the selection of appropriate
patients a priori.

Epithelial neoplasms must downregulate cell—
cell adhesion structures in order to penetrate the
basement membrane and metastasize [48]. This
process bears resemblance to the epithelial mes-
enchymal transition (EMT) which is a crucial step
in gestational development. In epithelial neo-
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plasms, loss of E-cadherin is a fundamental step
in an EMT-like process and allows for the transi-
tion of preneoplastic/neoplastic cells across the
basement membrane. In support of this, partial or
complete loss of E-cadherin expression in resected
tumors is an independent predictor of poor out-
come after definitive surgery [49]. Although
mutations within the E-cadherin gene are rarely
found, E-cadherin downregulation may occur
through epigenetic pathways and upregulation of
certain transcriptional factors have been shown to
be associated with early metastasis [50, 51].

The TGF-beta signaling pathway is a key reg-
ulator of cellular proliferation and angiogenesis
[52]. Alterations within this pathway are com-
monly reported in pancreatic cancer cell lines
[53]. SMAD4 (Dpc4) is a tumor repressor in the
TGF-beta signaling pathway and is commonly
inactivated in pancreatic adenocarcinomas. Loss
of SMAD4 expression independently correlates
with worse survival after definitive resection [54,
55]. In addition, expression of SMAD4 correlates
with local recurrence rather than distant dominant
disease progression after chemoradiotherapy in
patients with locally advanced unresectable can-
cer [56]. Importantly, in patients with resectable
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Table 7.3 Selected prospective neoadjuvant chemoradiotherapy trials for borderline resectable pancreatic cancer

RO resection

rate (of OS in patients

Resectability Patients Resection rate| patients with resected
References criteria with BRPC | Pre-op regimen (%) resected) (%) BRPC
Kim et al. NCCN 39 Gem/Ox+RT (30 62 84 25 months
[36] Gy)
Leone et al. MD Anderson 15 Gem/Ox — Gem+RT | 60 828 31.5 months
[34] (50.4 Gy)
Esnaolaetal. | NCCN 13 Gem/Ox/ 69 100 24.1 months®
[39] Cetux — Cape +RT
(54 Gy)
Crane et al. MD Anderson 18 Gem/Ox/ 50 100 NR
[56] Cetux — Cape +RT
(50.4 Gy)
Small et al. NCCN 10 Gem/Bev+RT (36 30 NR NR
[30] Gy/15 fx)

BRPC borderline resectable pancreatic cancer, OS median overall survival, Gem gemcitabine, Ox oxaliplatin, Cefux

cetuximab, Cape capecitabine, NR not reported
“Includes patients with unresectable disease at presentation

"Includes patients with BRPC not resected, for resected BRPC median OS not reached

disease, immunohistochemical staining for
SMAD4 on preoperative biopsy correlates with
postoperative staining. In one series, loss of
SMAD4 was associated with a six times higher
likelihood of developing distant metastases after
definitive resection [57]. A driver for angiogene-
sis may be rapid growth leading to areas of
hypoxia within the tumor. Hypoxia-inducible fac-
tor 1 (HIF-1) is a transcriptional complex which
increases angiogenic signaling in a hypoxic envi-
ronment. High HIF-1 expression in resected pan-
creatic adenocarcinoma specimens is an
independently significant predictor of distant fail-
ure vs. isolated local failure after resection [58].

Predictors for Response
to Neoadjuvant Chemoradiotherapy

Computed tomography (CT) remains the most
widely used modality for assessment of
resectability prior to surgical exploration after
NAT [59]. Complete regression of tumor with
major vascular involvement by CT is uncommon
after chemoradiotherapy [60]. RECIST responses
are rare and do not correlate with survival [61].
Regardless, partial regression on CT is
occasionally seen and can be described based on

tumor/vasculature relationship and gross volume.
One-, two-, and three-dimensional methods of
assessment may all be appropriate [62]. Extent of
tumor/vein circumferential interface (none,
<180°, >180°) following chemoradiotherapy is
predicted for SMV or PV resection in a large
series [63]. Partial regression of gross tumor on
CT correlates with resectability in several series
[59, 62]. Cassinotto et al. reported a series of 47
patients with locally advanced pancreatic
adenocarcinoma who were resected after
neoadjuvant chemoradiotherapy [59]. Partial
regression of tumor contact with any
peripancreatic vascular axis was associated with
RO resection in 91 % of cases. Persistent SMV or
portal vein stenosis was not predictive of R1
resection after chemoradiotherapy.

Although regression on CT may predict for
resectability, lack of regression does not predict
for unresectability [35]. Additionally, CT
detected response to chemoradiotherapy may not
manifest for months after initiation of radiother-
apy [64]. This may be due to the lack of ability of
CT to differentiate stromal changes secondary to
desmoplastic reaction from true viable tumor
[65]. In 2015, investigators at Massachusetts
General Hospital reported their experience using
CT to predict resectability after FOLFIRINOX in
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the neoadjuvant setting. Of 40 patients with
locally advanced/borderline resectable pancre-
atic cancer (by AHPBA/SSO/SSAT guidelines)
26 were classified as locally advanced and 14 as
borderline resectable. Following FOLFIRINOX,
re-staging CT showed 19 locally advanced and 9
borderline. Ultimately, all 40 underwent resec-
tion with an overall 92 % RO resection rate [66].

Since radiographic regression is not common
after neoadjuvant therapy, there is considerable
interest in evaluating serum tests as predictors of
response. In 2014, Boone et al. reported on a
series of 78 patients (40 borderline) who were
treated with neoadjuvant chemotherapy +radio-
therapy [12]. Seventy-two percent had a decrease
in serum CA 19-9 >50 % with neoadjuvant treat-
ment. In borderline resectable patients, CA 19-9
reduction >50 % predicted for RO resection (OR
4.2). Five patients with borderline resectable dis-
ease had an increase in CA 19-9 and none under-
went RO resection. CA 19-9 response >50 % was
an independent predictor of survival (median
overall survival 28 vs. 11.1 months). Tzeng et al.
reported a series of 141 patients treated with neo-
adjuvant chemotherapy and chemoradiotherapy
over a 10-year period in 2014. For patients who
underwent resection following neoadjuvant ther-
apy, the positive predictive value of a decline and
the negative predictive value of an increase in CA
19-9 were 70 and 88 %. Normalization of CA
19-9 (<40 U/mL) following neoadjuvant therapy
was associated with prolonged survival in both
non-resected and resected patients.

In addition to serum CA 19-9, pathologic fea-
tures at time of surgery after NAT predict for sur-
vival. In one study of 240 patients who received
NAT and pancreaticoduodenectomy, posttreat-
ment pathologic stage, pathologic tumor
response, microscopic vascular involvement,
lymph node positivity, and perineural invasion
were significant prognostic factors [67]. On mul-
tivariate analysis, posttreatment pathologic stage
and number of positive lymph nodes were inde-
pendent prognostic factors [68]. In a prior analy-
sis of 212 of these patients, tumor invasion into
muscular vessels correlated with higher rates of
R1 resection, lymph node positivity, and locore-
gional/distant recurrence [69].
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Principles of Radiation Therapy

Patients should undergo CT simulation (scan
covering the entire abdominal contents to the pel-
vic brim using 2-3 mm slice thickness) in the
supine position with intravenous and oral con-
trast in order to accurately define the tumor and
adjacent normal structures (NCCN guidelines).
For patients with renal compromise, allergy to IV
contrast, and when a fully enhanced and techni-
cally adequate diagnostic scan (CT or MRI) has
recently been obtained, planning can be facili-
tated by importing and fusing these images into
the patient’s treatment planning images in the
planning system. Patient immobilization should
be maximized with the use of an alpha cradle,
vac-lok, or equivalent device and arms should be
positioned above the head. Gastric distension
should be accounted for during simulation and
treatment. Patients should be instructed to forego
food or drink 2 h before simulation and daily
treatment in order to reliably reproduce intraab-
dominal anatomy. 4D simulation is strongly rec-
ommended for all cases as substantial variation in
pancreatic tumor position (particularly in the
superior-inferior plane) can occur during the
respiratory cycle [70].

Although regional nodal irradiation is com-
monly performed in the adjuvant setting, there is
controversy regarding its incorporation in the
neoadjuvant/borderline setting. Isolated nodal
failure after neoadjuvant chemoradiotherapy
and successful resection has not been reported.
However, interpretation of available data is
complicated by the lack of clearly defined radia-
tion target volumes in many retrospective series.
Omission of elective nodal irradiation in the
locally advanced/unresectable setting does not
appear to influence locoregional control or sur-
vival [71, 72]. In a series of 69 patients treated
with neoadjuvant chemoradiotherapy with elec-
tive nodal irradiation performed in all patients at
the Medical College of Wisconsin, 12.5 % of
resected patients experienced a local failure as a
component of first failure with no regional nodal
failures reported [73]. The inclusion of elective
nodes in the radiation fields may complicate
normal tissue dosimetry, particularly with
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respect to small bowel. Representative planning
target volumes (PTVs) with and without the
inclusion of regional nodes is shown in Figs. 7.1
and 7.2. The inclusion of regional nodes has
been shown to compromise the delivery of con-
current full dose systemic therapy [36]. Current
trends in management suggest the omission of
regional nodes in favor of the delivery of full
dose radiosensitizing chemotherapy (i.e., gem-
citabine). However, if elective nodal irradiation
is performed, a 1 cm radial expansion on the
vessel of interest to generate a clinical target
volume (CTV) is suggested [74].

If 4D data are available, an internal target vol-
ume (ITV) including primary tumor and grossly
abnormal regional adenopathy should be con-
toured on each slice within each phase of the
respiratory cycle. A 5 mm radial expansion on
ITV is generally appropriate for PTV if daily por-
tal imaging is utilized. ITV to PTV margin should
be determined on an institutional basis and may
be personalized with the use of gating or breath
hold, fiducial placement, and image guided radio-
therapy. If 4D data are not available for target
delineation, minimum expansions of 2 cm in the
superior-inferior plane and 1 cm in the anterior-
posterior + medial-lateral planes should be added
to GTV to generate a PTV [70].

3D conformal and IMRT planning techniques
are reasonably well standardized. For the adju-
vant context, planning guidelines have been
developed and published based on the current
NRG/RTOG protocol [75]. Planning for the
unresected patient is facilitated by the in situ
presence of the gross tumor volume (GTV) and
is readily extended from the adjuvant setting.
Once the decision has been made whether the
treatment volume is to include nodal volumes or
not, then CTV and PTV are readily generated.
Ninety-five percent of the PTV should be cov-
ered by the prescription dose with heterogeneity
limited to <110 % within the PTV. IMRT has
been shown to reduce mean dose to the liver, kid-
neys, stomach, and small bowel, and may allow
for dose escalation in the appropriate setting.
Based on available data, a dose of 45-50.4 Gy in
25-28 fractions prescribed to the PTV is suggested.
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More experienced institutions may wish to
consider 2.0-2.1 Gy fractions to 50-55 Gy in
25 fractions aimed at tight (CTV based on GTV
without including regional nodes) planning vol-
umes. Concurrent radiosensitizing chemotherapy
(most commonly gemcitabine or capecitabine)
is recommended and prescription dose may
vary depending on agents used and their dose
intensity.

Organs at risk (including kidneys, stomach,
duodenum, spinal cord, liver, small bowel, and
large bowel) should be contoured on each plan-
ning CT. Planning constraints from the NCCN [76]
or from NRG/RTOG 0848 [75] may be utilized.
The NCCN guidelines include the following
(in 1.8-2.0 Gy/fraction): liver mean dose <30 Gy,
spinal cord maximum dose <45 Gy, duodenum
and small bowel maximum dose <55 Gy and no
more than 30 % receiving >45 Gy, and no more
than 30 % of the total volume of either (baseline
functional) kidney >18 Gy. Considerations for
SBRT planning are considered elsewhere [77-81].

Future Directions

Despite advances in increasing resectability
using novel neoadjuvant chemotherapeutic
approaches in conjunction with radiotherapy, the
predominant pattern of failure after RO resection
remains distant failure. As such, emerging data
for the treatment of advanced and metastatic dis-
ease will undoubtedly have a profound impact on
future directions for the neoadjuvant treatment of
borderline resectable pancreatic cancer. A semi-
nal trial reported by Conroy et al. in 2011 [82]
showed the superiority of FOLFIRNOX over
gemcitabine in the first line treatment of patients
with metastatic pancreatic cancer and good per-
formance status. A similarly pivotal trial reported
by Van Hoff et al. in 2013 [83] showed the supe-
riority of the addition of nab-paclitaxel to gem-
citabine monotherapy. The recently reported
results of the SCALOP trial demonstrated that
capecitabine-based chemoradiotherapy may be
better tolerated than gemcitabine-based chemo-
radiotherapy [84].
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Based on the results of the Conroy and
SCALQRP trials, an Intergroup pilot study evalu-
ating a strategy of neoadjuvant FOLFIRINOX
and capecitabine-based radiation was conducted
and recently closed to enrollment (Alliance
A021101). In this study, patients with borderline
resectable pancreatic cancer received neoadju-
vant FOLFIRINOX and capecitabine-based
chemoradiotherapy followed by resection and
adjuvant gemcitabine. A similar phase II trial
(NCTO01897454) is currently accruing. In this
trial, patients with borderline resectable pancre-
atic cancer receive FOLFIRINOX followed by
gemcitabine-based chemoradiotherapy followed
by evaluation for resection. A retrospective anal-
ysis of 18 patients with borderline resectable and
locally advanced pancreatic cancer suggests that
patients who do not convert to radiographic
resectability after six cycles of FOLFIRNOX
may benefit from chemoradiotherapy [85].

Based on promising results from the recently
reported phase I/Il short course proton trial and in
conjunction with the Von Hoff data, investigators
at Massachusetts General Hospital plan to launch
a phase III trial in which patients with localized
pancreatic cancer will be randomized to receive
FOLFIRINOX vs. gemcitabine/nab-paclitaxel
followed by short course proton based chemora-
diotherapy prior to surgical resection [42].
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In Europe, ESPAC-5, a phase II randomized
trial for patients with borderline resectable pan-
creatic cancer, is now accruing. In this trial (with
a targeted accrual of 100 patients), patients will
be randomized to receive chemotherapy (gem-
citabine/capecitabine vs. FOLFIRNOX), chemo-
radiotherapy (50.4 Gy in 28 fractions with
Capecitabine 830 mg/m? BID), or upfront sur-
gery. All patients receive adjuvant chemotherapy
after surgery, if performed. Patients randomized
to chemoradiotherapy do not receive induction
chemotherapy.

Summary and Conclusions

Borderline resectable pancreatic cancer was pre-
viously an ambiguous diagnosis because of
inconsistent definitions and limited imaging tech-
nologies. Thus, the interpretation of historical
data pertaining to the treatment of patients with
borderline resectable pancreatic cancer is con-
founded by these realities. Current results reflect
consensus regarding definitions of resectability
and borderline resectability as well as improve-
ments in systemic therapy, surgical morbidity/
mortality, and conformal radiotherapy. With
these the possibility for resection with curative
intent for the borderline resectable patient is

Table 7.4 Selected recent retrospective series on neoadjuvant chemoradiotherapy for borderline resectable pancreatic

cancer
RO resection
rate (of OS in patients
Resectability Patients with Resection | patients with resected
References criteria BRPC Pre-op regimen rate (%) resected) (%) | BRPC
Stokes et al. MD Anderson | 34 Cape+RT (50504 |45 75 23 months
[88] Gy)
Katz et al. [33] MD Anderson | 84 Various® 38 97 40 months
Patel et al. [93] | NCCN 17 Gem — SFU+RT 64 89 NR
(median 50 Gy)
Takahashi et al. | MD Anderson | 80 Gem+RT (50 Gy) |54 98 NRP
[38]
Kharofaet al. NCCNe 39 Various ctx —» gem | 56 98 26 months!
[73] or cape+RT (50.4
Gy)

Cape capecitabine, Gem gemcitabine, SFU 5-fluorouracil
Includes some patients who received neoadjuvant chemotherapy without radiotherapy (30-50 Gy)
"Five-year overall survival 34 %
‘Modified NCCN criteria defined per institutional protocol
Includes patients with resectable disease at presentation
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greater than 75 % and such resections (usually
RO resections) are associated with a greater than
2-year median survival (Table 7.4). The goal of
neoadjuvant radiotherapy is to increase resect-
ability as an RO resection is the only opportunity
for potentially curative surgery. The delivery of
neoadjuvant radiotherapy should not delay or
prevent the delivery of highly active systemic
therapy as the predominant cause of death after
curative intent resection is distant metastatic pro-
gression. As such, an approach involving neoad-
juvant chemotherapy followed by
chemoradiotherapy (with active concurrent sys-
temic therapy) is favored prior to attempted
resection. SBRT and proton beam radiotherapy
appear to be viable alternatives to conventionally
fractionated neoadjuvant radiotherapy and may
allow for the appropriate integration of aggres-
sive chemotherapeutic regimens prior to resec-
tion. In all cases, enrollment in clinical trials is
highly encouraged for all patients with borderline
resectable disease.
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Introduction

Despite improvements in imaging, treatment,
and symptom management, the prognosis of a
patient with newly diagnosed pancreatic cancer
remains exceedingly poor. In 2015, it is estimated
that 40,560 of the 48,960 patients diagnosed with
pancreatic cancer will die as a consequence of
the disease [1]. This translates to an 83 % mortal-
ity rate. Pancreatic cancer is the fourth most com-
mon cause of cancer-related death among both
men and women in the United States [1]. At this
time, no prospectively validated screening tool is
available, though the incidence of this disease
continues to rise.

The majority of patients who present with
localized—borderline resectable (BRPC) and
locally advanced (LAPC) tumors—disease are
unable to undergo a curative resection due to
extensive tumor involvement of adjacent vascu-
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lature. In these patients, the options for poten-
tially curative therapy include concurrent
chemoradiation (CRT), aggressive multi-agent
chemotherapy, or chemotherapy followed by
CRT [2]. While standard fraction radiation has
been considered the standard-of-care in both
BRPC and LAPC patients for decades, more
recent data has questioned the impact of conven-
tional three-dimensional conformal radiation
therapy (3D-CRT) on overall survival, and a sig-
nificant debate in the field of gastrointestinal
oncology has resulted [3-5].

Advanced imaging and radiation techniques
allow for an increase in the precision of radiation
delivery. The field of radiation oncology has wit-
nessed a paradigm shift in the delivery of
radiotherapy from small daily fractions of radia-
tion (1.8-2.5 Gy/day) to large daily doses given
over fewer consecutive days or alternating days
(540 Gy/day) [6]. This radiotherapy technique,
entitled stereotactic body radiotherapy (SBRT) or
stereotactic ablative radiotherapy (SABR), is now
gaining traction in pancreatic cancer as an option
for patients with borderline resectable and locally
advanced disease. By delivering a higher daily
dose per fraction of radiation over a shorter total
number of days, this treatment appears to result in
an increased biologically effective dose (BED) as
compared to standard radiation [7]. In doing so, a
higher level of tumor sterilization and improved
clinical and pathologic outcomes may be achieved.
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Fig. 8.1 Computed tomography scan of a locally
advanced tumor (a) prior to chemotherapy and (b) follow-
ing chemotherapy and SBRT to 33 Gy in 5 fractions.
Patient then underwent a successful margin- and node-

This can be seen in Fig. 8.1, which provides anec-
dotal radiographic evidence of the marked
response observed after a patient received
FOLFIRINOX (5-fluorouracil, irinotecan, leucov-
orin, and oxaliplatin) chemotherapy and SBRT.

In this chapter, we will explore the published
data, including that of retrospective and prospec-
tive studies in the field of SBRT for pancreatic
cancer. The opportunities and challenges in the
utilization of this technique, including appropri-
ate patient selection and treatment methodology,
will be discussed.

Resectability in Borderline
Resectable and Locally Advanced
Pancreatic Cancer

In pancreatic cancer, surgical resectability is con-
sidered paramount in achieving a cure. To deter-
mine whether a tumor is resectable, careful
consideration of arterial and venous involve-
ment—the superior mesenteric artery (SMA),
celiac axis, common hepatic artery (CHA), supe-
rior mesenteric vein (SMV), and portal vein (PV)
specifically—is taken into account. While the
nomenclature defining surgical resectability has
remained fairly constant for years, the definition
of borderline resectable disease was recently for-
malized by a consensus group from the Americas

negative resection in which only scattered microscopic
foci of adenocarcinoma (a near-pathologic complete
response) was found

Hepato-Pancreatico-Biliary Association
(AHPBA), Society of Surgical Oncology (SSO),
and Society for Surgery of the Alimentary Tract
(SSAT) [8]. These criteria are often referred to as
the Consensus or Callery guidelines and have
been reproduced in Table 8.1. The criteria
adopted by the National Comprehensive Cancer
Network (NCCN) are listed in Table 8.2 [2]. A
more refined definition of borderline resectable
tumors, classically a difficult subgroup to define,
is noted in Table 8.3 [9]. The definition listed in
Table 8.3 provides specific criteria used in the
Intergroup trial (A021101) testing neoadjuvant
FOLFIRINOX followed by 50.4 Gy of external
beam radiation and capecitabine in patients with
borderline resectable pancreatic cancer [9]. Due
to the heterogeneous definitions of resectability,
careful consideration of these criteria and the
involved vasculature is necessary to compare
clinical outcomes among populations involving
patients with borderline resectable and locally
advanced pancreatic cancer. Standardization of
resectability in pancreatic cancer is essential.

In general, patients with LAPC are considered
unsuitable candidates for upfront surgery, in part
due to the morbidity and mortality risk associated
with vasculature resection [10]. Additionally, the
decision to resect a tumor with a high likelihood
of a positive margin at the site of vascular involve-
ment is suboptimal as the survival of patients
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Table 8.1 The AHPBA/SSO/SSAT pretreatment staging system of pancreatic adenocarcinoma [8]

Resectability status
Resectable

Borderline resectable

Median survival
20-24 months

Criteria
No distant metastases

No radiographic evidence of SMV and portal
vein abutment, distortion, tumor thrombus, or
encasement

Clear fat planes around the celiac axis, hepatic
artery, and SMA

No distant metastases Resected: ~20 months

Venous involvement of the SMV/portal vein
demonstrating tumor abutment with or
without impingement and narrowing of the
lumen, encasement of the SMV/portal vein
but without encasement of the nearby arteries,
or short segment venous occlusion resulting
from either tumor thrombus or encasement but
with suitable vessel proximal and distal to the
area of vessel involvement, allowing for safe

resection and reconstruction

GDA encasement up to the hepatic artery with

Unresected: ~11 months

either short segment encasement or direct
abutment of the hepatic artery without
extension to the celiac axis

Tumor abutment of the SMA not to exceed
>180° of the circumference of the vessel wall

Locally advanced

HEAD: No distant metastases; SMA

9-15 months

encasement exceeding >180° or any celiac
axis abutment; unreconstructible SMA/portal
vein occlusion/encasement; extensive hepatic
artery involvement; aortic invasion or

encasement

BODY: No distant metastases; SMA or celiac
axis encasement >180°; unreconstructible
SMV/portal occlusion; aortic invasion

TAIL: No distant metastases; SMA or celiac

axis encasement >180°

ALL: Metastases to lymph node beyond the

field of resection
Metastatic

Any presence of distant metastases

4—6 months

SMYV superior mesenteric vein, SMA superior mesenteric artery, GDA gastroduodenal artery

with a microscopically (R1) or grossly (R2) posi-
tive margin has been shown to be significantly
inferior to patients resected to a negative
(RO) margin [10, 11]. The standard-of-care in
these patients is most often upfront chemother-
apy alone or CRT. The goal of this therapy is to
optimally downsize (or, if possible, sterilize) the
tumor to allow for surgical resection and increase
the likelihood of improved pathologic outcomes
(i.e., margin- and node-negative resection, patho-
logic complete response). In fact, a recent study
has suggested promising outcomes in 40 patients

with BRPC or LAPC who underwent neoadju-
vant FOLFIRINOX (5-fluorouracil, irinotecan,
leucovorin, and oxaliplatin) therapy. Of these 40
patients, 30 (75 %) received radiation therapy: 24
received 50.4 Gy CRT and 5-fluorouracil (5-FU),
10 of which also received a 7-12 Gy intraopera-
tive radiation therapy (IORT) boost, and 6
received proton beam therapy with charged par-
ticles. On final pathology, the patients who
received neoadjuvant therapy had a significant
decrease in lymph node positivity (35 % vs. 79
%) and perineural invasion (72 % vs. 95 %) in
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Table 8.2 The NCCN guidelines for pancreatic cancer staging [2]

Stage
Resectable

Borderline resectable

Unresectable

Arterial

Clear fat planes around celiac axis,
superior mesenteric artery, and
hepatic artery

Gastroduodenal artery encasement
up to the hepatic artery with either
short segment encasement or direct
abutment of the hepatic artery
without extension to the celiac axis.
Tumor abutment of the superior
mesenteric artery not to exceed
greater than 180°

Aortic invasion or encasement.
Based on tumor location: pancreatic
head—more 180° encasement, any
celiac axis abutment, inferior vena
cava; pancreatic body/tail—superior

R. Kumar et al.

Venous

No superior mesenteric vein/portal vein
distortion

Venous involvement of the superior
mesenteric vein or portal vein with
distortion or narrowing of the vein or
occlusion of the vein with suitable
vessel proximal and distal, allowing for
safe resection and placement

Unreconstructable superior mesenteric
vein/portal vein occlusion

mesenteric artery or celiac axis
encasement greater than 180°

Table 8.3 The Intergroup trial [9] definition of border-
line resectable pancreatic cancer

Vessel Tumor involvement
Superior Interface between tumor and vessel
mesenteric measuring 180° or greater of the

circumference of the vessel wall,
and/or reconstructable occlusion

vein—portal vein

Superior Interface between tumor and vessel
mesenteric measuring less than 180° of the
artery circumference of the vessel wall
Common Reconstructable, short-segment

interface between tumor and vessel
of any degree

hepatic artery

Interface between tumor and vessel
measuring less than 180° of the
circumference of the vessel wall

Celiac trunk

comparison with 87 patients who underwent
upfront surgery. Furthermore, the neoadjuvant
patients achieved margin-negative and node-
negative resection rates of 92 % and 65 %,
respectively.

Unpublished data exploring neoadjuvant
SBRT in borderline and locally advanced patients
at Johns Hopkins University. Among 80 resected
patients with BRPC or LAPC, 33 received neo-
adjuvant chemotherapy alone and 47 received
induction chemotherapy followed by
SBRT. FOLFIRINOX-based chemotherapy was
administered to 63 and 45 % of the SBRT group

and chemotherapy group, respectively. The
majority (57 %) of SBRT patients were deemed
unresectable while only 24 % in the chemother-
apy alone group had LAPC (p=0.009).
Pancreaticoduodenectomy was performed in 68
% of patients who underwent SBRT vs. 85 % of
patients who received chemotherapy (p=NS). In
the SBRT group, the RO resection rate was 85 %
in BRPC and 89 % in LAPC vs. 48 % in BRPC
and 63 % in LAPC patients in the chemotherapy
group (p=NS). Node-negative resections were
achieved in 72 % of patients who received SBRT
(60 % in BRPC, 81 % in LAPC) vs. 42 % of
patients who received chemotherapy alone (40 %
in BRPC, 50 % in LAPC) (p=NS). The patho-
logic complete response rate was 13 % in the
SBRT group (10 % in BRPC, 15 % in LAPC) vs.
3 % in the chemo group (0 % in BRPC, 13 % in
LAPC) (p=NS). The near-pathologic complete
response rate, defined as microscopic foci of sin-
gle cells or groups of single cells of adenocarci-
noma, was 28 % in the SBRT group (25 % in
BRPC, 30 % in LAPC) vs. 12 % in the chemo-
therapy group (12 % in BRPC, 13 % in LAPC)
(»p=NS). Figures 8.2 and 8.3 demonstrate the
extensive treatment effect seen macroscopically
(Fig. 8.2) and microscopically (Fig. 8.3) in
patients who underwent neoadjuvant
SBRT. Further follow-up data is underway to
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Fig.8.2 Resected bivalve specimen has been sliced along
the pancreatic duct. The pancreas (the left side) looks
hyperemic. The tumor is located in the center. The

[

Fig.8.3 Microscopic evidence of (a) extensive treatment
effect observed following pancreas SBRT to a tumor that
was measured to be 3.8 cm in size, and (b) the presence of

determine the impact of these pathologic out-
comes on survival.

Standard Treatment for Borderline
Resectable and Locally Advanced
Pancreatic Cancer

The morbidity and potential mortality associated
with surgical resection of BRPC and LAPC
implies that CRT or chemotherapy alone is the
only viable option for cure in these patients [12].
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upstream pancreas is to the right (towards the spleen). The
dilated pancreatic duct and the stroma appear to be edem-
atous. Courtesy of Ralph H. Hruban
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hemosiderin-laden macrophages (brown cells), inflamma-
tory cells that are suggestive of a reactive process follow-
ing therapy

Despite the completion of multiple studies on
this topic, no consensus regarding the optimal
course of management exists. The most recent
NCCN clinical practice guidelines recommend
enrollment onto a clinical trial as the first-line
option [2]. In patients with good performance
status, multi-agent chemotherapy followed by
CRT is considered appropriate.

Data supporting the above approach are
derived from decades of clinical trials dating
back to the 1980s [4, 5, 13—17]. Table 8.4 pres-
ents a selection of the clinical trials which have
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Table 8.4 Selected studies of locally advanced pancreatic cancer

Median survival

Study Number Treatments (months) P value
GITSG Moertel [13] 194 60 Gy vs. 60 Gy +5FU 5.7 vs. 10.1 or <0.01
(bolus) or 40 Gy +5FU 10.6
(B)
GITSG [14] 43 Streptozocin, MMC, 5FU | 8 vs. 10.5 <0.02
vs. 54Gy +5FU
(bolus) — Streptozocin,
MMC, 5FU
ECOG Klaassen [15] 91 SFU (bolus) vs. 40 8.2vs. 8.3 ns
Gy +5FU (bolus) — SFU
FFCD/SFRO Chauffert | 119 Gem vs. 60 Gy +5FU 13 vs. 8.6 0.03
[5] (continuous
infusion) + Cis - Gem
ECOG Loehrer [4] 74 Gem vs. 50.4 9.2 vs. 11 0.04
Gy+Gem — Gem
GERCOR Huguet [16]* | 181 Gem-based Chemo vs. 1.7 vs. 15 0.0009
Gem-based
Chemo — Chemorad
MDACC Krishnan [17]* | 323 Chemorad vs. Gem-based |8.5vs. 11.9 <0.001

Chemo — Chemorad

5FU 5-fluorouracil, MM C mitomycin-C, Gem gemcitabine, Cis cisplatin, Chemo chemotherapy, Chemorad radiation in

concurrence with SFU, Gem, or capecitabine
*Retrospective studies

investigated the role of standard fractionated
radiation in LAPC. As is evidenced by the table,
the survival of patients has not progressed dra-
matically despite the numerous advances in che-
motherapy agents and radiation technology in the
last three decades.

The most significant debate in the appropriate
management of patients with BRPC and LAPC
centers on the role of radiation in this disease. Some
studies have demonstrated a survival decrement
with the application of radiation therapy in this
patient population. However, these studies suffer
from major drawbacks, including poor radiation
quality assurance, excess radiation dose, unclear
dose constraints for adjacent critical structures, and
the use of “split-course” radiation in which a
2-week treatment break is part of the planned
course of treatment. Other studies have shown a
potential benefit for radiotherapy [4]. However, a
major criticism of all these data is the utilization of
outdated or ineffective chemotherapy.

A more modern approach to the treatment of
this disease has been to use combination chemo-
therapy with either FOLFIRINOX or gem-

citabine with nab-paclitaxel [18-20]. These two
combination chemotherapeutic regimens have
demonstrated a survival benefit in comparison to
gemcitabine alone, albeit in the metastatic set-
ting. In BRPC and LAPC, the current NCCN
guidelines recommend either single-agent
gemcitabine or combination chemotherapy, with
CRT preferred following a course of initial che-
motherapy. SBRT is listed as an option, though
its use is encouraged as part of enrollment on a
clinical trial [2].

Stereotactic Body Radiation
Therapy

Traditional radiotherapy has been delivered in
small daily fractions to take advantage of the
ability of normal human tissue to repair radiation
more quickly than tumor tissue. This “therapeutic
window” is particularly critical in anatomical
locations prone to severe, irreparable radiation
damage [7]. One of the dangers of using high-
dose-per-fraction radiation is the risk of over-
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whelming the therapeutic window and damaging
sensitive adjacent normal tissues without precise
targeting of the tumor [21, 22]. However, the
development of advanced radiotherapy tech-
niques in the last two decades has dramatically
changed the landscape of radiation oncology [6].
SBRT is defined as the use of intensity modu-
lation, image guidance, tumor motion control,
and stereotactic targeting to deliver a high dose of
radiation to the tumor in five or less fractions [6].
Each of the aforementioned techniques and tech-
nological developments contributed to the ability
to use this type of treatment. Image guidance
ensures that the tumor and/or fiducial or stent is
visualized at the time of each treatment, allowing
for reduced treatment margins (thereby reducing
normal tissue exposure). Whereas treatment mar-
gins had historically been measured in centime-
ters, the use of this technology has reduced these
margins to only a few millimeters (mm) [6].
SBRT was first used to treat intracranial neo-
plasms [23]. Later, this was expanded to extracra-
nial sites, particularly with early stage lung
cancer, demonstrating outstanding local control,
virtually absent acute (<3 months) toxicity, and
minimal chronic (>3 months) toxicity [24]. By
nature of its “parallel” normal tissue unit arrange-
ment, lung tissue benefits from being able to
receive an ablative dose to one region without
compromising the overall function of the organ.
In contrast, the perceived risk of using SBRT
in locations abutting normal tissues with a
“serial” arrangement of normal tissues, including
the small bowel and stomach as seen with the
pancreas, is more concerning. Consequently,
SBRT to areas within the abdomen and pelvis
have been adopted with much more caution [6].
Without a firm understanding of the dose con-
straints of these sensitive organs at risk (OARs),
practitioners have been hesitant to use ablative
doses of radiation in this region. As data has
emerged from groups that have utilized this
approach, a stronger understanding of the dose
tolerance of the small bowel and stomach has led
to the widespread adoption of SBRT in the infra-
diaphragmatic space [25]. An analysis of patterns
of care of radiation delivery from 39 centers in
the United States indicates that the use of SBRT

for pancreatic cancer is increasing, but still repre-
sents a relatively small absolute value [25].

In the following sections, the clinical results,
toxicities, and techniques for the safe and effec-
tive utilization of pancreas SBRT are described.

Clinical Trials Utilizing SBRT

for Borderline Resectable

and Locally Advanced Pancreatic
Cancer

In the last decade, retrospective reports and pro-
spective clinical trials have supported the use of
pancreas SBRT as a potent method for providing
excellent tumor control, increasing resectability
rates, and improving surgical outcomes in
patients with BRPC and LAPC (Table 8.5) [26—
40]. However, heterogeneity in selection criteria,
patient immobilization technique, radiation dose,
radiation planning techniques, and radiation
delivery devices limit direct comparisons
between these studies.

The first published data using SBRT in pan-
creatic cancer was from researchers at Stanford
University [26]. Koong and colleagues described
their experience treating 15 patients with LAPC
using a CyberKnife (Accuray Inc, Sunnyvale,
CA, USA) linear accelerator. Two patients had
previously received conventionally fractionated
radiation to a dose of 50 Gy. This phase I dose
escalation study planned to increase radiation
dose from 15 to 25 Gy in a single fraction if
patients met predefined toxicity criteria at 12
weeks. Three patients were treated at 15 Gy in
one fraction, five patients at 20 Gy in one frac-
tion, and seven patients at 25 Gy in one fraction.
Even at the highest dose level, no grade 3 or
greater acute toxicity was observed. With a
median follow-up of 5 months, no local failures
were observed, though this may be a consequence
of the short median follow-up interval. The
median survival noted in the study was 11 months
and, in that time, only acute grade 2 or less toxic-
ity was observed.

Shortly thereafter, researchers from Aarhus
University in Denmark published their experi-
ence with linear accelerator (Linac)-based SBRT
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[27]. Their phase I trial used three fractions of
15 Gy each in 22 patients with LAPC. The results
of this trial were significantly inferior to the local
control rate and overall survival seen in the afore-
mentioned Stanford study. Local control was
only achieved in 57 % of patients, and median
overall survival was 5.4 months (vs. 11 months in
the Stanford study). Finally, when assessing
patient tolerability of this regimen, a much higher
toxicity rate was seen, with 79 % of patients
experiencing a grade 2 or greater toxicity.

Considering the starkly different results for
both trials using the same disease and treatment, a
comparison of the treatment technique in both sets
of clinical trials must be performed. In the 2004
Stanford study, the breath-hold technique was
used to account for tumor motion during respira-
tion. Each dose of radiation was delivered during
deep inspiration only, allowing for small tumor
margins of 2.5 mm [26]. However, in the 2005
Aarhus analysis, abdominal compression was uti-
lized, and the tumor margins were much larger:
10 mm in the cranio-caudal dimension and 5 mm
in the transverse dimension [27]. Additionally,
whereas implanted fiducials within the tumor
were used to target the lesion during treatment in
the Stanford trial, this was not performed in the
Aarhus trial [26, 27]. Based on interpretation of
these two sets of data, the recommendation for the
implementation of SBRT in pancreatic cancer has
been to use both tumor motion management strat-
egies as well as image guidance to optimally tar-
get the lesion and limit margins to <5 mm. This
has limited untoward treatment-related toxicity
and improved oncologic outcomes.

The largest prospective experience in pan-
creas SBRT has recently been published [40].
This multi-institutional phase II trial included
patients treated at three major academic centers
and accrued 49 LAPC patients. All patients were
allowed up to 3 doses of gemcitabine (to allow
time for SBRT simulation and planning), fol-
lowed by a five-fraction SBRT regimen to a total
cumulative dose of 33 Gy (6.6 Gy per fraction)
delivered over a maximum of 2 weeks. While
direct comparison to prior trials can be challeng-
ing, the median overall survival of 13.9 months
seen in this trial is superior to other published
studies. Despite including only patients with
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LAPC, 18 % of patients survived 2 years or lon-
ger from the date of diagnosis. The local control
rate was equally impressive; the 1-year freedom
from local progression was 78 %.

A large retrospective series of patients treated
with pancreas SBRT has been published by
investigators from Johns Hopkins University
[39]. Eighty-eight patients with both BRPC and
LAPC were treated with five-fraction SBRT
treated to a total dose of 33 Gy. Of these 88
patients, 14 had BRPC and 74 had LAPC, and 32
(80 %) of the 74 patients with LAPC were treated
on the aforementioned multi-institutional clinical
trial. All patients had an ECOG performance sta-
tus of 0 or 1. Prior to radiation, the vast majority
of patients were treated with gemcitabine-based
or FOLFIRINOX chemotherapy. Survival from
diagnosis for the entire cohort was 18.4 months,
specifically 18.4 months for patients with LAPC
and 14.4 months for patients with BRPC. As with
the multi-institutional trial, SBRT appeared to
significantly improve local control, with median
local progression-free survival found to be 13.9
months. However, the overall progression-free
survival in this study was 9.8 months, demon-
strating that distant failure continues to be a
major detriment in this patient population.

A decade worth of published data demonstrates
that SBRT in BRPC and LAPC is effective in pro-
viding local tumor control, and in some cases, sig-
nificant patient longevity. However, the matter of
patient safety remains critical in deciding whether
or not this treatment is appropriate to supplant the
role of standard dose and fractionation radiation.

Stereotactic Body Radiation
Therapy and Treatment-Related
Toxicity

To determine the safety profile of SBRT in pan-
creatic cancer, the most severe toxicities from the
published studies should be analyzed.

Standard radiotherapy for pancreatic cancer, in
which up to 6 weeks of daily fractionated radiation
are delivered, is accompanied by fairly significant
toxicity, most commonly gastrointestinal and
hematologic, throughout the duration of treatment
[4]. Indeed, early radiotherapy trials that demon-
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strated inferior outcomes with the application of
adjuvant radiation included a mandatory 2-week
treatment break due to known treatment toxicity
[41]. Due to the exquisite radiosensitivity of the
gastrointestinal tract, the proximity of the stomach,
small bowel, and large bowel presents a significant
challenge for delivering radiation in the acute set-
ting. However, fractionated treatment maintains
the integrity of the gastrointestinal tract by limiting
the dose to critical structures below an established
threshold. Chronic devastating toxicity, including
gastrointestinal obstruction, ulcer, and perforation,
may generally be avoided with fractionation.

While SBRT may allow for limited acute tox-
icity due to the completion of radiation within
3-5 treatments, the initial concerns from the
greater radiation oncology community have been
the risk of potentially lethal late toxicities result-
ing from a higher BED to sensitive gastrointesti-
nal structures [21, 22]. However, the published
data demonstrate that, by and large, SBRT can be
completed with minimal acute and late to