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 Over the past decade, great efforts have been made toward refi ning the clini-
cal systems used to stage localized pancreatic cancer. As the benefi ts 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 infi ltrative 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 signifi cant 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 diffi cult 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-
vate and inspire us on a daily basis.  

  Houston, TX     Matthew     H.  G.     Katz   
 Cincinnati, OH     Syed     A.     Ahmad    
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            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 ]. 

 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 classifi ed as having no evi-
dence of microscopic tumor deposits at or within 
1 mm of the inked margins (R0) 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 (R0) resection is signifi cantly 
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 
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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 R0 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, 
specifi cally 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 ]. 

 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 benefi t 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 R0 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 Defi nition 

 Because one of the critical determinations in the 
work-up of each patient with localized pancreatic 
cancer is the potential of undergoing a R0 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 
specifi cally 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-fi rst approach, 
patients with BRPC—in contrast to patients with 
resectable tumors—may benefi t from multimo-
dality therapy prior to intended resection. 

 One of the diffi culties in attempting to pre-
cisely defi ne BRPC is that the defi nition of what 
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constitutes a tumor in which an R0 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 defi ning BRPC challenging, but also 
making the interpretation of overall prognosis 
and treatment options very diffi cult. Only one 
multi-institutional prospective trial has been 
attempted to specifi cally study patients with 
BRPC; however, it closed prematurely from a 
lack of accrual due to a poorly defi ned 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 defi nition 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 

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 classifi ed 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 
confl uence. 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 
defi ning which patients have resectable, border-
line resectable, or locally advanced disease, sev-
eral entities have provided defi nitions 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 ).

    Table 1.1    Resectable pancreatic cancer defi nitions   

 MDACC  AHPBA/SSO/SSAT  NCCN 

 Celiac axis (CA)  No extension  Clear fat plane around CA  No contact 

 Common hepatic artery 
(CHA) 

 No extension  Clear fat plane around CHA  No contact 

 Superior mesenteric 
artery (SMA) 

 No extension; normal fat 
plane between tumor and 
SMA 

 Clear fat plane around SMA  No contact 

 Superior mesenteric 
vein-portal vein 
(SMV–PV) confl uence 

 Abutment or encasement 
with patent vessels (no 
occlusion) 

 No abutment, distortion, tumor 
thrombus, or encasement 

 No contact OR ≤180 °  
contact without vein 
contour irregularity 

   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  
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       Defi nitions 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 
confl uence in which an R0 resection is still pos-
sible, albeit with vascular resection and recon-
struction. For example, the defi nition used at 
MDACC considers tumors resectable if there is 
abutment of the SMV–PV with patent vessels (no 
occlusion) [ 20 ]. The NCCN defi nition also clas-
sifi es as resectable any tumor with ≤180° contact 
of the SMV–PV but without any vein contour 
irregularity [ 21 ] (Table  1.1 , Fig.  1.1 ).

       Defi nitions of Locally Advanced 
Disease 

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

zero. For example, according to the MDACC 
defi nition, 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 fi rst jejunal 
vein draining into the SMV or an unreconstruc-
table SMV–PV confl uence. Tumors with >180° 
contact with the SMA, CA, or contact the fi rst 
jejunal arterial SMA branch are also considered 
locally advanced. Body and tail tumors are con-
sidered locally advanced if the SMV–PV confl u-
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 ).

         Defi nitions of Borderline Resectable 
Disease 

 The defi nition of  borderline resectable (BRPC)  , 
fi rst termed  marginally  resectable, was fi rst 
described in 2001 in a prospective case series by 
Mehta et al. and was intended to describe patients 

  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       
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   Table 1.2    Locally advanced (unresectable) pancreatic cancer defi nitions   

 MDACC  AHPBA/SSO/SSAT  NCCN 

 Celiac axis (CA)  Encasement  Abutment or encasement  Contact >180 °  

 Common hepatic 
artery (CHA) 

 Encasement with no technical 
option for reconstruction 

 Encasement with 
extension to celiac axis 

 Contact with extension to CA 
or bifurcation 

 Superior mesenteric 
artery (SMA) 

 Encasement >180 °   Encasement >180 °   Contact >180° or contact with 
fi rst jejunal SMA branch 

 Superior mesenteric 
vein-portal vein 
(SMV–PV) 
confl uence 

 Occluded and no technical 
option for reconstruction 

 Occlusion without options 
for reconstruction 

 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    CT scan of a 
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)       
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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 fi rst 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 classifi cation 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 defi nition 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 defi nition has been 
used uniformly.

      The most recent NCCN guidelines outline a 
defi nition 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   defi nition published in 2006 
allows for short segment occlusion of the SMV–

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 defi nitions 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 fi ndings 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 defi ne 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 defi nition for the subset of patients 
with BRPC [ 24 ]. This group endorses the NCCN 
criteria for the defi nition, based on preoperative 
CT imaging performed within 4 weeks of consid-
eration for resection. Consistent with NCCN, the 
ISGPS classifi cation 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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Group, (SWOG) Alliance for Clinical Trials in 
Oncology, Eastern Cooperative Oncology Group 
(ECOG), and Radiation Therapy Oncology 
Group (RTOG), proposed a precise defi nition 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 

study of BRPC using a modifi ed 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 defi nition based on objective 
data derived from standard CT imaging and sug-
gested avoidance of subjective or imprecise 

  Fig. 1.4    CT scan 
demonstrating a 
borderline resectable 
pancreatic 
adenocarcinoma with 
SMV 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       
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assessments of “impingement” or “abutment.” 
This defi nition 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 defi nitions 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 R0 resection and defi ne borderline 
resectable disease. In 1991, Ishikawa et al. pub-
lished a classifi cation system of SMV–PV 
involvement based on the portal phase of preop-
erative arteriography [ 27 ]. Invasion of the SMV–
PV was classifi ed as Type (I) normal, (II) 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 defi nitions to 
evaluate the effect of neoadjuvant chemoradia-
tion therapy among patients with SMV–PV 
involvement [ 28 ]. Preoperative therapy was asso-
ciated with improved R0 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 classifi cations: (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 

  Fig. 1.6    CT scan 
demonstrating a 
borderline resectable 
pancreatic 
adenocarcinoma with 
SMV abutment of 
approximately 180° at 
the base of the 
mesentery and haziness 
around the SMA       
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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. Specifi cally, 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 Classifi cation Systems 

 Although the various anatomic defi nitions are 
similar, there are several important differences 
among them. Unfortunately, it is very diffi cult to 
ascertain which defi nition 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 defi nition. 

 By defi nition, 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 defi ni-
tion of BRPC. 

 Among recent studies using the NCCN con-
sensus defi nition, 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 defi nition range between 18 and 46 % 
after completion of neoadjuvant therapy [ 26 ,  32 , 
 33 ]. In a study comparing rates using both the 
AHPBA/SSO/SSAT defi nition and the MD 
Anderson defi nition among the same study popu-
lation, resection rates differed signifi cantly at 84 
% and 78 %, respectively [ 34 ]. Given that the 
AHPBA/SSO/SSAT defi nition 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-

ing that resection rates differ. Additionally, MD 
Anderson defi nition allows for a greater extent of 
arterial involvement, specifi cally abutment of the 
celiac artery, compared to the AHPBA/SSO/
SSAT defi nition. 

 Of equal importance, the neoadjuvant treat-
ment regimens differed signifi cantly across these 
studies which adds another signifi cant con-
founder, further limiting comparisons of the vari-
ous defi nitions.  

    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, 
a replaced CHA can arise from the SMA and fol-
low a similar path. 

 Although not specifi cally addressed in the 
contemporary defi nitions 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 
defi nitions 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 benefi t 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 defi nition appears 
fairly straightforward, the precise defi nition of 
BRPC remains somewhat subjective. While the 
various defi nitions 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 defi nitions is 
nearly impossible. The recently completed 
Alliance pilot trial used a more objective defi ni-
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 defi nition of BRPC.     
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            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 classifi cation 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 defi ne border-
line resectable and locally advanced pancreatic 
cancer, both tumor staging and evaluation of local 
extent of disease for potential resectability are 
based on fi ndings seen on cross- sectional imaging, 
primarily contrast-enhanced multidetector com-
puted tomography (MDCT) and magnetic reso-
nance imaging (MRI).  

    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 diffi cult to eluci-
date and visualization of the entirety of the pan-
creas is diffi cult 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 fi nding 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 
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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 

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 

  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 

( 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       
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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- 

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 diffi cult 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 diffi cult; 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 

  Fig. 2.2     Pancreatic 
adenocarcinoma in the 
  uncinate process 
( arrowhead ) appears 
hypodense in 
comparison to the 
normal parenchyma 
( arrow )       
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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 
defi ned 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 specifi c 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 benefi cial 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 defi nition of 
borderline resectable tumors includes those 

tumors where arterial or venous resection and 
reconstruction are being considered, assessment 
of longitudinal extent of tumor along the portal vein, 

  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 

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 )       
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superior mesenteric vein, and artery and hepatic 
artery should also be noted [ 3 ].

      The defi nition of borderline resectable tumor is 
under some debate with at least three prevailing 
defi nitions, the AHPBA/SSO/SSAT consensus 
conference [ 6 ], the NCCN 2014 guidelines [ 4 ], 
and the Intergroup study [ 5 ]. The most recent 

2014 NCCN guidelines acknowledge the need 
for more restrictive defi nitions of borderline 
resectable tumors in clinical trials [ 4 ]. 

 Pancreatic adenocarcinoma may also directly 
extend to involve adjacent structures, including 
adjacent bowel, mesentery, spleen, kidneys, adre-
nal glands, aorta, and inferior vena cava (Fig.  2.10 ). 

  Fig. 2.5    The pancreatic 
 head mass   ( arrow ) 
appears relatively 
hyperdense due to fatty 
infi ltration 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       
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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 diffi cult to charac-
terize [ 14 ]. Evaluation for adenopathy is based on 

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 diffi cult to visu-
alize by imaging [ 3 ,  23 ].  

  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 )       
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         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 

  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 )       

  Fig. 2.10    Pancreatic adenocarcinoma with extension into  the   small bowel mesentery ( a ,  arrowheads ) and into the 
posterior gastric wall ( b ,  arrow )       
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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 

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 

  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 fl uid is 
also present       

 

 

K.A. Choe and N.M. McDonald



25

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 benefi t 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 

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 ].  

  Fig. 2.13    Fat-suppressed 
T1 weighted spoiled 
gradient echo image 
demonstrates bright T1 
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 ) 

is isointense to slightly hypointense to the pancreas. 
A dilated pancreatic duct ( arrow ) is seen       
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  Fig. 2.15    3D MRCP 
image demonstrates the 
level of biliary and 
pancreatic ductal 
dilation ( arrows )       

  Fig. 2.16     Arterial phase   ( a ) and portal venous phase ( b ) images of a normal pancreas with homogeneous enhancement       

  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 
tumor is now visible on the contrast-enhanced study ( b , 
 arrows ). The small hypointense focus ( arrowhead ) seen 

posterior to the tumor is shown to represent a dilated pan-
creatic ductal sidebranch on the T2 weighted image ( c )       

  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       

 

 

2 Imaging Evaluation of Borderline Pancreatic Cancer



28

       Positron Emission Tomography/
Computed Tomography 

 At this time,  18 fl uorodeoxyglucose (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 ].  18 FDG uptake by 
the tumor limits also evaluation of the local tissues 
[ 10 ,  37 ]. The role of  18 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 
fi brosis (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 R0 resection. However, decreasing tumor 
size was not signifi cantly associated with an R0 
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 fi ndings [ 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 

  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 )       
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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 benefi cial 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 specifi cally, 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 

tomography (Fig.  3.1 ). However,  widespread 
  acceptance of EUS has largely been due to the 
emergence of the linear array echoendoscope. 
The rapid refi nement 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 fi ne- 
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 confi rmation is implicit. 
Initial primary staging, followed by FNA of 
either the pancreatic mass itself or of lymph 
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nodes, to the ultimate ability to deem the patient 
as having unfortunate distant metastasis to 
organs such as the liver via tissue confi rmation 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 

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 
specifi cally 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 fi rst 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 

  Fig. 3.1    Normal anatomy of the pancreas using a linear 
echoendoscope ( a ) head of the pancreas with the SMV/
PV confl uence. ( b ) Body of the pancreas with the main 

pancreatic duct ( c ) imaging of the celiac trunk and celiac 
artery take-off       
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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. Specifi c EUS criteria for vascular invasion 
were defi ned as direct visualization of loss of 

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 

  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 

left lobe of the liver ( c ) cytology from the liver showing 
large, irregular cells consistent with metastatic 
adenocarcinoma       
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suggested vascular compression rather than vas-
cular invasion. One patient was incorrectly clas-
sifi ed 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 identifi ed 88 % of 
patients whereas CT correctly identifi ed 92 % of 
patients. In the 28 unresectable pancreatic tumors 
in the patients recommended for surgery, EUS 
and CT correctly identifi ed 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 fi eld 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 ]. Rösch and colleagues showed videotapes of 
75 patients with cancer involving the pancreatic 
head and asked to assess for involvement of either 
the portal vein confl uence, superior mesenteric 
vein, or the celiac axis. The investigators with-
held clinical information from the EUS experts to 
exclude potential bias. The sensitivity and 

  Fig. 3.3    ( a ) Linear EUS image of an approximately 1.6 × 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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specifi city 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 confl uence was the only 
vascular system that could be properly visual-
ized. A more recent study from Aslanian and col-
leagues compared EUS with surgical fi ndings of 
vascular adherence and the pathology fi nding of 
vascular invasion among patients undergoing 
resection of pancreatic masses [ 12 ].  Vascular 
adherence   was defi ned as tumor adherence 
requiring vascular resection and vascular inva-
sion was defi ned 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, specifi city, 
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 Rösch’s study, Aslanian and 
colleagues found that the NPV rose to 90 % for 
vascular adherence if only the portal confl uence 
was considered. 

 An in-depth evaluation of the ability of EUS 
and CT to predict an R0 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 R0 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 defi nitions 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, specifi city, 
PPV, NPV, and accuracy of 79 %, 69 %, 73 %, 
75 %, and 74 %, respectively. In line with other 
studies, Bao and colleagues noted that EUS fi nd-
ings of arterial involvement were inaccurate, 
with three of six patients achieving an R0 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 specifi cally 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 
fi ndings 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 fi rst-line modality for detec-
tion and staging when pancreatic cancer is sus-
pected [ 20 ,  21 ]. Meta-analyses comparing these 
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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 

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 fi nding 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 

  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 

mass due to portal vein invasion. A pancreatic stent is 
noted within the mass. (Images courtesy of Dr. Shyam 
Varadarajulu)       
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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 infl ammatory or auto-
immune) can often be diffi cult to distinguish on 
imaging, thus, necessitating an FNA. Intravenous 
US agents consist of microbubbles fi lled 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 fl ow 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, specifi city, 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 specifi cally 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 infl ammatory 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 fi ll 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 fi rmness 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 infl ammatory 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 
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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 fi nd-
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 magnifi cation such that the endoscopic images 

  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)       
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resemble  light   microscopy with resolution of 
approximately 1 μm [ 45 ]. Tissue illumination via a 
laser and subsequent detection of the fl uorescence 
of light refl ected 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 
infl ammatory 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 fi ber can be as 
small as 300 μm. Such a small diameter fi ber can be 
used to image the pancreatic duct, bile duct, and be 
inserted through the fi ne-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 Кappa coeffi cient 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 specifi c 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 %, specifi city of 75 %, and 
accuracy of 86 % in 33 patients.

   Further advancement and refi nement using 
pCLE technology has led to the development of a 
prototype new confocal miniprobe that is fl exible 
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 (1-pancreatic endo-
crine tumor; 1-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-
fi city 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) p rovides 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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tive trials, EGBD appears to allow an alternative 
technical approach for relieving biliary obstruc-
tion in select centers and with great caution.

       EUS-Guided Fiducial Placement 

 In recent years,  the   development of  image-
guided radiation technique (IGRT)   has allowed 
the delivery of precisely aimed radiation beams 

  Fig. 3.6    ( a ) confocal laser endomicroscopy of pancreatic adenocarcinoma and ( b ) pancreatic neuroendocrine tumor 
(Images courtesy of Dr. Mark Giovannini)       
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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 
cholangiography and biliary drainage after unsuccessful 
ERCP ( a ) EUS image of an approximately 2.0 cm, dilated 
CBD ( b ) EUS image of dilated intrahepatic ducts ( c ) fl uo-
roscopic image of EUS-guided puncture of CBD and con-

trast injection ( d ) Puncture of CBD with a 19-g EUS 
needle ( e ) fl uoroscopic image of guidewire placement via 
a 19-g EUS needle and antegrade passage of wire through 
the ( f ) papilla ( g ) deployment of metal biliary stent         
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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-

fi cations 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-

G. Mishra and R. Pawa



43

to tumors with great accuracy, thereby minimiz-
ing damage to the surrounding organs [ 70 ]. This 
is achieved by implantation of fi ducials (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 fi ducials measure 
3–5 mm in length and 0.8–1.2 mm in diameter. 
The new smaller, longer fi ducial markers are 
10 mm in length and 0.35 mm in diameter. To 
enable appropriate fi ducial tracking by the 
CyberKnife system (Accuracy, Sunnyvale, 
Calif), it is recommended to place fi ducials with 
“ideal fi ducial geometry,” i.e., at least 3 fi ducials 
with a minimum interfi ducial distance >2 cm, 
minimum interfi ducial angle >15°, and non-col-
linear placement in the imaging plane [ 71 ]. 
Traditionally, fi ducial 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 fi ducial 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, fi ducial 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 × 5.0 mm fi ducials 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 fi ducials 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 fi eld of 
EUS-guided fi ne-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- 

  Fig. 3.9    ( a ) Fluoroscopic images of EUS-guided fi ducial placement ( b ) fi nal location and placements of fi ducials 
(Courtesy of Dr Shyam Varadarajulu)       
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  Fig. 3.10    Schema of  EUS  -guided 
fi ne-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 fi rst 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 

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  Vector  Results 

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

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

 ONYX-015 in PC (Hecht et al. [ 77 ])  E1B-55-kDa gene-deleted 
replication-sensitive adenovirus that 
preferentially replicates and kills 
malignant cells 

 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 

 TNFerade in PC (Hect et al. [ 78 ])  Second-generation adenovector 
expressing cDNA to TNF. Maximal 
TNF secretion to XRT 

 EUS compared to CT or US ( n  = 50). 
Combined with 5-FU. Greater 
locoregional control, longer DFS, 
stable CA19-9, 45 % resection rate, 
improved median survival. Ongoing 
multicenter Phase II/III 

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

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

 6 patients treated with concurrent 
chemotherapy plus radiation. 
3 patients showed partial response 
and other 2 were downstaged to 
undergo surgical resection 

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

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

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

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

 Similar to above, second-generation 
adenovector 

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

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 fl uoroscopy 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 

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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 Could refi nement in technique by directly 
injecting into the celiac ganglion more effectively 
ameliorate the pain in pancreatic cancer (Fig.  3.11 )? 
The revelation that the celiac ganglion can be 
visualized and targeted via EUS-FNA safely, 
subsequently led to studies citing this approach 
as more effi cacious for controlling pain in pan-
creatic cancer [ 88 ,  89 ]. Although limited by the 
number of patients and duration of follow-up, 
Levy and colleagues reported a nearly 95 % com-
plete or partial response with regard to pain in 18 
patients with pancreatic cancer. Ascunce et al. 
performed a retrospective analysis of 64 patients 
with pancreatic cancer and found that visualiza-
tion of the celiac ganglia was the best predictor of 
response to EUS-CPN in pancreatic cancer (OR 
15.7;  p  < 0.001). Unfortunately, untoward side 
effects and complications have ranged from the 
mild (diarrhea, abdominal pain, hypotension) to 
serious (bleeding, abscess, ischemia, and even 
death) [ 90 ].

         References 

    1.    Shrikhande SV, Barreto SG, Goel M, Arya 
S. Multimodality imaging of pancreatic ductal adeno-
carcinoma: a review of the literature. HPB. 2012;
14(10):658–68.  

    2.    Mansfi eld SD, Scott J, Oppong K, Richardson DL, 
Sen G, Jaques BC, et al. Comparison of multislice 
computed tomography and endoscopic ultrasonogra-
phy with operative and histological fi ndings in sus-
pected pancreatic and periampullary malignancy. Br J 
Surg. 2008;95(12):1512–20.  

    3.    Tierney WM, Adler DG, Chand B, Conway JD, 
Croffi e JM, DiSario JA, et al. Echoendoscopes. 
Gastrointest Endosc. 2007;66(3):435–42.  

    4.    Kaul V, Adler DG, Conway JD, Farraye FA, 
Kantsevoy SV, Kethu SR, et al. Interventional EUS. 
Gastrointest Endosc. 2010;72(1):1–4.  

    5.    Michl P, Pauls S, Gress TM. Evidence-based diagno-
sis and staging of pancreatic cancer. Best Pract Res 
Clin Gastroenterol. 2006;20(2):227–51.  

    6.    Gress F, Savides T, Cummings O, Sherman S, Lehman 
G, Zaidi S, et al. Radial scanning and linear array 
endosonography for staging pancreatic cancer: a pro-
spective randomized comparison. Gastrointest 
Endosc. 1997;45(2):138–42.  

    7.    Seicean A, Badea R, Mocan T, Iancu C, Pop T, 
Seicean R, et al. Radial endoscopic ultrasonography 
in the preoperative staging of pancreatic cancer. 
J Gastrointestin Liver Dis. 2008;17(3):273–8.  

    8.    Fritscher-Ravens A, Knoefel WT, Krause C, Swain 
CP, Brandt L, Patel K. Three-dimensional linear endo-
scopic ultrasound-feasibility of a novel technique 
applied for the detection of vessel involvement of 
pancreatic masses. Am J Gastroenterol. 2005;100(6):
1296–302.  

    9.    DeWitt J, Devereaux B, Chriswell M, McGreevy K, 
Howard T, Imperiale TF, et al. Comparison of endo-
scopic ultrasonography and multidetector computed 
tomography for detecting and staging pancreatic can-
cer. Ann Intern Med. 2004;141(10):753–63.  

    10.    Rosch T, Dittler HJ, Strobel K, Meining A, 
Schusdziarra V, Lorenz R, et al. Endoscopic ultra-
sound criteria for vascular invasion in the staging of 
cancer of the head of the pancreas: a blind reevalua-
tion of videotapes. Gastrointest Endosc. 2000;52(4):
469–77.  

    11.    Ahmad NA, Lewis JD, Ginsberg GG, Rosato EF, 
Morris JB, Kochman ML. EUS in preoperative stag-
ing of pancreatic cancer. Gastrointest Endosc. 
2000;52(4):463–8.  

    12.    Aslanian H, Salem R, Lee J, Andersen D, Robert M, 
Topazian M. EUS diagnosis of vascular invasion in 

  Fig. 3.11    EUS image of ( a ) celiac ganglion ( b ) celiac plexus neurolysis into the celiac ganglion using a 19-g needle       

 

G. Mishra and R. Pawa



47

pancreatic cancer: surgical and histologic correlates. 
Am J Gastroenterol. 2005;100(6):1381–5.  

    13.    Bao PQ, Johnson JC, Lindsey EH, Schwartz DA, 
Arildsen RC, Grzeszczak E, et al. Endoscopic ultra-
sound and computed tomography predictors of pan-
creatic cancer resectability. J Gastrointest Surg. 
2008;12(1):10–6; discussion 16.  

    14.    Fusaroli P, Manta R, Fedeli P, Maltoni S, Grillo A, 
Giovannini E, et al. The infl uence of endoscopic 
biliary stents on the accuracy of endoscopic ultra-
sound for pancreatic head cancer staging. 
Endoscopy. 2007;39(9):813–7.  

    15.    Kim JJ, Walia S, Lee SH, Patel B, Vetsa M, Zhao Y, 
et al. Lower yield of endoscopic ultrasound-guided 
fi ne-needle aspiration in patients with pancreatic head 
mass with a biliary stent. Dig Dis Sci. 2015;
60(2):543–9.  

    16.    Siddiqui AA, Fein M, Kowalski TE, Loren DE, 
Eloubeidi MA. Comparison of the infl uence of plastic 
and fully covered metal biliary stents on the accuracy 
of EUS-FNA for the diagnosis of pancreatic cancer. 
Dig Dis Sci. 2012;57(9):2438–45.  

   17.    Fisher JM, Gordon SR, Gardner TB. The impact of 
prior biliary stenting on the accuracy and complica-
tion rate of endoscopic ultrasound fi ne-needle aspira-
tion for diagnosing pancreatic adenocarcinoma. 
Pancreas. 2011;40(1):21–4.  

   18.    Ranney N, Phadnis M, Trevino J, Ramesh J, Wilcox 
CM, Varadarajulu S. Impact of biliary stents on EUS- 
guided FNA of pancreatic mass lesions. Gastrointest 
Endosc. 2012;76(1):76–83.  

    19.    Shami VM, Mahajan A, Sundaram V, Davis EM, 
Loch MM, Kahaleh M. Endoscopic ultrasound stag-
ing is adversely affected by placement of a self- 
expandable metal stent: fact or fi ction? Pancreas. 
2008;37(4):396–8.  

    20.    Tamm EP, Bhosale PR, Vikram R, de Almeida Marcal 
LP, Balachandran A. Imaging of pancreatic ductal 
adenocarcinoma: state of the art. World J Radiol. 
2013;5(3):98–105.  

    21.    Wong JC, Lu DS. Staging of pancreatic adenocarci-
noma by imaging studies. Clin Gastroenterol Hepatol. 
2008;6(12):1301–8.  

    22.    Dewitt J, Devereaux BM, Lehman GA, Sherman S, 
Imperiale TF. Comparison of endoscopic ultrasound 
and computed tomography for the preoperative evalu-
ation of pancreatic cancer: a systematic review. Clin 
Gastroenterol Hepatol. 2006;4(6):717–25. quiz 664.  

   23.    Nawaz H, Fan CY, Kloke J, Khalid A, McGrath K, 
Landsittel D, et al. Performance characteristics of 
endoscopic ultrasound in the staging of pancreatic 
cancer: a meta-analysis. JOP. 2013;14(5):484–97.  

    24.    Yang R, Lu M, Qian X, Chen J, Li L, Wang J, et al. 
Diagnostic accuracy of EUS and CT of vascular 
 invasion in pancreatic cancer: a systematic review. 
J Cancer Res Clin Oncol. 2014;140(12):2077–86.  

    25.    De Angelis C, Brizzi RF, Pellicano R. Endoscopic ultra-
sonography for pancreatic cancer: current and future 
perspectives. J Gastrointest Oncol. 2013;4(2):220–30.  

    26.    De Angelis C, Manfre SF, Pellicano R. Endoscopic 
ultrasonography for diagnosis and staging of pancre-

atic adenocarcinoma: key messages for clinicians. 
Minerva Med. 2014;105(2):121–8.  

    27.    Klapman JB, Chang KJ, Lee JG, Nguyen P. Negative 
predictive value of endoscopic ultrasound in a large 
series of patients with a clinical suspicion of pancreatic 
cancer. Am J Gastroenterol. 2005;100(12):2658–61.  

   28.    Helmstaedter L, Riemann JF. Pancreatic cancer—EUS 
and early diagnosis. Langenbecks Arch Surg. 2008;
393(6):923–7.  

   29.    Catanzaro A, Richardson S, Veloso H, Isenberg GA, 
Wong RC, Sivak Jr MV, et al. Long-term follow-up of 
patients with clinically indeterminate suspicion of 
pancreatic cancer and normal EUS. Gastrointest 
Endosc. 2003;58(6):836–40.  

    30.    Tummala P, Munigala S, Eloubeidi MA, Agarwal 
B. Patients with obstructive jaundice and biliary stric-
ture +/− mass lesion on imaging: prevalence of malig-
nancy and potential role of EUS-FNA. J Clin 
Gastroenterol. 2013;47(6):532–7.  

    31.    Sanchez MV, Varadarajulu S, Napoleon B. EUS con-
trast agents: what is available, how do they work, 
and are they effective? Gastrointest Endosc. 2009;
69(2 Suppl):S71–7.  

    32.    Jang SI, Lee DK. Contrast-enhanced endoscopic 
ultrasonography: advance and current status. 
Ultrasonography. 2014;33(3):161–9.  

    33.    Napoleon B, Alvarez-Sanchez MV, Gincoul R, Pujol 
B, Lefort C, Lepilliez V, et al. Contrast-enhanced har-
monic endoscopic ultrasound in solid lesions of the 
pancreas: results of a pilot study. Endoscopy. 
2010;42(7):564–70.  

    34.   Fusaroli P, Spada A, Mancino MG, Caletti G. Contrast 
harmonic echo-endoscopic ultrasound improves accu-
racy in diagnosis of solid pancreatic masses. Clin 
Gastroenterol Hepatol. 2010;8(7):629–34.e1-2.  

    35.    Park JS, Kim HK, Bang BW, Kim SG, Jeong S, Lee 
DH. Effectiveness of contrast-enhanced harmonic 
endoscopic ultrasound for the evaluation of solid pan-
creatic masses. World J Gastroenterol. 2014;20(2):
518–24.  

    36.    Iglesias Garcia J, Dominguez-Munoz JE. Endoscopic 
ultrasound-guided biopsy for the evaluation of pan-
creatic tumors. Gastroenterol Hepatol. 2007;30(10):
597–601.  

   37.    DeWitt J, McGreevy K, Sherman S, LeBlanc J. Utility 
of a repeated EUS at a tertiary-referral center. 
Gastrointest Endosc. 2008;67(4):610–9.  

    38.    Varadarajulu S, Tamhane A, Eloubeidi MA. Yield of 
EUS-guided FNA of pancreatic masses in the pres-
ence or the absence of chronic pancreatitis. 
Gastrointest Endosc. 2005;62(5):728–36; quiz 51, 53.  

    39.    Giovannini M, Hookey LC, Bories E, Pesenti C, 
Monges G, Delpero JR. Endoscopic ultrasound elastog-
raphy: the fi rst step towards virtual biopsy? Preliminary 
results in 49 patients. Endoscopy. 2006;38(4):344–8.  

      40.    Dawwas MF, Taha H, Leeds JS, Nayar MK, Oppong 
KW. Diagnostic accuracy of quantitative EUS 
elastography for discriminating malignant from 
benign solid pancreatic masses: a prospective, single-
center study. Gastrointest Endosc. 2012;
76(5):953–61.  

3 Endoscopic Ultrasonography: Staging and Therapeutic Interventions



48

    41.    Figueiredo FA, da Silva PM, Monges G, Bories E, 
Pesenti C, Caillol F, et al. Yield of contrast-enhanced 
power doppler endoscopic ultrasonography and strain 
ratio obtained by EUS-elastography in the diagnosis 
of focal pancreatic solid lesions. Endosc Ultrasound. 
2012;1(3):143–9.  

    42.    Iglesias-Garcia J, Larino-Noia J, Abdulkader I, 
Forteza J, Dominguez-Munoz JE. Quantitative endo-
scopic ultrasound elastography: an accurate method 
for the differentiation of solid pancreatic masses. 
Gastroenterology. 2010;139(4):1172–80.  

    43.    Li X, Xu W, Shi J, Lin Y, Zeng X. Endoscopic ultra-
sound elastography for differentiating between pan-
creatic adenocarcinoma and infl ammatory masses: a 
meta-analysis. World J Gastroenterol. 2013;19(37):
6284–91.  

    44.    Pei Q, Zou X, Zhang X, Chen M, Guo Y, Luo 
H. Diagnostic value of EUS elastography in differen-
tiation of benign and malignant solid pancreatic 
masses: a meta-analysis. Pancreatology. 2012;12(5):
402–8.  

     45.    Ussui VM, Wallace MB. Confocal endomicroscopy 
of colorectal polyps. Gastroenterol Res Pract. 
2012;2012:545679.  

    46.    Technology Committee ASGE. Confocal laser endo-
microscopy. Gastrointest Endosc. 2014;80(6):928–38.  

    47.    Kiesslich R, Goetz M, Vieth M, Galle PR, Neurath 
MF. Confocal laser endomicroscopy. Gastrointest 
Endosc Clin N Am. 2005;15(4):715–31.  

   48.    Kiesslich R, Gossner L, Goetz M, Dahlmann A, Vieth 
M, Stolte M, et al. In vivo histology of Barrett’s 
esophagus and associated neoplasia by confocal laser 
endomicroscopy. Clin Gastroenterol Hepatol. 2006;
4(8):979–87.  

   49.    Leung KK, Maru D, Abraham S, Hofstetter WL, 
Mehran R, Anandasabapathy S. Optical EMR: confo-
cal endomicroscopy-targeted EMR of focal high- 
grade dysplasia in Barrett’s esophagus. Gastrointest 
Endosc. 2009;69(1):170–2.  

   50.    Canto MI, Anandasabapathy S, Brugge W, Falk GW, 
Dunbar KB, Zhang Z, et al. In vivo endomicroscopy 
improves detection of Barrett’s esophagus-related 
neoplasia: a multicenter international randomized 
controlled trial (with video). Gastrointest Endosc. 
2014;79(2):211–21.  

    51.    Buchner AM, Wallace MB. In-vivo microscopy in the 
diagnosis of intestinal neoplasia and infl ammatory 
conditions. Histopathology. 2015;66(1):137–46.  

    52.    Wallace MB, Fockens P. Probe-based confocal laser 
endomicroscopy. Gastroenterology. 2009;136(5):
1509–13.  

    53.    Kahaleh M, Turner BG, Bezak K, Sharaiha RZ, 
Sarkaria S, Lieberman M, et al. Probe-based confocal 
laser endomicroscopy in the pancreatic duct provides 
direct visualization of ductal structures and aids in 
clinical management. Dig Liver Dis. 2014;47:202–4.  

    54.    Giovannini M, Bories E, Monges G, Pesenti C, Caillol 
F, Delpero JR. Results of a phase I–II study on intra-
ductal confocal microscopy (IDCM) in patients with 
common bile duct (CBD) stenosis. Surg Endosc. 
2011;25(7):2247–53.  

    55.    Becker V, Wallace MB, Fockens P, von Delius S, 
Woodward TA, Raimondo M, et al. Needle-based 
confocal endomicroscopy for in vivo histology of 
intra-abdominal organs: fi rst results in a porcine 
model (with videos). Gastrointest Endosc. 2010;
71(7):1260–6.  

     56.    Konda VJ, Aslanian HR, Wallace MB, Siddiqui UD, 
Hart J, Waxman I. First assessment of needle-based 
confocal laser endomicroscopy during EUS-FNA pro-
cedures of the pancreas (with videos). Gastrointest 
Endosc. 2011;74(5):1049–60.  

     57.    Konda VJ, Meining A, Jamil LH, Giovannini M, 
Hwang JH, Wallace MB, et al. A pilot study of in vivo 
identifi cation of pancreatic cystic neoplasms with 
needle-based confocal laser endomicroscopy under 
endosonographic guidance. Endoscopy. 2013;45(12):
1006–13.  

    58.    Voegeli DR, Crummy AB, Weese JL. Percutaneous 
transhepatic cholangiography, drainage, and biopsy in 
patients with malignant biliary obstruction. An alter-
native to surgery. Am J Surg. 1985;150(2):243–7.  

   59.    Artifon EL, Sakai P, Cunha JE, Dupont A, Filho FM, 
Hondo FY, et al. Surgery or endoscopy for palliation 
of biliary obstruction due to metastatic pancreatic 
cancer. Am J Gastroenterol. 2006;101(9):2031–7.  

    60.    Artifon EL, Aparicio D, Paione JB, Lo SK, Bordini A, 
Rabello C, et al. Biliary drainage in patients with 
unresectable, malignant obstruction where ERCP 
fails: endoscopic ultrasonography-guided choledo-
choduodenostomy versus percutaneous drainage. J 
Clin Gastroenterol. 2012;46(9):768–74.  

    61.    Sarkaria S, Lee HS, Gaidhane M, Kahaleh M. 
Advances in endoscopic ultrasound-guided biliary 
drainage: a comprehensive review. Gut Liver. 2013;
7(2):129–36.  

    62.    Khashab MA, Valeshabad AK, Modayil R, Widmer J, 
Saxena P, Idrees M, et al. EUS-guided biliary drain-
age by using a standardized approach for malignant 
biliary obstruction: rendezvous versus direct translu-
minal techniques (with videos). Gastrointest Endosc. 
2013;78(5):734–41.  

   63.    Kahaleh M, Hernandez AJ, Tokar J, Adams RB, 
Shami VM, Yeaton P. Interventional EUS-guided 
cholangiography: evaluation of a technique in evolu-
tion. Gastrointest Endosc. 2006;64(1):52–9.  

    64.    Savides TJ, Varadarajulu S, Palazzo L. EUS 2008 
Working Group document: evaluation of EUS-guided 
hepaticogastrostomy. Gastrointest Endosc. 2009;69(2 
Suppl):S3–7.  

    65.    Wiersema MJ, Sandusky D, Carr R, Wiersema LM, 
Erdel WC, Frederick PK. Endosonography-guided 
cholangiopancreatography. Gastrointest Endosc. 
1996;43(2 Pt 1):102–6.  

    66.    Giovannini M, Dotti M, Bories E, Moutardier V, 
Pesenti C, Danisi C, et al. Hepaticogastrostomy by 
echo-endoscopy as a palliative treatment in a patient 
with metastatic biliary obstruction. Endoscopy. 
2003;35(12):1076–8.  

    67.    Kahaleh M, Artifon EL, Perez-Miranda M, Gupta K, 
Itoi T, Binmoeller KF, et al. Endoscopic ultrasonogra-
phy guided biliary drainage: summary of consortium 

G. Mishra and R. Pawa



49

meeting, May 7th, 2011, Chicago. World J 
Gastroenterol. 2013;19(9):1372–9.  

    68.    Kumta NA, Kedia P, Kahaleh M. Endoscopic 
ultrasound- guided biliary drainage: an update. Curr 
Treat Options Gastroenterol. 2014;12(2):154–68.  

    69.    Khashab MA, Valeshabad AK, Afghani E, Singh VK, 
Kumbhari V, Messallam A, et al. A comparative evalua-
tion of EUS-guided biliary drainage and percutaneous 
drainage in patients with distal malignant biliary obstruc-
tion and failed ERCP. Dig Dis Sci. 2015;60(2):557–65.  

    70.    Goldstein SD, Ford EC, Duhon M, McNutt T, Wong J, 
Herman JM. Use of respiratory-correlated four- 
dimensional computed tomography to determine 
acceptable treatment margins for locally advanced 
pancreatic adenocarcinoma. Int J Radiat Oncol Biol 
Phys. 2010;76(2):597–602.  

    71.    Olender D. Fiducials for target localization. In: 
Heilbrun MP, editor. CyberKnife radiosurgery: a prac-
tical guide. Sunnyvale: CyberKnife Society; 2003. 
p. 80Y94.  

    72.    Park WG, Yan BM, Schellenberg D, Kim J, Chang 
DT, Koong A, et al. EUS-guided gold fi ducial inser-
tion for image-guided radiation therapy of pancreatic 
cancer: 50 successful cases without fl uoroscopy. 
Gastrointest Endosc. 2010;71(3):513–8.  

    73.    Sanders MK, Moser AJ, Khalid A, Fasanella KE, Zeh 
HJ, Burton S, et al. EUS-guided fi ducial placement 
for stereotactic body radiotherapy in locally advanced 
and recurrent pancreatic cancer. Gastrointest Endosc. 
2010;71(7):1178–84.  

    74.    Ammar T, Cote GA, Creach KM, Kohlmeier C, 
Parikh PJ, Azar RR. Fiducial placement for stereotac-
tic radiation by using EUS: feasibility when using a 
marker compatible with a standard 22-gauge needle. 
Gastrointest Endosc. 2010;71(3):630–3.  

    75.    Wallace MB, Sabbagh LC. EUS 2008 Working Group 
document: evaluation of EUS-guided tumor ablation. 
Gastrointest Endosc. 2009;69(2 Suppl):S59–63.  

      76.    Chang KJ, Nguyen PT, Thompson JA, Kurosaki TT, 
Casey LR, Leung EC, et al. Phase I clinical trial of 
allogeneic mixed lymphocyte culture (cytoimplant) 
delivered by endoscopic ultrasound-guided fi ne- 
needle injection in patients with advanced pancreatic 
carcinoma. Cancer. 2000;88(6):1325–35.  

    77.    Hecht JR, Bedford R, Abbruzzese JL, Lahoti S, Reid 
TR, Soetikno RM, et al. A phase I/II trial of intratu-
moral endoscopic ultrasound injection of ONYX-015 
with intravenous gemcitabine in unresectable pancre-
atic carcinoma. Clin Cancer Res. 2003;9(2):555–61.  

    78.    Hecht JR, Farrell JJ, Senzer N, Nemunaitis J, 
Rosemurgy A, Chung T, et al. EUS or percutaneously 
guided intratumoral TNFerade biologic with 
5- fl uorouracil and radiotherapy for fi rst-line treatment 
of locally advanced pancreatic cancer: a phase I/II 
study. Gastrointest Endosc. 2012;75(2):332–8.  

    79.    Hanna N, Ohana P, Konikoff FM, Leichtmann G, 
Hubert A, Appelbaum L, et al. Phase 1/2a, dose- 

escalation, safety, pharmacokinetic and preliminary 
effi cacy study of intratumoral administration of 
BC-819 in patients with unresectable pancreatic 
cancer. Cancer Gene Ther. 2012;19(6):374–81.  

    80.    Irisawa A, Takagi T, Kanazawa M, Ogata T, Sato Y, 
Takenoshita S, et al. Endoscopic ultrasound-guided 
fi ne-needle injection of immature dendritic cells into 
advanced pancreatic cancer refractory to gemcitabine: 
a pilot study. Pancreas. 2007;35(2):189–90.  

      81.    Herman JM, Wild AT, Wang H, Tran PT, Chang KJ, 
Taylor GE, et al. Randomized phase III multi- 
institutional study of TNFerade biologic with fl uoro-
uracil and radiotherapy for locally advanced 
pancreatic cancer: fi nal results. J Clin Oncol. 
2013;31(7):886–94.  

    82.    Collins D, Penman I, Mishra G, Draganov P. EUS- 
guided celiac block and neurolysis. Endoscopy. 
2006;38(9):935–9.  

    83.    Santosh D, Lakhtakia S, Gupta R, Reddy DN, Rao 
GV, Tandan M, et al. Clinical trial: a randomized trial 
comparing fl uoroscopy guided percutaneous tech-
nique vs. endoscopic ultrasound guided technique of 
coeliac plexus block for treatment of pain in chronic 
pancreatitis. Aliment Pharmacol Ther. 2009;
29(9):979–84.  

    84.    Gunaratnam NT, Sarma AV, Norton ID, Wiersema 
MJ. A prospective study of EUS-guided celiac plexus 
neurolysis for pancreatic cancer pain. Gastrointest 
Endosc. 2001;54(3):316–24.  

    85.    Penman ID, Rosch T. EUS 2008 Working Group doc-
ument: evaluation of EUS-guided celiac plexus neu-
rolysis/block (with video). Gastrointest Endosc. 
2009;69(2 Suppl):S28–31.  

    86.    Wyse JM, Carone M, Paquin SC, Usatii M, Sahai 
AV. Randomized, double-blind, controlled trial of 
early endoscopic ultrasound-guided celiac plexus 
neurolysis to prevent pain progression in patients with 
newly diagnosed, painful, inoperable pancreatic can-
cer. J Clin Oncol. 2011;29(26):3541–6.  

    87.   Arcidiacono PG, Calori G, Carrara S, McNicol ED, 
Testoni PA. Celiac plexus block for pancreatic cancer 
pain in adults. Cochrane Database Syst Rev. 
2011;(3):Cd007519.  

    88.    Ascunce G, Ribeiro A, Reis I, Rocha-Lima C, 
Sleeman D, Merchan J, et al. EUS visualization and 
direct celiac ganglia neurolysis predicts better pain 
relief in patients with pancreatic malignancy (with 
video). Gastrointest Endosc. 2011;73(2):267–74.  

    89.    Levy MJ, Topazian MD, Wiersema MJ, Clain JE, 
Rajan E, Wang KK, et al. Initial evaluation of the 
effi cacy and safety of endoscopic ultrasound-
guided direct Ganglia neurolysis and block. Am J 
Gastroenterol. 2008;103(1):98–103.  

    90.    O’Toole TM, Schmulewitz N. Complication rates of 
EUS-guided celiac plexus blockade and neurolysis: 
results of a large case series. Endoscopy. 2009;
41(7):593–7.      

3 Endoscopic Ultrasonography: Staging and Therapeutic Interventions



51© Springer International Publishing Switzerland 2016 
M.H.G. Katz, S.A. Ahmad (eds.), Multimodality Management of Borderline 
Resectable Pancreatic Cancer, DOI 10.1007/978-3-319-22780-1_4

      Endoscopic and Percutaneous 
Biliary Drainage Procedures: Role 
in Preoperative Management, 
Diagnosis, and Palliation       

     Milton     T.     Smith     

 4

            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 fi nding when the primary tumor is 
located in the tail of the pancreas and often 
refl ects metastatic disease. Surgical resection 

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 fl ow 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 
benefi cial 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 
orifi ce 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 fi lling 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 ERCP, 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 orifi ce of the major papilla. This fi nd-
ing is compatible with main-duct intraductal papillary 
neoplasm, a condition strongly associated with pancreatic 

ductal adenocarcinoma. ( b ) Pancreatogram revealing a 
long cast-like fi lling defect in the main pancreatic duct, 
refl ecting the presence of intraductal mucus. Also note the 
presence of a ductal stricture in the head of the pancreas       
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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-

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 defi nitive diagno-
sis of malignancy requires tissue confi rmation.

      Tissue sampling techniques   during ERCP 
include brush cytology, forceps biopsy, aspira-
tion of bile or pancreatic juice for cytology, or a 

  Fig. 4.2    ( a ) Endoscopic photograph of direct invasion of 
the duodenal wall caused by a pancreatic head mass. Note 
the uninvolved orifi ce of the major papilla seen down-

stream. ( b ) Standard forceps biopsies confi rmed 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 

obstruction of the common duct and pancreatic duct is 
highly suggestive of a mass lesion in the head of the 
pancreas       
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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 biofi lm 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 fi ne 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, fl uid 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 fi rst 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 

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 % specifi c [ 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 signifi cantly 
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 signifi cant 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 fi rst 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 defi nitive resection. 
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  Biliary obstruction   is associated with several 
deleterious effects. Animal studies have shown 
that obstructive jaundice leads to a proinfl amma-
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-

location and the occurrence of endotoxemia [ 20 ]. 
 Systemic endotoxemia   leads to impaired cellular 
immunity and increased concentrations of proin-
fl ammatory 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 

  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 

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       
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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 fl ow.   

    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 fl uoroscopic 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 
fl ow 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 signifi cant maintenance. 
External drains require periodic emptying, fl ush-
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 Tefl on. 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 biofi lm, sludge, as well as 
dietary fi bers [ 46 ] (Fig.  4.7 ); this leads to the 
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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-

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 

  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 

were unsuccessful. No contrast fl owed through the stric-
ture. ( c ) 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       
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compared stents composed of Tefl on 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.

  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 biofi lm and biliary sludge. High occlusion rates 
is a limiting factor in the use of plastic stents for preopera-
tive biliary decompression for pancreatic cancer       
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    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 diffi culties 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 
diffi culties 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) 

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 polytetrafl u-
oroethylene (PTFE), expanded polytetrafl uoro-
ethylene/fl uorinated 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 ]. Refl ux 
of duodenal contents into SEMS is also known to 
occur [ 65 ] and could potentially cause problems 

  Fig. 4.8    Various self-expandable metal 
biliary stents. ( a ) Uncovered Zilver 
(Cook) ( b ) uncovered Wallfl ex (Boston 
Scientifi c) ( c ) partially covered Wallstent 
(Boston Scientifi c) ( d ) partially covered 
Wallfl ex (Boston Scientifi c) ( e ) fully 
covered Wallfl ex (Boston Scientifi c) ( f ) 
fully covered Viabil (ConMed)       
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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, 

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 Wallfl ex). 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. 

  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-

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

 

4 Endoscopic and Percutaneous Biliary Drainage Procedures: Role in Preoperative…



62

showed no signifi cant 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 confl icting results. For example, 
two randomized multicenter trials found no dif-
ference in patency rates [ 70 ,  71 ]. Another ran-
domized trial showed longer patency with 

covered SEMS [ 72 ]. A meta-analysis concluded 
that covered SEMS have a signifi cantly 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 

  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 

tumor or tissue ingrowth through the interstices of the 
existing metal biliary stent. ( c ) A second SEMS was 
deployed within the existing SEMS with resolution of 
biliary obstruction       
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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 infi l-
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 fi rst report of EUS-BD 
by Giovannini et al. in 2001 [ 79 ], many groups 
have subsequently reported on the effi cacy 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 ].     

    Effi cacy of Preoperative Biliary 
Drainage 

  The  benefi t 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 signifi cantly 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 benefi t 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 signifi cantly 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 signifi cantly higher 
serious morbidity in the PBD group vs. the direct 
surgery group. The study concluded that there is 
not suffi cient evidence to support or refute rou-
tine PBD for patients with obstructive jaundice. 
Finally, a recent meta-analysis published in 2014 

   Table 4.1    Summary of meta-analyses evaluating the 
impact of PBD for biliary obstruction prior to 
pancreaticoduodenectomy   

 Author, year 
published 

 Types of 
studies 
evaluated  Conclusions 

 Sewnath, 2002  5 RCTs  – No benefi t of PBD 

 18 RS  –  Increased 
complications due 
to PBD 

 –  PBD not 
recommended 
routinely 

 Saleh, 2002  2 RCTs  –  No evidence that 
PBD has positive 
or negative effect on 
surgical outcome 

 8 RS 

 Velanovich, 
2009 

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

 15 RS 

 Garcea, 2010  6 RCTs  –  PBD caused 
bacterial 
contamination of 
bile and increased 
risk of wound 
infections 

 30 RS 

 Qiu, 2011  0 RCT  –  PBD had no effect 
on overall 
morbidity or 
mortality 

 14 RS 

 Fang, 2012  6 RCT  –  PBD increased risk 
of morbidity with 
no effect on 
mortality 

 0 RS  –  Evidence does not 
support or refute 
routine PBD 

 Sunm 2014  3 RCTs  –  PBD not associated 
with increased 
overall morbidity 
or mortality 

 11 RS  –  PBD duration 
<4 weeks increases 
morbidity 

 –  Use of PBD 
selectively 
(>4 weeks drainage 
duration and use 
SEMS rather than 
plastic stents) 

   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 signifi cantly 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 defi nitively demonstrated ben-
efi ts 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 
signifi cant variability in methodology, including 
older studies, making the data diffi cult 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 benefi t 
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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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 benefi t 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 

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 benefi t 
to some degree from treatment, particularly in 
terms of  progression-free survival  , there is still a 
relatively low probability of defi nitive 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.  

    Classifi cation 

 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 
classifi cation 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 refi ned recently by the 
Intergroup and widely adopted nationally and 
internationally for use in the pretreatment classi-
fi cation 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 classifi es a given tumor 
based on the presence or absence of identifi able 
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 
(R0) 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 defi ned by the AHPBA/SSO/
SSAT system, does identify patients that stand to 
benefi t 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-

quent R0 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 R0 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 fi rst 
study, 122 patients had their disease restaged 
after receiving preoperative therapy, with the 
fi nding 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 
 t  herapy, 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 signifi cantly 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 signifi cant postoperative 
complications [ 17 ]. The enhanced ability to 
 perform vascular reconstruction, in particular, 
has broadened the defi nition 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 
defi nitive, 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 defi nitions. Resection in these 
cases may be technically possible but there is a 
perceived increase in the risk of signifi cant post-
operative morbidity and of surgically positive 
margins, and questions regarding the true benefi t 
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 insuffi cient 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 defi nitive 
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 fl uoro-
uracil (5-FU)-based split-course chemoradiother-
apy—median overall survival of 20 versus 11 
months [ 18 ]; a randomized study initiated some 

years later by the EORTC (European Organization 
for Research and Treatment of Cancer) which 
failed to confi rm the benefi t 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-
efi t 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 
benefi t 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 effi cacy 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. Signifi cant 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 ]; 5FU, 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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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 defi nite 
 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 

   Table 5.1    Selected current studies in borderline resectable and locally advanced pancreatic cancer   

 Setting  Study  Regimen  Goal  Opened 

 Borderline 
resectable 

 ALLIANCE A021101  mFFX—no 5FU 
bolus—4 cycles, 
then RT/cape; 
gemcit postop 

 Accrual rate, toxicity, 
CR/PR, completion of 
all therapy, R0/R1 

 March 2013 

 Pilot study 

 Borderline 
resectable 

 Medical University of South 
Carolina 

 mFFX—no 5FU 
bolus—6 cycles 
then RT/cape 

 R0/R1 resection, (OS, 
TTR, ORR, path CR) 
and safety 

 August 2012 

 Phase II 

 Borderline 
resectable 

 University of Maryland  mFFX—no 5FU 
bolus—4 cycles 
then SBRT 

 Resectability, DFS, 
OS, TTR, path CR, 
and safety 

 September 2013 

 Pilot study 

 Locally advanced  UNC LINEBERGER  Standard full 
dose FFX 

 Assess safety and 
effi cacy (OS, PFS, 
ORR) 

 September 2012 

 Phase II 

 Locally advanced  Foundation for Liver 
Research/Erasmus Medical 
Center 

 Standard full 
dose FFX—4 
cycles then 
SBRT 

 OS, radiologic RR, 
resection rate, PFS, 
biologic predictive 
markers 

 July 2014 

 Phase II 

 Locally advanced  Massachusetts General 
Hospital/NCI 

 Standard full 
dose FFX—8 
cycles plus 
losartan then 
proton beam RT 

 Feasibility, PFS, OS, 
toxicity, downstaging, 
gene mutations 

 March 2013 

 Phase II 

   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,  TTR  time to 
response,  DLT  dose limiting toxicity,  DPD  dihydropyrimidine dehydrogenase,  MTD  maximum tolerated dose,  FFX  
FOLFIRINOX  
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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 insuffi ciency, 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 infl ammation 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 defi nition 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 

analysis, and the defi nition 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 signifi cant 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, 

   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 
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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 infi ltration [ 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 benefi t for 
any given patient. Each of the options in this 
menu has to be duly considered, with the risks 
and benefi ts 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 

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 specifi c 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 specifi c needs of the patients and their 
pathology. The importance of multidisciplinary 
discussion is perhaps best exemplifi ed by the fi nd-
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 fi nding was 
directly attributed by the authors to nihilistic bias 
on the part of certain members in the care team 
and would seem to refl ect 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 

R. de W. Marsh and M.S. Baker



79

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 qualifi ed 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, confi dentiality 
(HIPPA), and availability of the necessary 
equipment for projection of radiologic images, 

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 diffi cult 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 

   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, 
confi dential (HIPPA), quiet 

 Appropriate equipment—projecting 
microscope, IT/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 
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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 affi liated 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 ].  

    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; confl icting needs of surgical, oncologic, 
and medical specialties; entrenched attitudes to 
clinical care; and billing for services. Despite the 
logistic diffi culties in establishing and maintain-
ing these clinics, they have been consistently 
identifi ed as enhancing the effi ciency 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 effi cacy 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   classifi cation 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 confl uence was 
involved. Patients identifi ed in this study as hav-
ing tumors involving the portal/SMV confl uence 
had frequently been evaluated by programs at 
smaller referring hospitals, been deemed to have 
unresectable disease at these institutions and then 
were reclassifi ed 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 confi dentiality, 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 affi liates 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 
profi le [ 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  profi ling  . 
Barriers to therapy in those not treated were 
mainly related to access to appropriate agents. As 
the cost of genome sequencing declines, more 

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 offi ce 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, fi ll 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 signifi cantly 
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 fi nd 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 

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 
profi le, 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 
defi nite benefi t, 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 defi nitive 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 
confi rmed, 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- specifi c 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-fi rst 
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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 signifi cant 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 fi rst 
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 R0 resec-
tion in a signifi cant 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 

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 defi nitive 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 insuffi ciency [ 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 effi cacy 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-infl am-
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 signifi cant micronutrient 
defi ciency, 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 fi rst 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, classifi cation, 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 signifi cant 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 defi ni-
tion of borderline resectable is work in progress. 
As discussed elsewhere, the criteria has been 
modifi ed with time through the National 

Comprehensive Cancer Network (NCCN), initial 
descriptions from M. D. Anderson Cancer Center 
(MDACC), and consensus conferences, the fi rst 
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 R0 resection. 
Additional justifi cation 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 fi stula, 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   fl uorouracil-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 signifi cant benefi t 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 fi ndings. 

 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 

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 
solidifi es the benefi t to gemcitabine in the adju-
vant setting. The treatment group had signifi cant 
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 benefi t of sys-
temic therapy for the prevention of disease recur-
rence. The assumption is that this benefi t 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 fi rst 
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 ]. Specifi cally, 
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 

found when using a threshold of 180° unresect-
ability could be predicted with very high specifi c-
ity and high sensitivity. More recent studies that 
utilize multimodal therapy, including neoadju-
vant treatment, have demonstrated the 180° 
threshold is highly specifi c for identifying unre-
sectable disease [ 18 – 20 ]. 

 The concept of borderline resectable disease 
was fi rst 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 defi nition 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 
refl ects only the data from BRPC patients.

    MDACC   published one of the largest retro-
spective studies to date [ 23 ]. 129 patients were 
identifi ed 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 R0 
resection. The average survival in the surgical 
group was 32 months while in the unresected 
population it was only 12 months. Benefi t was 
seen even though preoperative therapy rarely 
resulted in clinically relevant downstaging of 
tumors. Importantly, this study shows benefi t 
from chemoradiation independently or in 
sequence with chemotherapy. 
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 Chun et al. [ 24 ] looked specifi cally 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 signifi cant 
survival benefi t 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 
classifi cation who were treated with preoperative 
capecitabine with radiation. Among the 40 BRPC 
patients, 85 % completed therapy and 16 under-
went resection. R0 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 benefi t from surgery. 

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

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 
R0 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 ]. 

    Table 6.1    Retrospective trials with  neoadjuvant chemotherapy   in BRPC   

 Reference  BRPC cases  Regiment 
 Number 
resected (%) 

 R0 resection 
(%) 

 OS, all pts 
(mo) 

 OS, resected 
pts (mo) 

 Turrini [ 85 ]  49  5-FU/Cis + XRT  9   b    b    b  

 Chun [ 24 ]  74  5-FU/Gem + XRT  74  44 (59 %)   b   23 

 Stokes [ 25 ]  40  Cape + XRT; Adj GEM  16 (46 %)  12 (75 %)  12  23 

 Barugola [ 86 ]  27  GEM +/− Cape/OX; then 
XRT + GEM +/− Cis/
Cape 

 41  29 (71 %)  27.8  35 

 Katz [ 23 ]  129  GEM +/− Cis; 
GEM/5-FU + SBRT 

 85  81  22  32 

 Kang [ 87 ]  35  GEM +/− Cis + XRT  32  28  26.3  32.6 

 Chuong [ 26 ]  57  GTX; then SBRT  32 (56 %)  31 (97 %)  16.4  19.3 

 Kharofa [ 88 ]  39  Multiple  22 (56 %)  22  20.4  26.4 

 Paniccia [ 31 ]  20  FOLFIRINOX  17 (85 %)  17 (100 %)   b    b  

 Blazer [ 32 ]  18  mFOLFIRINOX  11  9  21.2   a  

   a OS endpoint not reached 

  b Not provided  
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Of critical importance, FOLFIRINOX demon-
strated a highly signifi cant 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 R0 resection. 
A separate study looking at a modifi ed 
FOLFIRINOX regimen with reduced doses 
found similar rates of resection and high R0 
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 
defi ne the criteria used to defi ne patients as bor-
derline resectable. Fortunately, more recent stud-
ies tend to have crisper defi nitions that make the 
resultant fi ndings more application to this popu-
lation. A major challenge is that most studies mix 
neoadjuvant treatment regimens. As such, it is 
diffi cult to determine what components of che-
motherapy or chemoradiation are providing the 
most benefi t. 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 
benefi t from presurgical chemotherapy. A variety 
of prospective trials with a borderline population 
have been conducted in the past decade to 

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 classifi ed as borderline 
resectable at enrollment, 47 % underwent surgi-
cal exploration. R0 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 R0 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 classifi ed 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 
and 9 of 11 (82 %) were R0 resections. Interestingly, 
the authors also analyzed patients based on  Asian 
Pancreatobiliary Cancer Center (APBCC)   criteria 
which results in 33 out of 43 patients being classi-
fi ed 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 R0 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 classifi cation 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-fl uorouracil 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. Specifi cally, 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 R0 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 
signifi cantly 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 benefi t from higher 
intensity chemotherapy regimens in the neoadju-
vant setting. Further trials investigating role of 
chemoradiation therapy are ongoing. 

 Subsequently, a large number of trials to eval-
uate the effi cacy of neoadjuvant or preoperative 
chemotherapy in borderline or unresectable 
tumors have been conducted. A recent meta- 
analysis identifi ed 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. Signifi cantly, 33.2 % of 
patients underwent surgical exploration with 
resection; of these, 79.2 % of patients achieved 
an R0 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 fi nd 
a signifi cant 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 R0 resec-
tion with neoadjuvant treatment. 

 There are multiple ongoing investigations into 
systemic neoadjuvant treatment options for 
BRPC. In addition to trying to fi nd an optimal 
response rate, there is interest in achieving a bal-
ance of effi cacy 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 R0 
resection. All resected pathology specimens had 
Evans’ grade IIa 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 
profi le, particularly in Western populations, may 
limit utilization of this drug [ 47 ]. These results 

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 

  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 

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 benefi t of 
triple-agent therapy while minimizing dose-related 
toxicities. Retrospective studies have shown simi-
lar benefi ts to full dose therapy with fewer side 
effects [ 32 ]. However, prospective trials are 

needed. Several smaller prospective trials are 
investigating FOLFIRINOX in the resectable or 
locally advanced setting. A phase 2 trial at 
MDACC is investigating modifi ed 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 benefi t 
from therapy are needed. NCT-01992705 is spe-
cifi cally investigating BRPC and combines this 
chemotherapy with SBRT; a similar trial, NCT- 
01897454, combines chemotherapy with 
gemcitabine- based radiation therapy. There is 

  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 infi ltrating, infl ammatory 
 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 
effi cacy 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 
identifi ed 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, 

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 infl uenced by patient and 
tumor characteristics. Indeed, a major benefi t of 
neoadjuvant treatment is to avoid early surgical 

  Fig. 6.3    Treatment algorithm       
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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 effi cacy 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 

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 

   Table 6.2    Prospective trials with  neoadjuvant chemotherapy   in BRPC   

 Reference 
 BRPC 
cases  Regiment 

 Number 
resected (%) 

 R0 resection 
(%) 

 OS, all 
patients (mo) 

 OS, resected 
pts (mo) 

 Landry [ 89 ]  21  GEM + XRT versus 
GEM/Cis/5-FU then XRT 

 5   a   16.4  26.3 

 Sahora [ 34 ]  12  GEM + Docetaxel  8 (32 %)  87 %   a   16 

 Sahora [ 33 ]  15  GEM + OX  13 (39 %)  69 %   a   22 

 Pipas [ 90 ]  23  Cetuximab + GEM + XRT  25 (76 %)  92 %   a   24.3 

 Lee [ 35 ]  18  GEM + Cape  11 (61 %)  82 %  16  23 

 Kim [ 91 ]  39  GEM + OX + XRT; Adj 
GEM + OX 

 24 (62 %)  84 %  18  25 

 Motoi [ 92 ]  16  GEM + S1 (2c)   a   87 %  18   a  

 Takahashi [ 40 ]  80  GEM + XRT  43 (54 %)  54 %  19  25 

 Rose [ 93 ]  64  FOLFIRINOX (6c)  31 (48 %)  27 (87 %)  23.6   a  

 Takeda [ 94 ]  35  GEM + Hyperfract XRT  26  26  12.4  22 

 Esnaola [ 95 ]  13  GEM + OX + Cetuximab; 
then Cape + XRT 

 9  9  16.4  26.3 

   a Not provided  
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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 
defi nitively 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 

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 benefi t 
for prehabilitation should be identifi ed 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 insuffi ciency should be sought such 
as a history of loose stools that fl oat 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, 
stratifi cation 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 signifi cant 
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 fi bro-
blast expression of SPARC in resected specimens 
resulted with signifi cantly worse survival, with a 

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 fi nd-
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-β) 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-β pathway activity. While there 
are confl icting 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 infl ammatory 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 
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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 
R0 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 classifi ca-
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 effi cacy 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 defi nitions and prospective trials to 
inform clinical practice.     
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            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 signifi cant 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 fi eld 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 fi ndings and especially the distinctions 

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-
tifi ed molecular markers. 

 Although several retrospective series in the 
late 1990s and early 2000s showed the feasibil-
ity and effi cacy of neoadjuvant chemoradiother-
apy in potentially resectable disease, there is 
considerable diffi culty 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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       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 confi rmed 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 defi ni-

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 R0  resection 

   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  defi nitions   of borderline resectable pancreatic cancer   

 AHPBA/SSAT/SSO  MD Anderson  NCCN 2012 a   Intergroup trial 

 SMV-PV  Abutment b , encasement c , 
or occlusion 

 Occlusion  Abutment with 
impingement 
or narrowing 

 Interface between tumor 
and vessel measuring 
180° or greater of the 
circumference of the 
vessel wall, and/or 
reconstructable d  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-
segment encasement 

 Abutment or 
short-segment 
encasement 

 Abutment or 
short-segment 
encasement 

 Reconstructable d , 
short-segment interface 
between tumor and vessel 
of any degree 

 Celiac 
trunk 

 No abutment or 
encasement 

 Abutment  No abutment 
or encasement 

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

   SMV  superior mesenteric vein,  PV  portal vein,  SMA  superior mesenteric artery,  CHA  common hepatic artery 
  a The NCCN criteria have changed over the years. The most recent criteria (2.2012) are included 
  b Defi ned as tumor-vessel interface less than 180° of vascular circumference 
  c Defi ned as tumor-vessel interface at least 180° of vascular circumference 
  d Normal vein or artery proximal and distal to the site of suggested tumor-vessel involvement suitable for vascular 
reconstruction  
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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 fi ve 
borderline patients with an increase in CA 19-9 
after NAT underwent R0 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 
fi rst established in the 1970s after a seminal 
review of patterns of failure in patients treated 
with defi nitive 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 

improving resectability [ 15 ]. The technique of 
preoperative radiotherapy gained institutional 
popularity in the 1980s [ 16 ]. One of the fi rst 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 fi eld size of 11 × 11 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 signifi cantly 
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 benefi t 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 fl uorouracil [ 18 ]. All 28 
patients completed the prescribed course of neo-
adjuvant therapy—fi ve 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-fi ve 
patients underwent exploration of whom 11 had 
liver or peritoneal metastases and 10 had poten-
tially curative resections (R0 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 2  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 

(portal vein, superior mesenteric vein, or supe-
rior mesenteric artery involvement as identifi ed 
by CT). Patients received external beam radio-
therapy (50.4–56 Gy) with concurrent protracted 
venous infusion of 5-FU (250 mg/m 2  per day). 
No patient experienced grade 3 toxicity during 
neoadjuvant therapy. Nine of the 15 patients 
underwent R0 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 defi ned as locally advanced with 
any arterial involvement or venous occlusion by 
computed tomography. The overall R0 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 fi eld 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 fi fteen 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 R0, N0). 

 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 2  on weeks 1 and 2, 
36 Gy in 15 fractions (using 3D planning) with 
weekly gemcitabine 1000 mg/m 2  on weeks 4–6, 
followed by weekly gemcitabine 1000 mg/m 2  on 
weeks 8 and 9). Importantly, this is the fi rst 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 confi rmed 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 R0 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 2  on weeks 1, 2, 4, and 5) and cisplatin (30 
mg/m 2  on weeks 1, 2, 4, and 5). No subsequent 

chemotherapy was administered. 31.7 % under-
went resection, among whom 95 % underwent 
R0 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-specifi c survival for patients with R0 
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 defi ned borderline resectable pancreatic 
cancer was published in 2010 [ 32 ]. In this two- 
arm randomized phase II trial, patients with 
potentially resectable pancreatic cancer (defi ned 
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 fi rst arm, patients 
received preoperative radiotherapy (50.4 Gy to 
gross tumor +2 cm margin with 3D planning) 
with concurrent gemcitabine (500 mg/m 2  
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 2  for seven cycles was pre-
scribed. Ten patients were enrolled in the fi rst 
arm and 11 patients were enrolled in the second 
arm. Three patients in the fi rst arm and two 
patients in the second arm underwent resection 
(total R0 resection rate of 60 %). Grade 4 toxicity 
was signifi cant and more common in the fi rst arm 
(36 % vs. 18 %). The median overall survival of 
resected patients was 26.3 months. 

 The largest single institution analysis of 
patients with systematically defi ned 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 SMV, 
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PV, or SMV-PV confl uence 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 classifi ed 
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 % R0 
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 fi eld 3D conformal radio-
therapy to 30 Gy in 10 fractions with large fi elds 
encompassing the regional nodes with concurrent 
reduced dose gemcitabine. Twenty-seven percent 
of these patients experienced severe toxicity 
(defi ned 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 

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  effi cacy   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 2  on 
days 8, and 15) with oxaliplatin (85 mg/m 2  on 
days 1 and 15) with 30 Gy in 15 fractions (to 
small fi elds encompassing a clinical target vol-
ume defi ned as gross disease +1 cm margin). Two 
cycles of adjuvant chemotherapy were given after 
resection. Resectability was defi ned 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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re- staging prior to resection (8.7 %). The overall 
R0 resection rate was 84 % and 13 of 19 patients 
with SMA/celiac axis contact underwent R0 
resection (68 %). Median survival for patients 
undergoing R0 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 R0 or R1 
resection, local recurrence as a component of fi rst 
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 
effi cacy 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 2  on 
days −22, −15, 1, 8, 22, and 29) was found to be 
the maximal tolerated radiotherapy dose with a 

24 % 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 2  
weekly × 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 % 
R0 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 

  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       
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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 signifi cantly 
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 2  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 R0 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 fi ve 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 

beam radiotherapy was comparable to IMRT 
while mean dose (as a percentage of prescription 
dose) to kidney, liver, and small bowel were sig-
nifi cantly 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 fi ve consecutive 
fractions. Thirty-two patients with borderline dis-
ease underwent surgery (56.1 %) and 31 achieved 
an R0 resection (96.9 %). These 31 patients 
had a median overall survival of 19.3 months. 
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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 
(defi ned 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 fi ve 
fractions (PTV = GTV + 2–3 mm, gold fi ducials 
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 R0 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 
for    neoadjuvant treatment with curative intent : 
Although R0 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-specifi c 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 

  Fig. 7.2    Planning target volumes (PTVs) with and without regional nodes.  PTV1  with regional nodes,  PTV2  without 
regional nodes       
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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-

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 defi nitive 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 defi nitive 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 

  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 
presentation 

 Borderline 
resectable at 
presentation 

 Resection rate 
(%) 

 27  55 

 Median 
survival of 
resected 
patients 

 23.6 months  22 months 

 Long-term 
survival 

 43 % at 3 years  44 % at 2 years 

 Median 
survival of 
unresected 
patients 

 10 months  10 months 
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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 
defi nitive 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 signifi cant 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 
R0 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 

   Table 7.3    Selected prospective  neoadjuvant chemoradiotherapy   trials for borderline resectable pancreatic cancer   

 References 
 Resectability 
criteria 

 Patients 
with BRPC  Pre-op regimen 

 Resection rate 
(%) 

 R0 resection 
rate (of 
patients 
resected) (%) 

 OS in patients 
with resected 
BRPC 

 Kim et al. 
[ 36 ] 

 NCCN  39  Gem/Ox + RT (30 
Gy) 

 62  84  25 months 

 Leone et al. 
[ 34 ] 

 MD Anderson  15  Gem/Ox → Gem + RT 
(50.4 Gy) 

 60  82 a   31.5 months 

 Esnaola et al. 
[ 39 ] 

 NCCN  13  Gem/Ox/
Cetux → Cape + RT 
(54 Gy) 

 69  100  24.1 months b  

 Crane et al. 
[ 56 ] 

 MD Anderson  18  Gem/Ox/
Cetux → Cape + RT 
(50.4 Gy) 

 50  100  NR 

 Small et al. 
[ 30 ] 

 NCCN  10  Gem/Bev + RT (36 
Gy/15 fx) 

 30  NR  NR 

   BRPC  borderline resectable pancreatic cancer,  OS  median overall survival,  Gem  gemcitabine,  Ox  oxaliplatin,  Cetux  
cetuximab,  Cape  capecitabine,  NR  not reported 
  a Includes patients with unresectable disease at presentation 
  b Includes patients with BRPC not resected, for resected BRPC median OS not reached  
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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 classifi ed 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 % R0 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 R0 resection (OR 
4.2). Five patients with borderline resectable dis-
ease had an increase in CA 19-9 and none under-
went R0 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 signifi cant 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 ].   

    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 defi ne 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 defi ned radia-
tion target volumes in many retrospective series. 
Omission of elective nodal irradiation in the 
locally advanced/unresectable setting does not 
appear to infl uence 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 fi rst failure with no regional nodal 
failures reported [ 73 ]. The inclusion of elective 
nodes in the radiation fi elds 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, fi ducial 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-fi ve 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. 

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 R0 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 fi rst 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 
SCALOP 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 
(NCT01897454) 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 benefi t from chemoradiotherapy [ 85 ]. 

 Based on promising results from the recently 
reported phase I/II 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 ]. 

 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 2  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 defi nitions 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 refl ect 
consensus regarding defi nitions 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   

 References 
 Resectability 
criteria 

 Patients with 
BRPC  Pre-op regimen 

 Resection 
rate (%) 

 R0 resection 
rate (of 
patients 
resected) (%) 

 OS in patients 
with resected 
BRPC 

 Stokes et al. 
[ 88 ] 

 MD Anderson  34  Cape + RT (5050.4 
Gy) 

 45  75  23 months 

 Katz et al. [ 33 ]  MD Anderson  84  Various a   38  97  40 months 

 Patel et al. [93]  NCCN  17  Gem → 5FU + RT 
(median 50 Gy) 

 64  89  NR 

 Takahashi et al. 
[ 38 ] 

 MD Anderson  80  Gem + RT (50 Gy)  54  98  NR b  

 Kharofaet al. 
[ 73 ] 

 NCCN c   39  Various ctx → gem 
or cape + RT (50.4 
Gy) 

 56  98  26 months d  

   Cape  capecitabine,  Gem  gemcitabine,  5FU  5-fl uorouracil 
  a Includes some patients who received neoadjuvant chemotherapy without radiotherapy (30–50 Gy) 
  b Five-year overall survival 34 % 
  c Modifi ed NCCN criteria defi ned per institutional protocol 
  d Includes patients with resectable disease at presentation  
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greater than 75 % and such resections (usually 
R0 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 R0 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-

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-
nifi cant debate in the fi eld of gastrointestinal 
oncology has resulted [ 3 – 5 ]. 

 Advanced imaging and radiation techniques 
allow for an increase in the precision of radiation 
delivery. The fi eld 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 
(5–40 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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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-fl uorouracil, 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 fi eld 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) 
specifi cally—is taken into account. While the 
nomenclature defi ning surgical resectability has 
remained fairly constant for years, the defi nition 
of borderline resectable disease was recently for-
malized by a consensus group from the Americas 

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 refi ned defi nition of borderline resectable 
tumors, classically a diffi cult subgroup to defi ne, 
is noted in Table  8.3  [ 9 ]. The defi nition listed in 
Table  8.3  provides specifi c 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 defi nitions 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 

  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- 

negative resection in which only scattered microscopic 
foci of adenocarcinoma (a near-pathologic complete 
response) was found       
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with a microscopically (R1) or grossly (R2) posi-
tive margin has been shown to be signifi cantly 
inferior to patients resected to a negative 
(R0) 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-fl uorouracil, irinotecan, 
leucovorin, and oxaliplatin) therapy. Of these 40 
patients, 30 (75 %) received radiation therapy: 24 
received 50.4 Gy CRT and 5-fl uorouracil (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 fi nal pathology, the patients who 
received neoadjuvant therapy had a signifi cant 
decrease in lymph node positivity (35 % vs. 79 
%) and perineural invasion (72 % vs. 95 %) in 

   Table 8.1    The  AHPBA/SSO/SSAT pretreatment staging system   of pancreatic  adenocarcinoma   [ 8 ]   

 Resectability status  Criteria  Median survival 

 Resectable  No distant metastases  20–24 months 

 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 

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

 Unresected: ~11 months 

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

 Locally advanced   HEAD : No distant metastases; SMA 
encasement exceeding >180° or any celiac 
axis abutment; unreconstructible SMA/portal 
vein occlusion/encasement; extensive hepatic 
artery involvement; aortic invasion or 
encasement 

 9–15 months 

  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 
fi eld of resection 

 Metastatic  Any presence of distant metastases  4–6 months 

   SMV  superior mesenteric vein,  SMA  superior mesenteric artery,  GDA  gastroduodenal artery  
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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 R0 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, defi ned 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 

   Table 8.2    The NCCN guidelines for pancreatic  cancer   staging [ 2 ]   

 Stage  Arterial  Venous 

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

 No superior mesenteric vein/portal vein 
distortion 

 Borderline resectable  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° 

 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 

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

 Unreconstructable superior mesenteric 
vein/portal vein occlusion 

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

 Vessel  Tumor involvement 

 Superior 
mesenteric 
vein–portal vein 

 Interface between tumor and vessel 
measuring 180° or greater of the 
circumference of the vessel wall, 
and/or reconstructable occlusion 

 Superior 
mesenteric 
artery 

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

 Common 
hepatic artery 

 Reconstructable, short-segment 
interface between tumor and vessel 
of any degree 

 Celiac trunk  Interface between tumor and vessel 
measuring less than 180° of the 
circumference of the vessel wall 
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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 ]. 

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 fi rst-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 

  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 

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        

  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 

hemosiderin-laden macrophages ( brown  cells), infl amma-
tory cells that are suggestive of a reactive process follow-
ing therapy       
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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 signifi cant 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 benefi t 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 benefi t 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-

   Table 8.4    Selected studies of locally advanced pancreatic cancer   

 Study  Number  Treatments 
 Median survival 
(months)   P  value 

 GITSG Moertel [ 13 ]  194  60 Gy vs. 60 Gy + 5FU 
(bolus) or 40 Gy + 5FU 
(B) 

 5.7 vs. 10.1 or 
10.6 

 <0.01 

 GITSG [ 14 ]  43  Streptozocin, MMC, 5FU 
vs. 54Gy + 5FU 
(bolus) → Streptozocin, 
MMC, 5FU 

 8 vs. 10.5  <0.02 

 ECOG Klaassen [ 15 ]  91  5FU (bolus) vs. 40 
Gy + 5FU (bolus) → 5FU 

 8.2 vs. 8.3  ns 

 FFCD/SFRO Chauffert 
[ 5 ] 

 119  Gem vs. 60 Gy + 5FU 
(continuous 
infusion) + Cis → Gem 

 13 vs. 8.6  0.03 

 ECOG Loehrer [ 4 ]  74  Gem vs. 50.4 
Gy + Gem → Gem 

 9.2 vs. 11  0.04 

 GERCOR Huguet [ 16 ] a   181  Gem-based Chemo vs. 
Gem-based 
Chemo → Chemorad 

 1.7 vs. 15  0.0009 

 MDACC Krishnan [ 17 ] a   323  Chemorad vs. Gem-based 
Chemo → Chemorad 

 8.5 vs. 11.9  <0.001 

   5FU  5-fl uorouracil,  MMC  mitomycin-C,  Gem  gemcitabine,  Cis  cisplatin,  Chemo  chemotherapy,  Chemorad  radiation in 
concurrence with 5FU, Gem, or capecitabine 
  a Retrospective studies  
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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   defi ned 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 fi ve 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 fi ducial 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 fi rst 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 benefi ts 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 fi rm 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 fi rst 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 predefi ned toxicity criteria at 12 
weeks. Three patients were treated at 15 Gy in 
one fraction, fi ve 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 signifi cantly 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 fi ducials 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 fi ve-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 

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 fi ve-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, 
specifi cally 18.4 months for patients with LAPC 
and 14.4 months for patients with BRPC. As with 
the multi-institutional trial, SBRT appeared to 
signifi cantly 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-
nifi cant 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 profi le 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 signifi cant 
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 signifi cant 
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 toxicity 
when performed with appropriate patient selec-
tion, tumor motion control, image guidance, and 
well-defi ned dose constraints [ 26 – 40 ]. As previ-
ously discussed, abdominal SBRT is imprecise 
and potentially destructive without tumor motion 
management and image guidance [ 26 ,  27 ]. 

 To understand the risk of toxicity from this type 
of treatment, a comparison may be made between 
two different SBRT regimens from separate insti-
tutions. Investigators from Harvard University 
have published their results using a three-fraction 
SBRT regimen treating up to a total dose of 36 Gy 
(BED 10 Gy  = 79 Gy, BED 3 Gy  = 180 Gy) [ 33 ]. While a 
signifi cant number of patients had acute grade 1 
(56 % fatigue, 18 % nausea) and grade 2 (23 % 
nausea) toxicity, no acute grade 3 or greater toxic-
ity was seen. Further, the rate of late grade 3 or 
greater toxicity was also low, noted in only 6 % of 
patients (two patients with gastrointestinal hemor-
rhage requiring endoscopic intervention and trans-
fusion, one patient with gastric outlet obstruction). 
Motion management was achieved using 
implanted fi ducials within the tumor thereby 
allowing for tumor tracking using the CyberKnife 
Synchrony system (Accuray Inc., Sunnyvale, CA). 

 Investigators from Johns Hopkins University 
have utilized a fi ve-fraction SBRT regimen treated 

up to a total dose of 33 Gy (BED 10 Gy  = 54 Gy, 
BED 3 Gy  = 103 Gy) [ 39 ]. Acute toxicity was found 
to be fairly minimal, with the two most common 
grade 2 toxicities reported as lymphopenia (14.7 
% of patients) and fatigue (8.0 %). Acute grade 3 
or greater gastrointestinal toxicities occurred in 
3.4 % of patients. Late grade 3 or greater toxicity 
occurred in fi ve patients (5.7 %): three duodenal 
ulcers (grade 3), one enteric fi stula (grade 4), and 
one gastrointestinal hemorrhage (grade 5). The 
late grade 5 toxicity occurred in a patient with 
tumor invasion into the duodenal wall. Following 
tumor regression after treatment with SBRT, an 
ulcer resulted and, after a biliary stent exchange, 
he possibly had a perforation that resulted in a 
fatal gastrointestinal hemorrhage less than a day 
later. Because these events were a possible late 
toxicity due to the SBRT, the investigators 
adjusted their patient enrollment criteria to ensure 
that any patient with direct tumor invasion into 
the lumen of the stomach or duodenum on endo-
scopic ultrasound is ineligible for SBRT. Treatment 
planning on this protocol included a pretreatment 
endoscopic ultrasound with the implantation of 
gold fi ducials to identify the lesion, a breath-hold 
technique to prevent tumor motion, and daily 
cone-beam computed tomography to accurately 
track the lesion during treatment. 

 Despite using a higher BED of radiation, the 
above data support the safety of SBRT in BRPC 
and LAPC when using appropriate tumor localiza-
tion, motion management, and daily imaging. It is 
anticipated that long-term data and a comparison 
between standard radiation and dose- escalated 
SBRT will be forthcoming from the Alliance for 
Clinical Trials in Oncology three- arm clinical trial 
that is currently being developed to investigate the 
role of neoadjuvant chemotherapy vs. chemoradi-
ation vs. chemotherapy and SBRT.   

    Impact of Stereotactic Body 
Radiation Therapy on Quality of Life 
and Pain 

 Even in pancreatic  cancer   patients who respond 
well to the most aggressive therapies, life expec-
tancy is limited and maximizing quality of life 
and ameliorating pain is imperative. In addition 
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to physician assessment of patient toxicity, sev-
eral validated metrics have been used to assess 
patient-reported outcomes such as quality of life 
and symptom burden. Most frequently employed 
are the European Organization for Research and 
Treatment in Cancer quality of life core cancer 
questionnaire (EORTC QLQ-C30) and pancre-
atic cancer-specifi c module (EORTC QLQ- 
PAN26) [ 42 ,  43 ]. Although quality of life data 
are scarce, there have been a few published 
reports that explore these outcomes. 

 A number of studies have used these question-
naires in the setting of standard CRT in BRPC and 
LAPC [ 44 ,  45 ]. Serrano and colleagues reported a 
decline in global quality of life after neoadjuvant 
standard CRT and one cycle of chemotherapy in 
BRPC and resectable patients, whereas additional 
studies demonstrated unchanged or improved 
global quality of life at 3–4 month post-CRT fol-
low-up when compared to baseline [ 45 ,  46 ]. 
Improvement in pain and jaundice after comple-
tion of CRT was reported; however, patients also 
experienced deterioration in physical and social 
functioning, an increase in diarrhea, nausea, and 
vomiting, and a variable impact on appetite change. 

 The previously mentioned prospective SBRT 
study indicated unchanged global quality of life 
scores from baseline to 4 weeks after SBRT and 4 
months after SBRT [ 40 ]. Furthermore, patients 
demonstrated a signifi cant improvement in pancre-
atic pain, body image, and jaundice scores on the 
QLQ-PAN26 from pre-SBRT values to 4 weeks 
post-SBRT. From 4 weeks pre-SBRT to 4 months 
post-SBRT, an improvement in body image 
approached statistical signifi cance (Rao et al., pub-
lication forthcoming). Further prospective evalua-
tion of quality of life data is necessary to assess 
optimal therapies in localized pancreatic cancer.  

    Stereotactic Body Radiation 
Therapy in Patients with Recurrent 
Pancreatic Cancer 

  Given the locally aggressive nature of pancreatic 
 cancer  , local recurrences may occur even after 
resection and adjuvant concurrent CRT. Surgical 
resection in the setting of recurrent disease is often 
diffi cult and, even when accomplished, rarely 
results in disease clearance [ 47 ]. In patients previ-
ously treated with standard radiation who later suf-
fer local tumor progression, SBRT has been 
investigated as a viable option to provide local 
control or to palliate epigastric pain. Limited data 
exists regarding this patient population, but at least 
three studies have utilized SBRT in this clinical 
scenario, and are listed in Table  8.6  [ 35 ,  48 ,  49 ].

   Tozzi and colleagues combined their analysis 
of patients treated with SBRT in LAPC and the 
setting of recurrent pancreatic disease [ 35 ]. Their 
analysis did not separate these two entities, but 
they specifi cally noted that the local control out-
come in patients treated in the recurrent setting 
and LAPC were equivalent when using a dose of 
45 Gy in six fractions (76 % at 2 years). 

 Lominska et al. and Wild et al. have published 
their individual institutional results in patients 
treated with SBRT for recurrent disease following 
standard CRT [ 48 ,  49 ]. Lominska and colleagues 
reported their results on the treatment of 28 patients 
treated with SBRT in the recurrent setting after 
receiving a median dose of 50.4 Gy of prior exter-
nal beam radiation [ 48 ]. Various treatment fraction-
ation schemes were utilized, most commonly 24 or 
21 Gy in three fractions. Median follow-up was 
expectedly short in this analysis (5.9 months), with 
1-year survival noted to be 18 %. Local control, 
however, was achieved in 86 % of patients. Wild 

   Table 8.6    Stereotactic radiation in the setting of  locally recurrent pancreatic cancer        

 Author  Number  LINAC/CK 
 Dose Per 
Fraction  Fractions 

 Total 
dose 

 1 year 
LC  PFS  OS 

 1 Year 
OS 

 Tozzi [ 35 ]   9  LINAC  7.5  6  45  85 %  8  11  47 % 

 Wild [ 49 ]  18  both  5  5  25  3.7  8.8 a  

 Lominska 
[ 48 ] 

 14  CK  7 (4–8)  3 (3–5)  22.5 
(20–
30) 

 86 %  5.9  18 % 

   LINAC  linear accelerator,  CK  CyberKnife  ® ,  LC  local control,  PFS  progression-free survival,  OS  overall survival 
  a Indicates that survival was calculated from the end of SBRT (otherwise noted from date of diagnosis)  
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and colleagues utilized Linac- and CyberKnife-
based radiation delivery of SBRT (to a median 
dose of 25.0 Gy in fi ve fractions) to 18 patients 
who experienced local progression after adjuvant 
CRT (15 patients) or defi nitive CRT (3 patients) to 
a prior median dose of 50.4 Gy at Stanford or Johns 
Hopkins University [ 49 ]. Median overall survival 
in this patient population was found to be 8.8 
months following SBRT. Furthermore, 57 % of 
patients with abdominal or back pain prior to SBRT 
were able to achieve palliation following treatment 
delivery. The time frame of local recurrence at 9 
months was found to be an important delineation in 
this study. Patients who suffered local recurrence 
within 9 months following initial surgery or defi ni-
tive CRT lived only 3.4 months following SBRT, 
whereas those whose local failure occurred after 9 
months lived 11.3 months following SBRT 
( p  = 0.019). Freedom from local progression was 
78 % at 6 months and 62 % at 12 months after com-
pleting SBRT, likely refl ecting the lower BED of 
this fractionation. The treatment was safe in both of 
these studies, with late grade ≥3 toxicity in two 
patients and one patient, respectively. 

 In this population with limited treatment 
options, SBRT represents a reasonable option for 
safe and effective local tumor control. Although 
prospective data in this patient population is 
likely to be limited, enrollment on clinical trials 
or tumor registries should be encouraged to 
gather further information and gain long-term 
effi cacy and toxicity data.   

    Techniques for Implementation 
of Stereotactic Body Radiation 
Therapy in Pancreatic Cancer 

   SBRT trials in pancreatic  cancer   may vary in the 
dose utilized,  but   consistently use multiple mea-
sures to ensure patient safety and reproducibility. 
At all phases of the treatment, from simulation to 
radiation delivery, accuracy and precision are 
paramount. The following section represents the 
authors’ consensus on patients treated defi ni-
tively with pancreas SBRT [ 34 ]. Appropriate 
patient selection is the fi rst step in delivering safe 
treatment with SBRT. Patients should be in a 
position to benefi t from this more aggressive 

local treatment, i.e., ideally a performance status 
of two or better (ECOG ≤2). Specifi cally, a life 
expectancy of more than 6 months should be con-
sidered minimum, as was noted on the prospec-
tive, multi-institutional trial [ 40 ]. Tumor size is 
an additional key criterion, though this varies 
between studies—most of which involve a tumor 
under 100 cc, though the largest PTV was noted 
to be greater than 500 cc [ 26 ,  33 ,  37 ,  40 ]. 

 A  pre-radiation upper endoscopy   procedure 
should be performed to accurately stage the 
tumor, to assess tumor extent into the duodenum 
and/or stomach, and to place gold markers (fi du-
cials) into the lesion for precise tumor localiza-
tion. We believe there is an increased risk of 
complications when the tumor directly extends 
into the stomach or bowel. Consequently, the 
investigators recommend that SBRT be limited to 
patients without this adverse fi nding. Regarding 
the placement of fi ducial markers into the pan-
creas, one study has explored whether coiled 
fi ducials were superior to traditional, linear fi du-
cials in reducing fi ducial migration [ 50 ]. The 
authors found that traditional fi ducials had 
improved visualization compared to coiled fi du-
cials, with no difference in fi ducial migration or 
complications of placement. Traditional, linear 
fi ducials remain the preferred choice for pancreas 
SBRT at this time. 

 Patients receiving SBRT for pancreatic cancer 
should be simulated using a CT scan (3 mm 
slices) with intravenous and oral contrast (240 
cc) to highlight the tumor and standardize gastric 
fi lling (give 240 cc of water) during treatment. 
Many centers utilize positron emission tomogra-
phy/computed tomography (PET/CT) scans to 
help identify the lesions as well as monitor for 
treatment response [ 51 ,  52 ]. 

 As with any site in Radiation  Oncology  , 
appropriate immobilization at the time of simula-
tion is paramount in importance. Given the prox-
imity of the pancreas to the diaphragm, tumor 
motion is common and expected. As previously 
mentioned, multiple investigators have published 
their fi ndings on tumor motion and appropriate 
margins for the use of SBRT in localized pancre-
atic cancer [ 53 – 58 ]. Table  8.7  lists the movement 
of pancreas tumors in different planes during the 
respiratory cycle. This data supports that pancre-
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atic motion is a concern during radiation treat-
ment and should be considered when planning 
these patients.

   Tumor motion is often the greatest in the 
superior- inferior plane or the anterior-posterior 
plane, demonstrating the need for careful assess-
ment of this factor at the time of treatment plan-
ning. To help stabilize the tumor, some centers 
utilize abdominal compression in which a device 
is applied to the abdomen to provide direct ante-
rior pressure, thereby limiting breathing induced 
abdominal motion. Heinzerling’s data supports 
that this is an adequate method to help reduce 
tumor motion, thereby increasing reproducibility 
[ 55 ]. Other centers prefer a “breath-hold” tech-
nique using active breathing control in which the 
patient is instructed to pause their respiration at 
either full inspiration or expiration during which 
the treatment is delivered [ 39 ]. Again, no consen-
sus exists as to whether treatment at full inspira-
tion or expiration is optimal, though a small 
study (18 patients) from Taniguchi recommends 
treating patients at full expiration to minimize 
duodenal toxicity [ 59 ]. No data exists to specify 
which immobilization method is optimal and 

largely becomes a choice of the treating physi-
cian and institution. Lastly, in regard to tumor 
motion, daily imaging during treatment is a 
requirement. This can be accomplished using a 
cone-beam CT scan at the time of treatment, 
orthogonal  kilovoltage (kV) imaging, and/or 
real-time tumor tracking. 

 The appropriate  dose of radiation   in pancreas 
SBRT is also the subject of signifi cant debate. As 
noted in Table  8.5 , the dose and fractionation has 
varied from 25 Gy in one fraction to 5 Gy in fi ve 
fractions. Brunner et al. has completed a review 
of published data on patients treated with pancre-
atic SBRT from 2000 to 2013 [ 60 ]. By assessing 
the BED 10 Gy  and BED 3 Gy , as well as the BED in 
2 Gy fractions (EQD2), the authors of this review 
attempted to estimate the therapeutic window for 
tumor response and normal tissue complications 
from different radiation dose regimens. Their 
results demonstrated that a weak correlation was 
found between EQD2-α/β10 and BED-α/β10 
(tumor control), but a much stronger correlation 
was found for EQD2-α/β3 and BED-α/β3 (nor-
mal tissue toxicity). A 5 and 10 % rate of late 
grade ≥2 toxicity was seen at EQD2-α/β3 doses 
of 66 and 100 Gy, respectively. This data is 
important for helping to determine the optimal 
dose to avoid long-term complications in these 
patients, but needs to be further refi ned. 
Regardless of the dose that is chosen for treat-
ment, the physician should utilize published dose 
constraints from institutions utilizing a similar 
dosing regimen. For reference, dose constraints 
to surrounding OARs from the recently published 
multi-institutional trial using 33 Gy in fi ve frac-
tions are presented in Table  8.8  [ 40 ]. An SBRT 
treatment plan can be found in Fig.  8.4 .

   Table 8.7    Pancreatic tumor  motion   for stereotactic radi-
ation assessed with varying modalities   

 Author   N   Modality 

 Sup- 
Inf 
(mm) 

 Left- 
right 
(mm) 

 Ant- 
Post 
(mm) 

 Minn [ 53 ]  20  FB  0.9–
28.8 

 0.1–
13.7 

 0.2–
7.6 

 CK  0.5–
12.7 

 0.4–
9.4 

 0.6–
5.5 

 Heinzerling 
[ 55 ] 

 10  FB  1.2–
8.9 

 1.0–
3.8 

 0.2–
2.6 

 AC  0.8–
5.7 

 0.1–
1.0 

 0.2–
8.9 

 Knybel [ 56 ]  20  FB  4.8–
23.4 

 2.6–
6.7 

 2.9–
8.2 

 Song [ 54 ]  16  CK  1.0–
4.0 

 1.0–
3.0 

 5.0–
16.0 

 Wang [ 57 ]  11  FB  1.0–
15.0 

 1.0–
7.0 

 0.0–
18.0 

 Goldstein 
[ 58 ] 

 30  FB  1.2–
10.2 

 0.2–
6.7 

 0.1–
7.1 

   N  patient number,  Sup  superior,  Inf  inferior,  Ant  anterior, 
 Post  posterior,  CK  CyberKnife  ® ,  FB  free breathing,  AC  
abdominal compression  

   Table 8.8    Recommended dose constraints for fi ve- 
fraction  SBRT     

 Normal tissue 
 Recommended 
constraint (5 fractions) 

 Proximal small bowel and 
stomach (within 1 cm of PTV 
in any plane) 

 9 cc <15 Gy 

 3 cc <20 Gy 

 1 cc <33 Gy 

 Combined kidneys  V75 % < 12 Gy 

 Spinal cord  1 cc <8 Gy 
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    Finally, it is important to support patients dur-
ing and after SBRT. Due to the proximity of the 
lesions to sensitive gastrointestinal mucosa, pro-
phylactic use of anti-nausea medication is impor-
tant. The authors of this chapter recommend using 
ondansetron, with a minimum dose of 8 mg at 
least 1 h prior to therapy. Likewise, gastrointestinal 
refl ux can be frustrating for patients after treat-
ment, and the use of proton pump inhibitors or H 2 -
antagonists may also help ameliorate this side 
effect. These medications may also be prescribed 
as a prophylactic measure to decrease the risk of 
developing stomach and/or bowel ulceration. The 
authors recommend taking a proton pump inhibi-
tor daily during, and ideally 6 months following, 
the administration of SBRT. Furthermore, pancre-
atic enzymes are recommended to aid in digestion 
and absorption of nutrients and reduce the fre-
quency and/or severity of digestive symptoms 
such as gas, bloating, and loose, oily stools.    

    Conclusion 

 The optimal treatment for patients with BRPC 
and LAPC remains an area of active investigation 
[ 61 ,  62 ]. Traditional chemotherapy and CRT 
remains only partially effective in treating this 
disease and is, at best, a temporizing measure for 
disease progression. Without the ability to sig-
nifi cantly downstage these patients and render 
their disease resectable, the ability to cure these 

patients is unlikely. SBRT has demonstrated sig-
nifi cantly improved rates of local tumor control, 
tumor down-staging, treatment response, and 
resectability rates. While more prospective, ran-
domized data is necessary to offi cially compare 
SBRT with standard CRT, the current results with 
SBRT appear favorable and should be pursued in 
future clinical trials. Additionally, by reducing 
the amount of time these patients spend undergo-
ing radiation, the delay in time to the delivery of 
full-dose chemotherapy is reduced, and the 
opportunity for both local and distant control is 
improved. Though the published results of this 
treatment are still early, they provide a measure 
of guarded optimism to radiation oncologists 
treating an otherwise uniformly lethal disease.     
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 9

            Introduction 

  Pancreatic ductal adenocarcinoma (PDAC)   is the 
tenth most common type of cancer in the USA 
and the UK but accounts for the fourth, respec-
tively, sixth most frequent type of cancer-related 
death in these countries [ 1 – 3 ]. PDAC has an 
overall median survival of less than 6 months and 
one of the lowest overall 5-year survival rates of 
any malignant disease with 0.4–5 % [ 4 ,  5 ]. Data 
from the US Surveillance Epidemiology and End 
Results database indicate that 53 % of all patients 
with PDAC have concomitant distant metastases 
at the time of diagnosis, 15–20 % are eligible for 
potentially curative resection, and roughly 25 % 
present with locally advanced (LAPC) or border-
line (BRPC) disease [ 6 ]. Furthermore, 8–15 % of 
PDAC patients die of locally advanced disease 
without distant metastases [ 7 ]. 

 In this subgroup, patients with BRPC have 
higher rates of margin-positive resections and 

local recurrence compared to patients with resectable 
PDAC. The prognosis of BRPC, however, seems 
signifi cantly better than that of LAPC, but signifi -
cantly worse than that of non-locally advanced, 
resectable patients [ 8 ]. 

 In BRPC and LAPC, a number of theoretical 
benefi ts for  neoadjuvant treatment   strategies 
have been put forward: (a) downsizing of the 
tumor to increase the rate of microscopic com-
plete resection; (b) downsizing of the tumor to 
convert unresectable to (borderline) resectable 
tumors; (c) treatment of occult micrometasta-
ses; (d) selecting suitable candidates for surgi-
cal resection. 

 As for other solid tumors, for which  neoadju-
vant treatment   regimens have been well estab-
lished (e.g., rectal, breast, or gastric cancer), 
primary staging and restaging after neoadjuvant 
treatment is an essential component to select suit-
able patients for preoperative treatment and con-
sequent resection. However, clear defi nitions of 
BRPC or LAPC have been lacking in the past, 
which has hampered the conduct, analysis, and 
comparability of clinical trials as has been 
pointed out in Chap.   2     of this book. Similarly, 
universally acceptable defi nitions for response 
assessment following preoperative therapy are 
lacking. In this chapter, we aim to give an over-
view of commonly used criteria for response 
evaluation and point to some inherent pitfalls of 
these endpoints (Table  9.1 ).

mailto:andre.mihaljevic@tum.de
mailto:kleeff@tum.de
http://dx.doi.org/10.1007/978-3-319-22780-1_2
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       Radiologic Endpoints 

  While  standardized   defi nitions of BRPC and 
LAPC were lacking, in recent years the CT-based 
anatomic classifi cation of BRPC developed at the 
M.D. Anderson Cancer Center has gained wide 
acceptance in the USA as it was adopted by the 
American Hepato-Pancreato-Biliary Association 
(AHPBA), the Society of Surgical Oncology 
(SSO), the Society for Surgery of the Alimentary 
Tract (SSAT), and the National Comprehensive 
Cancer Network (NCCN) since 2013 [ 9 ] (see sec-
tion “Radiologic Endpoints”). This defi nition has 
recently been adopted by the International Study 
Group of Pancreatic Surgery (ISGPS) [ 10 ]. 
Prerequisite for this anatomic classifi cation is a 
multi-detector, thin (submillimeter) CT scan with 
CT angiography using a pancreatic protocol, with 
images obtained in the portal venous, arterial, and 
pancreatic phase of contrast enhancement [ 9 ]. 

 Given the CT-based primary staging of BRPC 
and LAPC, radiologic response evaluation fol-
lowing neoadjuvant treatment seems consequen-
tial. Although interobserver variability seems low 
in CT-based staging of pancreatic cancer [ 11 ], 
current data on this outcome metric is limited. 

    RECIST 

  Although   Response Evaluation Criteria in Solid 
Tumors (RECIST)    criteria [ 12 ] have been well 
established in other solid tumors, as well as, in 
metastatic PDAC, its usefulness in response 
assessment in BRPC/LAPC seems questionable 
(Table  9.1 ). In a meta-analysis of 111 trials 
including more 4394 patient undergoing neoad-
juvant treatment for PDAC, only 6 studies explic-
itly used RECIST criteria for response evaluation 
and less than 40 % of trials clearly stated their 
criteria to assess tumor response [ 13 ]. Similarly, 
in trials specifi cally evaluating neoadjuvant ther-
apy in BRPC, RECIST criteria are used in less 
than 50 % of cases [ 14 ]. In the above-mentioned 
meta-analysis, the CR rate of all trials (i.e., 
including those with unclear defi nitions) was just 
3.8 % (95 %CI: 3–4.9 %) and the PR rate 29 % 
(95 %CI: 26–34 %). Katz et al. could show that in 

122 well-characterized BRPC patients at a single-
institution, complete remission (CR) following 
neoadjuvant therapy as defi ned by RECIST did 
not occur at all, and that partial response (PR) 
was rare, occurring in only 15 patients (12 %) 
[ 15 ]. Similar results have been reported by other 
groups [ 16 ,  17 ].  

    Resectability Status 

 Some  studies   have used the NCCN defi nitions of 
resectable, BRPC, LAPC, or metastatic disease to 
describe response to preoperative therapy. Similar 
to RECIST data, true radiologic downstaging 
seems to be a rare event and occurred in just 1 % 
of the aforementioned study by Katz et al. [ 15 ]. In 
contrast, disease progression and upstaging occurs 
in roughly 20 % of patients independent of the pri-
mary tumor classifi cation [ 13 ,  15 ,  16 ]. Preliminary 
data indicate that tumor downstaging might be 
increased using novel regimes, including 
FOLFIRINOX and nab- Paclitaxel, which have 
shown high response rates in the metastatic setting 
[ 18 – 20 ]. However, radiologic imaging still does 
not correlate with surgical resection or pathologic 
response parameters [ 20 ] (Fig.  9.1 ).

       Cancer Stage 

 Other  unbiased   measures of radiologic response 
evaluation like radiographic tumor stage follow-
ing treatment (T-stage) (Table  9.1 ) or primary 
tumor diameter before and after preoperative 
therapy have rarely been reported [ 14 ]. Similar to 
the results of RECIST criteria, the objective 
response rates for these outcome metrics have 
been low in BRPC/LAPC [ 13 ,  16 ].  

    Positron Emission Tomography 
Imaging 

 Very limited data exists  on   positron emission 
tomography (PET)    imaging for response assess-
ment and it has not been tested in large prospec-
tive trials so far [ 21 ].  
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  Fig. 9.1    A 53-year-old women with locally advanced 
adenocarcinoma of the pancreatic body. ( a ) Radiologic 
staging at primary diagnosis. The tumor was deemed 
unresectable following laparotomy and exploration due to 
infi ltration of the celiac axis. ( b ) Restaging after 6 cycles 
of FOLFIRINOX. Radiologic response with tumor regres-
sion, but persistent signs of celiac axis infi ltration. The 
patient underwent successful re-exploration and tumor 
resection with extended distal pancreatectomy, splenec-

tomy, and partial resection of the common hepatic artery 
with end-to-end anastomosis of the common and proper 
hepatic arteries. Pathologic analysis revealed a margin- 
free tumor specimen with minimal clearance of <0.1 cm at 
the ventral resection margin: UICC-classifi cation (7th edi-
tion, 2010): ypT3, ypN0 (0/29), L0, V0, Pn1, G3-4, R0, 
CRM+ (cranio-dorsal, <0.1 cm ventral), response grade 1 
according to Evans. ( c ) Local recurrence 6 months after 
resection       
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    Pattern of Recurrence 

 As one of  the   main arguments in favor of preop-
erative therapy is the “sterilization” of the tumor 
bead and occult micrometastases the pattern of 
recurrence might be used as an important 
response criterion, but has as yet not been widely 
used [ 22 ]. The ability of PDAC to spread along 
nerve routes and ganglia causing high rates of 
local recurrence [ 23 ] might be reduced using pre-
operative regimes. Therefore, tight and standard-
ized radiologic follow-up is recommended in 
clinical trials of preoperative therapies (Fig.  9.1 ). 

 Importantly, all radiologic response measures 
do not adequately predict surgical exploration 
and more important resection rates (see below) 
[ 13 ,  16 ,  24 ,  25 ] (Fig.  9.1 ). While diagnostic sen-
sitivity for arterial involvement as one of the 
main features of LAPC has been described as 
high as 97 %, sensitivity has been poor with rates 
between 67 and 91 % [ 26 – 29 ]. The reason for the 
inadequate radiological staging of neoadjuvant- 
treated PDAC seems to be the extensive peritu-
moral desmoplastic and infl ammatory reaction 
elicited by pancreatic tumor growth and the sur-
rounding stroma [ 30 ]. Consequently, microscopic 
complete pathologic resections (R0) are more 
frequent than would have been expected by imag-
ing and intraoperative fi ndings (see below). 

 Until results from ongoing trials with high 
methodological quality, clear BRPC and LAPC 
defi nitions, and sound response classifi cations 
based on objective criteria are available [ 31 ], the 
clinical relevance of radiologic response evalua-
tion is limited. Based on current data, radiologic 
imaging cannot be used to predict successful 
(R0) surgical resection and its clinical use is 
therefore limited [ 15 ,  17 ].    

    Surgical Endpoints 

     Resection Rate 

  Resection rates   have widely been reported in 
 studies   investigating preoperative treatment of 
BRPC and LACP. In a recent meta-analysis, 
resection rate was 50.7 % (95 %CI: 44.0–57.4 %) 

in all patients (i.e., resectable and unresectable at 
primary diagnoses) undergoing neoadjuvant ther-
apy. As expected resection rates were higher in 
patients deemed initially resectable (73.6 %; 
95 %CI: 65.9–80.6 %) than in patients deemed 
unresectable at primary diagnosis (33.2 %; 
95 %CI: 25.8–41.1 %). Similar rates have been 
reported in other meta-analysis focusing on BRPC 
patients [ 16 ], radiotherapy [ 32 ,  33 ], phase II trials 
[ 34 ], or specifi c chemotherapy regimes [ 35 ]. 

 These results are frequently interpreted as 
arguments in favor of neoadjuvant therapy, but 
have to be interpreted with caution. Surgical 
resection rate is a highly biased endpoint for pre-
operative response assessment as: (a) most stud-
ies lack clear defi nitions of resectable, 
unresectable, BRCP, and LAPC, i.e., inclusion 
criteria are unclear; (b) the current absence of 
adequate radiologic staging tools to differentiate 
between neoplastic and non-neoplastic desmo-
plasia leads to non-validated treatment decisions; 
(c) clear indications for surgical exploration and 
resection are lacking. Therefore, the question of 
whether these results truly refl ect downstaging 
due to neoadjuvant treatment or whether similar 
resection rates could have been achieved with 
direct surgery remains unclear. Results from a 
multicenter database study indicate that for 
BRPC with venous involvement only, neoadju-
vant therapy does not increase resection rate [ 36 ] 
and is consequently discouraged in some guide-
lines [ 10 ]. Furthermore, as pointed out above, 
resection rates are generally higher than would 
have been expected from radiological response 
assessment. Hence, indication for surgical explo-
ration should be handled liberally until better and 
more reliable imaging criteria are available.  

    Surgical Exploration Rate 

  Surgical   exploration rate is a commonly reported 
endpoint in trials investigating preoperative ther-
apy in PDAC. However, studies limited to BRPC 
or LAPC are rare. Since preoperative therapy is 
associated with toxicity and complications and as 
disease progression may occur during neoadju-
vant treatment, the number of patients deemed fi t 
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enough to eventually undergo surgery is an 
important parameter for the risk and benefi t 
assessment of a preoperative treatment regime. 
The surgical exploration rate is calculated among 
all patients in a study in contrast to resection rate, 
which is often calculated only among those 
patients that underwent exploration. In their 
meta-analysis, Gillen et al. reported a surgical 
exploration rate of 69.5 % (95 %CI: 62.1–76.4 %) 
in all patients. Exploration rates were higher in 
patients deemed initially resectable (88.1 %; 
95 %CI: 82.9–92.4 %) than in patients deemed 
unresectable at primary diagnosis (46.9 %; 
95 %CI: 36.89–57.1 %). Again, these results 
have been confi rmed by other meta-analyses [ 16 , 
 32 ,  34 ,  35 ]. 

 However, similar to surgical resection rate, 
exploration rate is a highly biased parameter. 
Most trials lack clear defi nitions of BRPC and 
LAPC and most studies include heterogeneous 
cohorts including resectable PDAC patients as 
well. Furthermore, as clear indications for surgi-
cal exploration are not reported, subjective, 
unblinded, and non-standardized studies may 
refl ect the results of selection bias rather than true 
benefi ts of preoperative treatment.    

    Pathologic Endpoints 

    Margin Status 

   Complete   microscopic  tumor   resection (R0) is an 
important pathologic endpoint in BRPC and 
LAPC patients, particularly as extended resections 
including vascular resections are frequently 
needed. Despite these challenges, the proportion 
of R0 specimens of all resected patients that under-
went neoadjuvant therapy has been reported to be 
as high as 80 % and seems to differ little between 
resectable or more advanced cases [ 13 ,  16 ]. In a 
well-defi ned, single institution cohort of 85 BRPC 
patients undergoing neoadjuvant treatment and 
subsequent resection, the R0 rate was 95 %. 

 However, comparison between R0 rates in dif-
ferent trials can be hampered by variability in 
pathologic handling and reporting [ 37 ,  38 ]. 
Accordingly, the rate of R0 resections dropped 

from 86 to 24 % in PDAC patients after imple-
mentation of a standardized pathological exami-
nation protocol [ 38 ,  39 ]. As a consequence, the 
overall survival benefi ts of R0 vs. R1 resections 
in PDAC remains unclear: although a number of 
studies have demonstrated a signifi cant improve-
ment in median as well as 5-year survival follow-
ing R0-resection as compared to R1-resection 
[ 40 – 43 ], others have failed to confi rm this asso-
ciation [ 44 – 48 ]. 

 As protocols for pathologic specimen handling 
have become more standardized in high- volume 
centers over the last years, difference may still 
occur due to diverse defi nitions [ 10 ]. While in the 
USA, the Union for International Cancer Control/
AJCC criteria are used, defi ning R1 when tumor 
cells are at the resection margin (clearance 0 mm) 
[ 49 ], European guidelines [ 10 ] recommend the 
use of the British Royal College of Pathologists 
Protocol and the Leeds Pathology Protocol, with 
tumor clearance of >1 mm demanded for R0 sta-
tus [ 50 ]. However, most guidelines now advise 
that the tumor clearance (in mm) of all margins 
should be reported, making comparability possi-
ble [ 9 ,  10 ]. This seems particularly import as 
microscopic margin positivity seems to have dif-
ferent prognostic impact depending on which 
resection margin is affected [ 51 ]. Furthermore, it 
would allow elucidating the prognostic impact of 
vascular margin status, frequently observed in 
BRPC and LAPC resections.  

    Pathologic Response 

 Pathologic  response is   successfully used in a 
number of solid tumors like rectal or gastric 
cancer to assess response to preoperative ther-
apy. In PDAC, complete pathologic response 
(pCR) is reported in a number of trials. 
Histopathologic pCR in PDAC following neo-
adjuvant therapy, however, seems to be a rare 
event, occurring in well less than 10 % of 
patients [ 13 ,  16 ,  52 ], even with the latest radio-
chemotherapy regimes [ 20 ]. The reason for this 
seems to be inherent histopathological charac-
teristics of PDAC-like desmoplasia, complex 
intratumoral heterogeneity [ 53 ], and tumor 
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microenvironment [ 30 ]. Due to its rare occurrence, 
it remains unclear how pCR correlates with 
radiologic response. However, prognosis seems 
to be signifi cantly better for patients with pCR 
compared to patients with viable cancer cells in 
the resected specimen [ 54 – 56 ]. 

 Multiple histopathologic response scores, 
which are well established for other solid tumors 
like gastric cancer [ 57 ], have been proposed for 
PDAC [ 58 – 61 ], but their clinical usage has been 
limited. Furthermore, few studies have evaluated 
the prognostic signifi cance of these classifi ca-
tions. The Evans grading system [ 60 ] and the 
classifi cation by the College of the American 
Pathologists (CAP) [ 59 ] are the best studied 
scores. Evaluating the Evans and CAP score 
Chatterjee et al. could show in 223 patients that 
pCR or minimal residual disease correlated with 
better survival compared to moderate or poor 
pathologic response [ 52 ].  

    Other Pathologic Response 
Endpoints 

  Numerous studies   have shown a decrease in 
regional lymph node metastases following preop-
erative therapy in PDAC [ 22 ]. Preliminary data 
indicate that number of positive nodes following 
neoadjuvant treatment is an independent prog-
nostic marker for survival in this setting [ 54 ]. 
Similarly, the pathologic tumor stage following 
neoadjuvant treatment (ypT- stage) has been suc-
cessfully evaluated as response marker [ 54 ].    

    Biochemical Endpoints 

  Although  a   number of biochemical response 
markers have  been   evaluated in patients undergo-
ing preoperative therapy for PDAC, only CA19-9 
has been studied widely enough to be recom-
mended as biochemical response marker. CA19-9 
was proposed as preoperative marker in resect-
able PDAC patients based on results from a large 
patient cohort, in which CA19-9 levels correlated 
with resectability, stage of disease and survival 
[ 62 ]. Investigating CA19-9 as response marker 

Boone et al. could show in a retrospective evalu-
ation of 78 patients that CA19-9 response to 
neoadjuvant treatment was associated with R0 
resection rate, histopathological response and 
survival [ 63 ]. Several smaller studies support the 
fi nding that a decline in CA19-9 correlates with 
response to preoperative treatment in BRPC [ 64 –
 67 ] and resectable PDAC [ 68 ,  69 ]. However, a 
number of limitations have to be considered. 
Although CA19-9 response seems to have high 
positive predictive value of >90 %, its low nega-
tive predictive value limits clinical usefulness 
[ 70 ]. Furthermore, individual variance of CA19-9 
levels is high and some PDAC patients never 
elicit elevated levels of CA19-9 [ 62 ]. Furthermore, 
no clear cut-off, sensitivity, or specifi city analy-
ses are available thereby limiting the clinical util-
ity of CA19-9 as a response marker.   

    Survival Endpoints 

    Overall Survival 

   Overall survival (OS) is   a seemingly unbiased 
endpoint and  is   considered the most reliable and 
preferred cancer endpoint by most regulatory 
agencies [ 71 ,  72 ]. 

 Estimated median survival following preop-
erative therapy among all patients with PDAC is 
22.4 months (95 %CI: 9–62 months) for resected 
and 9.5 months (95 %CI: 6–21 months) for non- 
resected patients [ 73 ]. Among patients with 
BRPC, median survival durations as long as 33 
months for resected patients have been reported 
[ 15 ]. 1-year and 2-year survival rates for resected 
patients following preoperative therapy have 
been reported to be around 78.9 % (95 %CI: 
0–100 %) and 49.2 % (95 %CI: 0–82 %), with 
little difference between initially resectable and 
non-resectable tumors [ 13 ,  16 ,  35 ]. In the setting 
of preoperative treatment trials, however, OS has 
to be treated with caution as individual trials cal-
culate OS differently. While some studies use the 
time point of initial diagnosis, others calculate 
from the start of neoadjuvant therapy, or from 
surgery/resection [ 13 ]. Therefore, standardiza-
tion is important in future trials.  
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    Disease-Free Survival 

  Disease-free survival (DFS)    is   less objective than 
overall survival, as the problems of radiologic 
tumor evaluation in PDAC discussed above have 
to be considered. DFS is a frequently used end-
point for cancers when survival may be pro-
longed, as overall survival is impractical in this 
setting. However, this is not the case in recurrent 
PDAC given the very limited prognosis of these 
patients. Therefore, given the high frequency and 
morbidity of early recurrence in BRPC and 
LAPC (including intractable pain, bowel obstruc-
tion, etc.), a signifi cant improvement of DFS 
might be considered an appropriate endpoint in 
preoperative treatment trials. In this setting, DFS 
serves as a surrogate for clinical benefi t. 
Furthermore, DFS as well as OS have been 
accepted by regulatory agencies for cancer drug 
approval [ 71 ,  72 ].    

    Treatment-Related Endpoints, 
Toxicity, and Prognostic Scores 

    Toxicity 

 Toxicity is an important response endpoint dur-
ing  preoperative therapy   as it can severely limit 
quality of like of affected patients. Most fre-
quently, the well-established Common 
Terminology Criteria for Adverse Events 
(CTCAE) published by the National Cancer 
Institute are used [ 74 ]. The advantage of the 
CTCAE is the standardization of reporting and 
the grading of toxicities. Commonly grade 3/4 
toxicities are regarded as severe and clinically 
relevant. In preoperative treatment trials grade 
3/4 toxicity rates of 29.4 % (95 %CI: 23.1–
36.1 %) have been reported, but seem to be higher 
when radiochemotherapy is involved and with 
more aggressive combination regimens [ 13 ].  

    Morbidity and Mortality 

 Similarly,  postoperative    morbidity and mortality 
rates should be reported, as these are patient- relevant 
outcomes. Perioperative morbidity and mortality 

was estimated at 34.2 % (95 %CI: 28.3–40.4 %) 
and 5.3 % (95 %CI: 4.1–6.8 %) following preop-
erative therapy [ 13 ], i.e., within the range reported 
for primary surgery [ 75 ]. In more advanced tumors 
including BRPC and LAPC estimates of morbidity 
and mortality are likely higher [ 13 ,  15 ]. However, 
postoperative morbidity reporting is frequently not 
standardized hampering the comparability of differ-
ent trial results. Standardization by using interna-
tionally accepted outcome measures for pancreatic 
surgery like postoperative pancreatic fi stula [ 76 ], 
hemorrhage [ 77 ], or delayed gastric emptying [ 78 ] 
are recommended. Similarly, overall postoperative 
morbidity can be classifi ed and compared using 
validated scoring systems like the Dindo-Clavien 
classifi cation [ 79 ].  

    Prognostic Classifi cations 

 Given  the   signifi cant disease burden in BRPC 
and LAPC and the high rate of toxicity, and peri-
operative morbidity and mortality, patient selec-
tion for preoperative therapy based on current 
and predicted health status is of obvious impor-
tance. Marginal health status after preoperative 
therapy that precludes subsequent surgical resec-
tion is of limited clinical use. Consequently, one 
of the earliest classifi cations of BRPC and LAPC, 
the MD Anderson Cancer Center classifi cation 
(MDACC) considered patient characteristics as 
well as anatomic parameters [ 80 ]. 

 Some prognostic scores like the modifi ed 
Glasgow Prognostic score (mGPS) [ 81 – 83 ], 
CRP-based scores [ 84 ], and scoring systems 
based on circulating white blood cells (e.g., neu-
trophil/lymphocyte ratio) [ 84 ,  85 ] have been eval-
uated in PDAC including BRPC. These scores 
could be used before and after neoadjuvant ther-
apy to select patients for subsequent surgery.   

    Quality of Life 

 Few trials investigating preoperative  therap  ies in 
PDAC have addressed quality-of-life aspects or 
other patient reported outcomes as primary study 
endpoint. This seems surprising given the limited 
overall prognosis and the extensive adverse event 
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profi le of many preoperative therapy regimes. 
Currently, indirect measures like morbidity and 
toxicity can be evaluated as surrogate parameter 
to estimate quality of life in this patient group. 
Future studies are needed to report and elucidate 
this aspect.  

    Conclusion 

 Response evaluation in BRPC and LAPC follow-
ing preoperative therapy is complex, and no sin-
gle parameter currently available is suffi cient. 
Particularly, radiologic parameters do not ade-
quately assess tumor response, most likely due to 
the complex molecular und histologic features of 
peritumoral desmoplasia and infl ammation. 
Therefore, a set of radiologic (including multi-
modal imaging), biochemical, pathologic, and 
clinical features should be used for response 
assessment. Standardization and clear defi nitions 
for all these aspects are warranted in future stud-
ies to improve response evaluation.     
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        Pancreatic cancer is a systemic disease in the 
majority of newly diagnosed patients, including 
those who present with localized resectable dis-
ease. Systemic therapy with or without radiother-
apy has become a standard of care for patients with 
localized pancreatic cancer (LPC), (NCCN guide-
lines version 2.2015), and the role of radiotherapy 
continues to be debated. Over the past decade there 
have been an increasing number of systemic agents 
that have demonstrated clinical benefi t in patients 
with advanced pancreatic cancer. Unfortunately, 
these advances have been modest at best. 
Furthermore, despite continued improvements in 
our knowledge of the molecular biology of pan-
creas cancer, improvements in survival with mul-
tiple target agents have also been poor. The 
complexity of genetic and epigenetic abnormali-
ties in pancreatic adenocarcinoma and the lack of 
clear driver mutations challenge the successful 
development of targeted agents. Newer treatment 
approaches such as targeting the signal pathways in 
the stroma and immunotherapy hold promise for 
the future. In this chapter we will provide an over-
view of the current therapies, highlight some of the 
failed treatment strategies, and describe the newer 
approaches that are currently in development. 

    Gemcitabine-Based Regimens 

  Gemcitabine   is established as a component of 
frontline systemic therapy for localized and 
metastatic pancreatic cancer. It is a nucleoside 
analog that inhibits DNA synthesis by blocking 
ribonucleotide reductase. Gemcitabine is a cell 
cycle-specifi c for the S-phase and blocks cel-
lular progression at the G1/S-interphase. In the 
pivotal phase III study involving 126 patients 
with locally advanced and metastatic pancre-
atic cancer, gemcitabine demonstrated a better 
clinical benefi t compared to bolus 5-fl uoroura-
cil (5-FU) (23.4 % vs. 4.8 %,  p  = 0.0022). The 
median survival also improved (5.65 vs. 4.41 
months,  p  = 0.0025) in the patients receiving 
Gemcitabine [ 1 ,  2 ]. Evidence also supports the 
benefi t of gemcitabine in the adjuvant setting 
following resection of localized pancreatic 
cancer. In one study, postoperative gemcitabine 
signifi cantly delayed recurrence of disease 
after complete resection compared to observa-
tion alone. Median disease-free survival was 
13.4 months in the gemcitabine group vs. 6.9 
months in the control group ( P  < 0.001) [ 3 ]. 
Based on these results, single agent gem-
citabine has become the standard systemic 
therapy for patients with pancreatic cancer 
irrespective of stage. However, benefi t, as a 
single agent was perceived to be very modest 
or even marginal. 
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 Gemcitabine in combination with either a cyto-
toxic drug or a targeted agent has also been studied 
in numerous phase II and III clinical trials in 
patients with advanced pancreatic cancer including 
those with LAPC. The combination of gemcitabine 
plus a fl uoropyrimidine, a platinum compounds, 
and Irinotecan or pemetrexed amongst others did 
not show signifi cant improvement of overall sur-
vival when compared to gemcitabine alone despite 
promising pilot trials [ 4 ,  5 ]. Therefore, at this time 
such combinations are rarely used in treating 
patients with advanced pancreatic cancer espe-
cially with the advent of the gemcitabine-nab-
paclitaxel combination (see below).  

    S-1 

  S-1   is an oral fl uoropyrimidine consisting of 
tegafur, a prodrug of 5-FU combined with 
two 5-FU biochemical modulators: 5-chloro-
2,4- dihydropyridine (gimeracil or CHDP), a 
competitive inhibitor of dihydropyrimidine dehy-
drogenase and oteracil potassium which inhibits 
phosphorylation of 5-FU in the gastrointestinal 
tract decreasing toxicities such as nausea, vomit-
ing, stomatitis, and diarrhea [ 6 ]. A phase III study 

involving 834 patients with locally advanced or 
metastatic pancreatic cancer, patients were ran-
domized to receive gemcitabine alone ( n  = 277), 
S-1 alone ( n  = 280) or gemcitabine plus S-1 com-
bination ( n  = 275). This study was conducted in 
Japan and Taiwan to assess the  non -inferiority 
of S-1 to gemcitabine. The median overall sur-
vival was 8.8 months in gemcitabine group, 9.7 
months in the S-1 group, and 10.1 months in the 
gemcitabine plus S-1 group. The trial showed 
that S-1 was noninferior to gemcitabine with 
a hazard ratio of 0.96; 97.5 % CI 0.78–1.18, 
 P  < 0.001. The superiority of gemcitabine plus 
S-1 was not demonstrated (HR 0.88, 97.5 % CI 
0.71–1.08,  p  < 0.15) [ 7 ]. Based on this trial S-1 is 
currently approved in Japan as monotherapy for 
the treatment of patients with advanced pancre-
atic cancer (Fig.  10.1 ).

       FOLFIRINOX 

 In a phase II/III French study, 342 patients with 
metastatic pancreatic cancer and good perfor-
mance status (ECOG 0 or 1) were randomly 
assigned to  FOLFIRINOX   (oxaliplatin, 85 mg/m 2 ; 
irinotecan, 180 mg/m 2 , leucovorin, 400 mg/m 2 , 
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Liposomal
Irinotecan
/5FU/LCV

 

 

  Fig. 10.1    Development of new drugs and regimens in the treatment of pancreatic cancer. Drugs or regimen activity 
demonstrated in a phase III study. Not all agents are approved by the FDA       
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and 5-FU 400 mg/m 2  bolus followed by 
2400 mg/m 2  given as a 46-h continuous infusion, 
every 2 weeks) or gemcitabine at a standard dose 
and schedule. The median overall survival was 
signifi cantly longer in the FOLFIRINOX group 
of 11.1 months as compared with 6.8 months in 
the gemcitabine group (HR, 0.57, 95 % CI, 0.45–
0.73,  p  < 0.001). Similarly median progression- 
free survival was 6.4 months in FOLFIRINOX 
arm and 3.3 months in gemcitabine group (HR 
for disease progression, 0.47, 95 % CI 0.37–0.59; 
 p  < 0.001). Incidence of grade 3 or 4 neutropenia, 
febrile neutropenia, thrombocytopenia, diarrhea, 
and sensory neuropathy were signifi cantly higher 
in the FOLFIRINOX group [ 8 ]. There are no 
mature randomized trials that have evaluated 
FOLFIRINOX in locally advanced pancreatic 
cancer or in resectable localized disease.  

    Nanoparticle Albumin-Bound 
Paclitaxel (Nab-Paclitaxel) 
and Gemcitabine 

 The combined  antitumor   activity  of   nab- 
paclitaxel with gemcitabine was evaluated in a 
large phase III clinical trial. Eight hundred and 
sixty-one patients with metastatic pancreatic 
cancer were randomized to receive gemcitabine 
plus nab-paclitaxel or gemcitabine alone. The 
median overall survival was 8.5 months in the 
nab- paclitaxel plus gemcitabine arm compared 
to 6.7 months in the gemcitabine arm (HR for 
death 0.72; 95 % CI 0.62–0.83,  p  < 0.001). The 
progression- free survival was 5.5 months in 
the combination group vs. 3.7 months in the 
single agent gemcitabine group (HR for dis-
ease  progression or death 0.69, 95 % CI 0.58–
0.82,  P  < 0.001). As to be expected there were 
more febrile neutropenia and peripheral neu-
ropathy in the combination group [ 10 ]. Based 
on this clinical trial, nab-paclitaxel plus gem-
citabine was approved by the FDA and was 
established as a standard of care alongside 
FOLFIRINOX in patients with advanced pan-
creatic cancer. There is no head-to-head com-
parison between the two regimens in advanced 
disease. The Nab- paclitaxel/gemcitabine regimen 

is currently being investigated in patients with 
resected pancreatic cancer in a Phase III trial 
versus single agent gemcitabine.  

    TH-302 and Gemcitabine 

 As  tumors   grow, it  rapidly   outgrows its blood 
supply resulting in a hypoxic environment within 
the tumor. The hypoxic microenvironment in 
many solid tumors including pancreatic cancer 
induces alterations in tumor biology, promoting 
invasion, angiogenesis, drug resistance, and 
metastases. Conventional cytotoxic agents typi-
cally target actively dividing cells near the tumor 
vasculature. Tumor cells within the hypoxic 
region of tumors are relatively quiescent making 
them resistant to conventional chemotherapy and 
radiotherapy. Traditional cytotoxic drugs have 
poor penetrance into the hypoxic regions of the 
tumor, resulting in decrease concentration of 
these cytotoxic agents within that microenviron-
ment leading to treatment failure. TH-302 (evo-
fosfamide) is a hypoxia-activated cytotoxic 
prodrug currently being developed for the treat-
ment of advanced pancreatic cancer and other 
solid tumors. Evofosfamide is a 2-nitroimidazole 
prodrug designed to release DNA cross-linker 
bromo-iphosphoramide mustard (Br-IPM) when 
reduced by intracellular reductase in the setting 
of severe hypoxia. Once released, Br-IPM also 
diffuses to adjacent cells in normoxic regions of 
the tumor. In a phase II study, 214 patients with 
locally advanced or metastatic pancreatic cancer 
were randomized to receive gemcitabine alone, 
gemcitabine plus TH 302 (240 mg/m 2 ) or gem-
citabine plus TH-302 (340 mg/m 2 ). Median PFS 
was 5.6 vs. 3.6 months (HR, 0.61; 95 % CI, 0.43–
0.87;  P  = 0.005). Median OS was 7.6 vs. 6.3 
months for metastatic disease and 13.1 vs. 15 
months for locally advanced disease with the 
combinations compared with gemcitabine alone 
[ 11 ]. Based on this trial, a global phase III clini-
cal trial (MAESTRO; NCT01746979) compar-
ing gemcitabine plus TH-302 at 340 mg/m 2  vs. 
gemcitabine plus placebo was recently completed 
to evaluate effi cacy with the primary end point 
being overall survival.  
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    Liposomal Irinotecan (MM-398) 
and 5-FU/Leucovorin 

 MM-398 (liposomal irinotecan)    is a nanoliposomal 
encapsulated prodrug of irinotecan with approxi-
mately 80,000 molecules of irinotecan stably 
encapsulated in a 100 nm liposome. This liposo-
mal encapsulation extends the plasma half- life of 
the drug and improves normal tissue/tumor bio-
distribution resulting in improved antitumor 
activity with lesser toxicity [ 12 ]. Based on a 
phase II study showing moderate antitumor activ-
ity against gemcitabine refractory metastatic pan-
creatic cancer [ 13 ], a large multicenter phase III 
study NAPOLI-1 was completed. In this three- 
arm study, patients with metastatic pancreatic 
cancer previously treated with gemcitabine-based 
therapy were randomized to M-398 (iv 120 mg/m 2  
every 3 weeks) ( n  = 118),    5-FU and leucovorin alone 
(iv 2000/200 mg/m 2  weekly × 4 every 6 weeks) 
( n  = 119), and the combination of MM-398 [(iv 
80 mg/m 2 ) plus 5-FU/LV (2400/400 mg/m 2 ) every 
2 weeks] ( n  = 117). The overall survival in the 
MM-398 plus 5-FU/LV was 6.1 months (95 % CI 
4.8–8.9) (stratifi ed HR for death 0.57 (95 % CI 
0.41–0.80),  p  = 0.009). Similarly, median PFS 
was 3.1 months (95 % CI 2.7–4.2) vs. 1.5 months, 
(95 % CI 1.4–1.8),  p  = 0.0001 in the MM-398 plus 
5-FU/LV group vs. 5-FU/LV respectively. There 
was no signifi cant difference in overall survival 
between MM-398 alone vs. 5-FU/LV alone group. 
The most common grade 3 or more adverse 
effects were fatigue 14 %, diarrhea (13 %), and 
vomiting (11 %). The most common grade 3 or 
more hematologic adverse effects was neutrope-
nia (20 %) [ 14 ]. Currently, MM-398 is pending 
FDA approval for second-line therapy after 
gemcitabine- based therapy failures. There is no 
data on the comparative effectiveness of MM-398 
versus regular irinotecan.  

    Targeted Agents 

    Targeting HER and IGF-1R Pathways 

 Several studies  have   reported that overexpression 
of HER2/neu or gene amplifi cation in 11–16 % 
of metastatic pancreatic ductal adenocarcinoma 

[ 15 ,  16 ]. Trastuzumab is a humanized IgG kappa 
monoclonal antibody that selectively binds with 
extracellular domain of epidermal growth factor 
receptor protein, HER2, causing inhibition of the 
proliferation of human tumor cells that overex-
presses HER2. Trastuzumab in combination with 
capecitabine and gemcitabine has been evaluated 
in phase II clinical trials in patients with advance 
pancreatic cancer. Addition of trastuzumab with 
capecitabine or gemcitabine did not signifi cantly 
improve OS or PFS as compared to single agent 
capecitabine or gemcitabine [ 15 ,  16 ]. 

  Insulin-like growth factor-1 (IGF-1)   activates 
its receptor IGF-1R leading to activation of the 
PI3 kinase pathway which leads to cell growth 
and proliferation, as well as, provide antiapop-
totic signals to premalignant and malignant cells 
[ 17 ]. In pancreatic cancer, IGF-1 and its receptor 
are aberrantly expressed or activated [ 18 – 20 ]. 
AMG 479 (ganitumab) is a human monoclonal 
antibody against IGF-1R that has shown additive 
antitumor activities in combination with gem-
citabine against malignant pancreatic cancer cells 
both in vitro and in vivo [ 21 ]. Conatumumab 
(AMG655) is a human monoclonal antibody 
against the TRAIL receptor 2 (tumor necrosis 
factor-related apoptosis-inducing ligand) that 
induces apoptosis [ 22 ]. In a randomized, placebo- 
controlled phase II study, ganitumab and conatu-
mumab were evaluated in combination with 
gemcitabine in patients with metastatic pancre-
atic cancer. Both ganitumab and conatumumab 
demonstrated trends toward an improved survival 
at 6 months [ 23 ]. Based on this trial result, a 
phase III placebo control clinical trial (clinical 
trial: NCT01231347) was conducted utilizing 
combination AMG 479 (ganitumab) and gem-
citabine. Based on preplanned interim analysis, 
the data monitoring committee decided to stop 
the trial. The data monitoring committee con-
cluded that the addition of ganitumab to 
 gemcitabine was unlikely to signifi cantly 
improve overall survival. 

  Erlotinib  , an oral EGFR tyrosine kinase inhib-
itor was tested in a phase III double-blind, 
placebo- controlled study in patients with locally 
advanced or metastatic pancreatic cancer. 
Erlotinib 100 mg/day was combined with gem-
citabine and resulted in a signifi cantly longer 
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overall survival when compared to gemcitabine 
alone (HR = 0.82,  p  = 0.038). However, the bene-
fi t was deemed clinically less meaningful because 
of a very marginal improvement in the median 
survival (6.24 vs. 5.91 months) and 1-year sur-
vival rate (23 % vs. 17 %) [ 24 ]. Increased toxicity 
and cost, as well as, the lack of a clinical bio-
marker that could identify responsive patients 
have made the use of erlotinib obsolete. Erlotinib 
in combination with gemcitabine was also tested 
in patients with pancreatic cancer after complete 
resection. This phase III study did not show any 
survival advantage for patients receiving erlo-
tinib plus gemcitabine compared to gemcitabine 
alone in the adjuvant setting [ 25 ]. Similarly, the 
use of erlotinib was tested in patients with LAPC 
in the LAP 07 study. The addition of erlotinib to 
gemcitabine did not show survival advantage 
[ 26 ]. The monoclonal antibody cetuximab has 
also been investigated in patients with advanced 
pancreatic cancer in combination with gem-
citabine. In a large phase III clinical trial involv-
ing 745 patients with locally advanced or 
metastatic pancreatic adenocarcinoma, effi cacy 
of cetuximab in combination with gemcitabine 
( n  = 372) vs. gemcitabine ( n  = 372) alone was 
investigated. This study found that there was no 
difference in median survival (6.3 vs. 5.9 months, 
HR 1.06; 95 % CI 0.91–1.23,  p  = 0.23) between 
the combination arms vs. gemcitabine alone. 
Despite, 92 % of the patients having EGFR posi-
tive tumors, there were no differences in median 
survival in either arm (median OS 6 months, HR 
0.98; 95 % CI 0.83–1.17;  p  = 0.42) [ 27 ]. Overall, 
targeting EGFR in patients with localized or 
advanced pancreatic cancer without patient selec-
tion is not a valid therapeutic strategy.  

    Targeting Vascular Endothelial 
Growth Factor/Receptor Pathway 

 The  Vascular endothelial growth factor/receptor 
(VEGF/VEGFR) pathway   was actively investi-
gated in patients with advanced pancreatic can-
cer. This included testing of anti-VEGF and 

anti-VEGFR treatment strategies with drugs 
added to a backbone of chemotherapy consisting 
of gemcitabine. Addition of bevacizumab in 
combination with erlotinib and gemcitabine or 
gemcitabine in patients with metastatic pancre-
atic cancer has failed to demonstrate a survival 
benefi t [ 28 ].  Axitinib   is a tyrosine kinase inhibi-
tor of VEGF receptors used in treatment of meta-
static renal cell carcinoma. The addition of 
axitinib to gemcitabine has not improved overall 
survival in advanced pancreatic cancer [ 23 ]. 
 Sorafenib   is a multi-targeted kinase inhibitor of 
vascular endothelial growth factor receptors 
(VEGFRs) and platelet-derived growth factor 
(PDGF) receptor and RAF kinase. It is currently 
approved for the treatment for advanced renal 
cell carcinoma and hepatocellular carcinoma. In 
a placebo-controlled, double-blind phase III 
study, the effi cacy of gemcitabine plus sorafenib 
( n  = 52) compared to gemcitabine and placebo 
( n  = 52) was evaluated in patients with advanced 
pancreatic cancer. The addition of sorafenib to 
gemcitabine did not improve response rate or 
overall survival [ 29 ]. This negative result was 
consistent with a phase II study conducted by 
El-Khoueiry comparing combination of gem-
citabine plus sorafenib with sorafenib alone [ 30 ]. 
Afl ibercept is a VEGF inhibitor that binds with 
circulating VEGFs causing failure of initiation of 
VEGF-ligand-dependent signaling pathway. In a 
preclinical and phase I study, afl ibercept demon-
strated antitumor activity and was well tolerated 
[ 31 ,  32 ]. The effi cacy of afl ibercept was tested in 
patients with metastatic pancreatic cancer in 
combination with gemcitabine. In a large phase 
III double-blind clinical trail, 546 patients with 
metastatic pancreatic cancer were randomized to 
afl ibercept plus gemcitabine group ( n  = 271) or 
gemcitabine plus placebo ( n  = 275). Preplanned 
interim analysis conducted on 427 patients failed 
to show a survival benefi t for the afl ibercept 
group and the study was terminated early [ 33 ]. 

 At this time, targeting the VEGF/VEGFR 
pathway is considered to be a failed therapeutic 
strategy, partly explained by the poorly vascular-
ized nature of pancreatic cancer.  
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    Targeting NOTCH and JAK/STAT 
Pathway 

 Global genomic analysis  of   pancreatic cancer has 
revealed that pancreatic cancers contain an aver-
age of 63 genetic alterations, majority of them 
are point mutations in a core set of 12 cellular 
signaling pathways. The WNT/Notch pathway is 
dysregulated in 100 % of pancreatic cancers [ 34 ]. 
The Notch signaling pathway plays an important 
role in the embryonic development of the pan-
creas [ 35 ] and the Notch targeted genes are 
upregulated in invasive pancreatic cancers, and 
are involved in the progression of pancreatic can-
cer from pancreatic intraepithelial neoplasia 
(PIEN) [ 36 – 38 ].  MRK-003   is a potent gamma- 
secretase inhibitor, which downregulates the 
nuclear Notch 1 intracellular domain resulting in 
the inhibition of cellular growth. Preclinical stud-
ies in mice demonstrated that MRK-003 in com-
bination with gemcitabine prolongs survival [ 39 ]. 
 Janus kinase (JAK)   and the activation of down-
stream signal transducer and activator of tran-
scription 3 (STAT3) play important roles in the 
progression of pancreatic cancer [ 40 ,  41 ]. 
Inhibition of STAT3  activities   with Janus Kinase- 
specifi c inhibitor AG490 suppresses the growth 
of pancreatic cancer cells [ 42 ]. A recent preclini-
cal study has shown that targeting Notch and 
JAK2/STAT3 signaling pathways with gamma- 
secretase inhibitor IX and AG-490 concurrently 
is superior in inhibiting pancreatic cancer pro-
gression, then a single inhibitor alone [ 43 ]. 

  Ruxolitinib   is a selective inhibitor of Janus 
Kinase (JAK1 and JAK2) tyrosine kinase. It is 
currently approved for the treatment of myelofi -
brosis with mutation of JAK2V617F and provides 
signifi cant improvement in cytokines-mediated 
symptoms [ 44 ]. Given patients with advance 
pancreatic cancer have evidence of systemic 
infl ammations as evident by cachexia, muscle 
loss, and poor performance status, a phase II 
study was conducted in patients with metastatic 
pancreatic cancer that were refractory to chemo-
therapy. Patients were randomized to ruxolitinib 
plus capecitabine ( n  = 64) or capecitabine plus 

placebo ( n  = 63). Multivariate analysis of overall 
survival in subgroups of patients with CRP 
(c-reactive protein) more than 13 g/mL showed 
survival advantage in the ruxolitinib combination 
group as compared to placebo group with HR for 
death of 0.47 (95 % CI 0.26–0.85);  p  = 0.01 [ 45 ]. 
Based on this trial, a randomized, double-blind 
phase III study is underway evaluating ruxoli-
tinib or placebo in combination with capecitabine 
in patients with advanced pancreatic cancer with 
serum CRP levels of ≥10 g/mL (NCT02119663).  

    Targeting DNA Repair-Defi cient Cells 

 Recent work has identifi ed  DNA repair-defi cient 
pancreatic cancers   such as those with  BRCA  
mutations to be susceptible to cell kill by plati-
num compounds and also by PARP inhibitors. 
Ongoing clinical trials are investigating these 
treatment strategies in patients with advanced 
pancreatic cancers.  

    Degrading Hyaluronan 

  Hyaluronan   is the component of the stroma that 
is considered to establish a barrier to the effective 
delivery of cytotoxic drugs to tumor cells in addi-
tion to other biological functions promoting car-
cinogenesis and tumor progression. Preclinical 
studies have demonstrated that targeting the 
hyaluronan with hyaluronidase would increase 
the killing of tumor cells and improve survival of 
mice treated with gemcitabine. Pegylated hyal-
uronidase is currently being tested in two major 
randomized clinical trials in patients with meta-
static pancreatic cancer in combination with 
either gemcitabine/nab-paclitaxel (supported by 
Halozyme) or FOLFIRINOX (supported by the 
Southwest Oncology Group). Interim data from 
the ongoing study with gemcitabine and nab-
paclitaxel suggested a benefi t of the pegylated 
hyaluronidase in patients who have high tumoral 
expression levels of hyaluronan measured by 
immunohistochemistry.   
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    Immunotherapy 

 The benefi ts of  immunotherapy   have long been 
appreciated in hematologic malignancies and the 
graft versus leukemia effect of donor transfusion 
lymphocytes is a well-established knowledge 
[ 46 ]. Recent advances of immunotherapy in solid 
tumors are showing promising results such as 
Sipuleucel-T for prostate cancer [ 47 ], and ipilim-
umab for melanoma [ 48 ]. The recent evolution of 
cancer vaccines has been encouraging. GVAX is 
an irradiated allogeneic granulocyte-macrophage 
colony-stimulating factor (GM-CSF)-secreting 
pancreatic tumor vaccine [ 49 ]. It is administered 
24 h after treatment with low-dose cyclophos-
phamide with intention to regulate CD8+ T cells. 
GVAX activates CD8+ T cells against various 
antigens of pancreatic cancer and mesothelin [ 50 ]. 
Activation of mesothelin-specifi c CD8-T cells 
has been correlated with improved disease- free 
survival [ 51 ]. CRS-207 is a recombinant live-
attenuated, Listeria monocytogenes that has been 
engineered to express human cancer antigen 
mesothelin that get processed and get presented 
to major histocompatibility complex class I and 
class II [ 52 ].  GVAX   and CRS- 207   have been 
evaluated in pancreatic cancer in a phase II study 
in patients with metastatic pancreatic cancer. The 
use of cyclophosphamide followed by GVAX as 
priming vaccines and CRS-207 as a booster 
resulted in improved overall survival with mini-
mum toxicity [ 53 ]. Based on this promising 
result, a phase 2b ECLIPSE trial has been 
designed for patient with metastatic pancreatic 
cancer with the intention to recruit 300 patients 
[ 54 ]. At this time the activity of immune check-
point inhibitors have not been established in pan-
creatic cancer.     
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      Abbreviations 

   BRPC    Borderline resectable pancreas cancer   
  CA 19-9    Carbohydrate antigen 19-9   
  CR-PF    Clinically relevant pancreatic fi stula   
  DGE    Delayed gastric emptying   
  DP    Distal pancreatectomy   
  GDA    Gastroduodenal artery   
  JP    Jackson-Pratt   
  PD    Pancreaticoduodenectomy   
  PF    Pancreatic fi stula   
  PG    Pancreaticogastrostomy   
  PJ    Pancreaticojejunostomy   
  PPH    Post-pancreatectomy hemorrhage   
  PPPD    Pylorus-preserving pancreaticoduode-

nectomy   
  RAMPS    Radical antegrade modular pancreato-

splenectomy   
  SL    Staging laparoscopy   
  SMA    Superior mesenteric artery   
  SMV    Superior mesenteric vein   
  TP    Total pancreatectomy   

          Introduction 

 Borderline resectable pancreatic cancer (BRPC) 
is a complex disease entity and should be man-
aged at a high-volume, tertiary care center 
with a multidisciplinary team of specialists. 
Involvement of an experienced pancreatic sur-
geon early in the course of a patient’s treatment 
is crucial so that surgical resection, arguably the 
most important component of therapy, can be 
delivered safely, effectively, and at the optimal 
time in the sequence of treatment.  

    Timing of Surgery 

 The goal of surgery for BRPC is  margin-negative 
(R0) resection   and ultimately long-term survival. 
Patients who undergo upfront resection with 
macroscopically positive margins have outcomes 
similar to patients who receive defi nitive chemo-
radiation without surgery, but with signifi cant 
morbidity. Even in the instance of microscopi-
cally positive margins, survival is markedly 
reduced. Therefore, margin-positive resection 
should be avoided at all costs. Additionally, even 
after R0 resection, many patients go on to develop 
distant metastatic disease in the very early post-
operative period. While there is currently no test 
available to defi nitively identify these patients, 
several indicators of aggressive disease biology 
are well recognized. Such considerations have 
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led to the predominant use of neoadjuvant or pre-
operative therapy for patients with BRPC. Despite 
this, the best means to defi ne the timing of sur-
gery remain elusive. 

 Multiple factors must be considered in decid-
ing the optimal timing of surgery for patients with 
BRPC. These include patient’s age, performance 
and nutritional status, anatomic considerations 
for borderline resectability (venous or arterial 
involvement), clinical node status, and serum car-
bohydrate antigen 19-9 (CA 19-9) level. Patients 
often prefer a surgery-fi rst approach, as they feel 
that immediate extirpation of the tumor is the best 
treatment. It takes time and communication skills 
to explain why a margin- positive resection or a 
resection in the setting of aggressive disease biol-
ogy is not indicated. 

    Patient Factors 

 Patients with advanced age,    poor performance 
status, and/or signifi cant comorbidities who are 
particularly at high-risk for surgery may be best 
treated with neoadjuvant therapy regardless of 
whether they have radiographically resectable or 
borderline resectable disease. These patients are 
often not candidates for aggressive neoadjuvant 
therapy regimens, such as FOLFIRINOX, for the 

same reasons they are not good candidates for 
surgery. Gemcitabine-based regimens (i.e., gem-
citabine plus nab-paclitaxel or gemcitabine with 
radiation) are often utilized. If patients tolerate 
therapy well and do not develop distant metasta-
sis during neoadjuvant treatment, they have with-
stood a “test of time,” so to speak. Surgical 
resection may then be recommended with some-
what more assurance that the patient may tolerate 
and recover from the demands of surgery. 
Furthermore, if these high-risk patients do 
develop complications from surgery that pre-
clude adjuvant therapy, they will have already 
received systemic treatment (Fig.  11.1 ).

       Anatomic Factors 

  Neoadjuvant therapy   should  be   offered to all 
patients with anatomic BRPC as defi ned in 
“Introduction.” These patients are highly likely 
to require major vascular resection and recon-
struction and by defi nition are at increased risk 
for a margin-positive resection. This is par-
ticularly true for patients with arterial involve-
ment. In such cases, even focal or localized 
involvement can be associated with microscopic 
extension of cancer cells along the periarterial 
lymphatic and neural plexuses that ultimately 

  Fig. 11.1    Computed tomography scan  of   patient with 
BRPC due to hepatic arterial involvement both before ( a ) 
and after ( b ) neoadjuvant therapy with FOLFIRINOX. The 
tumor can be seen encasing the gastroduodenal artery 

(GDA) in both images. It extended up the GDA and 
directly contacted the hepatic artery, and this did not 
change following neoadjuvant treatment       
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result in a microscopically positive resection 
margin. This is not typically true for patients 
with BRPC due to isolated vein involvement. 
While we prefer neoadjuvant therapy for all 
patients with BRPC, a surgery- fi rst approach 
may be a reasonable option for fi t patients with 
isolated vein involvement, especially those who 
are jaundiced and would require endoscopic or 
percutaneous biliary drainage in order to receive 
neoadjuvant treatment, and those in whom a tis-
sue diagnosis cannot be obtained.  

    Disease Biology 

 In addition to patient and tumor-   related factors, 
disease biology must be considered in decisions 
regarding timing of surgery. Patients with clinical 
evidence of regional lymph node metastasis and 
those with markedly elevated serum CA 19-9 lev-
els at presentation are more likely to harbor 
radiographically occult distant metastasis. These 
patients are at risk of developing early systemic 
recurrence following surgery and should be 
treated with systemic therapy fi rst.  

    Summary 

 Once patient, tumor, and disease biology-related 
factors have been assessed, an experienced sur-
geon can make a recommendation regarding the 
optimal timing of surgery for a patient with 
BRPC. This recommendation should be dis-
cussed in a multidisciplinary setting. In cases 
where neoadjuvant therapy is recommended, 
available regimens, including clinical trials, 
should be discussed and the timing of re-staging 
and surgical follow-up should be established.   

    Operative Principles 

 Whether patients receive  neoadjuvant therapy   or 
upfront surgical resection, the principles of sur-
gery for BRPC are the same. The goal of surgery 
is complete, R0 resection with minimal morbid-
ity. Neoadjuvant therapy is thought to improve 

the likelihood of R0 resection for BRPC, but it 
rarely changes the extent of resection necessary 
[ 1 ]. As illustrated in Fig.  11.2 , if patients have 
evidence of vascular involvement at presentation, 
the need for  vascular resection and reconstruction   
is unlikely to change the following neoadjuvant 
treatment. This chapter discusses basic operative 
principles of pancreatic resection and summa-
rizes current data regarding variations in surgical 
technique and perioperative care that have been 
proposed to minimize morbidity. Techniques of 
vascular resection and reconstruction will be dis-
cussed in subsequent chapters.

  Fig. 11.2    Intraoperative photograph of reconstruction 
during pylorus-preserving pancreaticoduodenectomy. ( a ) 
The duodenum  is   divided just distal to the pylorus and is 
approximated to the jejunal limb in an end-to-side fash-
ion. ( b ,  c ) A hand-sewn, double-layered duodenojejunos-
tomy is performed       
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      Staging Laparoscopy 

   Laparoscopy has been investigated as a staging 
tool in pancreatic cancer given the high incidence 
of synchronous metastasis and the poor sensitiv-
ity of cross-sectional imaging for detection of 
small-volume peritoneal surface lesions.  Staging 
laparoscopy   (SL)    consists of gross inspection of 
the peritoneal cavity with biopsy of any abnor-
mal or suspicious appearing lesions and can be 
performed under the same anesthetic as surgical 
resection, or can be performed as a separate pro-
cedure prior to planned resection. If performed 
separately, peritoneal washings can be obtained 
for cytologic analysis. Positive peritoneal cytol-
ogy is considered M1 disease. 

 Multiple studies have been conducted evaluat-
ing the yield of SL for the detection of radio-
graphically occult metastatic disease in patients 
with pancreatic cancer. The overall yield of 
detection of radiographically occult metastasis 
ranges from 14 to 30 % [ 2 – 5 ]. Most of these stud-
ies consisted of heterogeneous patient popula-
tions, however, including patients with both 
resectable and borderline resectable disease, and 
some included patients with histological diagno-
ses other than pancreatic cancer. Improvements 
in imaging are ongoing and thus the true yield of 
SL and cost-effectiveness is diffi cult to determine 
accurately [ 5 ]. As a result, the routine use of SL 
for patients with pancreatic cancer has not been 
widely adopted. 

 The yield of SL in patients with BRPC is 
likely higher. Most practitioners agree that there 
is a role for the selective use of SL in patients 
with pancreatic cancer at high-risk for occult 
metastasis and who do not otherwise require a 
laparotomy for any type of palliative procedure. 
This includes patients with BRPC, body/tail 
tumors which tend to present at a later stage, 
tumors >3 cm in diameter, elevated CA 19-9 (>4 
times upper limit of normal), enlarged regional 
lymph nodes, and fi ndings concerning but equiv-
ocal for metastases on cross-sectional imaging 
[ 6 ,  7 ]. Additionally, SL with peritoneal washings 
should be strongly considered for patients with 
BRPC for whom neoadjuvant therapy is planned, 
particularly if on a clinical trial. SL may also be 

useful to rule out radiographically occult sys-
temic disease prior to the administration of radio-
therapy, if that modality is being used.    

    Pancreatic Resection 

 Surgical options for pancreatic adenocarcinoma 
include distal pancreatectomy with splenectomy 
(DP), pancreaticoduodenectomy (PD), and in 
rare cases, total pancreatectomy (TP). Lesser 
resections such as enucleation, central pancre-
atectomy, and spleen-preserving distal pancre-
atectomy do not achieve a suffi cient regional 
lymphadenectomy and are not recommended for 
pancreatic adenocarcinoma.  

    Distal Pancreatectomy 
with Splenectomy 

   DP with en  bloc    splenectomy   is indicated for 
tumors of the body and tail of the pancreas. These 
tumors are generally more advanced at presenta-
tion than tumors arising in the head of the gland, 
because they do not result in jaundice and there-
fore usually present with pain and/or weight loss 
when they are large. The fi rst step in DP is enter-
ing the lesser sac by opening the gastrocolic liga-
ment. This dissection is extended up along the 
greater curvature of the stomach through the 
short gastric vessels, to the left crus of the dia-
phragm. There are usually fi lmy attachments 
between the posterior wall of the stomach and the 
capsule of the pancreas that need to be divided. 

 Once the body and tail of the pancreas are 
exposed, the lesion is identifi ed. This may be 
obvious in cases of large masses, but may require 
intraoperative ultrasound for small, incidentally 
identifi ed lesions. A pancreatic transection site 
proximal to the lesion, ideally several centime-
ters away, is then selected. The inferior border of 
the pancreas, which is generally an avascular 
plane, is then mobilized. The splenic artery is 
identifi ed at its origin from the celiac axis and 
should be encircled with a vessel loop. The 
splenic artery and vein may be divided en bloc 
with the pancreas for very distal tumors, but often 
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need to be divided at their origins, outside of the 
pancreas for more proximally located tumors. In 
this case, the artery should be divided fi rst. For 
large, bulky tumors, it may be helpful to mobilize 
the lateral attachments of the spleen as the fi rst 
step so that the spleen and distal pancreas can be 
rotated up and extracorporealized to facilitate the 
posterior dissection. For tumors invading the 
stomach, left adrenal gland, or transverse meso-
colon, en bloc resections of these organs should 
be performed to achieve clear margins. The infe-
rior mesenteric vein may or may not need to be 
ligated and divided, depending on its insertion 
site along the superior mesenteric vein (SMV)/
splenic vein. 

 The technique of radical antegrade modular 
pancreatosplenectomy (RAMPS) was fi rst pro-
posed in 2003 as a means of ensuring microscop-
ically negative tangential margins and adequate 
lymphadenectomy [ 8 ]. RAMPS is a modifi cation 
of standard DP/splenectomy that entails early 
division of the neck of the pancreas and splenic 
vessels, lymphadenectomy including periportal, 
hepatic artery, and celiac axis nodes, and poste-
rior plane of dissection along the anterior surface 
of the adrenal gland and including Gerota’s fas-
cia. Given the lack of controlled data and the pre-
dominant systemic recurrence pattern of 
pancreatic cancer, the relative value of this 
approach remains unclear. 

 A topic of debate regarding DP is focused on 
the best method of transection of the pancreas to 
minimize the rate of leaking of pancreatic exo-
crine fl uid from the divided stump. Leaks lead to 
intra-abdominal fl uid collections, abscesses, and 
once drained, pancreatic fi stula (PF). Multiple 
techniques have been investigated, including 
sharp or cautery transection with oversewing of 
the stump, use of fi brin glue, and soft tissue rein-
forcement with omental or falciform patches, and 
stapled transection with or without bioabsorbable 
mesh reinforcement. None of these methods have 
been defi nitively shown to be superior to others. 

 Staple line reinforcement with bioabsorbable 
mesh has been investigated in multiple retro-
spective studies with confl icting results [ 9 – 11 ]. 
These studies prompted a randomized, prospec-
tive trial comparing stapled transection of the 

pancreas with or without bioabsorbable mesh, 
which demonstrated a signifi cant decrease in 
clinically relevant PF (CR-PF) with use of mesh 
reinforcement (2 % vs. 20 %,  p  < 0.001) [ 12 ]. 
Despite these fi ndings, this technique has not 
been widely accepted. Information on pancreatic 
duct diameter and parenchymal consistency in 
the two groups was not reported, and many ques-
tion the validity of the results given the extremely 
low rate of PF in the mesh group. Decisions 
regarding the optimal method of transection 
should be made at the time of surgery. We prefer 
stapled transection with bioabsorbable rein-
forcement for soft, normal- textured glands, and 
oversewing for thick, fi rm glands that cannot be 
compressed with a stapler.    

    Pancreaticoduodenectomy 

   PD is the most  commonly      performed operation 
for pancreatic adenocarcinoma, as 60–70 % of 
tumors arise in the head of the pancreas, and is 
the primary focus of this chapter. PD is a techni-
cally challenging and complex procedure. Since 
it was fi rst performed as a two-stage operation by 
Dr. Allen O. Whipple in 1935, signifi cant 
advances have been made in surgical technique 
and perioperative care. Operative mortality is 
now generally <3 % at high-volume centers, but 
postoperative morbidity remains high, on the 
order of 30–50 % [ 13 ,  14 ]. In addition to general 
infectious and cardiopulmonary complications 
that can occur after any major surgery, well- 
defi ned complications associated particularly 
with PD include delayed gastric emptying (DGE), 
PF, and post-pancreatectomy hemorrhage (PPH) 
[ 15 – 17 ]. These defi nitions are summarized in 
Table  11.1 .

   Standard PD involves removal of the head of 
the pancreas, antrum of the stomach, duodenum, 
gallbladder, common bile duct, and regional 
lymph nodes. Regional nodes include those of 
the porta hepatis to the right of the hepatoduode-
nal ligament, those in the retroperitoneum to the 
right of the superior mesenteric artery (SMA), 
and the anterior and posterior pancreaticoduode-
nal nodes. The hepatic artery lymph node is also 
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frequently included in the resection as removal of 
this node facilitates exposure of the gastroduode-
nal artery (GDA). There is no consensus on a 
minimum number of nodes to be considered ade-
quate for staging, but different groups have rec-
ommended numbers ranging from 11 to 17. 
Extended lymphadenectomy including aortoca-
val nodes has been investigated in prospective, 
randomized trials but has not been associated 
with a survival benefi t. Extended lymphadenec-
tomy has, however, been associated with 
increased morbidity [ 7 ,  18 ,  19 ]. Extended lymph-
adenectomy is therefore not recommended. 

 Consideration of the precise location of the 
tumor in the pancreatic head should be made to 

determine the area at highest risk for a positive 
margin. For tumors in the pancreatic head near 
the ampulla and those encroaching on the pan-
creatic neck, the common bile duct and pancreatic 
neck margins are at greatest risk for positivity; 
respectively, and should be assessed with frozen 
section intraoperatively. Intraoperative assess-
ment of the pancreatic margin is not without 
controversy, however, as some studies suggest 
that re-resection does not change outcome, as 
margin status may be largely refl ective of aggres-
sive tumor biology [ 20 ]. Our general practice is 
to resect a positive pancreatic margin a single 
time. If persistently positive, it is unlikely that 
proceeding to more radical resection or total 

   Table 11.1    International Study Group of Pancreatic Surgery defi nitions of characteristic post-pancreatectomy 
complications   

 Complication  Defi nition  Grade A  Grade B  Grade C 

 DGE [ 15 ]  Inability to return to a 
standard diet by the 
end of the fi rst 
postoperative week, 
in the absence of 
mechanical 
obstruction 

 NGT still required 
4–7 days after 
surgery, or NGT 
reinserted on or 
after postoperative 
day #3 

 NGT still required 8–14 
days after surgery, or NGT 
reinserted on or after 
postoperative day #7 

 NGT still required 
>14 days after 
surgery, or NGT 
reinserted on or 
after postoperative 
day #14 

 PF [ 14 ]  Drain output of any measurable volume on or after postoperative day #3 with amylase content 
>3 times the serum amylase 

 Clinical condition  Well  Often well  Appearing ill 

 Specifi c treatment 
required 

 No  Yes/no  Yes 

 US/CT (if obtained)  Negative  Negative/positive  Positive 

 Persistent drainage 
(>3 weeks) 

 No  Usually yes  Yes 

 Reoperation  No  No  Yes 

 Death related to PF  No  No  Possibly yes 

 Infection  No  Yes  Yes 

 Sepsis  No  No  Yes 

 Readmission  No  Yes/no  Yes/no 

 PPH [ 16 ]  Intra- or extraluminal hemorrhage following pancreatic resection 

 Timing and severity  Early (≤24 h) and 
mild 

 Early and severe OR late 
(>24 h) and mild 

 Late and severe 

 Clinical condition  Well  Often well  Severely impaired, 
life-threatening 

 Clinical consequence  Observation, CBC, 
US, ±CT 

 Observation, CBC, CT, 
angiography; requiring 
transfusion, ICU care, 
diagnostic or therapeutic 
endoscopy, embolization, 
or re-laparotomy for early 
bleeding 

 Angiography, CT, 
±endoscopy or 
re-laparotomy, ICU 
care 

   DGE  delayed gastric emptying,  PF  pancreatic fi stula,  PPH  post-pancreatectomy hemorrhage,  NGT  nasogastric tube, 
 CBC  complete blood count,  US  ultrasound,  CT  computed tomography  
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   Table 11.2    Summary of  recent   randomized prospective studies evaluating pylorus-preserving vs. standard 
pancreaticoduodenectomy   

 Study   N   DGE (%)   P  
 ≥Grade 3 
Morbidity   P   Mortality   P  

 Mastumoto et al. [ 20 ]  PPPD  50  20  0.41  16 %  1.00  0  1.00 

 SPD  50  12  14 %  0 

 Kawai et al. [ 19 ]  PPPD  64  17  0.02  –  NS  0  0.99 

 *SPD  66   5  –  1 

 Tran et al. [ 21 ]  PPPD  87  23  0.80  –  NS  3  0.27 

 SPD  83  22  –  6 

  *In the SPD group in this study, the stomach was divided just proximal to the pylorus, thereby preserving more of the 
antrum than what is typically done in SPD 
  DGE  delayed gastric emptying,  PPPD  pylorus-preserving pancreaticoduodenectomy,  SPD  standard pancreaticoduode-
nectomy,  NS  not signifi cant  

pancreatectomy will alter oncologic outcomes. 
For uncinate process tumors, the retroperitoneal 
margin is at greatest risk; hence the SMA should 
be skeletonized to its adventitia. The superior 
mesenteric and portal veins should be completely 
mobilized off of the uncinate process fi rst. The 
medial dissection is then extended to the adventi-
tia of the SMA to maximize the retroperitoneal 
margin. If there is invasion of the SMV/PV, the 
SMA, or the hepatic artery by tumor, the area of 
vascular involvement should be left as the last 
point of attachment of the specimen so that proxi-
mal and distal control of the involved vessel can 
be achieved prior to reconstruction. 

 The most common reconstruction technique 
includes an end-to-side pancreaticojejunostomy 
(PJ) to the limb of proximal jejunum brought up 
in a retrocolic position, an end-to-side hepatico-
jejunostomy approximately 10 cm downstream 
from that, and an end-to-side gastrojejunostomy 
20–30 cm downstream from that in a retro- or 
ante-colic position. Beyond these basic princi-
ples, multiple variations in technique of pancre-
atic resection and reconstruction have been 
investigated with the aim of reducing the inci-
dence of postoperative complications  .  

    Pylorus Preservation 

  PD with preservation of the pylorus,    thereby 
dividing the proximal duodenum just distal to the 
pyloric ring, was popularized in the late 1970s. 

A duodenojejunostomy is then created, rather 
than a gastrojejunostomy (Fig.  11.2 ). Proposed 
benefi ts of this modifi cation are improved diges-
tive function and postoperative nutritional status, 
and decreased marginal ulceration. Concerns 
raised regarding pylorus preservation include 
increased incidence of DGE and inadequate 
clearance of peripyloric lymph nodes. Multiple 
randomized, prospective trials have been con-
ducted comparing standard PD with pylorus-pre-
serving PD (PPPD), the most recent of which are 
summarized in Table  11.2  [ 21 – 23 ]. In 2004, Tran 
and colleagues reported a prospective, random-
ized trial of 170 patients who underwent standard 
( n  = 83) or PPPD ( n  = 87). The two groups were 
well matched for age, gender, tumor location, and 
stage. Two patients who were randomized to 
PPPD underwent standard PD due to suspicion of 
duodenal involvement and were included in the 
PPPD group for intention-to-treat analysis. There 
were no differences in median blood loss, opera-
tive time, DGE, or margin status between the 
groups. Postoperative weight loss was slightly 
greater in the PPPD group. On subset analysis of 
patients with adenocarcinoma, there were no dif-
ferences in median disease-free or overall sur-
vival. The authors concluded that both techniques 
are equally effective.

   In 2011, Kawai and colleagues compared 
PPPD with PD dividing the stomach just proxi-
mal to the pylorus, thereby preserving more 
stomach than what is typically done in classic 
PD. This was also a randomized, prospective 
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study and included 130 total patients (64 PPPD 
vs. 66 PD with pylorus resection) who were well 
matched for baseline characteristics. The authors 
found a statistically signifi cant increase in DGE 
in the PPPD group (17.2 % vs. 4.5 %,  p  = 0.02). 
There were no differences in other study 
 endpoints including postoperative complications, 
mortality, quality of life, and nutritional status 
over a 6-month period following surgery. 
Oncologic outcomes were not reported. The 
authors concluded that resection of the pyloric 
ring may reduce DGE compared to PPPD. 

 Most recently, in 2014, Matsumoto reported 
100 patients randomized to PPPD ( n  = 50) or 
standard PD ( n  = 50). The incidence of DGE was 
20 % in the PPPD group compared to 12 % with 
standard PD, and this was not statistically signifi -
cant ( p  = 0.41). The study was powered to detect 
a 20 % difference in DGE rates. There were also 
no differences in the secondary endpoints, includ-
ing postoperative complications, morbidity, long- 
term nutritional status, and diabetic status. 
Oncologic outcomes were not reported. 

 In summary, there is some evidence to suggest 
that pylorus preservation is associated with a 
higher incidence of DGE and there appears to be 
no difference in digestive function or nutritional 
status between the two techniques. While most of 
these studies concluded that the techniques are 
comparable, one must keep in mind that data on 
oncologic outcomes between PPPD and standard 
PD are very limited. Specifi cally, no studies 
reported the number of lymph nodes resected in 
PPPD vs. standard PD. At present, given the 
available data, both techniques are acceptable 
assuming adequate margin clearance can be 
achieved .  

    Braun Enteroenterostomy 

 A  Braun enteroenterostomy      is a side-to-side jeju-
nal anastomosis between the afferent and efferent 
limbs of the gastro- or duodenojejunostomy. This 
technique was fi rst described in 1893 as a means 
of reducing bile refl ux, marginal ulceration, and 
afferent limb syndrome following distal gastrec-
tomy for ulcer disease [ 24 ,  25 ]. In 2010, 

Hochwald and colleagues fi rst reported the use of 
this technique in standard PD for reduction of 
DGE [ 25 ]. This was a retrospective study of 105 
patients who underwent standard PD with ( n  = 70) 
or without ( n  = 35) a Braun enteroenterostomy. 
The Braun group had a 7 % incidence of clini-
cally signifi cant DGE compared to 31 % for the 
no-Braun group ( p  = 0.02). The Braun group also 
experienced shorter length of hospital stay, and 
there was no difference in postoperative compli-
cations between the groups. 

 These fi ndings were corroborated by a larger 
study in 2014. Xu et al. reported a series of 407 
patients who underwent standard PD with 
( n  = 206) or without ( n  = 201) Braun enteroenter-
ostomy [ 26 ]. These patients were well matched 
for baseline characteristics. Braun enteroenteros-
tomy was associated with decreased DGE (6.7 % 
vs. 26.9 %,  p  < 0.01) with no difference in mor-
bidity, and was the only independent predictor of 
DGE on multivariate analysis. While these data 
are encouraging, there are confl icting reports, 
and the use of Braun enteroenterostomy in PD 
has not been studied prospectively [ 27 ]. This 
technique does appear safe, however, and may 
reduce DGE, alkaline refl ux, and marginal 
ulceration.  

    Pancreatic Anastomosis 

 As with DP, the most  common   source of major 
morbidity following PD is PF, occurring in 
approximately 10–30 % of cases. Pancreatic 
leaks in the setting of PD have even greater 
potential for morbidity than with DP, as in addi-
tion to sepsis, they can lead to delayed PPH and 
dehiscence of adjacent anastomoses. The major 
risk factors for PF include soft, or normal- 
textured pancreatic parenchyma and small (<3 
mm) pancreatic duct diameter. Mortality associ-
ated with PF has decreased signifi cantly, as tre-
mendous advancements have been made in the 
management with early recognition and image- 
guided percutaneous drainage capabilities. Little 
success has been made in actually reducing the 
incidence of PF, however. Variations in surgical 
technique that have been investigated with the 
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aim of reducing PF include use of fi brin glue, 
omental patches, both internal and external 
stents,    and pancreaticogastrostomy (PG), as an 
alternative to PJ. Of these techniques, the only 
two that have been demonstrated to reduce PF 
rates in high-quality, prospective studies are 
externalized stent placement and PG.  

    Externalized Pancreatic Duct Stent 

 The technique  of   externalized stent placement 
entails placing a small diameter catheter with 
multiple side-holes into the pancreatic duct, 
across the PJ anastomosis, and bringing it out 
through a small jejunostomy defect and through 
the abdominal wall to a drainage bag. The jeju-
nostomy is reinforced with a purse string suture 
and the jejunal limb is tacked to the abdominal 
wall. Since the international consensus defi nition 
of PF was established in 2005, there have been 
three randomized, prospective trials comparing 
PJ with an externalized stent PJ with no stent 
[ 28 – 30 ]. The fi rst was reported by Poon et al. in 
2007 and included 120 patients, 60 in each group 
[ 30 ]. The authors found a decreased rate of 
CR-PF (ISGPS grade B/C) with externalized 
stent placement (3 % vs. 15 %;  p  = 0.03). There 
were no differences in overall morbidity, reopera-
tion rate, or in hospital mortality between the 
groups. The stented group had a shorter length of 
hospital stay (mean 17 ± 8 vs. 23 ± 12 days; 
 p  = 0.04). The second study found confl icting 
results [ 28 ]. This was a smaller study and 
included only patients found to have a normal 
pancreas (without fi brosis based on preoperative 
MRI). Forty-fi ve patients met the inclusion crite-
ria and were randomized to PJ with ( n  = 23) or 
without ( n  = 22) an externalized stent. The rate of 
grade B PF was 22 % in the stented group vs. 27 
% in the non-stented group and this was not sta-
tistically different. There were no grade C fi stu-
lae in either group. More recently, in 2012, Motoi 
and colleagues reported 93 patients who were 
randomized to PJ with ( n  = 47) or without ( n  = 46) 
an externalized stent. The authors again observed 
a decreased rate of CR-PF in the stented group (6 
% vs. 2 %,  p  = 0.04). Of note, approximately half 

of the patients in each group had a dilated 
(>3 mm) pancreatic duct. On subset analysis, 
external stent placement was not associated with 
PF in patients with dilated ducts. 

 In summary,  external stent placement   has 
been associated with low rates of CR-PF, but in 
the study that included only patients with soft 
glands, the rate of PF was still 22 %. Critics of 
this technique argue that it essentially gives all 
patients a PF, albeit a controlled one. Externalized 
stents were left in place for 2–6 weeks postopera-
tively in these studies, mandating prolonged 
postoperative care, which may not be feasible or 
preferable for some patients. This technique may 
have a role for reducing morbidity associated 
with PF in selected patients, but warrants further 
investigation given the confl icting results of the 
small studies that have been reported to date.  

    Pancreaticogastrostomy 

   PG is another  surgical   technique  that   has been 
investigated as a method of reducing PF. Four 
randomized, prospective trials of PG vs. PJ have 
been completed since 2005 [ 31 – 34 ]. The charac-
teristics and results of these studies are summa-
rized in Table  11.3 . The fi rst was published by 
Fernandez-Cruz in 2008 [ 31 ]. In this trial, 108 
patients undergoing PD were randomized to PG 
( n  = 53) or PJ ( n  = 55) at a single center in Spain. 
The PG technique was complicated and required 
pylorus preservation with preservation of the 
gastroepiploic vessels, gastric partitioning, and 
placement of a silastic stent sutured to the pan-
creatic duct for ducts <3 mm in diameter. The PJ 
technique was end-to-side duct-to- mucosa, also 
with stenting of small diameter ducts. The 
patients in the two groups were similar in terms 
of baseline characteristics including, age, BMI, 
pancreatic parenchymal consistency, duct diam-
eter, and histologic diagnosis. The authors 
reported a rate of CR-PF of 3 % with PG vs. 18 % 
with PJ ( p  < 0.01). There were also statistically 
signifi cant decreases in intra-abdominal collec-
tions and overall 30-day morbidity with 
PG. There were no differences in operative time, 
blood loss, length of stay, postoperative 
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 hemorrhage, or need for reoperation between the 
groups, and there was no postoperative mortality 
in either group. Despite the very low rate of PF in 
the PG group, this technique was never widely 
adopted. This is likely due to the complexity of 
the procedure, making it diffi cult to reproduce, 
and the need for pylorus preservation.

   The next trial, reported by Wellner and col-
leagues in 2012, included 116 patients random-
ized to PG ( n  = 59) vs. PJ ( n  = 57) [ 34 ]. The PG 
technique in this study entailed invagination of 
the cut end of the pancreas into a posterior gas-
trostomy, with a double-layered anastomosis, 
performed via an anterior gastrostomy. The PJ 
was an end-to-side duct-to-mucosa anastomo-
sis with a pancreatic duct stent that was exteri-
orized via a jejunopexy. The authors reported 
no difference in the primary endpoint of grade 
B/C PF between the groups (10 % PG vs. 12 % 
PJ,  p  = 0.78). Operating time was shorter in the 
PG group (403 vs. 443 min;  p  < 0.01), but there 
were no differences in any other secondary 
endpoints, including postoperative fl uid collec-
tion, hemorrhage, reoperation, length of stay, or 
mortality. Clinically relevant DGE occurred 
more often with PG (27 % vs. 17 %), as did 
intraluminal bleeding (7 % vs. 2 %), but these 
differences were not statistically signifi cant. 
The authors concluded that PG and PJ were 
equivalent. 

 Two additional studies published in 2013 
demonstrated signifi cantly reduced PF rates with 
PG vs. PJ [ 32 ,  33 ]. Topal and colleagues reported 
the largest of these [ 33 ]. A total of 329 patients 
were randomized to PG ( n  = 162) or PJ ( n  = 162). 

Randomization was performed intraoperatively 
and patients were stratifi ed by pancreatic duct 
diameter (≤3 or >3 mm). PG and PJ were both 
performed by invagination. The rate of CR-PF 
was 20 % with PJ vs. 8 % with PG (odds ratio 
2.86, 95 % CI 1.38–6.17;  p  = 0.002). There was 
no difference in overall morbidity between the 
groups, but the PG group had a higher rate of 
DGE (15 % vs. 8 %;  p  = 0.04) and lower rate of 
intra-abdominal abscess (6 % vs. 13 %;  p  = 0.03). 
There were no differences in postoperative hem-
orrhage, reoperation, readmission, length of stay, 
or mortality. 

 While the majority of these studies, as well as 
several recent meta-analyses, conclude that PG is 
superior to PJ in terms of PF rate, PJ remains the 
most widely performed technique for pancreatic 
anastomosis. The data on PG need to be inter-
preted with caution as the technique of PJ varied 
signifi cantly among the different studies, as did 
the associated PF rate. It is therefore not possible 
to defi nitively state that PG is superior. 
Additionally, more surgeons are trained to per-
form PJ and have more experience and a higher 
comfort level with that technique. It is clear, how-
ever, that PG is a safe and reasonable alternative 
to PJ, and it has a consistent, relatively low rate of 
CR-PF in recent studies  .   

    Perioperative Care 

 In addition to surgical techniques,  perioperative 
interventions   also have a role in reducing mor-
bidity associated with PD. This is particularly 

   Table 11.3    Summary of recent randomized prospective studies evaluating  pancreaticogastrostomy   vs. pancreaticoje-
junostomy for reconstruction following pancreaticoduodenectomy   

 Study  Group   N   PF,  N  (%)  P 
 Morbidity, 
 N  (%)   P  

 Mortality, 
 N  (%)   P   LOS (days)   P  

 Fernandez- Cruz 
et al. [ 29 ] 

 PG  53  2 (3)  0.01  12 (23)  <0.01  0  NS  12 ± 2  NS 

 PJ  55  10 (18)  24 (44)  0  16 ± 3 

 Wellner 
et al. [ 32 ] 

 PG  59  6 (10)  0.78  –  NR  1  1.00  15 (7–135)  0.16 

 PJ  57  7 (12)  –  1  17 (10–60) 

 Figueras 
et al. [ 30 ] 

 PG  65  7 (11)  <0.01  41 63  0.78  3 (5)  1.00  12 (1–52)  0.72 

 PJ  58  19 (33)  38 (66)  3 (5)  16 (6–55) 

 Topal et al. [ 31 ]  PG  162  13 (8)  <0.01  –  NS  4 (3)  0.38  19 (14–25)  0.90 

   PF  pancreatic fi stula,  PG  pancreaticogastrostomy,  PJ  pancreaticojejunostomy,  LOS  length of stay,  NS  not signifi cant  
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true for patients with BRPC being treated with 
neoadjuvant therapy. These patients have a win-
dow of time before surgery during which nutri-
tional status and medical comorbidities can be 
managed and optimized, and smoking and alco-
hol cessation can be achieved when necessary. 
Additionally, for patients presenting with jaun-
dice, preoperative biliary drainage may be neces-
sary and is discussed in Chap.   4    . Additional 
perioperative measures that have been investi-
gated as means of reducing PF and other morbid-
ity particular to pancreatic resection include the 
use of somatostatin analogs, and the management 
of surgically placed drains. 

    Somatostatin Analogs 

 Somatostatin and  somatostatin analogs   are agents 
that act to decrease the volume of gastrointestinal 
secretions by binding to somatostatin receptors. 
Several of these agents, most commonly octreo-
tide, have been investigated for their role in 
reducing the incidence of PF following pancre-
atic resection. A total of 19 randomized, prospec-
tive studies have been completed comparing 
somatostatin or an analog (octreotide or vapreo-
tide) with placebo in the perioperative period in 
patients undergoing pancreatic resection [ 35 ]. 
These studies varied widely in sample size, defi -
nition of PF, technique of pancreatic anastomo-
sis, use of prolonged bowel rest, and parenteral 
nutrition, and have shown confl icting results. 
Recently, several meta-analyses have been con-
ducted and have uniformly concluded that the use 
of somatostatin analogs does not reduce the rate 
of CR-PF [ 27 ,  35 ,  36 ]. 

 Pasireotide is a long-acting somatostatin ana-
log with a 40-times greater affi nity for the soma-
tostatin receptor than octreotide. Evidence 
suggests that it has a broader binding ability than 
other somatostatin analogs and that it decreases 
intestinal secretions and trypsin release [ 37 – 40 ]. 
In theory it may then decrease both the volume 
of, and the likelihood of activation of, pancreatic 
secretions. In a study reported in 2014, patients 
undergoing pancreatic resection were random-
ized to pasireotide ( n  = 152) vs. placebo ( n  = 148) 

perioperatively [ 37 ]. A dose of drug or placebo 
was given subcutaneously twice daily starting on 
the morning of the day of surgery, and continuing 
for 7 days postoperatively. Patients were strati-
fi ed by procedure (PD vs. DP) and by pancreatic 
duct diameter (>4 vs. ≤4 mm). The rate of CR-PF 
was 9 % in the pasireotide group vs. 21 % in the 
control group (RR 0.44, 95 % CI 0.25–0.95; 
 p  < 0.01). This difference persisted regardless of 
procedure or pancreatic duct diameter. The rates 
of overall morbidity and readmissions were also 
signifi cantly lower in the pasireotide group. 
Pasireotide is  currently   FDA-approved for use in 
Cushing’s Disease and is under consideration for 
use for PF prevention.  

    Use of Drains 

 Another question that has  prompted   randomized, 
prospective studies is whether prophylactic intra-
peritoneal drains placed at the time of pancreatic 
resection impact the frequency or severity of 
postoperative complications, particularly PF. The 
fi rst trial examining this question was performed 
at the Memorial Sloan-Kettering Cancer Center. 
One hundred and seventy nine patients undergo-
ing PD or DP were randomized to routine intra-
peritoneal drainage with 7-mm closed-suction 
Jackson-Pratt (JP) drains (placed adjacent to pan-
creatic and hepatic anastomoses or transected 
pancreas) or no drains [ 41 ]. The majority of 
patients (78 %) underwent PD. No information 
was provided on pancreatic duct diameter or 
parenchymal consistency. The primary endpoint 
of the study was postoperative morbidity. There 
were no differences in the rates of overall or 
major morbidity, need for interventional radio-
logic intervention, need for reoperation, or length 
of stay between the groups. The rate of PF in the 
drained group was 12.5 % and by defi nition, was 
not measurable in the no-drain group. When the 
variables were combined, more patients in the 
drain group experienced intra-abdominal collec-
tion/abscess/fi stula than in the no-drain group (22 
% vs. 9 %,  p  < 0.02). The authors concluded that 
routine placement of drains is not necessary and 
may be harmful. 
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 In 2014, Van Buren et al. reported results of 
another randomized, prospective trial with a 
similar design. This was a multicenter trial con-
ducted at 12 high-volume centers in the United 
States [ 42 ]. The authors hypothesized a 10 % 
difference in postoperative morbidity between 
the drain and no-drain groups, and aimed to 
enroll 752 patients (376 per group) to detect this 
difference with 80 % power. The study was 
stopped early due to an unacceptably high mor-
tality rate of 12 % in patients who underwent PD 
without drains, compared to 3 % in the drain 
group. At the time the study was stopped, 137 
patients had undergone PD with ( n  = 68) or with-
out ( n  = 69) intraperitoneal drains. The number 
and type of drains placed was left to the discre-
tion of the surgeon. Mean pancreatic duct diam-
eter and percentage of patients with a soft gland 
were the same in each group (3.9 mm and 50 %; 
respectively). In addition to increased mortality, 
the no-drain group experienced a statistically 
signifi cant higher incidence of overall morbidity, 
DGE, intra- abdominal collection, intra-abdomi-
nal abscess, need for postoperative percutaneous 
drain placement, and prolonged length of stay 
[ 42 ,  43 ]. Of the 8 patients who died postopera-
tively in the no-drain group, all but one died of 
complications related to PF (sepsis, multisystem 
organ failure, or intra- abdominal hemorrhage). 
When patients were stratifi ed based on the 
author’s risk score for PF (considering paren-
chymal consistency, pancreatic duct diameter, 
operative blood loss, and pathology), only those 
at moderate/high-risk appeared to benefi t from 
drains. It was in this subset of patients that 
CR-PF (12.2 % vs. 29.5 %,  p  = 0.05) and 90-day 
mortality were decreased [ 43 ]. 

 Several conclusions  c  an be drawn from these 
data. First of all, it is unlikely that the use of 
intraperitoneal drains is harmful. PF is defi ned by 
amylase content and volume of drain output, so 
patients without drains by defi nition cannot have 
a PF, thereby explaining why the drain group had 
a higher rate of PF in the fi rst study. While there 
was no increase in intra-abdominal collection or 
abscess in the no-drain group, it may be that these 
patients were at low risk for development of 
PF. In the second study, it is clear that high-risk 

patients without drains experienced increased 
morbidity and mortality as a result of undrained 
pancreatic leaks. Routine use of intraperitoneal 
drains in selected patients at low risk for PF (fi rm 
gland, dilated pancreatic duct) is likely not neces-
sary, but drains should be used judiciously in the 
majority of patients. This is especially true for 
patients who are likely to suffer major morbidity 
if they develop a pancreatic leak, such as those 
with adjacent vascular anastomoses. There is 
prospective data demonstrating that leaving 
drains in place for an excessive amount of time 
(>5 days) following pancreatic resection may be 
harmful, so drains should be removed as soon as 
is appropriate [ 44 ].   

    Summary 

 BRPC is a challenging disease that requires mul-
timodality therapy for successful management. 
The role of the surgeon is to determine the opti-
mal timing of resection and when feasible, to per-
form a margin-negative resection and regional 
lymphadenectomy with minimal morbidity. With 
more effective chemotherapy regimens and 
increasing data showing favorable outcomes, the 
utilization of neoadjuvant therapy for BRPC is 
likely to increase. 

 Data on surgical implications of neoadjuvant 
treatment are limited but growing. Ferrone et al. 
recently reported a series of 40 patients with 
locally advanced or BRPC who received neoad-
juvant FOLFIRINOX with or without RT and 
went on to surgical exploration [ 1 ]. These patients 
were compared to 87 patients with resectable dis-
ease who underwent upfront surgical resection 
during the same time period. A margin-negative 
resection was achieved in 92 % of patients in the 
FOLFIRINOX group. Additionally, the patients 
in the FOLFIRINOX group had longer operative 
time (median 394 vs. 300 min;  p  < 0.01), 
decreased blood loss (median 600 vs. 400 mL; 
 p  < 0.01), decreased tumor size (median 2.5 vs. 
3.2 cm), decrease rate of lymph node involve-
ment (35 % vs. 79 %;  p  < 0.01), decreased rates of 
lymphatic and perineural invasion (35 and 73 % 
vs. 70 and 95 %;  p  < 0.01), and fewer postopera-
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tive complications (36 % vs. 63 %;  p  < 0.01). 
Surprisingly, no patients in the FOLFIRINOX 
group developed a CR-PF, compared to 22 % in 
the upfront surgery group ( p  < 0.01). There were 
no differences in long-term oncologic outcomes 
between the groups. 

 These data are very encouraging and will 
hopefully be reproduced in future studies. Going 
forward, it is critical to prospectively document 
details of staging, neoadjuvant treatment, surgi-
cal technique, and perioperative care for patients 
with BRPC so that outcomes can continue to be 
improved.     
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            Introduction 

 Pancreatic ductal adenocarcinoma ( PDA  )    is the 
fourth leading cause of cancer mortality in the 
United States, with an estimated 46,000 new 
cases and 40,000 of deaths in 2014 [ 1 ]. Few other 
cancers demonstrate a nearly 1:1 ratio of annual 
incidence and mortality. Surgery remains the 
only potential for cure but only 9 % of patients 
present with localized resectable disease, with 
most presenting with regional or metastatic dis-
ease [ 1 ,  2 ]. Despite improvements in diagnostic 
imaging, surgical techniques, and chemothera-
peutic regimens, only small improvements in 
survival have been realized over the last three 
decades [ 3 ]. The estimated overall 5-year  survival 
is 6 % for all stages, 24 % for localized disease, 
and 9 % for regional disease [ 1 ]. 

 Patients with localized PDA of the pancreatic 
head are classifi ed into three categories: resect-
able, borderline resectable, or locally advanced 
(unresectable) [ 4 – 6 ]. This classifi cation is based 
on the relationship of the tumor to the major 
regional vasculature, including the superior mes-
enteric vein/portal vein (SMV/PV), superior 
mesenteric artery (SMA), common hepatic 
artery (CHA), and the celiac axis (CA). Recent 
evidence suggests that patients with regional dis-
ease (borderline resectable or locally advanced) 
are able to achieve similar survival to patients 
with resectable cancer if negative margins are 
achieved at surgery, albeit at a slightly increased 
risk of morbidity and mortality [ 7 – 9 ]. This is 
usually accomplished in the setting of neoadju-
vant chemotherapy (with or without radiation), 
which serves to increase the R0 resection poten-
tial, sterilize regional lymph node basins, and 
treat micro metastatic disease [ 10 – 14 ]. A recent 
meta-analysis demonstrated that one-third of 
patients with initially unresectable tumors 
respond to neoadjuvant therapy and eventually 
undergo resection, with comparable survival to 
patients with initially resectable tumors [ 15 ]. 

 Minimally invasive (MI) approaches are 
being increasingly applied to the treatment of 
PDA in an effort to reduce morbidity. Although 
lacking widespread adoption, several single and 
multi- institutional series have confi rmed the 
safety and feasibility of this approach, particu-
larly in carefully selected patients. However, the 
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use of MI platforms to treat borderline resectable 
or locally advanced tumors remains even more 
controversial. This chapter will highlight the 
available evidence and outcomes of MI tech-
niques on this subgroup of patients with 
advanced disease.  

    Minimally Invasive Pancreatectomy 
 for   Resectable Pancreatic Cancer 

 Despite the  advantages   provided by MI surgery, 
its acceptance in pancreatic surgery—particu-
larly for PDA—   has lagged behind other fi elds 
[ 16 ,  17 ]. The reasons for this are multifactorial 
and include the complex retroperitoneal anatomy 
of the head of the pancreas, the technically chal-
lenging reconstructions associated with the pan-
creaticoduodenectomy (PD), and the lack of 
randomized controlled trials. Despite this, multi-
ple reports have established the safety and feasi-
bility of laparoscopic, and more recently, 
robotic-assisted pancreatectomy in well-selected 
patients at large centers of experience. 

    Laparoscopic Pancreatectomy 
for Resectable PDA 

    Compared to laparoscopic pancreaticoduode-
nectomy (LPD), the  laparoscopic distal pancre-
atectomy (LDP)   has been more extensively 
examined due to its purely ablative nature. 
Multiple large retrospective series have now 
demonstrated its safety, effi cacy, and potential 
benefi t when compared to its open counterpart, 
even when performed for PDA [ 18 – 27 ]. In the 
largest multi-institutional comparative analysis 
to date, Kooby et al. retrospectively matched 200 
patients that underwent  open distal pancreatec-
tomy (ODP)   to 142 patients that underwent  LDP   
[ 27 ]. Laparoscopic resections were associated 
with less blood loss (EBL) (357 vs. 588 mL; 
 p  < 0.001), a lower rate of splenectomy (70 % vs. 
88 %;  p  < 0.001), and shorter hospital length of 
stay (LOS) (6 vs. 9 days;  p  < 0.001). There were 
fewer overall complications in the LDP group 

(40 % vs. 57 %;  p  = 0.003) and a lower rate of 
wound infections (5 % vs. 15 %;  p  = 0.004). 
There were no differences in overall pancreatic 
fi stula rate or clinically signifi cant (Grade B/C) 
fi stula rate, as defi ned by the International Study 
Group of Pancreatic Fistula (ISGPF) [ 28 ]. On 
multivariate analysis, LDP was an independent 
predictor for EBL of less than 500 mL, reduced 
morbidity, and LOS less than 7 days. In a follow-
up comparison of ODP to LDP for PDA patients, 
this multi- institutional consortium compared 
212 ODP patients to 23 non-matched LDP 
patients [ 29 ]. Again, LDP was associated with 
lower EBL (422 vs. 790 mL;  p  = 0.04) and 
shorter LOS (7 vs. 11 days;  p  = 0.03). When 
matched in 3:1 fashion (70 ODP vs. 23 LDP) 
based on age, American Society of Anes-
thesiologists (ASA) class, and tumor size, LDP 
was associated with lower EBL and shorter LOS, 
although these differences did not reach statis-
tical signifi cance. Importantly, the method of 
resection did not impact margin status or total 
lymph node harvest, and overall survival at a 
median follow-up of 10 months was similar 
between both groups. The authors concluded 
that LDP was at least equivalent to ODP with 
regard to short-term operative and oncologic 
outcomes, and therefore a reasonable approach 
to appropriately selected patients with PDA. 
These studies have contributed to a paradigm 
shift in the management of tumors of the pancre-
atic body and tail, and consequently, MI DP is 
the preferred approach for many high volume 
pancreas surgeons with expertise in laparoscopy. 
Table  12.1  summarizes other large series com-
paring LDP to ODP.

   In contrast to DP, MI approaches for PD have 
been slow to develop despite being fi rst reported 
nearly two decades ago [ 30 – 32 ]. The past 5 
years, however, have witnessed renewed interest 
in MI PD, fueled by reports of feasibility and the 
prospect of reducing the substantial morbidity 
(up to 50 %) associated with OPD [ 33 ,  34 ]. 
Croome et al. recently published the largest com-
parative series between LPD and open PD (OPD) 
for patients with PDA [ 35 ]. Over a 5-year period, 
a total of 108 patients underwent LPD and 214 
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underwent OPD. The authors found that LPD 
was associated with a lower EBL (492 vs. 867 
mL;  p  < 0.001), lower rates of delayed gastric 
emptying (11 % vs. 26 %;  p  = 0.03), and a shorter 
LOS (6 vs. 9 days;  p  < 0.001), with no difference 
in R0 resection rates, overall complication rates, 
or postoperative pancreatic fi stulae. Importantly, 
LPD was associated with a signifi cantly shorter 
time period from surgery to the initiation of adju-
vant chemotherapy (48 days vs. 59 days; 
 p  = 0.001); fewer long delays (>8 weeks) between 
time of surgery and initiation of chemotherapy 
(27 % vs. 41 %;  p  = 0.01); and lower rates of 
patients failing to receive chemotherapy alto-
gether or within 90 days of surgery (5 % vs. 12 %; 
 p  = 0.04). There was no difference in overall sur-
vival, but LPD was associated with a longer pro-
gression-free survival. Although limited by its 
retrospective nature and small numbers, this 
comparison offers important insights into the 
potential benefi ts of MI pancreatectomy. PD is 
associated with signifi cant morbidity and pro-
longed convalescence that may preclude the 
receipt of any adjuvant chemotherapy or its full 
scheduled dose [ 36 ]. The potential for MI sur-
gery to reduce the morbidity associated with PD 
is important since this would increase the number 
of patients that could derive potential benefi t 
from postoperative chemotherapy, particularly 
as potentially effective regimens such as 
FOLFIRINOX and gemcitabine/nab-paclitaxel 
are being evaluated in the adjuvant setting [ 37 ,  38 ]. 
To date, only three studies have compared LPD 
to OPD [ 35 ,  39 ,  40 ], and these are summarized 
in Table  12.2 . Although some of these series are 

not exclusive to PDA patients, their outcomes 
suggest that the LPD can be performed with 
equivalent short-term oncologic outcomes, less 
EBL, and shorter LOS (at the expense of slightly 
longer operative times) compared to OPD in 
select patient cohorts.   

       Robotic-Assisted Pancreatectomy 
for Resectable PDA 

  The inherent visual and ergonomic limitations of 
laparoscopy have played a major role in the 
development of robotic surgery, which allows 
surgeons to perform advanced laparoscopic pro-
cedures with greater ease. Advantages include 
articulating instruments that re-create the seven- 
degrees of freedom of the human wrist, three- 
dimensional high-defi nition view of the operative 
fi eld, and complex algorithms that minimize 
physiologic tremor. These features allow for pre-
cise dissection and intracorporeal suturing, thus 
expanding the scope and complexity of proce-
dures that can be performed in MI fashion. 
Disadvantages include high cost, loss of haptic 
feedback, the inability to operate in multiple 
fi elds, and the need for a skilled bedside assistant. 
The lack of haptic feedback is generally over-
come by the enhanced, three-dimensional visual-
ization, which allows the operating surgeon to 
use visual cues as a compensatory mechanism 
[ 41 ]. The platform has controls and ergonomics 
that closely mimic the movements of open sur-
gery, and appears to shorten the learning curve 
for complex cases compared to conventional 

   Table 12.2    Summary of studies comparing laparoscopic to open pancreaticoduodenectomy   

 Author   N  
 Malignancy 
(%) 

 Operative 
time (min)  EBL (mL)  LOS (days) 

 R0 resection 
(%) 

 Lymph node 
harvest 
(mean) 

 Lap  Open  Lap  Open  Lap  Open  Lap  Open  Lap  Open  Lap  Open  Lap  Open 

 Asbun 
[ 39 ] 

 53  215  75  67   541   401   195   1032   8   12  95  83   23   17 

 Kuroki 
[ 40 ] 

 20  31  70  74  657  555   377   1510  NR  NR  NR  NR  14  26 

 Croome 
[ 35 ] 

 108  214  100  100  379  388   492    867   6   9  78  77  21  20 

   Lap  laparoscopic,  NR  not reported 
  Bold   p  < 0.05  
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laparoscopy. This should allow a greater number 
of surgeons to perform complex pancreatic resec-
tions, and—by extension—increase the number 
of patients treated by MI pancreatectomy. 

 The fi rst report of  robotic-assisted pancreatec-
tomy   was by Guilianotti et al. in 2003 [ 42 ]. Since 
then, various reports have emerged to confi rm the 
safety and feasibility of this platform. In the larg-
est single-institutional experience of 250 con-
secutive robotic-assisted pancreatic resections 
[ 43 ], the authors at the University of Pittsburgh 
examined 132 patients that underwent robotic 
pancreaticoduodenectomy (RPD) (80 % were for 
malignancy of which 41 % were resectable PDA) 
and found the outcomes comparable to large his-
toric retrospective series of OPD [ 3 ,  44 ]. For the 
malignant cohort, R0 resection was achieved in 
88% of patients with a median of 19 resected 
lymph nodes. Similarly, for the 83 patients that 
underwent  robotic distal pancreatectomy (RDP)   
(72 % for malignancy of which 37 % were resect-
able PDA), R0 resection was achieved in 97 % of 
patients with a median of 14 lymph nodes 
resected. No long-term survival data were avail-
able due to a short follow-up period. In a separate 
propensity score-matched analysis of 34 ODP 
and 28 MI DP (robotic and laparoscopic) for 
resectable PDA, the same group found short-term 
oncologic outcomes (R0 and lymph node har-
vest) and disease-specifi c survival to be equiva-
lent [ 45 ]. Finally, in a retrospective comparison 
of 94 LDPs and 30 RDPs, the same group noted 
several advantages to the robotic approach 
including signifi cantly reduced operative times, 
EBL, and conversion rates [ 46 ]. Furthermore, 
RDP was associated with superior short-term 
oncologic outcomes in patients with PDA, includ-
ing a lower rate of microscopically positive mar-
gins and a greater lymph node harvest. Table  12.3  
highlights some of the major series reporting on 
RPD to date. Similar to the LPD series, RPD 
seems to be associated with reduced EBL and 
LOS at the expense of longer operative times. 
These data must be viewed with caution since 
most of these series, particularly for PD, are lim-
ited by their retrospective nature, small numbers, 
and inherent selection bias. Conversely, many if 
not all of these series represent surgeons working 
through their initial learning curve. Future reports 

will focus on outcomes beyond this implementa-
tion phase, allowing for a more robust assessment 
of any benefi ts to this costly platform.

        Minimally Invasive Approaches 
to Borderline Resectable Pancreatic 
C ancer 

    Challenges 

 Whereas the application of MI surgery to benign 
and resectable malignant disease is slowly 
expanding, its utility for borderline resectable 
and locally advanced tumors poses a unique set 
of challenges. The potential for catastrophic 
hemorrhage, coupled to oncologic concern for 
margin clearance, has contributed to a paucity of 
reported outcomes on this subset of patients. 
Moreover, borderline resectable tumors are usu-
ally larger in size and associated with increased 
rates of preoperative chemotherapy or chemo- 
radiotherapy administration—factors that poten-
tially contribute to more diffi cult resections. 
Additionally, the lack of available data on the 
 cost-benefi t ratio   for MI PD for benign disease 
and resectable cancers translates to reduced 
enthusiasm to apply the MI platforms to the more 
complex borderline resectable tumors. 

 From a technical standpoint, it may appear 
that the robotic platform is better suited for vas-
cular resections and reconstructions than con-
ventional laparoscopy due to the stereotactic 
vision, stability, and articulating instruments. 
Conversely, a distinct disadvantage of this bulky 
platform is the diffi culty and challenge in con-
verting a case to laparotomy, particularly in the 
setting of bleeding. A  robotic conversion   is 
invariably slower—and potentially more hazard-
ous—compared to laparoscopy, and mandates 
the presence of a bedside assistant experienced 
in laparoscopy, who can grasp and provide tem-
porary control of hemorrhage using conven-
tional laparoscopic techniques. Due to these 
safety concerns, centers that have reported on 
MI pancreatic resections for borderline resect-
able tumors have only done so after garnering a 
substantial experience in benign and resectable 
pancreatic tumors.  
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    Published Outcomes 

  To date, only four series have published  out-
comes   on vascular resections for borderline 
resectable or locally advanced tumors [ 47 – 50 ]. 
These reports emanate from tertiary care centers 
with large experiences in MI and pancreatic sur-
gery. Additionally, all of the authors have previ-
ously published extensively on MI pancreas 
resections for resectable PDA prior to attempting 
more advanced vascular resections. Three sce-
narios of vascular resections have been reported 
in the MI literature: the fi rst is a PD with tangen-
tial venous resection using a linear stapler or a 
venectomy that requires patch venorraphy; the 
second is PD or DP with venous resection of the 
SMV/PV or splenoportal confl uence with pri-
mary end-to-end reconstruction or graft interpo-
sition (internal jugular or left renal vein); and the 
third is the modifi ed Appleby procedure, which 
requires resection of the celiac trunk in the set-
ting of a locally advanced (T4) pancreatic body 
tumor that involves the celiac branches proximal 
to the takeoff of the GDA. 

 Kendrick and Sclabas from the Mayo Clinic 
reported on 11 patients that underwent venous 
resection during LPD [ 49 ]. Nine of the 11 cases 
were performed for PDA. One patient was con-
verted to an open approach. Ten of the 11 patients 
underwent tangential venous resection and 1 
patient underwent segmental resection. Patients 
undergoing partial venous resection were recon-
structed by primary venorrhaphy ( n  = 4), patch 
venorrhaphy ( n  = 4), or tangential stapling ( n  = 2). 
A single patient underwent segmental venous 
resection with reconstruction using a left renal 
vein interposition graft. Median operative time, 
mesoportal clamp time, and EBL were 400 min, 
35 min, and 500 mL, respectively. The R0 resec-
tion rate was not compromised (90 %). Overall 
morbidity was 55 % with no in-hospital or 30-day 
mortality, and median LOS was 7 days. These 
results were comparable to some of the larger 
existing series of major venous resection during 
open PD [ 7 ,  51 ]. 

 The Mayo Clinic group expanded on these 
preliminary data and published a retrospective 
study comparing short- and long-term outcomes 
in patients who underwent major venous resec-

tion during open ( n  = 58) and laparoscopic 
( n  = 31) PD [ 48 ]. The laparoscopic approach was 
associated with less operative blood loss (842 vs. 
1452 mL;  p  < 0.001), a higher R0 resection rate 
(94 % vs. 76 %;  p  = 0.038), and a greater lymph 
node harvest (20 vs. 16 lymph nodes;  p  = 0.01). 
Expectantly, patients undergoing open proce-
dures had a higher frequency of segmental venous 
resections requiring primary end-to-end anasto-
mosis or interposition graft reconstruction, 
whereas partial venous resections were more fre-
quent in the laparoscopic cohort ( p  < 0.05). The 
laparoscopic group had a shorter hospital length 
of stay (6 vs. 9 days;  p  = 0.006). There was no 
difference in the rate of overall or severe (Clavien- 
Dindo grade  > III) complications [ 52 ], and 90-day 
mortality was similar in both groups. There was a 
trend toward more ISGPF Grade B/C pancreatic 
fi stulas in the laparoscopic group (16 % vs. 5 %), 
but this did not reach statistical signifi cance 
( p  = 0.09). There appeared to be a trend toward 
improved long-term survival in the laparoscopic 
group, but this did not reach statistical signifi -
cance. To date, this report remains the largest 
experience of LPD for borderline resectable 
tumors. The results are impressive and demon-
strate that MI PD with venous resection is safe 
and feasible when performed by a talented sur-
geon with robust experience in pancreatic sur-
gery and advanced laparoscopy. Although LPD 
was associated with benefi cial outcomes, defi ni-
tive conclusions cannot be made given the base-
line dissimilarities between the groups with 
regards to complexity of operations performed. 

 Two other small series have reported on MI 
pancreatectomy requiring vascular resections. 
Giulianotti et al. reported on 5 patients that 
underwent robotic pancreatectomy [ 50 ]. Two 
patients underwent RPD with portal vein resec-
tion (1 tangential SMV/PV resection using an 
endovascular stapler, 1 PTFE patch venorraphy), 
2 patients underwent RDP with celiac axis resection 
(modifi ed Appleby operation), and 1 patient 
underwent RDP with portal vein resection (PTFE 
patch venorraphy). Notably, a 7 cm laparotomy 
was performed in the 2 patients requiring patch 
venorraphy. There were no postoperative deaths, 
and 4 patients received R0 resections. Boggi 
et al. reported on a series of 34 patients that 
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underwent RPD, of which three patients required 
segmental resections of the SMV/PV, but no spe-
cifi c data on these patients is provided  [ 47 ].   

    Authors’ Approach to Robotic 
Pancreatectomy for Borderline 
Resectable and Locally Advanced 
Tumors 

    Patient Selection 

 The previously reported advantages of the robotic 
platform have made it the preferred MI approach 
at our institution. As with any surgical platform, 
 patient selection   remains central to successful 
implementation. At our institution, preoperative 
planning includes a triphasic (pancreatic protocol) 
CT scan of the abdomen and pelvis as well as 
endoscopic ultrasound (EUS). The combination 
of these two modalities has proven highly predic-

tive of the ability to achieve an R0 resection in a 
validated model [ 53 ]. Additionally, patients with 
borderline resectable/locally advanced disease 
undergo treatment with neoadjuvant chemother-
apy (with or without radiation depending on the 
available protocols), in order to maximize the 
potential for R0 resection. Importantly, RPD, 
RDP, and the robotic-modifi ed Appelby proce-
dure are performed exclusively by surgeons 
experienced in both open and robotic pancreatic 
resections and venous reconstruction.  

    Technique 

 Our technique for a standard (resectable lesion) 
RPD and RDP has been previously described 
[ 54 – 56 ].  Typical port placement   is depicted in 
Fig.  12.1 . For a borderline resectable RPD with 
anticipated vein resection, we employ an 
“artery- fi rst” approach, staying to the left of the 

  Fig. 12.1    Port placement for robotic- assisted pancreati-
coduo denectomy. A 12 mm camera port is placed to the 
right and superior to the umbilicus. Eight millimeter 
robotic ports are placed in the left midclavicular line 
(Arm 1), right midclavicular line (Arm 2), and right ante-
rior axillary line (Arm 3). A self-retaining liver retractor 

is placed through a 5 mm port in the left anterior axillary 
line. Two assistant ports are placed below the umbilicus 
on either side of the midline at the midpoint of the sym-
physis pubis and umbilicus. The 12 mm assistant port is 
enlarged and serves as the specimen extraction site       
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SMV/PV axis, working from caudad to cepha-
lad [ 57 ]. This serves to clear all the tissue around 
the SMA in 180° fashion on its right side, such 
that the only remaining attachment of the tumor 
is its venous involvement. At this stage, the 
extent of venous resection is determined. If 

abutment is minimal, we perform a tangential 
resection with a stapler. If abutment is moderate 
(45–180° of involvement), we perform a partial 
venectomy with bovine pericardial patch venor-
raphy. Next, we achieve vascular control of the 
SMV, PV, and splenic vein (Fig.  12.2a ) with 

  Fig. 12.2    Robotic pancreaticoduodenectomy with tan-
gential resection of SMV/PV and patch venoplasty for a 
borderline resectable tumor at the splenoportal confl u-
ence. ( a ) Isolation of the SMV, PV, and splenic vein at the 
level of the splenoportal confl uence. ( b ) After vascular 

occlusion, a partial venectomy is created with robotic 
endoshears. ( c ) A bovine pericardial patch is used for 
patch venoplasty and is sutured in place with 5-0 polypro-
pelene. ( d ) Completed patch venoplasty         
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vessel loops, the patient is heparinized with an 
unfractionated bolus, and laparoscopic vascular 
bulldog clamps are placed across the three venous 
tributaries by the bedside assistant. Next, tan-
gential resection or partial venectomy is per-
formed (Fig.  12.2b ). The  venotomy   is closed 
primarily with 5-0 non- absorbable polypropyl-
ene sutures or by patch venorraphy using bovine 

pericardium (Fig.  12.2c, d ). We have elected not 
to approach tumors involving more than 180° of 
the SMV/portal vein using the robotic approach, 
preferring thus far to perform these cases in 
open fashion due to the potential of needing an 
internal jugular venous graft interposition.

     Typical port placement   for the robotic modi-
fi ed Appleby procedure is depicted in Fig.  12.3 . 

Fig. 12.2 (continued)
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We begin with opening the lesser omentum and 
exposing the CHA at the superior border of the 
pancreas. We trace it distally and expose the take-
off of the gastroduodenal artery (GDA). We tem-
porarily test-occlude the CHA with a laparoscopic 
bulldog clamp and use ultrasound to confi rm that 
adequate collateral arterial blood fl ow is present 
in both lobes of the liver via retrograde GDA fl ow 
from the SMA. Next, we divide the gastrocolic 
ligament and enter the lesser sac, ligating the 
short gastric vessels and clearing the anterior sur-
face of the pancreas. The insertion of the trans-
verse mesocolon at the inferior border of the 
pancreas is divided to enter the retropancreatic 
plane, generally at the level of the SMV, taking 
care to identify the splenoportal confl uence while 
creating a tunnel underneath the pancreatic 
neck. We then sequentially transect the pancre-
atic neck and CHA using an  endovascular stapler   

(Fig.  12.4a ). Next, we establish proximal and dis-
tal control of the SMV/PV at the splenoportal 
confl uence and transect the splenic vein at or just 
distal to the SMV/PV junction (Fig.  12.4b ). If 
there is tumor involvement of the SMV/PV, we 
will perform a partial vein resection. We then 
continue our dissection on the anterior surface of 
the SMA and trace it proximally to the aorta, taking 
the celiac plexus and isolating the celiac trunk. 
Our dissection is aided with the use of a robotic 
ultrasound probe, which allows visualization of 
the origins of the SMA and celiac axis (Fig.  12.4c ). 
We then divide the left gastric artery just distal 
to its takeoff using an endovascular stapler. 
With the celiac artery completely isolated, we 
transect it at its origin using  the   endovascular 
 stapler (Fig.  12.4d ). The dissection then proceeds 
laterally, elevating the pancreas and spleen off of 
the retroperitoneum.

  Fig. 12.3    Port placement for robotic- assisted distal pan-
createctomy and modifi ed Appelby procedure. A 12 mm 
camera port is placed in the subra-umbilical midline. 
Eight millimeter robotic ports are placed in the left mid-
clavicular line (Arm 1), right midclavicular line (Arm 2), 
and left anterior axillary line (Arm 3). A self-retaining 

liver retractor is placed through a 5 mm port in the right 
anterior axillary line. Two assistant ports are placed 
below the umbilicus on either side of the midline at the 
midpoint of the symphysis pubis and umbilicus. The 
12 mm assistant port is enlarged and serves as the speci-
men extraction site       
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  Fig. 12.4    Robotic modifi ed Appelby procedure for a 
locally advanced (T4) tumor involving the celiac branches. 
Importantly, the celiac trunk and the GDA are not 
involved, allowing resections of the neck, body, tail of the 
pancreas with en bloc resection of the celiac trunk. ( a ) 
The common hepatic artery is transected with a linear sta-
pler after ensuring adequate retrograde fl ow through the 

GDA. ( b ) The splenic vein is transected at the splenopor-
tal confl uence after division of the pancreas at the level of 
the pancreatic neck. ( c ) Robotic-assisted ultrasound is 
used to assist with dissection along the SMA and aiding 
identifi cation of the SMA and celiac axis origins ( arrow ). 
( d ) The celiac trunk (uninvolved with tumor) is transected 
at its origin         
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Fig. 12.4 (continued)

        Outcomes 

 At the University of Pittsburgh, we have per-
formed 27 RPD requiring partial venous 
 resection, 7 robotic modifi ed Appleby proce-
dures, and 3 RDP with partial PV resection 
(unpublished data). The RPD cohort included 
PDA in 21 patients (78 %),    cholangiocarcinoma 

( n  = 2), ampullary adenocarcinoma ( n  = 2), and 1 
patient each with acinar cell carcinoma and ade-
nosquamous cell carcinoma. Mean operative 
time was 436 min and EBL was 466 mL. Average 
tumor size was approximately 3 cm. Twenty-
three (85 %) underwent tangential PV/SMV 
resection with primary repair or stapled closure 
and 4 patients (15 %) underwent patch venoplasty. 
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Margin negative (R0) resection was achieved in 
20 patients (74 %) and an average of 34 lymph 
nodes were harvested. Two patients (7 %) 
required conversion to laparotomy. Overall com-
plication rate was 52 %, with an 11 % Grade B/C 
pancreatic fi stula rate. Two patients died within 
90 days of surgery (7 %). Five patients (19 %) 
required transfusion of blood products in the 
intraoperative or immediate postoperative period. 
Overall hospital LOS was 8 days and the read-
mission rate was 44 %. 

 Regarding the robotic Appelby cohort, locally 
advanced (T4 tumors involving the celiac axis) 
PDA was present in all 7 patients. PDA was also 
present in all 3 patients that required RDP with 
tangential venous resection. For the entire 10 
patient cohort of RDP with major vascular resec-
tion, mean operative time was 291 min and EBL 
was 392 mL. No procedures required conversion. 
Margin negative (R0) resection was achieved in 9 
out of 10 patients with a mean of 24 lymph nodes 
harvested. Overall hospital LOS was 11 days and 
the readmission rate was 50 %. Six patients had 
complications and only one patient required trans-
fusion. There were no 30- or 90-day mortalities. 

 Similar to the  Mayo   Clinic experience, these 
results indicate that MI pancreatectomy with 
concomitant vascular resections can be per-
formed with outcomes similar to open cohorts. 
However, these outcomes are predicated on a 
large prior experience of resectable cases, careful 
patient selection, and a two attending approach to 
ensure patient safety and oncologic effi cacy. 
These preliminary data are promising but need to 
be validated by larger cohorts, long-term follow-
 up, and robust cost analysis.   

    Conclusion 

 Currently, the role of MI approaches for border-
line resectable and locally advanced pancreatic 
cancer remains controversial. Data is limited to a 
handful of small single-institutional retrospective 
studies. These reports indicate that short-term 
operative and oncologic outcomes (R0 resection 
and lymph node harvest) are not inferior to his-
toric controls, but data regarding long-term 

oncologic effi cacy is lacking. Thus, despite the 
reported safety and feasibility in existing studies, 
MI surgery should not be advocated for this sub-
set of advanced disease, unless it is performed at 
high volume hepatopancreatobiliary centers by 
surgeons who possess extensive prior experience 
in both open and MI pancreatic surgery.     
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            Introduction 

 A “ removable  ” tumor is one that can be surgi-
cally separated from a patient. A “ resectable  ” 
tumor, in contrast, is one that can be removed 
within specifi c anatomic, biologic, and condi-
tional constraints [ 1 ,  2 ]. Within this rubric, a bor-
derline resectable tumor is one which can be 
surgically removed, but at “high risk” with 
respect to one or more of these constraints. 

 Although most patients presenting with a new 
diagnosis of pancreatic adenocarcinoma have 
various combinations of anatomic, biologic, and 
conditional factors that may infl uence the appro-
priate application of surgery, most of the literature 
and focus has been on anatomy alone. Based on 
specifi c imaging criteria, pancreatic cancers are 
classifi ed according to their locoregional tumor 
extent and their involvement of critical vascular 
structures as anatomically resectable, anatomi-
cally borderline, or anatomically locally advanced/
unresectable [ 3 ,  4 ]. Patients with anatomically 
borderline features have a higher risk of a positive 
margin resection in the absence of vascular resec-
tion. Furthermore, many of these patients with 

anatomically advanced cancers also have occult 
disseminated disease with a high risk for early 
recurrence making them biologically borderline, 
as well as conditionally borderline risk factors 
which place them at high risk for failure to receive 
recommended adjuvant therapy when surgery is 
used as primary therapy. A strong rationale there-
fore exists for the administration of preoperative 
therapy in such patients prior to resection. 

 When discussing  the   benefi ts of surgical resec-
tion for patients with pancreatic cancer, which is 
the only known modality that offers the possibil-
ity of cure or long-term survival (albeit in a small 
fraction of patients), one must assess the added 
benefi t of resection compared to nonoperative 
therapies [ 5 ,  6 ]. Historically, comparisons have 
been made to patients receiving palliative proce-
dures and supportive care. However, in light of 
advances in modern nonoperative treatment, this 
is no longer a valid comparison. Several recent 
studies looking specifi cally at patients with locally 
unresectable pancreatic cancer offer insight into 
what the modern comparison outcomes should be. 
Such patients who are treated with modern 
extended systemic chemotherapeutics followed 
by locoregional chemoradiation have been 
reported to live up to 18 months without surgery 
[ 7 – 10 ]. These nonoperative survival statistics 
rival those reported in many large surgery- fi rst 
series. This suggests that in order to consider 
resection as a relevant modality for these patients 
we need to further improve upon this new thresh-
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old in long-term mortality—presumably using a 
combined multimodality approach [ 11 ,  12 ]. 

 There is convincing scientifi c evidence that for 
the majority of patients with pancreatic cancer, 
the disease is systemic at diagnosis [ 13 ,  14 ]. For 
this reason, and given that “curative” surgical out-
comes have had minimal improvements over the 
past few decades, a signifi cant nihilism has devel-
oped and many patients are being denied resec-
tion as a potential life-extending modality as a 
result [ 15 ]. However, there does exist a signifi cant 
proportion of patients that exhibit a “locally dom-
inant phenotype,” in that such cancers behave 
more in a locally invasive nature rather than a dif-
fusely metastatic biology, perhaps due to diver-
gent mutational evolution. Patients with locally 
dominant disease may truly benefi t from aggres-
sive locoregional surgical therapies. The best evi-
dence for this stems from results of several 
autopsy studies and observational series of 
patients with locally advanced unresectable can-
cers. In these reports approximately 10–30 % of 
patients presenting with unresectable but local-
ized disease ultimately died without evidence of 
metastatic disease [ 16 – 19 ]. Although a subset of 
patients may have this locally dominant pheno-
type, distant disease remains the most common 
pattern of recurrence or progression among 
patients who present with localized pancreatic 
cancer. The utilization of systemic therapies for 
all patients is therefore rational. 

 Elsewhere in this book is important discussion 
regarding the utilization of specifi c preoperative 
therapies to maximize surgical outcomes in 
patients with borderline resectable pancreatic can-
cer. Although some authors and centers utilize 
various preoperative modalities interchangeably, 
the author’s personal preference has been for the 
use of extended induction systemic chemotherapy, 
followed by locoregional radiation treatment, 
prior to surgical resection in patients with anatom-
ically borderline or locally advanced cancers. This 
allows patients to receive all the benefi ts of mod-
ern standard of care therapy prior to consideration 
of major resectional procedures, and maximizes 
probability of long-term survival by combining all 
effective available therapies in those patients most 
likely to benefi t from aggressive operations. 

 Within this context, the concept of resectability 
continues to expand. Therefore, surgeons 
involved in the surgical care of patients with 
 pancreatic cancer need to have signifi cant experi-
ence in advanced techniques in order to render 
potentially life-extending surgical therapy. This 
chapter will focus on indications, techniques, and 
pitfalls of vascular resection in anatomically 
 borderline resectable pancreatic cancer.  

    Venous Resection 

 An operation for pancreatic cancer is only of 
oncologic  benefi t   if the following requisites are 
met: (1) the tumor can be resected with a negative 
margin—dependent on the extent of the local 
involvement of tumor, the complexity of the 
operation, and the experience and technical 
expertise of the surgeon; (2) no evidence or sus-
picion of metastatic disease exists—there is no 
survival benefi t for surgery in such patients; and 
(3) the patient can tolerate the operation with lim-
ited and reversible perioperative complications 
and have a reasonably acceptable postoperative 
quality of life. In order to meet these require-
ments, the goals of an oncologically sound pan-
creatic cancer operation are specifi c. These 
include surgical extirpation of the primary tumor 
to negative margins, conduct of an appropriate 
regional lymphadenectomy for therapeutic and 
prognostic purposes, and minimization of periop-
erative complications that will allow receipt of 
adjuvant systemic therapy. 

 It has been well established that margin status 
after  pancreatectomy   for pancreatic cancer cor-
relates with long-term survival and margin posi-
tive resections lead to worse overall survival [ 5 , 
 20 ,  21 ]. Positive margin resections also correlate 
with local recurrences that can lead to signifi cant 
symptoms and at times life-threatening compli-
cations if uncontrolled [ 22 ]. There is an inherent 
risk of a positive margin resection using a 
surgery- fi rst approach, as supported by data from 
numerous pancreatic cancer surgery adjuvant tri-
als [ 20 ,  23 ]. The actual survival benefi t of surgery 
in the setting of a positive margin is essentially 
negated given the improved results of modern 
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non-operative therapies. A negative surgical mar-
gin resection is the only specifi c variable that can 
potentially be surgeon controlled and it is there-
fore justifi ably considered a metric of both sur-
geon and institutional quality of pancreatectomy 
for pancreatic cancer [ 24 ,  25 ]. 

 The margin most frequently found to be posi-
tive following pancreatectomy is the retroperito-
neal (SMA, uncinate) margin for head/uncinate/
neck tumors. Microscopic involvement of this 
and other margins is clearly underreported as 
there is signifi cant discrepancy between patho-
logical assessment and clinical outcome, and 
identifi cation of tumor cells at the margin depends 
both on the adequacy of resection and the quality 
of histopathologic processing [ 26 ,  27 ]. Obtaining 
a negative margin can be accomplished by either 
initial wide resection or with reexcision [ 28 ]. 

 As venous involvement by pancreatic cancer 
is a frequent occurrence, all surgeons undertak-
ing pancreatic resection, specifi cally  pancreatico-
duodenectomy  , should be capable of performing 
venous resection and reconstruction as this fi nd-
ing may be unexpected and the extent of disease 
can only be fully determined once committed to 
resection. In patients with anatomically borderline 
resectable pancreatic cancer a negative margin 
may well not be possible without resection of the 
porto-mesenteric veins. Regional pancreatectomy 
with en bloc venous resection was shown to be fea-
sible years ago, but was associated with high rates 
of morbidity and mortality and poor long-term 
survival. This has historically limited enthusiasm 
for such procedures [ 29 ]. Furthermore, concurrent 
venous resections can result in increased operat-
ing time, higher blood loss, and greater transfusion 
requirements, and some studies have suggested 
potentially increased perioperative morbidity 
[ 30 ]. However, numerous institutional series have 
since established that synchronous venous resec-
tion during pancreatectomy for cancer is safe and 
allows a larger proportion of patients to potentially 
benefi t from surgical therapy by enabling a nega-
tive margin resection [ 31 – 34 ]. This appears also 
true for patients undergoing venous resection with 
more anatomically advanced tumors [ 35 ]. 

 The strongest data available for concurrent 
venous resection are from recent systematic 

reviews evaluating over 2000 patients undergo-
ing concurrent venous resection compared to 
over 8000 patients with pancreatectomy alone 
that have revealed that surgical morbidity and 
mortality and overall survival rates are compara-
ble to standard pancreatic resections [ 36 ,  37 ]. As 
contemporary data support the use of venous 
resection at the time of resection for pancreatic 
cancer, any such techniques that may lead to a 
margin negative resection should be given con-
sideration [ 33 ]. Some authors have even sug-
gested routine segmental venous resection during 
pancreaticoduodenectomy regardless of actual 
anatomic involvement with data suggesting a 
potential survival benefi t of such routine venous 
resections, however such a policy—although 
intriguing—is not readily supported [ 38 ]. 

 In general terms, venous resection during  pan-
createctomy   can be divided into three major types 
dependent on the location of tumoral involve-
ment of the portomesenteric venous system: (1) 
Portal vein (PV) above the confl uence; (2) PV/
Superior Mesenteric Vein (SMV) involving the 
confl uence; and (3) the SMV below the confl u-
ence. Various further classifi cations have been 
described based on the type and/or location of 
resection and reconstruction [ 39 ]. To date, the 
type of venous resection performed has not been 
included routinely in the published analyses of 
postoperative morbidity and mortality, and as a 
result, a recent proposed venous resection classi-
fi cation system has been described in order to 
more accurately detail these procedures for future 
study analyses: Type 1: partial venous excision 
with direct closure (venorrhaphy) by suture clo-
sure; Type 2: partial venous excision using a 
patch; Type 3: segmental resection with primary 
venovenous anastomosis; and Type 4: segmental 
resection with interposed venous conduit and at 
least two anastomoses [ 40 ]. 

 The limiting  factor   for resectability in the case 
of venous involvement is the extent and complex-
ity of the venous resection/reconstruction. This 
complexity is dependent both upon the surgeon 
and local tumor anatomy. Several anatomic and 
physiologic principles need to be considered 
including preservation of hepatopetal fl ow to the 
liver from the bowel, and reestablishment of 
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venous outfl ow from the stomach and spleen, if 
necessary, to minimize the risk of postoperative 
sinistral hypertension. 

 In general terms, the  limits   of venous resec-
tion extend proximally to the origins of the right 
and left portal vein bifurcation of the main portal 
vein and distally to the fi rst-order terminal ileal 
and jejunal branches of the SMV within the mes-
enteric root. Obtaining safe and adequate com-
plete proximal and distal venous exposure and 
control prior to commitment to the resection is 
crucial when embarking on such operations in 
borderline or locally advanced cancers. Proximal 
portal vein resection and reconstruction is techni-
cally easier to perform, as the vessel diameter is 
large enough to create a suffi cient anastomosis. 
However, very proximal portal venous involve-
ment may also be associated with concurrent 
hepatic arterial involvement as discussed later in 
this chapter. In cases of distal tumor infi ltration 
far below the portomesenteric venous confl uence, 
the decreasing vascular diameter of the SMV can 
limit the technical success of a venous anasto-
mosis. Sacrifi ce of one of the fi rst-order terminal 
ileal or jejunal SMV branches can be performed 
as long as patency of one branch is maintained, 
however dissection and venous control deep in 
the mesenteric root may be diffi cult, particularly 
in obese individuals [ 41 ]. Furthermore, a distal 
anastomosis to one of these terminal branches is 
tenuous given the thin wall and fragility of these 
veins. The operative surgeon should therefore 
only commit to resection if success of such distal 
reconstructions has a high likelihood of techni-
cal success. Tumor infi ltration of the confl uence 
itself may be focal or extensive, and may extend 
posteriorly to involve the  superior mesenteric 
artery   (SMA). Furthermore confl uence resections 
introduce concerns of gastric and splenic venous 
outfl ow that need to be considered that will be 
discussed later. 

 In cases of suspected need for venous resec-
tion, the author’s approach is to fi rst gain com-
plete exposure and control of the portomesenteric 
venous structures, fi rst distally then proximally, 
before committing to pancreatic resection. This is 
particularly germane in borderline and locally 
advanced tumors where assessment of technical 

resectability can sometimes only be accom-
plished intraoperatively. With tumors involving 
the infrapancreatic SMV, normal tissue planes 
can easily be distorted. Furthermore, signifi cant 
desmoplastic changes, either from tumor infi ltra-
tion or radiation, may exist. I have found the use 
of intraoperative ultrasound assists in the identifi -
cation of vascular structures when this area is 
involved with signifi cant infl ammatory changes 
and thickened tissue to minimize venous injury 
during this dissection. The gastrocolic venous 
trunk and the middle colic vein, both of which 
lead to the anterior/lateral SMV,    are identifi ed 
early in the dissection. The gastrocolic trunk is 
ligated in continuity and the middle colic may be 
ligated as well if necessary. Control is obtained of 
the distal SMV. Further complete distal dissec-
tion of the primary fi rst-order terminal ileal and 
jejunal SMV branches for distal venous control is 
then performed with in the root. If the  inferior 
mesenteric vein   (IMV) drains as a separate trunk 
into the lateral infrapancreatic SMV, it should 
also be controlled. If technically feasible, the 
peritoneum of the inferior border of the pancre-
atic neck and body lateral to the SMV is opened, 
dissection caudal to the pancreas is performed, 
and the splenic vein is identifi ed and controlled. 
Hilar dissection ensues and control of the proxi-
mal portal vein is then performed. If the proximal 
portal vein is involved with tumor the right and 
left main trunks may need to be dissected initially 
proximally then the dissection proceeds distally 
after careful identifi cation of possibly involved 
arterial structures. After the portal vein is con-
trolled there is complete venous control and then 
dissection under the pancreatic neck can be per-
formed safely. This approach of complete venous 
control, although time-consuming and tedious, is 
critical in the event of inadvertent venotomy and 
necessary repairs can then be performed under 
controlled conditions. 

 After pancreatic transection, formal assess-
ment of the tumor/vessel interface can be made 
and the type and complexity of venous resection 
required can be specifi cally determined. Some 
surgeons attempt to tediously dissect as much of 
the specimen from the vein in order to minimize 
the complexity of the resection and reconstruc-
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tion. However, this can lead to inadvertent injury 
and/or a subsequent positive venous margin. In 
my practice any tissue that does not readily dis-
sect off is considered at risk and removed en bloc 
with the specimen. This has resulted in a higher 
proportion of patients requiring more complex 
venous resections, however has signifi cantly 
decreased intraoperative injury rates and subse-
quent venous margin positivity. 

 When tumor infi ltration involves the right lat-
eral circumference of the portomesenteric venous 
structures, a lateral tangential resection of the 
vein is possible. The tumor can be excised with a 
small en bloc segment of vein, and the vein can 
be repaired with either direct closure of the defect 
directly (if there is less than 25 % of the vein cir-
cumference involved) or with a patch venorrha-
phy (using either autologous vein graft or bovine 
pericardial patch) without hemodynamically rel-
evant stenosis (Fig.  13.1 )   . We have found how-
ever that such lateral repairs or patches have led 
to subsequent signifi cant stenosis with several 
patients requiring subsequent PV/SMV dilation 
and stenting due to developed mesenteric hyper-
tension, gastrointestinal bleeding episodes, and 
ascites in long-term survivors. Thus we have 

moved towards formal segmental resection with 
either primary anastomosis or interposition grafts 
for most cases with any venous involvement. 
This practice also removes all “at risk” venous 
tissue and may potentially provide additional 
oncologic benefi t.

   If at all possible we prefer maximal attempts 
at full venous mobilization in order to construct a 
 primary end-to-end anastomosis   (Fig.  13.2 ). This 
can be performed with gaps up to 5 cm, and 
potentially more, depending on the specifi c 
patient anatomy. We perform full hepatic release 
and mobilization with right and left portal trunk 
dissection to gain additional length proximally 
and complete mobilization of the mesenteric root 
distally. The right colon should be completely 
mobilized inferiorly and medially from the retro-
peritoneal attachments of the anterior surface of 
the right kidney. This is continued dissecting the 
right and transverse mesocolon off the duodenum 
moving medially towards the groove between the 
uncinate of the pancreas and the mesenteric root. 
Our standard practice is to divide the splenic vein 
at the confl uence not only to gain access to the 
SMA for the retroperitoneal dissection by allow-
ing mobilization of the tumor and vein laterally, 

  Fig. 13.1     Lateral tangential bovine patch venoplasty         
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but also for gaining additional centimeters of 
length for venous reconstruction. Such maneu-
vers allow signifi cant added length and in most 
cases allow approximation of the distal and prox-
imal resection vein margins without tension.

   Reconstruction options for interposition grafts 
are variable and dependent on surgeon experi-
ence and comfort. Vein grafts such as left renal 
vein, internal jugular vein, saphenous vein, and 
deep femoral vein have all been described and 
the choice is surgeon- and experience-dependent 
(Fig.  13.3 ).    We would caution the routine use of 
synthetic grafts, particularly in those patients pre-
dicted to have intermediate to high-risk postoper-
ative pancreatic fi stula, due to the life-threatening 
potential for post- pancreatectomy hemorrhage 
and/or diffi cult-to-treat long-lasting graft infec-
tion [ 42 ]. As pancreatectomy has a high risk of 
abdominal infection the use of synthetic venous 
prostheses might increase this complication [ 43 ]. 
One of the long-term risks of mesenteric venous 
reconstruction is subsequent thrombosis and 
occlusion with resulting complications and the 
use of synthetic grafts is a described risk factor 
for postoperative thrombosis [ 44 ].

   We have recently increased the use of custom- 
fashioned bovine pericardial tube  grafts   created 

over a 28–32 Fr chest tube with an endovascu-
lar stapler to create tube grafts of various lengths 
(Fig.  13.4 ). These grafts are not only resistant to 
infection but this technique allows individual case 
tapering of the graft to the appropriate proximal 
and distal PV/SMV diameters. We have signifi -
cant experience with such customized grafts with 
no signifi cant detriment in patency or complica-
tions and this avoids harvest of other  vascular 
conduits or use of synthetics for longer recon-
structions. We orient the tube graft with the staple 
line either at the 12 or 6 o’clock position which 
allows the tube graft to assume a near perfect cir-
cular dimension once the viscera resumes normal 
position overlying the reconstruction. This pro-
vides ideal fl ow dynamics without the elliptical 
compression that might occur if oriented oth-
erwise. In all cases of interposition grafts, care 
must be taken to avoid excess length and possible 
kinking of the graft or vein above and below that 
can lead to postoperative thrombosis and may 
require early operative revision.

   Although the bulk of the literature and practice 
of venous resection in pancreatectomy is during 
pancreaticoduodenectomy, venous procedures 
may also be required during distal or total pan-
createctomy. Tumors in the left neck or body of 

  Fig. 13.2     Primary end-to-end venous anastomoses         
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the pancreas can undergo subtotal extended distal 
pancreatic resection with the limits of proximal 
pancreatic resection determined at the level of 
the gastroduodenal artery (GDA), a natural ana-
tomic landmark. This allows preservation of the 
duodenum and head of the pancreas. Care must 
be taken however as any resections beyond the 
GDA carry risk of inadvertent bile duct injury. In 
such extended resections with tumors arising in 
the pancreatic neck/body, often the splenic vein 
is occluded up to or involves the confl uence and 
may extend into the PV/SMV. Such cases are 
reconstructed with either lateral patch grafting 
or formal segmental resection and anastomoses, 
either primarily or with conduit as described 
earlier. 

 In my practice I perform temporary SMA 
infl ow occlusion during the venous reconstruc-
tion to prevent bowel wall congestion and edema 
that will hinder subsequent anastomoses. Soft 
plastic atraumatic bulldogs clamps are recom-
mended to avoid intimal injury. Rummel tourni-
quet occlusion has also led to cases of arterial 

injury and is generally avoided. If the venous 
reconstruction can be performed in a rapid fash-
ion, temporary SMA occlusion is optional. We 
prefer use of systemic heparin at the time of 
venous resection without reversal and continue 
postoperative heparin prophylaxis for 30 days. 
Finally we highly advocate the use of duplex 
ultrasound after every reconstruction to confi rm 
patency and normal fl ow dynamics.  

    Sinistral Hypertension 
and Shunting Procedures 

   One of  the   most  often   unappreciated aspects of 
venous resection in pancreatectomy is the main-
tenance or re-establishment of gastrosplenic 
venous outfl ow. If the confl uence including the 
splenic vein requires resection or is ligated for 
additional venous length and/or due to need for 
direct access to the SMA for the retroperitoneal 
dissection, postoperative acute sinistral hyper-
tension may develop if adequate gastrosplenic 

  Fig. 13.3     Autologous vein interposition grafts   (left renal vein and internal jugular conduits)       
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 retrograde outfl ow collaterals (IMV, coronary 
vein, gastroepiploic vein via gastrocolic trunk) 
are either anatomically unavailable or have been 
ligated as a result of the resection. In such cir-
cumstances our practice is to construct a distal 
splenorenal shunt (DSRS) to avoid the possibil-
ity of abrupt segmental left-sided venous hyper-
tension that can result in splenomegaly with 
resultant acute hypersplenism, hypertensive gas-
tropathy, varices, and subsequent postoperative 
hemorrhage that has occurred in several patients. 

 Recent reports have provided a proof of con-
cept for the safety and effi cacy of such venous 

decompressive techniques [ 41 ,  45 ,  46 ]. In the 
majority of cases the IMV terminates proximally 
into the inferior border of the splenic vein at its 
midpoint or near the splenoportal angle. The 
presence of this natural anatomic outfl ow path-
way provides suffi cient venous drainage of the 
spleen and gastric remnant and should be safely 
preserved and left in situ to provide retrograde 
sinistral outfl ow after splenic vein division. 
However, in up to one-third of patients, the IMV 
drains into the SMV as a separate trunk. Acute 
postoperative sinistral hypertension can thus 
develop after splenic vein division or resection. 

  Fig. 13.4    Custom-
fashioned  bovine 
pericardial tube 
interposition grafts         
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For oncological necessity, particularly with 
microscopically invasive pancreatic adenocarci-
noma, wide vascular resection of the portal 
venous confl uence including the IMV is often 
necessary. Furthermore, ligation of the left gas-
tric vein (coronary vein) performed during 
lymphadenectomy may also limit gastric remnant 
venous drainage. In such cases, splenic vein 
shunting can be particularly useful and may miti-
gate the risks of sinistral hypertension. The need 
for splenic venous shunting can be predicted pre-
operatively on coronal imaging based on the ana-
tomical variant of IMV insertion, as well as 
intraoperatively estimated after splenic vein divi-
sion by identifi cation of dilated gastric veins, a 
dusky, boggy appearance to the stomach, and tur-
gor in the divided splenic vein itself. 

 Construction of the anastomosis technically 
requires adequate visualization of the left renal 
vein, which is identifi ed underneath and to the 
left of the SMA. The renal vein can be further 
mobilized, if additional length is needed, by liga-
tion of the left gonadal and/or adrenal vein. We 
do not advocate reimplantation of the splenic 
vein to the newly created portomesenteric venous 
reconstruction as this may result in fl ow dynamic 
changes as a result of kinking of the anastomosis, 
and subsequent thrombosis can propagate from 
the splenic vein into the newly reconstructed PV/
SMV and result in mesenteric outfl ow obstruc-
tion with resultant bowel congestion and possible 
venous ischemia and liver dysfunction in addi-
tion to gastrosplenic hypertension. 

 In patients undergoing total pancreatectomy, 
in whom the short gastric venous collaterals are 
typically divided as part of splenectomy, venous 
resection may lead to severe venous congestion 
of the remaining stomach that may require 
extended gastric resection to avoid ischemic 
complications. In these cases careful preservation 
of the coronary vein may allow adequate gastric 
venous drainage without need for formal gastric 
resection. 

 In patients with preoperative SMV/PV occlu-
sion secondary to tumor infi ltration or thrombo-
sis, numerous high-pressure, thin-walled venous 
collaterals develop around the pancreatic head 
and neck in order to decompress the mesenteric 

venous system. Pancreatic resection and concur-
rent venous reconstruction in these cases is con-
siderably high risk as they are often complicated 
by signifi cant venous hemorrhage. Furthermore, 
the ligation of such collaterals during the course 
of the operation further contributes to mesenteric 
hypertension and bowel congestion. In an effort 
to minimize intraoperative bleeding and simulta-
neously allow adequate hepatopetal outfl ow, the 
use of a temporary mesocaval shunt (MCS) can 
be utilized. This procedure is performed early on 
in the operation before the resectional procedure 
and portal dissection to avoid injury to these 
high-pressure, high-fl ow collaterals. Our prefer-
ence is to use autologous internal jugular vein as 
the interposition graft as it is pliable enough and 
of adequate length to initially bring towards to 
the anterior surface of the inferior vena cava for 
temporary intraoperative mesenteric outfl ow 
shunting during the resection portion of the case. 
Once the specimen is removed it is a straightfor-
ward procedure to then subsequently transpose 
this graft to the proximal portal vein for comple-
tion of the portomesenteric reconstruction fol-
lowing resection. Temporary PTFE grafts can 
also be utilized in this setting if additional length 
is needed for shunting and after resection can be 
removed with either primary end-to-end venous 
anastomosis or with interposition grafting. The 
need for construction of a concomitant DSRS 
during mesocaval shunting is best anticipated 
before splenic vein ligation, when venous pres-
sure is lowest, in order to dissect an adequate 
length of splenic vein from the undersurface of 
the remnant pancreas to reach the left renal vein.    

    Arterial Resection 

 Arterial resection for pancreatic cancer has his-
torically been considered contraindicated due 
to its associated operative morbidity, high mar-
gin positive resection rate, and dubious survival 
 advantage   [ 29 ]. Although complex arterial resec-
tions have been performed in selected patients, it 
is still regarded as an extraordinary approach as 
arterial infi ltration is typically a surrogate of a bio-
logically aggressive tumor with high  likelihood 
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of occult disseminated disease rather than just a 
function of tumor location. Although anatomi-
cally borderline resectable criteria include iso-
lated common hepatic artery involvement and 
partial SMA abutment, an initial resection, even 
if it can be technically performed, is currently 
not recommended in the absence of preopera-
tive treatment and appropriate patient selection. 
Even greater caution is advised in proceeding 
with arterial resection in those tumors classifi ed 
as anatomically locally advanced/unresectable. 

 However, this dogma has now been chal-
lenged with the introduction of effective modern 
therapeutics: the current anatomic arterial classi-
fi cation of locally advanced tumors does not cat-
egorically imply unresectable disease per se. As 
surgical resection remains the only hope for cure, 
more aggressive surgical approaches may be 
advocated to increase resection rates and institu-
tions have released data on their experience with 
pancreatectomy and simultaneous arterial resec-
tions. Data from several small series of arterial en 
bloc resections suggest that such aggressive oper-
ations can result in relatively comparable overall 
survival to standard resections and thus can be 
justifi ed in highly selected patients [ 47 ,  48 ]. The 
best available data comes from a recent meta- 
analysis of 26 studies of 366 and 2243 patients 
who underwent pancreatectomy with and without 
arterial resection. The cumulative data reveal that 
arterial resections are associated with longer 
operative times, increased intraoperative blood 
loss, prolonged length of stay, increased morbid-
ity (median 53.6 %) (with a signifi cant propor-
tion of patients [17 %] suffering from bleeding, 
thrombotic, or ischemic complications), and 
increased perioperative mortality (median 11.8 
%) when compared to those patients without 
arterial resections. Overall survival rates were 
similarly worse among patients who underwent 
arterial resection. However, these data did sug-
gest improved long-term survival compared to 
patients with locally advanced disease who did 
not undergo resection [ 49 ]. 

 With the use of improved  systemic and locore-
gional therapies  , aggressive operations with arte-
rial resection may offer substantial benefi t after 
extensive preoperative treatment, albeit with sig-

nifi cant perioperative risk. Our own large experi-
ence with arterial resections in patients with a 
locally dominant phenotype has confi rmed this 
conclusion. The administration preoperative 
therapy prior to consideration of arterial resec-
tion has been widely accepted [ 33 ]. All patients 
with any degree of arterial involvement should be 
considered for neoadjuvant therapy which in our 
opinion should invariably include: induction sys-
temic chemotherapy—treatment of occult metas-
tases, potential downstaging of primary tumor; 
and locoregional irradiation—treatment of pri-
mary tumor and surrounding at risk structures for 
local tumor control and to maximize possibility 
of a potential margin negative resection. Only 
after such standardized treatment should consid-
eration of surgical resection be entertained as 
results of nonoperative therapy using this 
sequencing suggests nearly equivalent outcomes 
compared to surgery alone for such advanced 
cases [ 7 ]. As a disclaimer the arterial procedures 
that will be described are currently not recom-
mended and should only be considered in highly 
selected patients at experienced and specialized 
centers ideally under protocol-based or clinical 
trials settings. 

 The arterial structures that are at risk for 
locoregional tumor involvement include the 
celiac, hepatic, and superior mesenteric arteries. 
In addition variant hepatic arterial anatomy 
places such vessels at risk, most commonly a 
replaced right hepatic artery [ 33 ]. Celiac stenosis 
caused by atherosclerotic disease or median arcu-
ate ligament compression is another potential 
indication for arterial procedures. Types of arte-
rial procedures include primary repair or angio-
plasty, resection and/or ligation alone without 
reconstruction, resection with primary anastomo-
sis, and resection with interposition grafting, and 
complex revascularization. Simply stated, the 
more extensive the arterial involvement the more 
technically complex the required procedures are 
in order to render a negative margin resection and 
the more ensuing attendant morbidity and mor-
tality. Therefore, patient selection for such proce-
dures is of paramount importance and just as 
critical as technical expertise taking into consid-
eration patient age and expected life-expectancy, 
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grade of comorbidities, performance status, and 
anticipated quality of life. In our experience, the 
ideal patients for such aggressive operations are 
relatively young, fi t, sophisticated to understand 
the risks and potential for limited oncologic ben-
efi t, and have undergone extensive preoperative 
therapy with some objective measure of effi cacy. 
Such exceptional procedures are defi nitively not 
widely recommended but may have a role in 
highly experienced and specialized centers. 

 Critical in cases requiring arterial resection is 
the establishment and maintenance of adequate 
hepatic, gastric, and visceral perfusion. The 
potential anatomic limits of arterial resection 
extend distally from the right and left hepatic 
artery bifurcation of the proper hepatic artery to 
the celiac axis, its branches, and the proximal 
SMA. Tumor infi ltration into the porta hepatis 
beyond 1–2 cm above the proximal sectoral 
hepatic artery bifurcation implies unresectability 
as these vessels are often small in caliber and 
resulting anastomotic failure will have signifi cant 
hepatic and biliary consequences. As the biliary 
system relies on this arterial infl ow, failure to 
accomplish this either technically or due to post-
operative occlusion/thrombosis can lead to anas-
tomotic breakdown and leak, stricture, or 
intrahepatic abscesses that can be extremely dif-
fi cult to manage. 

 Tumors in the pancreatic head may extend 
medially along the common  hepatic artery   
towards the celiac. Hepatic artery resection up to 
the proximal common hepatic artery root is pos-
sible with graft conduits. Simultaneous resec-
tions of celiac axis and hepatic arteries with 
complex revascularization have been performed 
with oncologic success. However, such cases also 
may also require total pancreatectomy and gas-
trectomy. The extent of arterial involvement that 
needs to be resected determines the extent of pan-
creatic resection and other organs required to 
accomplish this. Such multivisceral resections 
are required due to ischemic consequences of 
these procedures and may further increase the 
resultant risks [ 50 ,  51 ]. 

 En bloc celiac artery resections are almost 
exclusively performed as part of distal pancreatic 
resections for anatomically locally advanced 
body tumors and have been shown to be feasible 
while allowing a reasonably acceptable margin 
negative resection rate and the potential to 
achieve signifi cant local tumor control in selected 
patients [ 52 ,  53 ]. Due to the extensive arterial 
collateral circulation via pancreaticoduodenal 
arcades from the SMA through the GDA,  hepatic   
and gastric perfusion can be maintained in most 
cases as long the tumor spares the proper hepatic 
artery distal to the GDA (Fig.  13.5 ). These cases 

  Fig. 13.5    R0 extended distal pancreatectomies with en 
bloc resections of tumor involved celiac arteries without 
arterial revascularization and concomitant  bovine peri-

cardial patch venoplasties  . Patients underwent extensive 
preoperative induction systemic chemotherapy and con-
solidative chemoradiation prior to resection       
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commonly require some form of venous resec-
tion due to venous infi ltration.

   If hepatic or gastric perfusion is determined to 
be insuffi cient following temporary occlusion of 
the common hepatic artery or if the GDA and 
proper hepatic artery need to be resected for more 
extensive tumors, then conduit bypass grafting 
needs to be performed to avoid ischemic compli-
cations. This can be performed with a variety of 
conduits. We prefer the superfi cial femoral artery 
(SFA), which is of adequate length and diameter 
and is also thick enough to resist complications 
from postoperative pancreatic fi stula. SFA is har-
vested from the lower extremity and replaced 
with a PTFE graft. SFA jump grafts to the distal 
hepatic artery can be anastomosed to the stump 
of the celiac artery, the supraceliac aorta, or the 
lateral SMA (Fig.  13.6 )   . Intraoperative perfusion 
of the stomach should be carefully inspected as 
the left gastric and short gastric vessels via the 
splenic artery are resected en bloc with such 
resections. More complex advanced resections 
include extended distal pancreatectomy with en 
bloc celiac and SMA resections and revascular-
ization for body tumors (Fig.  13.7 ).    The higher 
incidence of POPF in patients undergoing distal 
pancreatic resection can severely comprise celiac 
procedures; thus all methods to decrease the inci-
dence and severity of fi stula should be employed.

    For those cases where there is potential for 
SMA involvement, approaches to delineating 
resectability prior to resectional commitment 
include various artery-fi rst strategies including 
left and right-sided dissections and infra- and 
supracolic approaches. After signifi cant preoper-
ative therapy including radiation, the residual 
soft tissue involving the SMA has been found in 
several cases to contain only fi bros is and treated 
nonviable tumor on fi nal pathologic processing; 
thus an argument for a planned R1 resection may 
exist in certain cases. The problem with this 
approach is that such a dissection is signifi cantly 
diffi cult and may result in formal arterial injury 
thus not recommended unless performed with 
experienced hands capable of performing a repair 
if necessary. In some cases, there may exist 
extension of tumor infi ltration deep into the mes-
enteric root involving multiple jejunal infl ow ves-
sels (Fig.  13.8 ).    Furthermore it is exceedingly 
rare to not simultaneously require extensive 
venous confl uence resection that often is the lim-
iting anatomical factor to resection. Despite our 
group’s highly aggressive approach to tumors 
with extensive vascular involvement, simultane-
ous segmental PV/SMV and SMA resection car-
ries with it prohibitive risk as complications with 
either vessel reconstruction can lead to fatal con-
sequences and is not currently pursued.

  Fig. 13.6    R0 extended distal pancreatectomies with en 
bloc resections of tumor involved celiac arteries with arte-
rial revascularization via  SFA jump grafts   from celiac 
stump or lateral SMA and concomitant bovine pericardial 

patch venoplasties. SFA harvest site is reconstructed with 
PTFE graft in lower extremity. Patients received extensive 
preoperative induction systemic chemotherapy and con-
solidative chemoradiation prior to resection       
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   Our current recent practice for head tumors 
requiring simultaneous portovenous and hepatic 
arterial resection is to perform total pancreatec-
tomy with en bloc vascular resection. This allows 
the use of the splenic artery as a conduit arterial 
graft that can either be harvested from the unin-
volved pancreas as a jump  graft      or kept in situ 
and rotated to the right as a transposed neohe-
patic artery (Figs.  13.9 ,  13.10 ,  13.11 , and  13.12 ). 
This approach although does result in permanent 
pancreatic insuffi ciency and diabetes but com-
pletely eliminates the risk of pancreatic fi stula 
that in our experience is the single factor respon-
sible for major morbidity and mortality in arterial 
resection cases. Bleeding and thrombotic compli-
cations after such dual vessel complex proce-
dures can be life-threatening and are no longer 
amenable to traditional interventional procedures 
as the anatomy has been surgically altered.

  Fig. 13.7    R0 extended distal pancreatectomy with en 
bloc resection of tumor involved celiac and SMA with 
arterial revascularization via bifurcated  rifampin-soaked 
Dacron graft   from supraceliac aorta to distal HA and 
SMA and concomitant bovine pericardial patch veno-

plasty. Patient underwent extensive preoperative induc-
tion systemic chemotherapy and consolidative 
chemoradiation prior to resection without radiographic 
response; however, no viable tumor in resected specimen. 
Currently NED 29 months from diagnosis       

  Fig. 13.8    Radiographic example of truly  unresectable 
SMA/SMV tumor   infi ltration into mesenteric root       
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      Head tumors that involve a replaced right 
hepatic artery arising from the lateral proximal 
SMA can also be resected and reconstructed. 
Although some have suggested simple ligation, 
biliary consequences of arterial ischemia will 
lead to signifi cant complications. Primary anas-

tomoses can sometimes be performed if the 
involvement is focal. Otherwise, jump grafts 
from the proper or common hepatic artery or 
even the ligated GDA stump to the uninvolved 
proximal right hepatic artery may allow estab-
lishment of hepatic  arterial      infl ow (Figs.  13.10  

  Fig. 13.9    R0 total pancreatectomies with en bloc resec-
tion of tumor involved hepatic arteries with revasculariza-
tions via  splenic artery transpositions   to create 
“neohepatic” arteries and concomitant segmental PV/

SMV resection with primary venous anastomoses. 
Patients underwent extensive preoperative induction sys-
temic chemotherapy and consolidative chemoradiation 
prior to resection       

  Fig. 13.10    R0 total pancreatectomy with en bloc resec-
tion of tumor involved replaced right hepatic artery with 
revascularization via  splenic artery jump graft   from 
ligated GDA proximal to distal right hepatic artery and 

concomitant segmental PV/SMV resection with primary 
venous anastomosis. Patient underwent extensive preop-
erative induction systemic chemotherapy and consolida-
tive chemoradiation prior to resection       
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and  13.13 ). The proximal extent of the replaced 
hepatic artery as it arises from the lateral SMA 
should be carefully ligated at the time of en bloc 
specimen removal to prevent subsequent pseu-
doaneurysm formation.

   All patients who undergo arterial resection 
should receive systemic heparin anticoagulation 
and the reconstruction should be performed early 
in the case, prior to specimen resection and/or 
concurrent venous resection/reconstruction. With 
simultaneous en bloc celiac and/or hepatic artery 
and portovenous reconstruction, hepatic ischemia 
time should be minimized. Postoperative liver 
function tests should be followed until the trend 
has normalized and any persistent elevations or 
increases should be thoroughly investigated to 
assess for graft problems. Our practice is to start 
ASA at the end of the operation and this is con-
tinued along with prophylactic heparin adminis-
tration postoperatively. We obtain intraoperative 
formal duplex imaging and postoperative CT 
angiography if renal function is preserved to con-
fi rm technical success as this policy has identi-
fi ed several cases that required early intervention 
to prevent graft failure. As surgery- related major 

  Fig. 13.11    R0 total pancreatectomy with en bloc resec-
tion of tumor involved proper and common hepatic artery 
with revascularization via  splenic artery jump graft   from 
CHA stump to right and left hepatic artery bifurcation and 
concomitant segmental PV/SMV resection with custom- 

fashioned bovine pericardial tube graft. This patient was 
previously explored elsewhere and deemed unresectable 
intraoperatively. Patient underwent extensive preoperative 
induction systemic chemotherapy and consolidative 
chemoradiation prior to resection       

  Fig. 13.12    R0 total pancreatectomy with en bloc resec-
tion of tumor involved proper hepatic, common hepatic 
artery, and celiac axis with revascularization via  splenic 
artery jump graft   from celiac stump to distal proper hepatic 
artery. Multivisceral resection requiring total gastrectomy. 
Patient underwent extensive preoperative induction sys-
temic chemotherapy and consolidative chemoradiation 
prior to resection       
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morbidity diminishes the oncologic effi cacy of a 
margin negative pancreatectomy, patients under-
going such advanced procedures should be cau-
tiously observed with a sense of urgency for any 
potential complication [ 54 ].  

    Preoperative Therapy 

  Approximately   one-third of initially anatomi-
cally staged unresectable tumors are expected 
to convert to resectable tumors following neo-
adjuvant therapy with favorable outcomes thus 
should be included in neoadjuvant protocols 
and subsequently reevaluated for resection 
[ 55 ]. High-quality cross-sectional imaging can 
highly predict vascular involvement and need 
for vascular resection and various grading sys-
tems have been established with utilization of 
standardized imaging reporting templates; how-
ever, there is no consensus on grading response 
to therapy in pancreatic cancer [ 3 ,  56 – 60 ]. In 
contrast to other centers we do not rely solely on 

such radiologic downstaging after preoperative 
therapy to consider patients for arterial resec-
tion. Imaging poorly correlates with subsequent 
pathologic response after neoadjuvant therapy 
so in the absence of metastatic disease, resection 
should be considered if technically feasible [ 61 , 
 62 ]. The author’s signifi cant personal experi-
ence of over 150 resections of borderline/locally 
advanced cancers after protocol-based neoadju-
vant therapy supports the failure of traditional 
radiographic measures of response in these cases 
and other methods such as diffusion- weighted 
MR sequences and newer functional imaging 
(PET/CT/MR) scanners. Our current criteria for 
proceeding with operative intervention is fore-
most the absence of metastatic disease and other 
surrogates of response such as nutritional stabi-
lization, cessation of preoperative pain symp-
toms, improved physical performance, and a 
biochemical tumor marker (CA19-9) response. 
Furthermore the planned resectional procedure 
should include resection of all potential resid-
ual disease with planned complex vascular and 

  Fig. 13.13    R0 pancreaticoduodenectomies with en bloc 
resections of tumor involved replaced right hepatic arter-
ies with revascularizations via  primary anastomosis   and 
saphenous vein jump  graft   from left hepatic artery to dis-
tal right hepatic artery and concomitant segmental PV/

SMV resection with primary venous anastomosis in one 
case. Patients underwent extensive preoperative induction 
systemic chemotherapy and consolidative chemoradiation 
prior to resection       
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 gastrointestinal resection and reconstruction 
as indicated. Often the persistent low-density 
residual tumor infi ltration along critical vessels 
is found to have signifi cant treatment effect and 
little viable tumor thus the potential for a true and 
oncologically benefi cial negative margin can be 
achieved with advanced techniques in properly 
treated and selected patients [ 63 ,  64 ]. 

 The author’s standard protocol for all patients 
with borderline/locally advanced tumors is 
initial patient-risk stratifi cation assessing ana-
tomic, biological, and conditional characteristics. 
Patients with any borderline features or anatomi-
cally locally advanced tumors are considered 
for neoadjuvant therapy and this has invariably 
begun with extended induction systemic che-
motherapy followed by chemoradiation with 
drug choices dependent on patient-specifi c fac-
tors [ 65 ,  66 ]. Caution should be considered with 
extended cycles of modern chemotherapeutics 
as this increases treatment-related toxicity as 
well as increase the risk of chemo-associated 
liver disease. We have found that patients that 
complete this admittedly diffi cult preoperative 
regimen, regardless of initial locoregional tumor 
extent, can expect signifi cant oncologic benefi t. 
Furthermore in those patients who are initially 
deemed unresectable at previous exploration, 
salvage pancreatectomy after such a multimodal 
strategy is feasible and can lead to with favorable 
long-term outcomes in the majority of cases [ 67 ].     
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            Introduction 

 Pancreaticoduodenectomy (PD), also known as 
the  Whipple procedure  , has been practiced for 
nearly a century [ 1 ]. Historically, the primary 
challenge of this operation has been overcoming 
the morbidity associated with the tenuous 
pancreatico- enteral anastomosis required to 
reconstruct the gastrointestinal tract following 
tumor resection. However, the refi nement of peri-
operative techniques over the years has reduced 
the morbidity associated with this portion of the 
operation to acceptable levels. Now, surgeons 
face a more diffi cult challenge: achieving nega-
tive surgical margins in the setting of borderline 
and locally advanced pancreatic cancer. In this 
article, we present our techniques of artery-fi rst 
PD as a means to achieve a high rate of margin- 
negative resection under these circumstances, 
and we also present a review of the literature on 
this technique.  

    History of Artery-First PD 

 In 1993, Nakao and Takagi fi rst proposed the 
concept of “Isolated pancreatectomy” [ 2 ]. Their 
idea was to isolate the blood fl ow to tumors in 
the pancreatic head by ligating the feeding arter-
ies and bypassing portal venous fl ow using a 
catheter. They described a technique of a “ mes-
enteric approach     ,” in which the superior mesen-
teric vein (SMV) and superior mesenteric artery 
(SMA) were approached from the mesentery of the 
jejunum at the base of the transverse mesocolon. 
This technique allowed early division of the 
inferior pancreaticoduodenal artery (IPDA) and 
meticulous dissection along the SMA. Nakao’s 
paper of isolated pancreatectomy appears to 
represent the fi rst description of an “artery-fi rst” 
approach to PD, though they did not use this term. 

 Weitz and his colleagues fi rst proposed the 
term “artery-fi rst approach” in the English lit-
erature in 2010 [ 3 ]. Since then, many surgeons 
have described different methods of artery-fi rst 
approaches to PD. In our review of the litera-
ture, we identifi ed six primary methods for an 
artery- fi rst approach to PD, or “artery-fi rst PD” 
(Fig.  14.1 ) [ 4 ]. However, a well-accepted, uni-
form defi nition of “artery-fi rst PD” has not been 
established to date.

   Based on the six primary methods of artery- 
fi rst approaches to PD (Fig.  14.1 ), many other 
variants have been described; for example, we 
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have adopted an artery-fi rst approach to distal 
pancreatectomy with celiac artery resection [ 5 ]. 
Herein we defi ne “ artery-fi rst pancreatic resection     ” 
as any pancreatic operation in which any tech-
nique is used to ligate the feeding arteries before 
the division of the pancreas with the intent of 
reducing blood loss and of achieving a more 
oncologically complete resection.  

    Advantages of Artery-First PD 

  Although  the   majority of surgeons initiate the 
dissection in a standard PD with a Kocher 
maneuver, an increasing number of surgeons are 
performing an artery-fi rst PD. Putative merits of 
this general approach include (1) reduction of 
intraoperative blood loss, (2) early determina-
tion of arterial involvement by tumor, (3) clear-
ance of surgical margins along the arteries, and 
(4) ultimately, a more oncologically complete 
resection. 

 In a case-matched study comparing artery- 
fi rst PD using a posterior approach ( n  = 21) versus 
standard PD ( n  = 21), there was a signifi cantly 
lower mean blood loss ( P  = 0.0314) and a shorter 
operative time ( P  = 0.0002) associated with 
artery-fi rst PD. There were no signifi cant differ-
ences identifi ed in rates of early morbidity and 
mortality, length of hospitalization, overall sur-
vival, and survival according to tumor type [ 6 ]. 
In another series reported by Kurosaki and his 
colleagues, there were no signifi cant differences 
in operating time, blood loss, hospital stay, or 
overall morbidity between the group of patients 
who underwent artery-fi rst PD by the left poste-
rior approach ( n  = 40) and that of patients who 
underwent standard PD ( n  = 35). However, 
artery-fi rst PD was associated with fewer recur-
rences ( P  = 0.006) and improved 1- and 3-year 
survival rates ( P  = 0.004) compared to standard 
PD [ 7 ]. Though additional retrospective studies 
exist in which artery-fi rst PD and standard PD 
are compared, their results are inconsistent and 

  Fig. 14.1    Diagram showing the six approaches to the 
superior mesenteric artery.  S  superior approach,  A  anterior 
approach,  P  posterior approach,  L  left posterior approach, 

 R  right/medial uncinate approach,  M  mesenteric approach. 
This fi gure was reproduced from [ 4 ] with a permission of 
the publisher       
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no conclusions can generally be drawn from 
them. Controlled randomized trials are needed 
to validate the potential advantages of artery-
fi rst PD.   

    Role of Artery-First PD 

 Artery-fi rst PD has been practiced for two 
decades by enthusiastic pancreatic surgeons and 
it is routinely used in many specialized institu-
tions in Japan [ 4 ]. In contrast, artery-fi rst PD has 
been less popular in Western countries, possibly 
due to diffi culty in identifi cation and dissection 
of arteries in obese patients. Worldwide, there is 
an increasing role for artery-fi rst PD given the 
increasing role for surgical resection in the set-
ting of borderline resectable pancreatic cancer [ 8 ]. 
Indeed, consensus exists that operative explora-
tion and resection may be indicated, in high-vol-
ume centers with surgical and multidisciplinary 
expertise, in the case of involvement of SMV 
and/or portal vein or limited involvement of the 
SMA, but not in that of arterial encasement [ 9 ]. 
Therefore, it has become necessary to assess for 
the presence or absence of arterial encasement at 
an early stage of pancreatectomy. The artery-fi rst 
PD is an ideal approach to this clinical problem. 

 The artery-fi rst PD is also appropriate follow-
ing administration of  chemotherapy   and/or 
chemoradiation [ 10 ]. Indeed, pancreatic surgeons 
are asked to resect ever-increasing numbers of 
patients with borderline resectable and locally 
advanced pancreatic cancer who have received 
prior induction therapy. It is not possible to pre-
dict pathologic involvement of the SMA after 
neoadjuvant therapy by imaging alone because 
fi brotic tissue may often remain after treatment 
even in the setting of a signifi cant pathologic 
response. Upon surgical exploration, surgeons 
must dissect around the major arteries such as the 
SMA and GDA and decide whether or not to 
resect before the “point of no return.” In such a 
situation, the artery-fi rst PD is the choice of oper-
ation. Meticulous dissection of the SMA by the 
artery-fi rst PD may increase margin negative 
rates and infl uence locoregional control [ 11 ].  

    Surgical Techniques 

 At our institution, we use the artery-fi rst PD for all 
cases so that surgeons in training become familiar 
with the surgical principles and gain experience. 
The surgical techniques we use are presented here 
in detail. 

    Tora-no-Ana Approach 

  In the  setting   of pancreatic cancer, we utilize the 
“Tora-no-Ana” approach. In a Chinese text from 
the Han dynasty, there is a proverb: “One cannot 
get a tiger’s cub without entering the tiger’s lair.” 
The term of Tora-no-Ana represents the tiger’s 
lair in the Japanese language. Here, it also refers 
to an anatomic opening (= Ana) created by divi-
sion of the ligament of Treitz (= Tora). 

 In the operating room, the operator stands on 
the right side of the patient, the fi rst assistant 
stands on the opposite side, and the second assis-
tant stands cranial to the operator (Fig.  14.2 ). 

Instrument table 

Mayor table 

Assistant 
No. 2 

Anesthesi
ologist

-
 

Patient table 

Assistant 
No. 1 

Operator 

Scrub 
Nurse 

Assistant 
No. 3 

  Fig. 14.2    Setting in operation room. A setting of the 
operation table, surgeons, scrub nurse, and anesthesiolo-
gist in the operation room. The assistant No.3 is optional       
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The transverse colon is lifted upward by an assis-
tant surgeon and the ligament of Treitz is divided 
along the lateral margin of the upper jejunum 
(Fig.  14.3 ) and the retroperitoneal space is entered. 
Thus, the Tora-no-Ana is created and the para-
aortic lymph nodes are sampled for frozen section. 
If needed, the inferior mesenteric vein (IMV) may 
be divided; the inferior posterior margin of the 
pancreatic body is then mobilized to open the 

Tora-no-Ana widely. Now, the surgeon can insert 
his or her right four fi ngers into the Tora-no-Ana 
and palpate the SMA and its branches by grasping 
the mesentery of the upper jejunum between the 
thumb and fi ngers (Fig.  14.4 ). In this way, the sur-
geon can locate the SMA no matter how obese the 
patient may be. During the procedure for further 
dissection, this palpation may be repeated so that 
the location of SMA is clearly identifi ed.

  Fig. 14.3    Tora-no-Ana 
approach. The ligament 
of Treitz is divided 
along the lateral margin 
of the proximal jejunum, 
while the assistant 
surgeon retracts the 
transverse colon upward       

  Fig. 14.4    Palpation of 
the superior mesenteric 
artery. The surgeon 
inserts his or her right 
four fi ngers into the 
Tora-no- Ana and 
palpates the superior 
mesenteric artery and its 
branches between the 
thumb and fi ngers       

 

 

K. Takaori and S. Uemoto



227

     The anterior peritoneum and adipose tissue of 
the mesentery is divided at the base of transverse 
mesocolon (Fig.  14.5 ). Usually, it is easier to fi rst 
expose the SMV, which runs parallel to the SMA. 
The middle colic artery is divided at its origin for 
the better exposure of SMA (Fig.  14.6 ). It is 
important to identify the fi rst jejunal vein in order 
to avoid incidental injury and bleeding. The SMV 
and fi rst jejunal vein are looped (Fig.  14.7 ). 

         Division of the Transverse Mesocolon 

 The  gastrocolic   ligament is divided and the 
lesser sac is entered (Fig.  14.8 ). The middle 
colic vessels and right aberrant colic vessels 
are divided at their takeoffs from the inferior 
margin of the pancreatic body. The transverse 
mesocolon is widely divided along the anterior 
inferior margin of the pancreatic head and 

  Fig. 14.5    Mesenteric 
approach. The 
peritoneum of the 
mesentery is divided 
between the inferior 
duodenal angle and 
proximal jejunum, while 
the assistant surgeon 
retracts the transverse 
colon upward       

  Fig. 14.6    Division of 
the middle colic artery. 
The middle colic artery 
(MCA) is divided close 
to the origin from the 
superior mesenteric 
artery (SMA).  SMV  
superior mesenteric vein       
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body (Fig.  14.9 ). In this way, a part of the mes-
entery of transverse colon, where the head and 
proximal body of the pancreas are attached, is 
resected en bloc. In order to prevent ischemia 
of the colon, it is mandatory to exercise cau-
tion for preserving the arcade of vessels along 
the transverse colon.

        Hanging Maneuver 
of the Pancreatic Body 

  After making a wide opening within the mesocolon, 
the transverse colon is retracted downward and the 
pancreas is well exposed. By retracting the stom-
ach body upward, an avascular area on the left side 

  Fig. 14.7    Taping of the 
superior mesenteric vein and 
fi rst jejunal vein. The superior 
mesenteric vein (SMV) and 
fi rst jejunal vein (FJV) are 
exposed and taped at the base 
of transverse mesocolon       

  Fig. 14.8    Division of 
the gastrocolic ligament. 
The gastrocolic ligament 
is divided with a vessel 
sealing device and the 
lesser sac is entered. The 
superior mesenteric vein 
should not be exposed 
from the lesser sac or 
else the surgical margin 
may be compromised       
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of the left gastric artery and superior to the splenic 
artery is dissected with a cautery for the prepara-
tion of later passage of a Penrose drain. Large 
Kelly forceps are inserted into the dissection plane 

between the pancreatic body and the SMA and are 
passed toward the avascular area that was dis-
sected previously (Fig.  14.10 ). As long as the 
forceps are passed under the fusion fascia of 

  Fig. 14.9    Opening of the 
transverse mesocolon. The 
transverse mesocolon is 
divided along the anterior 
inferior margin of the 
pancreatic head and body and 
widely opened.  SMA  superior 
mesenteric artery,  SMV  
superior mesenteric vein,  FJV  
fi rst jejunal vein       

  Fig. 14.10    Passage of large Kelly forceps toward avas-
cular area above the splenic artery. Large Kelly forceps 
are inserted along the anterior wall of the superior mesen-
teric artery (SMA) into the space below the pancreatic 
body. Note that the forceps should be forwarded below the 
fusion fascia of Toldt. The large Kelly forceps are pro-

gressed toward the avascular area above the splenic artery 
until their tips appear above the pancreas and splenic 
artery. For easy passage, the avascular area located left to 
the origin of the left gastric artery and superior to the 
splenic artery may be dissected with a cautery prior to the 
passage of the large Kelly forceps       
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Treitz, they should meet no resistance. One should 
not attempt to progress the forceps between the 
pancreatic body and splenic artery, or an injury to 
the splenic vessels or dorsal pancreatic artery can 
result. A Penrose drain is passed with the large 
Kelly forceps (Fig.  14.11 ). A hanging maneuver is 

performed by lifting the Penrose drain cephalad, 
upon which hang the pancreatic body together 
with the splenic artery and vein (Fig.  14.12 ). With 
the  hanging maneuver  , the inferior vena cava is 
well exposed from the left side, and the left renal 
vein is exposed thorough the Tora-no-Ana. 

  Fig. 14.11    Placement 
of Penrose drain for the 
hanging maneuver. A 
Penrose drain is placed 
by the large Kelly 
forceps. The Penrose 
drain encircles the 
pancreatic body, splenic 
artery and vein       

  Fig. 14.12    Hanging 
maneuver. The 
pancreatic body is lifted 
upward by the Penrose 
drain. This hanging 
maneuver provides the 
surgeon with a better 
view of the proximal 
part of the superior 
mesenteric artery 
(SMA), where 
the inferior 
pancreaticoduodenal 
artery arises.  SMV  
superior mesenteric vein       
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         Division of Jejunum, First Jejunal 
Artery, and Inferior 
Pancreaticoduodenal Artery 

 The  jejunum   is divided with a linear stapler. In 
patients with locally advanced pancreatic cancer, 
the fi rst jejunal artery is occasionally involved by 
the tumor. Moreover, it has been also reported 
that metastatic lymph nodes along the fi rst jeju-
nal artery may be present even in patients with 
resectable pancreatic cancer [ 12 ]. Therefore, we 
remove the proximal part of the fi rst jejunal 
artery along with its associated lymph nodes. The 
mesentery is divided along the  fi rst jejunal artery   
(Fig.  14.13 ). The adipose tissue around SMA is 
cleaned circumferentially. Note that the nerve 
plexus around the SMA should be preserved. The 
fi rst jejunal artery is divided at its origin from the 
SMA. The IPDA often forms a common trunk 
with the fi rst jejunal artery [ 13 ] and may be 
divided at the trunk. If the IPDA has not been 
identifi ed, the surgeon may retract the SMA ante-
riorly with tape and fi nd the  IPDA   as a string aris-
ing from the posterior wall of the SMA toward 
the uncinate process of the pancreas; the IPDA is 
then divided at its origin (Fig.  14.14 ). In some 
patients, there are two  IPDAs   [ 13 ] and both of 

these are to be divided. If there is a branch from 
the SMA toward the pancreatic body, it should be 
divided as well. The IPDA arises from the SMA 
close to its root [ 13 ,  14 ], which is covered by the 
pancreatic body, and the hanging maneuver of 
the pancreatic body helps surgeons to identify the 
origin of IPDA.

        Division of the Gastroduodenal 
Artery 

 A cholecystectomy is performed. The stomach is 
divided with a linear stapler. The proper hepatic 
artery, common hepatic artery, and  GDA   are 
looped (Fig.  14.15 ). In patients with borderline 
resectable pancreatic cancer extending toward 
the origin of GDA, the vascular wall of GDA 
may be fragile, especially after neoadjuvant 
chemoradiation. In such patients, we avoid ligation 
of the GDA because simple ligatures can collapse 
the wall of GDA instantly. Instead of ligatures, we 
occlude the common hepatic artery, proper 
hepatic artery, and GDA temporally with bulldog 
clumps, cut the GDA sharply with a surgical knife 
(Fig.  14.16 ), and treat the stump of GDA with a 
two-way running sutures of 6-0 Prolene.

  Fig. 14.13    Division of 
mesentery of the jejunum. 
After division of the upper 
jejunum with a linear stapler, 
the mesentery is divided along 
the fi rst jejunal artery (FJA) 
with a vessel sealer       
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        Division of the Pancreas 

  The splenic vein is taped and the Penrose drain 
for the hanging maneuver is now passed inside 
the splenic artery. The Penrose drain should now 
only hold the pancreatic body and splenic vein. 
We divide the pancreas along a transection line 
between the origin of the splenic artery and the 

left border of the SMA with cautery. The SMA 
margin is the most common site of a positive 
margin following PD, and we aim to remove the 
portion of the SMA margin en bloc with the entire 
specimen. Considering that there is a very small 
amount of pancreatic parenchyma between the 
portal vein and this transection line, removal of 
the pancreas to this extensive cutting line does 

  Fig. 14.14    Division of 
the inferior 
pancreaticoduodenal 
artery. The superior 
mesenteric artery (SMA) 
is retracted anteriorly 
and the inferior 
pancreaticoduodenal 
artery (IPDA) is 
identifi ed as a string 
between the SMA and 
uncinated process       

  Fig. 14.15    Dissection 
around the 
gastroduodenal artery. 
The lymph nodes and 
adipose tissue around 
the common hepatic 
artery (CHA), proper 
hepatic artery (PHA), 
and gastroduodenal 
artery (GDA) are 
dissected and these 
arteries are taped 
individually       
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not adversely affect the endocrine and exocrine 
function of the remnant pancreas signifi cantly. 
Strasberg and his colleagues advocate a Whipple 
procedure at the splenic artery, or WATSA [ 15 ], 
and we agree with their concept. 

 While dividing the  pancreas  , caution must be 
used to avoid injury to the splenic vein, which 
runs behind the pancreatic parenchyma. In cases 

requiring segmental resection of the SMV and 
portal vein, we do not attempt to free the splenic 
vein from the pancreatic parenchyma, but clamp 
and divide the splenic vein between two pairs of 
Potts vascular forceps after the division of 
 pancreatic parenchyma (Fig.  14.17 ). The distal 
stump of splenic vein is closed with a two-way 
running suture of 6-0 Prolene .

  Fig. 14.16    Division of 
the gastroduodenal 
artery. The lymph nodes 
and adipose tissue 
around the common 
hepatic artery (CHA), 
proper hepatic artery 
(PHA), and 
gastroduodenal artery 
(GDA) are dissected and 
these arteries are taped 
individually       

  Fig. 14.17    Division of 
the splenic vein. After 
the division of the 
pancreatic parenchyma, 
the splenic vein is 
clumped with two pairs 
of Pots vascular forceps 
and divided       
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       Division of the Common Bile Duct 

 The common bile  duct   is divided cephalad to the 
confl uence of the cystic duct. A drainage tube is 
inserted into the hepatic duct to contain bile 
drainage intraoperatively. When a metallic stent 
is placed preoperatively, the common duct is 
divided at the upper margin of the metallic stent, 
which we request be placed below the bifurcation 
of right and left hepatic ducts.  

    En Bloc Resection of the SMV 
and/or Portal Vein 

 The duodenum  and   upper jejunum is fully mobi-
lized and retracted to the right side of SMA and 
SMV. The nerve plexus between the pancreas 
head and celiac artery is divided and the specimen 
is fully mobilized from all structures except the 
SMV and portal vein. The SMV and portal vein 
are serially divided between two pairs of Pots vas-
cular forceps (Fig.  14.18 ) and the specimen is 
removed. The SMV and portal vein are anasto-
mosed end-to-end with continuous sutures of 6-0 
Prolene (Figs.  14.19  and  14.20 ). Interposition 
grafts are seldom necessary. When the confl uence 

of SMV and splenic vein is involved by the tumor, 
the splenic vein is left divided and never 
reconstructed.

          Discussion 

 Since March 2010, we have used this technique 
of artery-fi rst PD routinely in patients who 
undergo a PD for pancreatic cancer. The artery- 
fi rst PD has been successfully performed in all 
cases by surgeons, including less-experienced 
surgical staff and senior residents, under the 
supervision of the senior author. In fact, the intra-
operative photographs used in this chapter were 
taken during an operation performed by young 
staff surgeons. 

 In our series, our R0 resection rate is 88 % and 
the average intraoperative blood loss is 1245 mL. 
The initial diagnoses of UICC Stage III and IV 
were made in 13 % and 5 % of patients, respec-
tively, and the pathological T classifi cation was 
T3 and T4 in 76 % and 1.3 %, respectively. 
Considering the high percentage of advanced 
disease, we are satisfi ed with the present data from 
our series. After 2010, the blood loss that occurred 
during operations we performed decreased in part 

  Fig. 14.18    Division of 
the superior mesenteric 
vein. The superior 
mesenteric vein (SMV) 
is clamped with Potts 
vascular forceps. The 
specimen side is also 
occluded with a bulldog 
clump to avoid 
contamination by the 
blood from the 
specimen. The SMV is 
divided along the 
bulldog. The portal vein 
(PV) is clumped with 
Pots vascular forceps 
and divided in the same 
way as the superior 
mesenteric artery (SMV) 
and the specimen is 
removed       
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because we used new vessel- sealing energy 
devices. Therefore, it is diffi cult to evaluate how 
much the technique of artery-fi rst PD directly 
contributed to a reduction in blood loss over time. 
It is also diffi cult to determine whether or not 
the artery-fi rst PD contributed to improved sur-
vival through enhanced locoregional control. 
Randomized controlled trials are the only way to 
answer this question. 

 Based upon the results of previous randomized 
controlled trials comparing extended to standard 
dissections at PD [ 16 ], it is our present policy to 
preserve the nerve plexus around the SMA in order 
to avoid intractable diarrhea. In case of suspected 
invasion into the nerve plexus, we use neoadju-
vant intensity-modifi ed radiation therapy in com-
bination with full-dose gemcitabine with the goal 
of “sterilizing” the cancer cells in this location. 

  Fig. 14.19    End-to-end 
anastomosis of portal 
vein. The posterior walls 
of the superior 
mesenteric vein (SMV) 
and portal vein (PV) are 
approximated between 
the Potts vascular 
forceps and stitched 
with a continuous suture 
of 6-0 Prolene. Both 
edges of the posterior lip 
should be retracted 
bilaterally using a stay 
suture of 6-0 Prolene to 
prevent anastomotic 
stricture. The anterior 
walls of the superior 
mesenteric vein (SMV) 
and portal vein (PV) are 
approximated with a 
continuous suture of 
6-0 Prolene       

  Fig. 14.20    End-to-end 
anastomosis of portal 
vein, completion. The 
end-to-end anastomosis 
of the superior 
mesenteric vein (SMV) 
and portal vein (PV) is 
completed       
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By preserving the nerve plexus around the SMA, 
we have been able to manage postoperative diar-
rhea with loperamide and/or tannic acid in all 
patients. 

 Following neoadjuvant chemoradiation, 
infl ammatory reactions and adhesions may 
develop in the irradiated tissues. Such changes may 
make surgical dissection more diffi cult. In such a 
challenging situation, the artery-fi rst PD may help 
surgeons to reduce blood loss and to develop the 
appropriate dissection plane. The highest BMI in 
our series was 35.2 %. By using the Tora-no-Ana 
approach, the SMA was easily palpable even in the 
obese patients. The hanging maneuver of the pan-
creatic body also helps surgeons to establish a 
good operative fi eld around the origin of SMA. 
In conclusion, our technique of artery-fi rst PD is 
feasible if the surgical principles of the Tora-no-
Ana approach are followed.     
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            Introduction 

 Historically, involvement of the PV or SMV by 
pancreatic cancer was a contraindication to PD 
[ 1 ]. However, in 1963 the concept of “regional 
pancreatectomy” was introduced by Asada, and 
subsequently Fortner and colleagues [ 2 ,  3 ] in 
which  systematic resection   of major peri- 
pancreatic vascular structures and wide soft tis-
sue clearance was performed. Resection of the 
PV at the time of PD as part of regional pancre-
atectomy was completed with the intention of 
improving survival [ 1 ,  2 ]. However, this form of 
extended PD to include routine PV resection 
failed to achieve this goal [ 4 – 6 ]. Importantly, 
those patients who underwent regional pancre-

atectomy were not selected utilizing the rigor of 
contemporary imaging studies and did not 
receive multimodality therapy. In contrast to 
regional pancreatectomy, contemporary vascular 
resection/reconstruction is performed when the 
operating surgeon cannot safely separate the PV, 
SMV, or the SMV–PV confl uence from the 
tumor; it is not performed for the purpose of 
achieving a wider soft tissue clearance [ 7 ]. At 
present, resection and reconstruction of the PV–
SMV confl uence during PD is associated with a 
low rate of perioperative morbidity and similar 
rates of R0 resection and overall survival as com-
pared to patients who undergo standard PD with-
out venous resection [ 7 ,  8 ]. 

 Emerging systemic therapies have improved 
the magnitude of treatment responses leading to a 
new era in the operative management of exocrine 
and endocrine carcinoma of the pancreas. With 
more accurate staging and more effective sys-
temic therapies, patients who are  po  tential candi-
dates for pancreatectomy in combination with 
complex vascular resection are being seen with 
increasing frequency [ 9 ,  10 ]. Patients who have 
evidence of clinical benefi t (improved symptoms 
and/or performance status), radiographic 
response (stable or responding disease on cross- 
sectional imaging), and a decline in available 
tumor markers (CA19-9, carcinoembryonic anti-
gen) represent the optimal patient subset to con-
sider extended, high-risk operations.  
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    Exposure of the SMA 

 The most critical oncologic step during PD for 
pancreatic cancer is the dissection of the SMA [ 8 , 
 10 ]. Adequate exposure of the  SMA   is essential 
to completing a safe dissection and facilitating a 
negative margin. When tumors are inseparable 
from the SMV or the SMV–PV confl uence, SMA 
exposure is traditionally accomplished by one of 
the two following techniques [ 11 ]:

    1.    Medial to lateral approach 
 As originally described by Fortner, the SMA 
can be exposed medial to the SMV if the 
SMV–PV confl uence is encased at the 
splenic vein (SV) confl uence [ 2 ,  12 ]. 
Division of the SV allows for wide exposure 
of the SMA and also facilitates resection and 
reconstruction of the SMV–PV confl uence as 
the PV is no longer tethered by the SV con-
fl uence. SV division permits a direct anasto-
mosis between the SMV and PV, usually 

without the need for interposition grafting 
(adequate length is usually not problematic 
in this situation). Importantly, division of the 
SV provides access to the proximal SMA and 
celiac axis, which greatly facilitates tumor 
separation from these visceral arteries. 
However, if the inferior mesenteric vein 
(IMV) enters the SMV instead of the SV 
(Fig.  15.1 ), SV ligation may predispose to 
sinistral portal hypertension and gastrointes-
tinal hemorrhage as retrograde decompres-
sion through the IMV is not possible (Fig. 
 15.2 ). In such cases, the authors prefer distal 
splenorenal shunting (DSRS) to decompress 
the splenic vein.

        2.    Artery fi rst approach 
 If the segment of SMV to be resected is distal 
to the SV–PV junction, the SV does not need 
to be divided. However, preservation of the 
SV (a) prevents easy access to the proximal 
SMA anteriorly and (b) usually necessitates 
interposition grafting, as the PV remains teth-

  Fig. 15.1    ( a ,  b ) Coronal CT images of anatomic variations 
of the IMV insertion site. In Fig.  15.1a , the IMV drains into 
the SMV ( Arrow ) whereas in Fig.  15.1b , the IMV drains 
into the SV ( Arrow ). In the fi rst scenario, if SV ligation is 
required to remove the SMV–PV confl uence due to tumor 
abutment/encasement at the time of pancreaticoduodenec-
tomy, there is no avenue for retrograde decompression of 

the SV other than through collaterals. This may result in 
sinistral portal hypertension. Alternatively, as seen in Fig. 
 15.1b , if the SV is ligated at the PV–SMV–SV confl uence, 
the IMV may provide retrograde decompression of the SV. 
 SMV - IB  superior mesenteric vein’s iliac branch,  IMV  infe-
rior mesenteric vein,  SMV  superior mesenteric vein,  PV  
portal vein,  SV  splenic vein       
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ered at the PV–SMV–SV confl uence thereby 
preventing the PV from having enough length 
to complete a primary anastomosis to the 
SMV. For these two reasons, some surgeons 
routinely divide the SV when performing seg-
mental venous resection and reconstruction. 
Preservation of the SV–PV junction is impor-
tant because it essentially eliminates the risk 
of PV thrombosis or stenosis.    Alternatively, 
when resecting the SMV distal to the splenic- 
portal junction, the tumor can be separated 
from the SMA fi rst, as initially described by 
Leach and colleagues [ 13 ].  This   approach is 
technically challenging and is appropriate 
only for modest-sized tumors with short- 
segment SMV encasement (Fig.  15.3 ).

           Venous Shunting Procedures 

    Mesocaval Shunts 

   An additional technique that can be  u  sed  when 
  SMV resection is required includes the creation 
of a mesocaval shunt. Read and colleagues fi rst 
described the use of homologous vein graft as a 
conduit for the mesocaval shunt in 1970 [ 14 ]. 
Drapanas popularized the procedure for the treat-

ment of portal hypertension in 1972 by showing 
effi cacy in 25 patients with acute exsanguinating 
variceal hemorrhage. Throughout the 1970s, sev-
eral authors reported success with autologous, 
homologous, heterologous, and synthetic meso-
caval shunts for the treatment of portal hyperten-
sion and bleeding gastroesophageal varices [ 15 ]. 
In addition, in 2002, Orloff and coworkers pub-
lished a series of 200 patients with extrahepatic 
portal hypertension secondary to portal vein 
thrombosis, who were successfully treated with 
portosystemic shunts. All of these patients had 
normal liver biopsies with normal liver function, 
and the majority of patients underwent mesoca-
val shunts with no immediate postoperative mor-
tality [ 16 ]. 

 We fi rst used temporary mesocaval shunting 
during PD in patients with radiographic evidence 
of cavernous transformation of the PV due to 
short-segment SMV–PV occlusion. When the 
pancreatic head is removed in the setting of PV/
SMV occlusion, collateral fl ow is eliminated and 
therefore, there is no venous outfl ow for the mid-
gut. In such cases, the portal dissection should 
not be attempted until portal fl ow is diverted due 
to the risk for life-threatening hemorrhage if 
these collaterals (especially in the porta hepatis) 
are inadvertently entered. In the setting of 

  Fig. 15.2    Coronal CT 
venous reformatted 
images illustrating 
development of sinistral 
portal hypertension in a 
patient with chronic 
pancreatitis. In this 
patient, the PV–SMV is 
focally occluded and 
gastric varices have 
developed. Ligation of 
the SV at the confl uence 
will only worsen this 
situation as the IMV will 
also be sacrifi ced. 
 Arrows  point to 
extensive left-sided 
portal hypertension. 
Coronary vein (CV) is 
signifi cantly enlarged. 
 PV  portal vein,  SV  
splenic vein,  IMV  
inferior mesenteric vein       
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 cavernous transformation of the PV, PD with 
venous reconstruction requires an appropriate 
length of the SMV below (usually the main con-
cern) and PV above the region of tumor 
encasement. 

 In addition to reducing blood loss during the 
dissection, temporary mesocaval shunting greatly 
enhances the exposure of the entire root of mes-
entery. Therefore, we have expanded the indica-
tions for mesocaval shunting to include patients 
who not only require a diffi cult SMV resection/
reconstruction, but also those who pose a chal-
lenging SMA dissection. For example, when the 
tumor encases the SMV and abuts the SMA 
(often the posterior wall of the SMA and usually 
accompanied by tumor extension into the root of 
the small bowel mesentery), optimal SMA expo-
sure is an absolute necessity. In such situations, 
we have divided the SMV and used an internal 
jugular vein (IJV) as an autologous interposition 
graft to create a temporary mesocaval shunt from 
the SMV to the inferior vena cava (IVC). In con-
trast to the previously discussed technical options 

for SMA exposure (medial to lateral, and artery 
fi rst), this technique allows for wide exposure of 
the root of the mesentery and prevents any form 
of traction injury on the SMV–PV confl uence 
during the SMA dissection (Fig.  15.4 ). These 
operations represent the highest level of technical 
complexity and are only offered to very carefully 
selected patients, and always after a period of 
induction therapy when performed for pancreatic 
adenocarcinoma.

       Surgical Technique 
for Mesocaval Shunt  

 The initial steps of PD are performed as previ-
ously described by Evans and colleagues [ 11 , 
 17 ]. CT evidence of tumor involvement of the 
SMV or its fi rst-order branches should prompt 
thorough scrutiny of the venous anatomy to 
determine the extent of vascular involvement and 
to develop an optimal strategy for vascular resec-
tion and reconstruction. High-quality preopera-

  Fig. 15.3    Intraoperative 
photograph of a SMA 
fi rst approach. A 
modest-sized tumor with 
short-segment SMV 
encasement is separated 
from the SMA by an 
artery-fi rst dissection 
leaving the tumor/
specimen attached only 
to the PV–SMV 
confl uence. A Rommel 
tourniquet is seen 
encircling the SMA to 
provide infl ow occlusion 
during venous resection 
and reconstruction 
thereby decreasing 
bowel wall edema.  PV  
portal vein,  SMV  
superior mesenteric 
vein,  CHA  common 
hepatic artery,  SMA  
superior mesenteric 
artery       
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tive CT imaging should prevent unexpected 
venous resections at the time of PD. 

 The SMV caudal to the area of tumor encase-
ment should be exposed and this part of the oper-
ation is extremely diffi cult when tumor extends 
into the transverse mesocolon. The SMA dissec-
tion is critical and exposure of the SMA medial 
to the SMV early in the operation is strongly 
encouraged. Extended kocherization of the duo-
denum to the left lateral border of the aorta 
exposes the anterior surface of the left renal vein 
(and the location of the SMA origin can usually 
be appreciated at this time). An autologous left 
internal jugular vein (IJV) conduit is harvested to 
create the mesocaval shunt. The IJV graft should 
be marked along its anterior surface, prior to har-
vest, to prevent a twist during creation of the 
anastomoses. The IJV graft-caval anastomosis is 
performed fi rst to minimize arterial infl ow- 
occlusion time. When the fi rst anastomosis is 

complete (Fig.  15.5a ), we usually deliver a mod-
est dose (2000 IU) of systemic heparin as the 
SMA will be temporarily occluded with a 
Rommel tourniquet. This technique allows arte-
rial infl ow occlusion to be limited to less than 
15 min while the second anastomosis (SMV–
IJV) is performed. Systemic heparinization is not 
mandatory and we use heparin only when the 
remaining dissection will not be signifi cantly 
complicated by the use of anticoagulation. We 
divide the SMV just cephalad to its bifurcation 
into the jejunal and ileal branches. Whenever 
possible we try to preserve the jejunal branch, but 
if necessary, it can be divided. The IJV–SMV 
anastomosis completes the mesocaval shunt, con-
necting the SMV cephalad to its jejunal-ileal 
bifurcation to the IJV which is connected to the 
IVC (Fig.  15.5a ). The anastomoses are com-
pleted end-to-end with interrupted 6-0 prolene 
sutures. Creation of the SMV–IJ–IVC mesocaval 

  Fig. 15.4    Intraoperative 
photograph of a 
mesenteric root 
dissection. This 
maneuver provides wide 
exposure of the SMA 
and prevents any form 
of traction injury on the 
SMV–PV confl uence 
during SMA dissection. 
In this image, the SMV 
and SMA are completely 
skeletonized and the 
SMA is encircled by a 
vessel loop.  PV  portal 
vein,  CHA  common 
hepatic artery,  SV  
splenic vein,  SMV  
superior mesenteric 
vein,  SMA  superior 
mesenteric artery       
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shunt will completely expose the root of the small 
bowel mesentery and provides excellent SMA 
exposure. Once all portal fl ow is diverted, the 
portal dissection can then be safely completed 
and the PV at the superior border of the pancreas 
is divided with an endovascular GIA stapler. The 
specimen is then removed and sent to pathology. 
The IVC–IJV end of the mesocaval shunt is then 
detached, cut to the appropriate length, and anas-
tomosed to the PV forming the fi nal interposition 
graft anastomosis (Fig.  15.5b ).

   If the SMA required skeletonization accompa-
nied by complete resection of the root of mesen-
tery, we have occasionally covered the SMA to 
prevent access of a pancreatic anastomotic leak 
to the artery itself. In this setting, we have used 
spiral vein graft reinforcement of the SMA incor-
porating autologous saphenous vein. The saphe-

nous vein is dilated with heparinized saline, 
opened longitudinally and sewn around the 
exposed SMA in a spiral manner to reinforce any 
arteriotomy closures at the sites of the pancreati-
coduodenal and/or jejunal branches that required 
excision  .  

    Distal Splenorenal Shunt 

   To achieve an R0 resection in cases of borderline 
resectable pancreatic cancers, SV ligation may be 
necessary when tumor encasement of the SMV–
 PV      confl uence occurs at the junction of the 
SV. As described by Misuta and colleagues, the 
IMV enters just at, or inferior to the SMV–PV 
confl uence (directly into the SMV) in approxi-
mately 30 % of patients, such that the IMV will 

  Fig. 15.5    ( a ) Intraoperative photograph of a mesocaval 
shunt in place, connecting proximal SMV to IVC via an 
autologous IJ vein graft. ( b ) is an intraoperative photo-
graph of a completed mesoportal shunt (SMV–IJ–PV), 
demonstrating the fi nal vascular reconstruction after spec-

imen extraction ( arrows  point at anastomoses).  SMA  
superior mesenteric artery,  PHA  proper hepatic artery, 
 IVC  inferior vena cava,  SMV  superior mesenteric vein,  PV  
portal vein,  IJ  internal jugular interposition graft       
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not allow for retrograde decompression of the SV 
[ 18 ]. In this situation, retrograde decompression 
of the SV into the IMV will not occur as the 
IMV–SV confl uence either did not exist or could 
not be preserved. This can result in increased 
fl ow through gastric and esophageal veins, caus-
ing sinistral portal hypertension with the risk of 
gastrointestinal hemorrhage (Fig. 15.2). Sinistral 
portal hypertension may also cause some degree 
of hypersplenism, resulting in thrombocytopenia. 
Even if the drop in platelet count is mild, this 
may signifi cantly complicate the delivery of 
cytotoxic chemotherapy in the adjuvant setting or 
in the event of disease recurrence. 

 The physiologic signifi cance of SV ligation 
remains a controversial topic. Authors who agree 
that SV ligation can be performed without con-
cern for late complications have demonstrated in 
small series that the pattern of collateralization is 
not always through the stomach and esophagus, 
but also may occur through the colon, omentum, 
or other adjacent vessels. Therefore, gastrointes-
tinal bleeding is not common in their experience 
[ 19 ]. However, proponents of the theory of sinis-
tral portal hypertension after SV ligation have 
recommended reimplantation of the SV into the 
SMV–PV confl uence or into the IMV when the 
SV–IMV junction is not intact [ 18 ,  20 ]. These 
series have demonstrated retrograde venous fl ow 
through the IMV after SV ligation in the setting 
of an intact SV–IMV junction. Similar to Misuta 
and colleagues, we believe that in patients who 
require SV ligation and who do not have an intact 
SV–IMV junction, reimplantation of the SV is 
required to avoid the risk of subsequent gastroin-
testinal hemorrhage [ 18 ]. However, we do not 
advocate reimplantation of the SV back into the 
reconstructed SMV–PV confl uence because this 
may cause distortion of the SMV–PV anastomo-
sis (after either resection and primary repair, or 
interposition grafting). An alternative technique 
for SV decompression is to use the left renal vein 
otherwise known as a distal splenorenal shunt 
(DSRS), fi rst popularized by Dr. Dean Warren 
[ 21 ]. A DSRS is technically easier to perform 
compared to other anastomoses of the SV (to 
IMV or reconstructed SMV–PV) and provides a 

large outfl ow vessel, theoretically negating the 
potential “upward fl ow” phenomena described 
by Misuta et al. [ 18 ].  

    Surgical Technique for Distal 
Splenorenal Shunt 

 The DSRS was utilized by Warren and colleagues 
in 1969 for selective variceal decompression, to 
prevent recurrent variceal bleeding in the setting 
of portal hypertension [ 21 ,  22 ]. We have extrapo-
lated the use of this technique to instances where 
the IMV enters the SMV and therefore, would 
not serve to decompress the SV after ligation of 
the distal SV. When a DSRS is created at the time 
of PD, the initial steps of PD are performed as 
previously described. The pancreas is divided at, 
or to the left of the SMV–PV–SV confl uence, 
taking care to preserve the SV. The pancreatic 
body is elevated up and off of the SV by ligating 
small venous tributaries to the pancreas. Posterior 
and slightly inferior to the SV, the left renal vein 
is exposed. The left adrenal vein may be ligated 
and occasionally, this area of the left renal vein 
has been incorporated into the venotomy to cre-
ate an optimal anastomotic site in the left renal 
vein. The SV is then sutured to the left renal vein 
in an end-to-side fashion with a posterior running 
suture of 6-0 prolene and an anterior row of inter-
rupted 6-0 prolene sutures [ 10 ,  18 ] (Fig.  15.6 ).  

        Summary 

 The historic aspects and technical details of vas-
cular resection/reconstruction and mesenteric 
shunting during PD have been reviewed. Venous 
shunting strategies provide wide exposure of the 
root of mesentery and can divert portal fl ow in 
select patients who require either venous recon-
struction in the setting of cavernous transforma-
tion of the PV and/or a challenging SMA or 
celiac dissection. These techniques optimize 
one’s ability to achieve a negative margin of 
resection and add an element of safety to an oth-
erwise technically complex operation.     

15 Venous Shunting Procedures for Borderline Resectable Pancreatic Cancer



244

   References 

     1.    Roder JD, Stein HJ, Siewert JR. Carcinoma of the 
periampullary region: who benefi ts from portal vein 
resection? Am J Surg. 1996;171:170–4; discussion: 
174–5.  

      2.    Asada S, Itaya H, Nakamura K, et al. Radical pancre-
atectomy and portal vein resection. Arch Surg. 
1963;87:608–13.  

    3.    Fortner JG. Regional resection of cancer of the pan-
creas: a new surgical approach. Surgery. 1973;73:
307–20.  

    4.    Yeo CJ, Cameron JL, Lillemoe KD, et al. 
Pancreaticoduodenectomy with or without distal gas-
trectomy for periampullary adenocarcinoma. Part 2: 
randomized controlled trial evaluating survival, mor-
bidity, and mortality. Ann Surg. 2002;236:355–68.  

   5.    Pisters PW, Evans DB, Leung DH, et al. RE: surgery 
for ductal adenocarcinoma of the pancreatic head. 
World J Surg. 2001;25:533–4.  

    6.    Wolff R, Crane C, Li D, et al. Neoplasms of the exo-
crine pancreas. In: Kufe D, Bast R, Hait W, editors. 
Holland-Frei cancer medicine. Hamilton: B.C. 
Decker; 2006. p. 1331–59.  

     7.    Tseng JF, Raut CP, Lee JE, et al. Pancreaticoduo-
denectomy with vascular resection: margin status and 

survival duration. J Gastrointest Surg. 2004;8:
935–49; discussion: 49–50.  

     8.    Raut CP, Tseng JF, Sun CC, et al. Impact of resection 
status on pattern of failure and survival after pancre-
aticoduodenectomy for pancreatic adenocarcinoma. 
Ann Surg. 2007;246:52–60.  

    9.    Evans DB, Farnell MB, Lillemoe KD, et al. Surgical 
treatment of resectable and borderline resectable pan-
creas cancer: expert consensus statement. Ann Surg 
Oncol. 2009;16:1736–44.  

      10.    Christians KK, Riggle K, Keim R, et al. Distal spleno-
renal and temporary mesocaval shunting at the time of 
pancreatectomy for cancer: initial experience from 
the Medical College of Wisconsin. Surgery. 
2013;154(1):123–31.  

     11.    Christians KK, Lal A, Pappas S, et al. Portal vein 
resection. Surg Clin North Am. 2010;90:309e322.  

    12.    Pilgrim CH, Tsai S, Evans DB, et al. Mesocaval 
shunting: a novel technique to facilitate venous resec-
tion and reconstruction and enhance exposure of the 
superior mesenteric and celiac arteries during pancre-
aticoduodenectomy. J Am Coll Surg. 2013;217(3):
e17–20.  

    13.    Leach SD, Davidson BS, Ames FC, Evans DB. 
Alternative method for exposure of the retropancre-
atic mesenteric vasculature during total pancreatec-
tomy. J Surg Oncol. 1996;61:163e165.  

  Fig. 15.6    ( a ) Intraoperative photograph of a completed 
SMV–PV resection with primary anastomosis and distal 
splenorenal shunt. ( b ) is a magnifi ed view of the distal 
splenorenal shunt ( arrows  point at anastomoses).  SA  

splenic artery,  CHA  common hepatic artery,  LRV  left renal 
vein,  SV  splenic vein,  SMA  superior mesenteric artery, 
 SMV  superior mesenteric vein,  PV  portal vein       

 

A.H. Fathi et al.



245

    14.    Read RC, et al. Mesocaval H venous homografts. 
Arch Surg. 1970;101:785–91.  

    15.    Drapanas T. Interposition mesocaval shunt for treat-
ment of portal hypertension. Ann Surg. 1972;176:
435–48.  

    16.    Orloff MJ, et al. Bleeding esophagogastric varices 
from extrahepatic portal hypertension: 40 years’ 
experience with portal-systemic shunt. J Am Coll 
Surg. 2002;194:717–28.  

    17.    Evans DB, Christians KK, Foley WD. Pancreaticoduo-
denectomy and total pancreatectomy for cancer, 
Mastery of surgery. 6th ed. Philadelphia: Wolters 
Kluwer/Lippincott, Williams & Wilkins; 2010.  

        18.    Misuta K, Shimada H, Miura Y, et al. The role of 
splenomesenteric vein anastomosis after division 
of the splenic vein in pancreaticoduodenectomy. 
J Gastrointest Surg. 2005;9:245–53.  

    19.    Strasberg SM, Bhalla S, Sanchez LA, Linehan 
DC. Pattern of venous collateral development after 
splenic vein occlusion in an extended Whipple proce-
dure: comparison with collateral vein pattern in cases 
of sinistral portal hypertension. J Gastrointest Surg. 
2011;15:2070–9.  

    20.    Ferreira N, Oussoultzoglou E, Fuchshuber P, et al. 
Splenic vein-inferior mesenteric vein anastomosis to 
lessen left-sided portal hypertension after pancreati-
coduodenectomy with Concomitant vascular resec-
tion. Arch Surg. 2011;146:1375–81.  

     21.    Warren WD, et al. Selective transplenic decompres-
sion of gastroesophageal varices by distal splenorenal 
shunt. Ann Surg. 1967;166:437–45.  

    22.    Warren WD, Fomon JJ, Zeppa R. Further evaluation 
of selective decompression of varices by distal sple-
norenal shunt. Ann Surg. 1969;169:652–60.      

15 Venous Shunting Procedures for Borderline Resectable Pancreatic Cancer



247© Springer International Publishing Switzerland 2016 
M.H.G. Katz, S.A. Ahmad (eds.), Multimodality Management of Borderline 
Resectable Pancreatic Cancer, DOI 10.1007/978-3-319-22780-1_16

      The Role of the Appleby Operation 
and Arterial Resection 
in the Multimodality Management 
of Borderline Resectable 
Pancreatic Cancer       

     Ken-ichi     Okada     and     Hiroki     Yamaue    

        K.-i.   Okada     •     H.   Yamaue      (*) 
  Second Department of Surgery ,  Wakayama Medical 
University ,   Wakayama   641-8510 ,  Japan   
 e-mail: yamaue-h@wakayama-med.ac.jp  

 16

            Introduction 

 The application of distal pancreatectomy with 
celiac axis en bloc resection (DP-CAR)—the so- 
called  modifi ed Appleby operation  for borderline 
resectable pancreatic body/tail carcinoma—
remains controversial because few studies have 
rigorously assessed the indications for and out-
comes associated with this technique. One of the 
purported  advantages   of the procedure is the abil-
ity to widely clear tissues behind a tumor by the 
division of the root of the celiac axis. Another 
purported advantage is its impact on cancer pain 
arising from tumor invasion into the nerve plexus. 

 Recently,  long-term survivors   have been 
reported following the modifi ed Appleby opera-
tion (DP-CAR) [ 1 ]. A median survival time of 
9.5–12 months was reported in a separate analy-
sis of 43 patients [ 2 ]. It is accepted that margin- 
negative (R0) resection is generally necessary to 
achieve these favorable postoperative outcomes. 
However, the status of the surgical margins is not 
the only consideration with regard to the survival 
of patients with advanced disease. Indeed, tumors 
involving arterial structures often recur rapidly—
even after an apparent R0 resection. Therefore, 

the aggressive systemic tumor biology associated 
with these cancers must be critically considered 
prior to contemplating the potential benefi ts of 
this radical surgery. In this regard, the Appleby 
operation may best be utilized following effec-
tive systemic neoadjuvant therapy.  

    History and Background 
of the Appleby Operation 
for Pancreatic Cancer 

 In 1973, Fortner introduced the regional resection 
of pancreatic cancer with major vascular en bloc 
resection as a new approach [ 3 ] to treat patients 
with localized pancreatic cancer. In his report, 8 
of the 15 individuals (53 %) who survived his 
operation lived for periods ranging from 4 to 17 
months after surgery. Six lived more than 1 year 
after  regional   pancreatectomy. Actual survival by 
Kaplan–Meier estimate was 62 % at 1 year, com-
pared with a 36 % 1-year survival rate for a group 
of 17 patients who underwent pancreaticoduode-
nectomy for less advanced cancers at the same 
institution from 1959 to 1969 [ 4 ]. The described 
approach appeared to yield the greatest potential 
benefi t in patients with small pancreatic cancers, 
which could be resected with wide margins. 

 The Appleby operation was fi rst reported as a 
resection of the celiac axis for complete lymphad-
enectomy in a radical resection of gastric 
 carcinoma in 1953 [ 5 ,  6 ]. In 1976, Nimura et al. [ 7 ] 
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reported adapting the Appleby operation for resec-
tion of pancreatic body/tail tumors involving the 
celiac axis and/or the common hepatic artery 
(CHA). In 1991, Hishinuma et al. [ 8 ] modifi ed this 
procedure to preserve the entire stomach, which 
improved postoperative nutritional status and 
quality of life. In 2000, Konishi et al. [ 9 ] reported 
reconstruction of the hepatic artery when pulsation 
in the proper hepatic artery (PHA) was weak after 
test occlusion of the celiac axis. 

 Since then, several institutions have reported 
their experiences with the modifi ed Appleby 
operation for advanced pancreatic body/tail car-
cinoma (i.e., distal pancreatectomy combined 
with celiac axis en bloc resection, referred to  as 
  DP-CAR by Kondo et al. [ 10 ]). Despite reports 
of a few long-term survivors, the overall sur-
vival benefi t and the risks of this challenging 
operation are unknown because previous reports 
have included small numbers of patients [ 11 –
 14 ]. In the era of borderline resectable pancre-
atic carcinoma [ 15 – 24 ], this procedure has once 
again attracted pancreatic surgeons’ attention as 
a method for radical pancreatectomy for border-
line resectable cancers of the pancreatic body 
and/or tail.  

    The Anatomical Features 
of the Celiac Trunk and Its Branches 

 In 1917, Eaton reported that the most common 
 celiac axis anatomy   features the left gastric 
artery (LGA) as a collateral branch before the 
bifurcation into the hepatic and splenic arteries 
(62.1 % of 541 cases), while a true trifurcation 
occurs with somewhat less than half the fre-
quency (24 % of 541 cases) [ 25 ].    More recently, 
the celiac was found to bifurcate into the splenic 
and the common hepatic artery (CHA), with the 
left gastric artery (LGA) originating as a fi rst 
branch from the celiac trunk, in 72 % of 90 
cadavers [ 26 ]. Malnar et al. [ 26 ] described the 
length of the celiac trunk (measured by a vernier 
caliper) as varying between 1.0 and 3.5 cm from 
its origin to the point where main branches 

occur. They reported that the length was 
1.9 ± 0.08 cm if a trifurcation was present, while 
with a bifurcation, the length was 2.0 ± 0.08 cm. 
Among the celiac trunk normal main branches, 
the splenic artery had the largest diameter 
(0.61 ± 0.05 cm), the mean arterial diameter of 
the CHA was intermediate (0.57 ± 0.04 cm), and 
the LGA had the smallest diameter (0.38 ± 0.03 
cm) [ 26 – 29 ].  

    The Organs and Tissues Resected 
with the Modifi ed Appleby 
Operation (DP-CAR) 

 As initially  described   by Hirano et al. [ 1 ], the 
modifi ed Appleby operation routinely includes 
en bloc resection of the celiac, common hepatic, 
and left gastric arteries; the celiac plexus and 
ganglions; the nerve plexus around the superior 
mesenteric artery; a part of the crus of the dia-
phragm and the Gerota fascia; the left adrenal 
gland; the retroperitoneal fat tissues containing 
lymph nodes above the left renal vein; the 
transverse mesocolon covering the body of the 
pancreas; and the inferior mesenteric vein. 
Resection of the portal vein and the middle 
colic vessels is optional. In general, no recon-
struction of the arterial system is required 
because of early development of the collateral 
arterial pathways via the pancreatoduodenal 
arcades from the superior mesenteric artery. 
Preoperative coil embolization of the common 
hepatic artery may be used to enlarge the col-
lateral pathways and prevent ischemia- related 
complications. In addition, because the stom-
ach is preserved, no reconstruction of the ali-
mentary tract is required. Based on the 
anatomical features and the relationship 
between the tumor and artery, the LGA and 
inferior phrenic arteries can generally be pre-
served. Table  16.1  describes the organs, ves-
sels, and other tissues that are  resecte  d and 
preserved in this procedure. Figure  16.1  shows 
the surgical fi eld after the modifi ed Appleby 
operation (DP-CAR).
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        Indications for the Modifi ed 
Appleby Operation (DP-CAR) 
in Patients with Pancreatic Body/
Tail Carcinoma 

 The modifi ed  Appleby   operation should be per-
formed in institutions with well-trained and 
experienced staff. When it was initially intro-

duced, this procedure was indicated for patients 
with pancreatic body/tail carcinoma involving 
the celiac axis and/or CHA (Fig.  16.2 ). Recent 
literature has reported that this procedure can 
be used for patients with pancreatic body/tail 
tumors that involve or approximate at least one 
of the common hepatic arteries, the root of the 
splenic artery, or the celiac axis [ 1 ] (Fig.  16.2 ). 
This fi nding implies that this procedure may also 

   Table 16.1    The organs, vessels, and other tissues that are resected and preserved in the modifi ed Appleby operation 
(DP-CAR)   

 Resection  Preservation  Optional resection 

 Organ  Pancreas (body/tail), left adrenal 
gland, gallbladder a , spleen 

 Stomach, duodenum 

 Vessels  Celiac artery, common hepatic 
artery, splenic artery, dorsal 
pancreatic artery, short gastric 
vessels, posterior gastric artery, 
inferior mesenteric vein. 

 Inferior pancreaticoduodenal artery, 
gastroduodenal artery 
(pancreatoduodenal arcades), proper 
hepatic artery, the right gastric and 
right gastroepiploic vessels, 
gastrocolic trunk 

 Portal vein, middle colic 
vessels. Left gastric artery a  
[ 30 ] and inferior phrenic 
arteries can be preserved 
based on the anatomical 
features. 

 Other tissues  Part of the crus of the 
diaphragm, the Gerota fascia, 
the celiac plexus and ganglions, 
the nerve plexus around the 
superior mesenteric artery, the 
retroperitoneal fat tissues 
bearing lymph nodes above the 
left renal vein, the transverse 
mesocolon covering the body of 
the pancreas 

 Right adrenal gland, bilateral 
kidneys 

   a Several institutions routinely perform resection  

  Fig. 16.1    The surgical 
fi eld after the modifi ed 
Appleby operation 
(DP-CAR).  CA  celiac 
axis,  SMV  superior 
mesenteric vein,  SMA  
superior mesenteric 
artery       
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be indicated for resectable pancreatic body/tail 
carcinomas situated near the root of the splenic 
artery. Our investigation regarding the relation-
ship between radicality and the distance between 
the edge of the tumor and the splenic artery 
root in patients who underwent standard DP 
revealed that microscopically positive margins 
were detected more frequently in patients with 
tumors situated ≤10 mm from the splenic artery 
origin than in those with tumors >10 mm from 
the origin of the splenic artery [ 30 ]. Therefore, 
we suggest that DP-CAR should be performed 
to obtain an R0 resection in patients with poten-
tially resectable pancreatic body/tail carcinomas 
with tumors located ≤10 mm from the splenic 
artery origin.

   Our study also demonstrated that the overall 
survival rate of patients with no histopathologic 
evidence for invasion of either the portal venous 
system or artery (double-negative invasion) was 
greater than that of other patients. With regard to 
artery invasion, Kanda and colleagues [ 31 ] 
reported that invasion of the splenic artery is a 
crucial prognostic factor in patients with carci-
noma of the body/tail of the pancreas. Moreover, 
extended pancreatectomy with major arterial 
resection did not result in long-term survival in 
previous reports [ 32 – 38 ]. Therefore, we carefully 
evaluated the patients with double-negative inva-
sion into the portal venous system and the arterial 
system by preoperative imaging to determine 

indications for DP-CAR. However, the diagnos-
tic accuracy of even the most sensitive modern 
imaging techniques is not equivalent to that of the 
microscope.    Radiographic abutment of tumor 
and vessel does not necessarily indicate true vas-
cular invasion.  

    The Role of the Appleby Operation 
and Arterial Resection 

 Recent studies have reported  that   arterial en bloc 
resection in patients undergoing pancreatectomy 
for pancreatic cancer is associated with poor 
short- and long-term outcomes. These studies 
indicate that arterial resection may yield overall 
survival durations comparable to those obtained 
with standard resection and better than those 
observed following palliative bypass [ 12 ,  33 ,  34 ]. 
However, arterial resection is associated with sig-
nifi cantly higher morbidity and mortality rates, 
which limit the oncological benefi t of operations 
in which it is used [ 32 ]. In general, we conclude 
that arterial en bloc resection may be justifi ed in 
highly selected patients owing to the potential 
survival benefi t compared to resection, but that 
these patients should be treated within the bounds 
of clinical trials and within the context of a mul-
timodality strategy [ 32 – 34 ]. 

 The ability of the modifi ed Appleby operation 
to achieve wider surgical margins relative to a 

  Fig. 16.2    The association between the category of resectability and the tumor abutment of the celiac axis and its 
branches with imaging of computed tomography.  SA  splenic artery,  CHA  common hepatic artery,  CA  celiac axis       
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standard DP is viewed as a potential benefi t of 
the operation. In many borderline resectable 
cancers of the pancreatic head, the carcinoma 
abuts the superior mesenteric artery. This artery 
and the nerve plexus around it represent an abso-
lute anatomic boundary of the surgical dissec-
tion. However, the modifi ed Appleby procedure 
can extend the clearance of the surgical margin 
wider than it otherwise might be achieved using 
standard DP by enhancing the depth of dissec-
tion, behind the tumor by taking the aortic sur-
face as a boundary. Another advantage of this 
procedure is the ability to relieve the cancer pain 
by celiac axis en bloc resection combined with 
removal of the tumor infi ltrating plexuses. 
Recent studies have reported resolution rates of 
cancer pain after this procedure as high as 
86–100 % [ 1 ,  12 ,  13 ] and improved quality of 
life after the procedure. The nutritional status 
and quality of life of the patients after this sur-
gery were well maintained, and planned adju-
vant therapy was generally received [ 39 ].  

    Preoperative Preparation 
for the Modifi ed Appleby 
Operation (DP-CAR) 

 Several investigators  have   reported performing 
the modifi ed Appleby operation without 
 preoperative coil embolization of the CHA [ 13 ]. 
However, embolization has been suggested to 
decrease the risk of ischemia-related complica-
tions. The safety and effi cacy of preoperative coil 
embolization still needs to be evaluated in clini-
cal trials so its necessity remains controversial. 

 Preoperative coil  e  mbolization of the CHA 
requires collaboration between the surgeon and 
the interventional radiologist. The surgeons 
should precisely describe the planned ligation/
division site, and the radiologist should place the 
coil appropriately to avoid coil migration into the 
arteries that are intended to be preserved [ 40 ,  41 ]. 
The diameter of the inferior pancreaticoduode-
nectomy is usually increased by about 1.5–2 
times by the procedure.  

    Preparation of Instruments 
for the Modifi ed Appleby 
Operation (DP-CAR) 

 The  surgical instruments   used in the modifi ed 
Appleby operation (DP-CAR) are similar to 
those of ordinary pancreatic resection. The aortic 
clamps should be prepared in case of injury or a 
short ligation margin of the celiac trunk. Doppler 
ultrasonography should be performed routinely 
to evaluate intrahepatic arterial and portal fl ow.  

    The Procedure and Pitfalls 
of the Original Appleby 
Operation (DP-CAR) 

 The specifi c  procedure   we use for DP-CAR is as 
follows. First, the right gastroepiploic artery/vein 
and right gastric artery/vein are encircled by ves-
sel tapes and preserved. Before the neck of the 
pancreas is transected, the bifurcation of the gas-
troduodenal artery (GDA) and the CHA is 
exposed, followed by exposure of the origin of 
the PHA. Confi rmation that the periarterial nerve 
plexus around the bifurcation is negative for can-
cer cell infi ltration should be performed using 
frozen samples to evaluate resectability in 
patients whose tumor is adjacent to this region. 
Kocher’s maneuver should be performed in case 
of accidental bleeding from the portal venous 
system. The gastrocolic trunk is preserved for 
venous return from the stomach. Transection of 
the pancreas is performed at a site suffi cient to 
resect a margin of normal tissue to reduce the 
likelihood for cancer cell infi ltration. In a patient 
whose tumor involves the portal vein, the resec-
tion and reconstruction of the portal vein are per-
formed antecedently. After pancreatic transection, 
the dissection of the retroperitoneum must be 
performed from the right to left side in the man-
ner of a radical antegrade modular pancreatosple-
nectomy procedure because the surgical fi eld will 
be better and safer for the surgeon and assistants 
in case of bleeding [ 42 ]. By en bloc dissection of 
the lymph nodes around the CHA, the right celiac 
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ganglion and celiac nerve plexus, as well as the 
origin of the celiac axis are exposed. Blood fl ow 
through the PHA, the right gastric artery, and the 
right gastroepiploic artery can then be confi rmed 
by palpation; the intrahepatic arterial fl ow can 
also be checked by intraoperative Doppler ultra-
sonography after clamping the end of the CHA in 
patients who have undergone preoperative embo-
lization of the CHA. The CHA is divided just 
proximal to the origin of the GDA (Fig.  16.3 ). In 
cases with dog-leg branching of the PHA and 
GDA, great care must be taken to preserve both 
arteries by avoiding ligation of bifurcation site 
(Figs.  16.4  and  16.5 ). By lifting the cut end of the 
distal pancreas and the CHA to the left, the supe-
rior mesenteric artery (SMA) can be dissected 
from the  surrounding   lymph nodes and nerve 
plexus toward its origin. Great care should be 
taken to preserve the inferior pancreaticoduode-
nal artery (IPDA) arising from the SMA or the 
fi rst jejunal artery. The origin of the celiac axis is 
identifi ed circumferentially just above the aorta 
and is divided. The origin and the direction of 
inferior phrenic arteries should be carefully noted 
in dissecting around the celiac axis in front of the 
aorta (Fig.  16.6 ).

          Postoperative Complications After 
Modifi ed Appleby Operation 
(DP-CAR) 

 The rates of morbidity following this procedure 
are high as shown in Table  16.2 . The presence of 
postoperative hemorrhage from the resected 
stump of the CHA due to a pancreatic fi stula 
after DP-CAR is diffi cult to rescue by interven-
tional radiology techniques. Therefore, a novel 
procedure to reduce the risk of pancreatic fi stula 
formation is urgently needed for DP-CAR, espe-
cially in patients with thick pancreatic paren-
chyma [ 43 ,  44 ].

   DP-CAR may also  be   associated with gas-
tric or hepatic ischemia. In several institutions, 
total gastrectomy is added if severe ischemia of 
the stomach is observed during the operation 
and if the surgeon cannot exclude the possibil-
ity of future necrosis of the remnant stomach. 
Unplanned arterial reconstruction is required in 
patients with accidental injury [ 1 ]. The sequelae 
of ischemic gastropathy include irregular, shal-
low, and wide ulcerations in the cardia of the 
stomach and/or symptoms of delayed gastric 

  Fig. 16.3    The common hepatic artery was divided just proximal to the origin of the gastroduodenal artery.  T  pancreatic 
adenocarcinoma,  CHA  common hepatic artery,  RGA  right gastric artery       
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emptying; gastropathy may directly effect post-
operative recovery and the schedule for adjuvant 
chemotherapy. With regard to hepatic ischemia, 
recent studies have reported a low incidence of 
clinically relevant hepatic infarction, and abnor-
mal liver function usually resolves after several 
days. Necrotic cholecystitis due to spasms of the 

GDA and/or PHA has been reported. Although 
there is no clear evidence that preoperative embo-
lization of the CHA reduces risks of ischemia, 
preoperative angiography should be performed 
to elucidate the arterial anatomy. 

 The greatest concern following the removal of 
the plexus around the celiac axis and the superior 

  Fig. 16.4    In cases with 
“dog-leg” branching of 
proper hepatic artery 
and gastroduodenal 
artery, great care must 
be taken to preserve 
both arteries by avoiding 
ligation of the 
bifurcation site.  CHA  
common hepatic artery, 
 PHA  proper hepatic 
artery,  GDA  
gastroduodenal artery       

  Fig. 16.5    The common 
hepatic artery was 
ligated in the distal side. 
Pulsation within the 
proper hepatic artery 
and gastroduodenal 
artery was confi rmed 
again after ligation. 
CHA, common hepatic 
artery       
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mesenteric artery is diarrhea, because it can infl u-
ence nutritional status and quality of life. In many 
studies, diarrhea can be controlled by medication 
well  eno  ugh to maintain quality of life and nutri-
tional status, usually with loperamide hydrochlo-
ride and rarely with tincture of opium [ 1 ].  

    Feasibility and Safety Compared 
to Standard Distal Pancreatectomy 

 The mean  operative   time associated with 
DP-CAR is signifi cantly longer than that associ-
ated with standard DP due to the extended dissec-
tion and radical dissection required in the former; 
however, no differences with regard to mean esti-
mated blood loss or mean postoperative hospital 
stay between the two procedures have been iden-
tifi ed. In terms of postoperative complications, 
previous studies have reported the incidence of 
postoperative pancreatic fi stula [ 45 ] and revealed 
no signifi cant differences between the modifi ed 
Appleby operation and standard distal pancre-
atectomy; however, delayed gastric emptying 
(DGE) was more common in the modifi ed 
Appleby operation. Otherwise, mortality has 
been reported to be low in the recent literature 
[ 46 ] (Table  16.2 ).  

    Preservation of the LGA 

  Despite the favorable surgical outcomes 
described recently, DGE or ischemic gastropathy 
after the modifi ed Appleby operation (DP-CAR) 
remains a common and frustrating complication. 
The incidence of DGE induced by ischemic gas-
tropathy ranges from 13.0 and 30.8 % in pub-
lished series [ 1 ,  14 ]. It is not a life-threatening 
complication, but it may result in a prolonged 
hospital stay and leads to a decreased quality of 
life, poor nutritional status, and delayed adminis-
tration of postoperative adjuvant chemotherapy. 
In a recent study, several patients underwent 
combined total gastrectomy to prevent gastric 
ischemic complications during the modifi ed 
Appleby operation (DP-CAR) [ 1 ,  14 ]. 

 The  LGA   develops as the fi rst branch of the 
celiac trunk embryologically, and it may branch 
antecedently in 68–72 % of cases as described 
above [ 25 ,  26 ]. The procedures used for the mod-
ifi ed Appleby operation (DP-CAR) routinely 
include en bloc resection of the LGA [ 1 ], although 
cancer of the pancreas body requiring DP-CAR 
may not involve the LGA or the nerve plexus that 
surrounds it. We therefore attempt to preserve the 
LGA in patients whose LGA branches anteced-

  Fig. 16.6    The origin 
and the direction of 
inferior phrenic arteries 
should be carefully 
noted while dissecting 
around the celiac axis in 
front of the aorta.  PV  
portal vein,  SMV  
superior mesenteric 
vein,  SMA  superior 
mesenteric artery,  IPA  
inferior phrenic artery       
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ently and in whom the distance between the LGA 
and carcinoma is more than 10 mm. 

 To clarify whether LGA preservation in 
DP-CAR (modifi ed DP-CAR) could reduce the 
incidence of DGE and other postoperative com-
plications, the medical records of 37 consecutive 
patients who underwent DP-CAR were evaluated 
for the incidence of DGE [ 47 ]. 23 patients (62 %) 
had LGA-resecting DP-CAR (conventional 
DP-CAR) and 14 patients (38 %) underwent dis-
tal pancreatectomy with resection of the CHA 
and splenic artery, with preservation of the LGA 
(modifi ed DP-CAR) for pancreatic carcinoma. 
The patients with tumors situated more than 
10 mm away from the antecedent branching LGA 
underwent modifi ed DP-CAR (Fig.  16.7a–c ). 
The antecedent branching of the LGA was found 
in 19 patients (51 %) in this study. In the conven-
tional DP-CAR group, the LGA was involved in 
20 patients (87.0 %). Clinically relevant DGE 
rates were 30 % in the conventional DP-CAR 
group, and 0 % in the modifi ed DP-CAR group 
( p  = 0.035). The R0 rate was higher in the modi-
fi ed DP-CAR group (79 %) compared to the con-
ventional DP-CAR group (43 %) ( p  = 0.048). 
Univariate and multivariate analyses demon-
strated that resection of the LGA was an indepen-
dent risk factor for increased incidence of DGE 
(Table  16.3 ). Therefore, modifi ed DP-CAR sig-
nifi cantly reduced the incidence of DGE in com-
parison to conventional DP-CAR [ 47 ].

    In this series, the blood supply and innerva-
tion associated with the distal stomach, includ-
ing right gastric and right gastroepiploic arteries, 
and antral nerve branch, were all preserved, but 
the proximal stomach blood supply including 
the left gastroepiploic and short gastric arteries 
was resected in all cases. A recent study reported 
resection of LGA-induced ischemia of the proxi-
mal remnant stomach during distal pancreatec-
tomy, demonstrating only circulation of blood 
from the esophagogastric junction through the 
intramural capillary network by intraoperative 
indocyanine green fl uorescence angiography 
[ 48 ]. In addition, we have anecdotally observed, 
using computed tomography or angiography, 
the right gastric and right gastroepiploic arter-
ies slowly developing to supply the proximal 
stomach following DP-CAR in several cases. It 
should be noted that the right gastric and right 
gastroepiploic veins were preserved, and the left 
gastric and short gastric veins were resected in all 
cases, so the degree of venous congestion of the 
stomach following DP-CAR should have been 
similar between the two groups in this study. We 
have concluded based upon all of these obser-
vations that gastric ischemia apparently leads to 
DGE after DP-CAR, and that the LGA should 
be preserved if it is anatomically and oncologi-
cally possible so as to reduce the likelihood of 
ischemic gastropathy after DP-CAR. In patients 
whose collateral fl ow has been injured or has 

     Table 16.2    Postoperative complications after DP-CAR   

 Author 
(Reference) 

 Reported 
year 

 Number of 
cases ( n ) 

 MST a  
(month) 

 1-year 
survival rate 
(%) a  

 Ischemia-related 
complication 
(%) b  

 Morbidity 
(%) 

 Mortality 
( n ) 

 Hishinuma, 
et al. [ 11 ] 

 2007   7  19  30  0  29  0 

 Hirano et al. [ 1 ]  2007  23  21  42  13 c   48  0 

 Wu et al. [ 12 ]  2010  11  14   9  0 c   36  1 

 Takahashi 
et al. [ 13 ] 

 2011  16  10  35  0 c   56  1 

 Yamamoto 
et al. [ 14 ] 

 2012  13  21  25  38 c   92  0 

 Okada et al. [ 30 ]  2013  16  25  42  6  44  0 

   a Data include estimated survival time/rates 
  b Ischemia-related complications in the stomach, duodenum, and liver 
  c Preventive combined resection of the total stomach was performed  
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  Fig. 16.7    Patients with tumors situated more than 10 mm 
away from the antecedent branching left gastric artery 
undergo distal pancreatectomy with resection of the com-
mon hepatic artery and splenic artery, with preservation of 
the left gastric artery (modifi ed DP-CAR) at our institu-

tion. ( a ) An axial image shows the root of the splenic 
artery. ( b ) An axial image reveals tumor abutment of the 
splenic artery. ( c ) A sagittal image shows that the distance 
between the tumor and the left gastric artery was 13.8 mm 
in this case.  SA  splenic artery,  LGA  left gastric artery       

   Table 16.3    Univariate and multivariate analyses: risk factors of delayed gastric emptying in patients who underwent 
DP-CAR   

 Factor 

 Univariate analysis  Multivariate analysis 

 DGE(−) 
( n  = 23) 

 DGE(+) 
( n  = 14)   p -Value  OR  95 % CI   p -Value 

 Tumor size >4 cm   9   8  0.328 

 NAC(R)T   8   7  0.493 

 LGA resection  10  13  0.004  10.071  1.035–98.011  0.047 

 Portal vein resection   3   5  0.215 

 Operative time 
>360 min 

  8   9  0.101 

 EBL > 700 mL   8   9  0.101 

 Residual tumor (R1)   6  10  0.015   3.702  0.666–20.579  0.135 

 Pancreatic fi stula 
(Grade B, C) 

  2   6  0.035   3.975  0.456  0.211 

 Ischemic 
gastroduodenal 
complication 

  0   2  0.137 

   DGE  delayed gastric emptying,  OR  odds ratio,  NAC ( R ) T  neoadjuvant chemo (radiation) therapy,  LGA  left gastric artery, 
 EBL  estimated blood loss  
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been identifi ed as insuffi cient during surgery, 
arterial reconstruction by saphenous vein or 
middle colic artery–gastroepiploic artery bypass 
should be considered [ 49 ].  

    Surgical Technique Preserving LGA 

 When the intent is to preserve LGA, the right 
gastroepiploic artery/vein and the right gastric 
artery/vein are encircled by vessel tape and pre-
served, and cancer cell infi ltration into the peri-
arterial nerve plexuses around GDA or CHA is 
ruled out as soon as possible to evaluate resect-
ability. Additionally, the pulsation of GDA and 
PHA is checked before clamping. After clamp-
ing the CHA, the pulsation is reconfi rmed, and 
the CHA is then ligated and divided at the distal 
part described as above (Fig.  16.3 ). The LGA is 
encircled by vessel tape to preserve it during the 
early phase of surgery. By lifting the distal pan-
creas and the CHA by en bloc dissection of the 
lymph nodes with arteries around the CHA, the 
origin of the celiac axis is exposed, and the celiac 

axis is encircled (Fig.  16.8 ). After confi rming by 
intraoperative frozen section (Fig.  16.9 ) that a 
patient is negative for cancer cell infi ltration into 
the nerve plexus surrounding the LGA, the celiac 
artery is divided just after the branching of the 
LGA (Fig.  16.10 ). The resection and reconstruc-
tion of the portal vein is performed before the 
radical antegrade modular pancreatosplenec-
tomy procedure. The depth of the dissecting 
layer of the retroperitoneum is controlled with a 
wide margin according to the tumor position. 
Figure  16.11  shows the surgical fi eld after modi-
fi ed DP-CAR .

          Survivals After Modifi ed Appleby 
Operation (DP-CAR) 

 A few long-term survivors have been reported in 
a small number of previous studies. Table  16.2  
shows the  survival   after this procedure as reported 
in the recent literature. The (estimated) median 
survival time was 9–42 months. Several investi-
gators have reported better survival in patients 

  Fig. 16.8    With the distal pancreas and the common 
hepatic artery lifted by en bloc dissecting of lymph nodes 
with arteries, the origin of the celiac axis was exposed 

( circled ).  CA  celiac axis,  RGA  right gastric artery,  CHA  
common hepatic artery,  LGA  left gastric artery       
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  Fig. 16.9    Several 
frozen sections 
confi rmed by 
intraoperative 
histopathological 
examination that the 
patients were negative 
for cancer cell 
infi ltration of the nerve 
plexus surrounding the 
left gastric artery.  CA  
celiac axis,  CHA  
common hepatic artery, 
 LGA  left gastric artery       

  Fig. 16.10    The celiac artery was divided just after the branching of the left gastric artery.  CA  celiac axis,  RGA  right 
gastric artery,  CHA  common hepatic artery,  LGA  left gastric artery       
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who underwent modifi ed Appleby operation 
compared to those with R2/M1 resection. In our 
series, there were no differences in survival 
between patients who underwent standard DP 
and DP-CAR between 2005 and 2010; 52 con-
secutive patients underwent distal pancreatec-
tomy with D2 node dissection, including 36 
standard DP and 16 DP-CAR, for pancreatic 
body/tail carcinoma [ 30 ].  

    The Modifi ed Appleby Operation 
as Adjuvant Surgery 

  Adjuvant surgery   for patients with initially 
unresectable pancreatic cancer has a major role 
to play due to improvements in chemotherapy 
[ 50 ]. Chemotherapy sometimes initially shrinks 

a pancreatic body/tail carcinoma abutting the 
celiac axis and aorta enough to be resected by 
surgery. Satoi et al. [ 50 ] reported ten cases (17 
%) of modifi ed Appleby operation (DP-CAR) as 
adjuvant surgery in 58 initially unresectable 
pancreatic cancer patients, including 41 with 
locally advanced cancer and 17 with metastatic 
cancer, who underwent adjuvant surgery with a 
favorable response to nonsurgical anticancer 
treatments over 6 months and concluded that 
adjuvant surgery for initially unresectable pan-
creatic cancer patients including modifi ed 
Appleby operation can be a safe and effective 
treatment. Recent stronger regimens of chemo-
therapy may be all the more effective in down-
staging cancer cases and providing a surgical 
option for patients with initially unresectable 
pancreatic cancer [ 51 – 53 ].  

  Fig. 16.11    The surgical fi eld after modifi ed DP-CAR.  CA  celiac axis,  RGA  right gastric artery,  CHA  common hepatic 
artery,  LGA  left gastric artery,  PHA  proper hepatic artery,  GDA  gastroduodenal artery       
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    Specimen of Modifi ed Appleby 
Operation 

 In our study,  histopathologic   examination 
revealed positive margins for tumor infi ltration 
in 10 patients (63 %) [ 30 ]. Microscopically posi-
tive margins, except for the pancreatic margin, 
were frequently identifi ed in two dissected sites. 
The surface in front of the aorta at the root of the 
celiac axis in the periarterial nerve plexuses was 

involved in four patients. The retropancreatic tis-
sue around the periarterial nerve plexuses of the 
celiac artery was involved in six patients. These 
positive margins were situated at the posterior 
extent of the resected specimens (Figs.  16.12  
and  16.13 ) [ 54 ]. Great care should be taken in 
 assessing these hot spots histopathologically. 
These sites may also represent targets of non-
surgical anticancer treatment in cases of locally 
advanced/borderline resectable pancreatic cancer.

  Fig. 16.12    The 
posterior side of the 
resected specimen from 
a modifi ed 
DP-CAR. The 
bifurcations of the 
splenic artery and 
common hepatic artery 
are not visible at the 
dissection surface       

  Fig. 16.13    The 
posterior side of the 
resected specimen from 
a modifi ed Appleby 
operation (DP-CAR)       
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    The presence or absence of arterial wall inva-
sion must also be precisely investigated. Arterial 
abutment or encasement identifi ed on preopera-
tive imaging studies should be confi rmed by his-
topathological examination. 

  How to manage the postpancreatectomy hem-
orrhage from the stump of celiac axis . In cases 
with prolonged pancreatic fi stula after the modi-
fi ed Appleby operation, the worst complication 
may be bleeding from a pseudoaneurysm of the 
celiac trunk (Fig.  16.14 ) [ 55 ,  56 ]. Immediate 
interventional radiology consultation is recom-
mended in such cases. An aortic stent covering 
the origin of the celiac artery may rescue some 
cases (Fig.  16.15 ). Close collaboration between 
surgeons and interventional radiologists is clearly 

essential in the management of patients at high 
risk for hemorrhage.

        Conclusions 

 The modifi ed Appleby operation (DP-CAR) is 
feasible and safe compared with standard DP. The 
procedure may be justifi ed in highly selected 
patients owing to its potential survival benefi t 
relative to non-operative therapies. Patients 
undergoing DP-CAR should be treated with mul-
timodality therapy. A recent modifi cation of the 
modifi ed Appleby operation (i.e., modifi ed 
DP-CAR) with preservation of the LGA may be 
preferable.     

  Fig. 16.14    A sagittal image of angiography ( a ) and three-dimensional computed tomography ( b ) show the extravasa-
tion ( arrows ) from a pseudoaneurysm in the celiac trunk       
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            Introduction 

 For patients with pancreatic ductal adenocarci-
noma (PDAC), surgical resection is the only 
potentially curative therapy, and R0 resection is a 
strong prognostic indicator for long-term sur-
vival. The National Comprehensive Cancer 
Network (NCCN) has developed guidelines to 
defi ne tumor resectability in PDAC, in order to 
improve patient selection for surgery and to iden-
tify the likelihood of an R0 resection. Using 
NCCN criteria, PDAC tumors are classifi ed as 
resectable (R), borderline resectable (BR), locally 
unresectable (LUR), or metastatic. Borderline 
resectable pancreatic ductal adenocarcinoma 
(BR-PDAC) tumors are those associated with a 
signifi cant likelihood of an incomplete resection 
when surgery is used as primary therapy. On the 
contrary, locally unresectable pancreatic ductal 
adenocarcinoma (LUR-PDAC) are locally 
advanced tumors, such as those which encase the 
superior mesenteric artery (SMA) or celiac artery 
(CA) greater than 180° of those vessels’ circum-
ferences, or those associated with unreconstruc-
table portal vein (PV)/superior mesenteric vein 

(SMV) occlusion. Chemotherapy and Chemo-
radiotherapy (CRT) before surgery for BR- or 
LUR-PDAC may provide for the early treatment 
of micrometastatic disease, allow for the identifi -
cation of patients with metastatic disease prior to 
surgery, and increase the R0 resection rate, result-
ing in a reduced risk for local tumor recurrence 
and improvement in outcome. In this chapter, we 
provide the outcomes of surgery for BR- and 
LUR-PDAC using data both from a multi-
institutional survey administered in Japan and 
from our institution, paying special attention to 
the role of CRT before surgery and innovations in 
surgical technique for BR-PDAC.  

    Borderline Resectable Pancreatic 
Ductal Adenocarcinoma 

    Multi-Institutional Survey in Japan 

  After the fi rst description of marginally  r  esectable 
adenocarcinoma of the pancreas which was 
defi ned as tumor involvement of the PV, SMV, or 
a major artery by Mehta et al. [ 1 ] in 2001, the 
NCCN adopted the term “borderline resectable” 
in 2006 and this defi nition has been subsequently 
modifi ed [ 2 ]. The NCCN published a more pre-
cise description of BR-PDAC in 2009 [ 3 ], and 
we promptly collected and analyzed clinical data 
from 624 patients with BR-PDAC tumors of the 
pancreatic head or body as defi ned by the 2009 
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NCCN guidelines. These data were acquired by 
distributing questionnaires to member institu-
tions of the Japanese Society of Pancreatic 
Surgery (JSPS) at the 37th JSPS Annual Meeting 
in 2010, at a time when the optimal treatment of 
patients with BR-PDAC was unclear because of a 
lack of well-designed studies [ 4 ]. On the basis of 
these data, we found that BR-PDAC tumors 
could be divided into two distinct subgroups: 
tumors with PV/SMV invasion alone and tumors 
with major arterial invasion. We found that 
patient survival was highly dependent upon this 
BR-PDAC substage. 

 At the time of writing this chapter, we reana-
lyzed the entire database of 673 patients with 
BR-PDAC (which included patients with 
BR-PDAC tumors of the pancreatic tail that were 
not included in the prior analysis) that was cre-
ated at the 37th JSPS Annual Meeting in 2010. 
We focused on two distinct categories of tumors 
according to the degree of vascular invasion 
which was suggested by imaging fi ndings on tri-
phasic contrast-enhanced multi-detector com-
puted tomography: BR-PV (apparent vascular 
invasion limited to the PV alone) and BR-A 
(apparent involvement of the HA, SMA, and/or 
CA). Among the 673 patients with BR-PDAC of 
the pancreatic head, body, or tail, there were 356 

patients with BR-PV tumors and 317 with BR-A 
tumors. Surgery was performed as primary ther-
apy in 602 patients and preoperative treatment 
was administered to 71 patients prior to surgery 
(Fig.  17.1 ). The preoperative regimens used for 
these 71 patients were: radiotherapy + gem-
citabine (Gem) ( n  = 31), Gem alone ( n  = 20), 
Gem + 5-fl uorouracil (5-FU) ( n  = 11), radiother-
apy alone ( n  = 4), Gem + S1 ( n  = 2), radiother-
apy + Gem + 5-FU ( n  = 1), radiotherapy + oral 
fl uorinated pyrimidine derivative (S-1) ( n  = 1), 
and 5-FU alone ( n  = 1). The clinical profi le of the 
673 patients with BR-PDAC is shown in 
Table  17.1 . In this series, resection of major ves-
sels was aggressively performed at pancreatec-
tomy: PV/SMV resection was performed in 441 
(65.5 %) cases, SMA resection was performed in 
24 (3.6 %) cases, CA resection was performed in 
58 (8.6 %) cases, HA resection was performed in 
60 (8.9 %) cases, and IVC resection was per-
formed in 14 (2.1 %) cases.

    The 3- and 5-year survival rates of all 673 
patients were 15.9 % and 9.7 %, respectively 
(Fig.  17.2a ). Survival curves plotted for patient 
groups according to the radiographic extent of 
vascular involvement (Fig.  17.2b ) demonstrated 
that the 3- and 5-year survival rates were signifi -
cantly higher in BR-PV patients than in BR-A 

UICC-T3 or T4 pancreatic cancer undergoing surgery with curative intent
3,554 cases (June, 2002 to May, 2007)

BR-PDAC: 673 cases (BR-PV: 356, BR-A: 317)

Surgery first: 602 cases
(BR-PV: 322, BR-A:

280)

Preoperative treatment: 71 
cases (BR-PV: 34, BR-A: 37) 

Resection:518 cases
(BR-PV: 295, BR-A: 223)

Laparotomy alone
or bypass: 84 cases

Resection: 63 cases
(BR-PV: 32, BR-A: 31)

Laparotomy alone
or bypass: 8 cases

  Fig. 17.1    Flow diagram of patients with borderline 
resectable pancreatic ductal adenocarcinoma (BR-PDAC) 
obtained from questionnaires administered to attendees of 
the 37th annual meeting of the Japanese Society of 
Pancreatic Surgery (JSPS) in 2010. Patients had radio-

graphic fi ndings suggestive of vascular involvement lim-
ited to the PV (portal vein) alone (BR-PV), or to the HA 
(hepatic artery), SMA (superior mesenteric artery) and/or 
CA (celiac artery) with or without PV (BR-A)       
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   Table 17.1    Background of the 673 cases with borderline resectable pancreatic ductal 
adenocarcinoma (BR-PDAC)   

 BR-PDAC 
( n  = 673) 

 Age (years old)  63.8 ± 7.9 

 Gender (male/female)  388/285 

 Performance status (0-1/2/3/4)  655/16/2/0 

 Elevation of CA19-9 (yes/no)  502/171 

 Elevation of CEA (yes/no)  237/436 

 Tumor location (Ph-Pb/Pt)  624/49 

 Tumor diameter (mm)  36.1 ± 10.1 

 T factor (T3/T4)  508/165 

 N factor (N0/N1)  341/332 

 Preoperative stage (2a/2b/3/4)  268/222/156/27 

 Preoperative histological/cytological evidence (yes/no)  100/573 

 Surgical procedure (PD/DP/TP/bypass/lap/others)  450/105/26/62/28/2 

 PV/SMV resection (yes/no)  441/232 

 SMA resection (yes/no)  24/649 

 CA resection (yes/no)  58/615 

 HA resection (yes/no)  60/613 

 IVC resection (yes/no)  14/659 

 Radicality (R0/R1/R2)  377/148/148 

 POPF (yes/no)  60/613 

 Hospital death (yes/no)  29/644 

   Ph  pancreatic head,  Pb  pancreatic body,  Pt  pancreatic tail,  PD  pancreaticoduodenectomy, 
 DP  distal pancreatectomy,  TP  total pancreatectomy,  lap  laparotomy,  PV/SMV  portal vein/
superior mesenteric vein,  CA  celiac artery,  HA  hepatic artery,  IVC  inferior vena cava,  POPF  
postoperative pancreatic fi stula  

n=673
MST: 13.7 M

BR-PV (n=356)
BR-A (n=317)

MST:14.7 M vs.13.0 M
P=0.001

21.1 %

14.3 %

10.0 %
4.7 %

15.9 %

9.7 %

a b

M (months)
96847260483624120 96847260483624120
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  Fig. 17.2    ( a ) Kaplan–Meier survival curve of 673 
patients with borderline resectable pancreatic ductal ade-
nocarcinoma (BR-PDAC). The 3- and 5-year survival 
rates in total 673 patients were 15.9 % and 9.7 %, respec-
tively. ( b ) Kaplan–Meier survival curves plotted for 
patient groups according to radiographic fi ndings. Patients 
had radiographic fi ndings suggestive of vascular involve-

ment limited to the PV (portal vein) alone (BR-PV), or to 
the HA (hepatic artery), SMA (superior mesenteric artery) 
and/or CA (celiac artery) with or without PV (BR-A). The 
3- and 5-year survival rates of BR-PV cases ( n  = 356) were 
signifi cantly better than those of BR-A cases ( n  = 317): 
21.1 % and 14.3 % vs. 10.0 % and 4.7 %, respectively 
( p  = 0.001).  MST  median survival time       
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patients: 21.1 % and 14.3 % vs. 10.0 % and 4.7 %, 
respectively ( p  = 0.001). Furthermore, patients 
who received preoperative treatment ( n  = 71) had 
3- and 5-year survival rates signifi cantly higher 
than those of patients who underwent surgery fi rst 
( n  = 602): 45.8 % and 12.6 % vs. 14.6 % and 9.6 %, 
respectively ( p  = 0.005) (Fig.  17.3 ). Survival 
curves according to the type of vascular invasion 
were also compared between surgery fi rst and pre-
operative treatment groups (Fig.  17.4 ). Among 
patients who underwent surgery fi rst, the 3- and 
5-year survival rates were signifi cantly higher in 
patients with BR-PV tumors ( n  = 322) than in 
those with BR-A tumors ( n  = 280): 19.0 % and 
12.2 % vs. 9.4 % and 4.1 %, respectively 
( p  = 0.001). In the preoperative treatment group, 
the 3- and 5-year survival rates of patients with 
BR-PV tumors ( n  = 34) were higher (though not 

signifi cantly so) than those of patients with BR-A 
( n  = 37) tumors: 40.4 % and 19.2 % vs. 13.9 % and 
8.4 %, respectively ( p  = 0.061).

     We also compared survival curves and the sta-
tus of residual tumor (R) between these radio-
graphic subtypes among the patients who received 
operations with curative intent. In the surgery fi rst 
group (Fig.  17.5a ), the 3- and 5-year survival rates 
of patients with BR-PV tumors ( n  = 295) were sig-
nifi cantly higher than those of patients with BR-A 
tumors ( n  = 223): 19.9 % and 15.2 % vs. 11.5 % 
and 5.0 %, respectively ( p  = 0.004). Moreover, 
patients with BR-PV tumors had a signifi cantly 
higher R0 resection rate as compared to patients 
with BR-A tumors: 73.2 % vs. 52.0 % ( p  < 0.001). 
Among patients who received preoperative ther-
apy (Fig.  17.5b ), the 3- and 5-year survival rates 
were higher (though not signifi cantly so) in BR-PV 
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  Fig. 17.3    Kaplan–Meier survival curves of BR-PDAC 
patients stratifi ed by receipt of preoperative treatment. The 
3- and 5-year survival rates of patients who received 
preoperative chemotherapy and/or radiotherapy ( n  = 71) were 
signifi cantly better than those who did not ( n  = 602): 45.8 % 
and 12.6 % vs. 14.6 % and 9.6 %, respectively ( p  = 0.005). 
Details of the 71 patients who received preoperative treatment 

were as follows: radiotherapy + gemcitabine (Gem) ( n  = 31), 
Gem alone ( n  = 20), Gem + 5-fl uorouracil (5-FU) ( n  = 11), 
radiotherapy alone ( n  = 4), Gem + S1 ( n  = 2), radiotherapy + 
Gem + 5-FU ( n  = 1), radiotherapy + oral fl uorinated pyrimidine 
derivative (S-1) ( n  = 1), and 5-FU alone ( n  = 1).  BR-PDAC  
borderline resectable pancreatic adenocarcinoma,  MST  
median survival time       
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( n  = 32) patients than in BR-A ( n  = 31) patients: 
42.9 % and 20.4 % vs. 16.7 % and 10.0 %, respec-
tively ( p  = 0.092). R0 resection rates did not 
 signifi cantly differ between BR-PV and BR-A 
subgroups: 75.0 % vs. 64.5 %.

   In our previous study evaluating 624 patients 
with BR-PDAC tumors of the pancreatic head 
and body [ 4 ], multivariate analysis revealed four 
independent prognostic factors: surgical resec-
tion, major artery involvement as determined 
using triphasic contrast-enhanced multi-detector 
computed tomography, the administration of pre-
operative treatment, and the administration of 
postoperative chemotherapy. In the 539 patients 
who underwent resection, we also identifi ed two 
independent prognostic factors: major artery 
involvement and the status of residual tumor. 
Furthermore, we revealed that the R0 resection 
rate of patients with tumors that appeared to 

involve the major arteries was signifi cantly lower 
than that of patients with tumors that did not 
appear to involve the major arteries on preopera-
tive imaging. The results of our subsequent 
reevaluation of the entire database of 673 patients 
with BR-PDAC tumors of the head, body, or tail 
of the pancreas showed that the R0 resection rate 
of patients who underwent surgery fi rst was sig-
nifi cantly lower among patients with BR-A 
tumors than patients with BR-PV tumors. 
However, the R0 resection rate of patients who 
received preoperative therapy did not signifi -
cantly differ between patients who had BR-PV 
and BR-A tumors. Although the number of 
patients with BR-PDAC who received preopera-
tive treatment in these analyses was small, these 
data suggests that preoperative treatment with 
CRT may enhance the rate of R0 resection, which 
in turn may improve therapeutic outcomes.   

Mp=0.001 
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  Fig. 17.4    ( a ) Kaplan–Meier survival curves according to 
borderline resectable subtype (BR-PV or BR-A) in 
BR-PDAC patients who underwent surgery fi rst ( n  = 602). 
The 3- and 5-year survival rates of BR-PV cases ( n  = 322) 
were signifi cantly better than those of BR-A patients 
( n  = 280): 19.0 % and 12.2 % vs. 9.4 % and 4.1 %, respec-
tively ( p  = 0.001). ( b ) Kaplan–Meier actuarial overall sur-
vival curves according to the extent of radiographic 

vascular involvement in the patients treated preopera-
tively. The 3- and 5-year survival rates of BR-PV patients 
( n  = 34) were better than those of BR-A cases ( n  = 37): 
40.4 % and 19.2 % vs. 13.9 % and 8.4 %, respectively 
( p  = 0.061).  BR-PDAC  borderline resectable pancreatic 
adenocarcinoma,  MST  median survival time,  BR-PV  
BR-PDAC with portal vein invasion alone,  BR-A  
BR-PDAC with major artery involvement       
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    Preoperative Chemoradiotherapy 
at Our Institution 

  In an attempt to increase the R0 resection rate of 
patients with locally advanced PDAC, our insti-
tution has used preoperative gemcitabine-based 
chemoradiation therapy ( GEM-CRT  )    since 
February 2005 [ 5 – 7 ]. Although the benefi ts of 
preoperative CRT in this clinical scenario have 
been suggested by others [ 8 – 10 ], the extent to 
which histopathologic response to CRT is associ-
ated with survival in this setting has historically 
been unclear. We therefore explored the relation-
ship between histopathologic response (as determined 

by evaluation of UICC-T3 and T4 PDAC tumors 
resected following GEM-CRT) and prognosis 
and found that in T3 tumors, histological response 
was a signifi cant prognostic indicator, whereas in 
T4 tumors, GEM-CRT did not lead to a benefi cial 
histological response [ 5 ]. Furthermore, we exam-
ined the relationship between the intratumoral 
expression of human equilibrative nucleoside 
transporter (hENT1, the main GEM transporter 
into cells) in the resected specimens and the out-
come of GEM-CRT in patients with T3 and T4 
PDAC [ 6 ]. We showed that the hENT1 expres-
sion in PDAC cells was strongly associated with 
the outcome of preoperative GEM-CRT treatment, 
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  Fig. 17.5    ( a ) Kaplan–Meier survival curves and the status 
of residual tumor (R) according to the borderline resectable 
subtype (BR-PV or BR-A) in the patients who underwent 
surgery fi rst whose tumor was resected ( n  = 518). The 3- 
and 5-year survival rates of BR-PV cases ( n  = 295) were 
signifi cantly better than those of BR-A patients ( n  = 223): 
19.9 % and 15.2 % vs. 11.5 % and 5.0 %, respectively 
( p  = 0.004). Moreover, BR-A patients showed signifi cantly 
lower rates of R0 resection as compared to BR-PV patients. 
( b ) Kaplan–Meier survival curves and the status of residual 

tumor according to the borderline subtype in the patients 
who underwent resection following preoperative treat-
ments. The 3- and 5-year survival rates of BR-PV cases 
( n  = 32) were better than those of BR-A cases ( n  = 31): 
42.9 % and 20.4 % vs. 16.7 % and 10.0 %, respectively 
( p  = 0.092). R0 resection rates did not differ between 
BR-PV and BR-A.  BR-PDAC  borderline resectable pancre-
atic adenocarcinoma,  MST  median survival time,  BR-PV  
BR-PDAC with portal vein invasion alone,  BR-A  
BR-PDAC with major artery involvement       
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suggesting that this biomarker might represent a 
useful predictor of the effect of gemcitabine-
based therapies. From these studies, we con-
cluded that GEM-CRT, even when used for 
patients with advanced PDAC, allowed for the 
identifi cation of candidates for aggressive resec-
tion at the time of reassessment, facilitated an 
increase in the R0 resection rate, and improved 
the prognosis of patients with positive hENT1 
expression [ 7 ]. 

 Our treatment protocol for preoperative GEM- 
CRT was used to treat 124 PDAC patients from 
February 2005 to October 2011, and thereafter we 
switched our protocol to S-1/GEM-based CRT 
(S-1/GEM-CRT) which was used to treat 96 
patients from November 2011 to September 2014 
(Fig.  17.6 ). Although we initially referred to our 
protocol as neoadjuvant or preoperative CRT [ 5 , 
 6 ], we subsequently adopted the term “CRT fol-
lowed by surgery (CRT-S)” because approxi-
mately half of the patients registered in the protocol 

were staged as having unresectable PDAC—for 
these patients, the term “preoperative treatment” 
was not appropriate [ 7 ]. S-1 is an oral agent that 
contains tegafur, gimeracil, and oteracil [ 11 ], and 
the agent appears at least equivalent to or even 
more active than 5-FU when combined with radio-
therapy for locally advanced PDAC [ 12 ,  13 ]. 
Recently, a randomized phase III study of GEM 
plus S-1, S-1 alone, or GEM alone in patients with 
locally advanced and metastatic PDAC (GEST 
Study) showed that monotherapy with S-1 demon-
strated noninferiority to GEM in overall survival 
with good tolerability and that GEM plus S-1 sig-
nifi cantly improved progression- free survival as 
compared with GEM [ 14 ].

   The surgical outcomes of all 220 patients 
enrolled in our CRT-S protocol are shown in 
Table  17.2 . Staged using NCCN criteria [ 3 ], 
there were 18 patients (8.2 %) with resectable 
tumors, 106 (48.2 %) with borderline resectable 
tumors and 96 (43.6 %) with unresectable tumors. 

  Fig. 17.6    Treatment protocol of chemoradiotherapy 
(CRT) followed by surgery (CRT-S) at Mie University 
Hospital. Gemcitabine-based CRT (GEM-CRT) had been 
performed in 124 patients from February 2005 to October 

2011, and S-1/GEM-based CRT (S-1/GEM-CRT) had 
been performed in 96 patients from November 2011 to 
September 2014.  Gy  gray,  fr  fraction,  W  week       
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The resection rate was signifi cantly lower in 
patients with unresectable tumors (44.8 %) as 
compared to those with BR tumors (76.4 %). 
Combined resection of PV was aggressively per-
formed in BR and in LUR: 90.1 % and 88.4 %, 
respectively. The R0 resection rate was also sig-
nifi cantly lower in LUR (58.1 %) as compared to 
R (100 %) and BR (86.4 %). Survival curves 
according to the three resectability groups (R, 
BR, and LUR) in the total 220 patients and in the 
135 patients who underwent curative-intent 
resection after CRT are shown in Figs.  17.7  and 
 17.8 , respectively. Survival was signifi cantly 
different among the three resectability groups: 
5-year survival rates of 41.0 % (R), 24.2 % (BR), 
and 4.4 % (LUR) were observed in all treated 
patients, and 5-year survival rates of 68.6 % (R), 
29.3 % (BR), and 9.5 % (LUR) were observed 
among patients who underwent resection.

     CA19-9 has been accepted as a measure of 
PDAC burden; however, the role of CA19-9 in 
the evaluation of patients with preoperative CRT 
prior to planned surgical resection has not been 
well evaluated. Previously, we explored 
whether serum CA19-9 levels could be used as 
an index of response to GEM-CRT, especially in 
BR-PDAC patients [ 7 ]. By comparing the level 
of pre-CA19-9 with that measured at the time 
of reassessment (post-CA19-9), the reduction 
rate was calculated as follows: (pre-CA19-9–post-
CA19- 9)/(pre-CA19-9) (%). When the reduction 
rate was greater than 50 % regardless of the 

pre- CA19-9 level, GEM-CRT was defi ned as 
being effective. Survival curves for the 43 
BR-PDAC patients were analyzed according to 
the CA19-9 reduction rate. The 3-year survival 
rate was signifi cantly higher in 23 patients who 
had a CA19-9 reduction rate of 50 % or more 
than in 20 patients who had a CA19-9 reduction 
rate less than 50 % (36.6 % vs. 7.9 %,  P  = 0.0003). 
In the present cohort study using 102 BR-PDAC 
patients in whom serum levels of CA19-9 could 
be reassessed after GEM-CRT or S1/GEM-CRT, 
the 3-year survival rate was signifi cantly higher 
in 60 patients who had a CA19-9 reduction rate 
of 50 % or more than in 42 patients who had a 
CA19-9 reduction rate less than 50 % (37.0 % vs. 
21.0 %,  P  = 0.011) (Fig.  17.9 ). As compared to 
the previous study, the 3-year survival rate in 
patients who had a CA19-9 reduction rate less 
than 50 % improved from 7.9 % to 21.0 %, while 
in patients with a CA19-9 reduction rate of 50 % 
or more, it did not change (36.6 % vs. 37.0 %).

   As previously mentioned, multi-institutional 
data analysis on the 673 patients with BR-PDAC 
in Japan according to the type of vascular inva-
sion (BR-PV or BR-A) revealed that BR-PV 
patients had signifi cantly better survival than 
BR-A patients, presumably because BR-A 
patients had a lower rate of R0 resection. In the 
present cohort study using 102 BR-PDAC 
patients who could be reassessed after GEM- 
CRT or S1/GEM-CRT, the 3- and 5-year survival 
rates of BR-PV patients ( n  = 53) were similar to 

   Table 17.2    Surgical outcomes of patients enrolled for the chemoradiotherapy followed by surgery (CRT-S) protocol 
at Mie University Hospital, 2005.2- 2014.9 ( n  = 220)   

 R ( n  = 18)  BR ( n  = 106)  LUR ( n  = 96) 

 Resection rate  61.1 % (11/18 a )  76.4 % (81/106 b )  44.8 % (43/96 c ) 

 Surgical procedure 
(PD/DP/TP) 

 5/6/0  74/6/1  28/15/0 

 Major vessels resection  PV: 3 (27.3 %)  PV: 73 (90.1 %)  PV: 38 (88.4 %) 

 CHA: 3  CA: 9, CHA: 3 

 I VC: 1 

 R0  100 % (11/11)  86.4 % (70/81)  58.1 % (25/43) 

 R1  0 % (0/11)  11.1 % (9/81)  34.9 % (15/43) 

 R2  0 % (0/11)  2.5 % (2/81)  7.0 % (3/43) 

   R  resectable,  BR  borderline resectable,  LUR  locally unresectable,  PD  pancreaticoduodenectomy,  DP  distal pancreatec-
tomy,  TP  total pancreatectomy,  PV  portal vein,  CHA  common hepatic artery,  IVC  inferior vena cava,  CA : celiac artery 
  a,b,c:  including 3 (a), 5 (b), and 1 (b) patients who did not return to hospital  
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  Fig. 17.7    Kaplan–Meier survival curves according to the 
three resectability groups (R, BR, and LUR) in the 
enrolled 220 patients who underwent chemoradiotherapy 

followed by surgery (CRT-S) at Mie University Hospital. 
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  Fig. 17.8    Kaplan–Meier survival curves according to the 
three resectability groups (R, BR, and LUR) in the 135 
patients who underwent curative-intent resection after 

CRT at Mie University Hospital.  R  resectable,  BR  border-
line resectable,  LUR  locally unresectable.  MST  median 
survival time       
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those of BR-A patients ( n  = 53): 30.2 % and 
23.5 % vs. 33.1 % and 24.9 %, respectively 
(Fig.  17.10a ). Among 81 BR-PDAC patients who 
underwent curative-intent resection after CRT, 
the 3- and 5-year survival rates of BR-PV patients 
( n  = 44) were similar to those of BR-A patients 
( n  = 37): 35.3 % and 27.4 % vs. 41.7 % and 
31.2 %, respectively (Fig.  17.10b ). The R0 resec-
tion rate was signifi cantly higher in BR-PV 
patients than in BR-A patients (97.7 % vs. 
73.0 %,  P  = 0.001). The R0 resection rates of 
BR-PV and BR-A patients were much higher in 
our institutional analysis as compared to those in 
the multi-institutional data analysis: 73.2 % and 
52.0 %, respectively, in the patients who under-
went surgery fi rst and 75.0 % and 64.5 %, respec-
tively, in those who underwent resection 
following preoperative therapy (Fig.  17.5 ). These 
data suggest that GEM-CRT and S1/GEM-CRT 
improve survival of patients with BR-PDAC, and 
especially of patients with BR-A disease, by 
enhancing the R0 resection rate .

       Innovation of Surgical Technique 
for BR-PDAC After CRT 

  The Japan Pancreas Society’s staging  system   of 
pancreatic cancer [ 15 ] named the connective tis-
sue between the SMA/CA and the pancreatic 
head parenchyma, which contains not only the 
nerve plexus but also lymphatic, nervous, and 
vascular structures, as the PLph-I (the structures 
between the pancreatic head and the lateral side 
of SMA) and PLph-II (between the pancreatic 
head and the lateral side of CA). According to an 
interesting prior study of patients with PDAC 
who underwent pancreaticoduodenectomy (PD) 
with concomitant resection of SMA [ 16 ], it was 
found that the lymphatics and the nerve plexus 
around the SMA were frequently involved by 
cancer. PLph-I and -II, recently recognized by 
others as comprising the mesopancreas [ 17 ], 
were shown to be the primary sites of residual 
disease leading to a microscopically positive 
resection in patients with cancers of the pancre-

Time after initial treatment (months)

�50 % (n=60)

<50 % (n=42)

37.0 %

21.0 %

26.9 %

21.0 %

MST  �50%: 26.2M  vs.  <50%: 14.6M   P= 0.011

0
0

0.2

0.4

0.6

0.8

1

12 24 36 48 60 72 84 96 108

  Fig. 17.9    Kaplan–Meier survival curves according to the 
CA19-9 reduction rate in BR-PDAC patients ( n  = 102) in 
whom serum levels of CA19-9 could be reassessed after 
chemoradiotherapy at Mie University Hospital. We com-
pared the level of pre-CA19-9 measured just before the 

initiation of treatment with that measured at the time of 
reassessment (post-CA19-9). The reduction rate was cal-
culated as follows: (pre-CA19-9–post-CA19-9)/
(pre-CA19- 9) (%).  MST  median survival time       
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atic head, suggesting that complete resection of 
the mesopancreas might improve prognosis. 
Indeed, we hypothesized that PD with en bloc 
resection of the nerve plexus surrounding the 
SMA enhances R0 resection rate, especially for 
patients with BR-PDAC. In 2010, we developed 
the nerve plexus hanging maneuver using an 
anterior approach to the SMA for BR-PDAC of 
the pancreatic head following CRT and reported 
the outcomes of 21 patients treated with this 
approach [ 18 ]. 

 Figure  17.11  shows a typical example of the 
anterior approach to the SMA using our nerve 
plexus hanging maneuver, in which a complete 
dissection of PLph-II on the lateral side of the 
SMA is performed. Tape is passed behind the 

nerve plexus between the pancreatic head and the 
lateral side of SMA ventral to the inferior vena 
cava (Fig.  17.11a ), and another tape is passed in a 
space behind the nerve plexus (PLph-I) between 
the pancreatic head parenchyma and the root of 
the common hepatic artery (CHA).

   CT images of a 60-year-old male with BR-A 
before and after S1/GEM-CRT are depicted in 
Fig.  17.12 . Prior to the administration of CRT, 
the tumor (T) abutted the SMA over nearly 180° 
of its circumference (Fig.  17.12a ). Following 
CRT, repeat cross-sectional imaging demon-
strated a minimal radiographic response 
(Fig.  17.12b ), but the serum level of CA19-9 had 
fallen from 128 to 23 U/m. In this case, the ante-
rior wall of SMA toward its root was exposed and 
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  Fig. 17.10    ( a ) Kaplan–Meier survival curves according to 
the borderline resectable subtype (BR-PV or BR-A) in 
BR-PDAC patients ( n  = 106) who underwent CRT-S. The 
3- and 5-year survival rates of BR-PV cases ( n  = 53) were 
similar to those of BR-A cases ( n  = 53): 30.2 % and 23.5 % 
vs. 33.1 % and 24.9 %, respectively. ( b ) Kaplan–Meier 
actuarial overall survival curves according to the borderline 
resectable subtype (BR-PV or BR-A) in BR-PDAC patients 
( n  = 81) who underwent resection after CRT. The 3- and 

5-year survival rates of BR-PV cases ( n  = 44) were similar 
to those of BR-A cases ( n  = 37): 35.3 % and 27.4 % vs. 
41.7 % and 31.2 %, respectively. R0 resection rate was sig-
nifi cantly higher in BR-PV than in BR-A.  BR-PDAC  bor-
derline resectable pancreatic adenocarcinoma,  MST  median 
survival time,  BR-PV  BR-PDAC with portal vein invasion 
alone,  BR-A  BR-PDAC with major artery involvement, 
 CRT-S  chemoradiotherapy followed by surgery,  CRT  
chemoradiotherapy       
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  Fig. 17.11    Anterior approach to the SMA using nerve 
plexus hanging maneuver. ( a ) Dissection of the extra pan-
creatic nerve plexus II (PLph-II) on the lateral side of the 
SMA. A tape is passed behind the nerve plexus between 
the pancreatic head and the lateral side of SMA ventral to 
the inferior vena cava. ( b ) Dissection of the nerve plexus 
on the lateral side of the common hepatic artery (CHA) 

(PLph-I). Another tape is passed in a space behind the 
nerve plexus between the pancreatic head parenchyma and 
the root of the CHA. PLph-II: the nerve plexus between 
the pancreatic head and the lateral side of SMA, PLph-I: 
the nerve plexus between the pancreatic head parenchyma 
and the root of the CHA according to the Japan Pancreas 
Society staging system of pancreatic cancer       

  Fig. 17.12    CT images of a 60-year-old male with BR-A 
before and after S1/GEM-CRT. ( a ) Before CRT, tumor (T) 
abutted the superior mesenteric artery (SMA) nearly 180°. 
( b ) After CRT with TS-1/gemcitabine and 50.4 Gy radia-

tion, the tumor showed a minimal radiographic response, 
although CA19-9 levels decreased from 128 to 23 U/m. 
 BR-A  borderline resectable tumor with major artery 
involvement,  CRT  chemoradiotherapy       
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vascular tapes were applied distal and proximal 
to the site of severe tumor abutment of the SMA 
(Fig.  17.13a ). Thereafter, vascular clamps on the 
SMA were placed proximally and distally 
(Fig.  17.13b ). The right lateral aspect of the SMA 
was subsequently dissected from the tumor using 
electrocautery (Fig.  17.14a ). The SMA was 
safely detached from the tumor without injuring 

it and the vascular clamps were released 
(Fig.  17.14b ). Katz et al. [ 19 ] have also empha-
sized that skeletonization of the right lateral 
aspect of the SMA can be performed safely after 
acquisition of vascular control above and below 
the segment of artery involved by tumor. 
Pathological examination of the resected speci-
men in this 60-year-old male revealed that the 

  Fig. 17.13    Anterior approach to the SMA in a case of the 
tumor abutting and surrounding nearly 180°. Operation 
photos and schemas of a 60-year-old man with BR-A who 
underwent curative-intent resection after CRT. After 
exposing the anterior wall of SMA toward its root, vascu-

lar tapes were encircled distal and proximal to the site of 
severe tumor abutment ( a ). Thereafter, vascular clamps on 
the SMA were placed proximal and distal to the site 
involved by the tumor ( b ).  T  tumor,  SMA  superior mesen-
teric artery,  SMV  superior mesenteric vein       
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resection margins were microscopically positive 
(R1) and the tumor showed a grade IIa histologi-
cal response (10–50 % nonviable tumor cells) 
according to Evans’s histopathological criteria 
[ 20 ]. The patient survived 30 months after PD 
and ultimately died with lung metastases. In this 
case, the tumor demonstrated a minimal radio-
graphic response while CA19-9 levels were 
 normalized after CRT. Katz et al. [ 21 ] have simi-

larly noted that radiographic downstaging in 
BR-PDAC has historically been rare following 
neoadjuvant therapy, and concluded that 
BR-PDAC patients should undergo pancreatec-
tomy after initial therapy in the absence of 
metastases.

     When BR-PDAC or LUR-PDAC of the head 
and/or body invades the origin of splenic 
artery (SA), total pancreatectomy (TP) cannot be 

  Fig. 17.14    Anterior approach to the SMA in a case of the 
tumor abutting and surrounding nearly 180° of the vessel. 
Operation photos and schemas of a 60-year-old man with 
BR-A who underwent curative-intent resection after 
CRT. Under keeping vascular clamps on the SMA to con-

trol hemorrhage, the right lateral aspect of the SMA was 
dissected from the tumor using electrocautery ( a ). The 
SMA was safely detached from the tumor without injuring 
it and the vascular clamps were released ( b ).  T  tumor,  SMA  
superior mesenteric artery,  SMV  superior mesenteric vein       
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avoided because the blood supply to the distal 
pancreas is removed with division of the origin of 
SA. The prognosis of PDAC patients following 
TP is not superior to that of PD patients [ 22 ], and 
TP causes insulin-dependent diabetes mellitus 
(DM) and exocrine insuffi ciency, leading to a 
poor quality of life. For tumors that invade the 
SA, we developed a new surgical technique of 
proximal subtotal pancreatectomy with splenic 
artery and vein resection, the so-called PD with 
SA resection (PD-SAR). This operation was 
designed in an attempt to simultaneously maxi-
mize operative radicality and postoperative QOL 
[ 23 ]. The operation relies upon blood fl ow to the 
pancreas tail being maintained by the left gastro-
epiploic artery (LGEA) and/or posterior epiploic 
artery (PEA) even when the left gastric artery 
(LGA) is sacrifi ced with total gastrectomy and 
splenectomy [ 24 ]. 

 Figure  17.15  shows CT images of a 64-year- 
old man with BR-A PDAC: the tumor encased 
the PV and SA and abutted SMA, so PD-SAR 
was performed after S1/GEM-CRT. The schema 
of the tumor location and sites of arterial ligation 
we used as part of this operation are shown in 
Fig.  17.15c,d . Reconstruction after subtotal 
stomach-preserving PD-SAR was performed as 
shown in Fig.  17.16a,b , and the spleen was pre-
served. In cases in which the tumor invades the 
SA and LGA, reconstruction after PD-SAR with 
total gastrectomy and splenectomy is performed 
as shown in Fig.  17.16c, d .

    We retrospectively reviewed the clinical data 
of 84 patients who underwent PD for PDAC of 
the head and/or body between January 2008 
(when we performed the fi rst case of PD-SAR) 
and December 2013. Most of these patients 
had been treated by preoperative GEM-CRT or 

  Fig. 17.15    Pancreaticoduodenectomy with splenic artery 
resection (PD-SAR). CT image of a 64-year-old male with 
BR-A: cross-sectional image ( a ), coronal reconstruction 
image ( b ). The tumor (T) encased the PV and SA and abutted 
the SMA. The schema of the tumor location ( c ). The arterial 
anatomy around the pancreas (a red line indicates transection 

sites of arteries in PD-SAR).  BR-A  borderline resectable pan-
creatic adenocarcinoma with major artery involvement,  T  
tumor,  PV  portal vein,  SMV  superior mesenteric vein,  SMA  
superior mesenteric artery,  SA  splenic artery,  GDA  gastrodu-
odenal artery,  SGA  short gastric artery,  LGEA  left gastroepi-
ploic artery,  PEA  posterior epiploic artery       
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S1/GEM-CRT [ 23 ]. Three-year survival rates 
were very similar between patients who under-
went PD ( n  = 66) and PD-SAR ( n  = 18): 23.7 % 
vs. 23.1 % ( P  = 0.538), even though the median 
tumor size and the percentages of T4 tumor deter-
mined before treatment were higher in 
PD-SAR. The total daily insulin dose at 1 month 

of patients who underwent PD-SAR was signifi -
cantly higher than that of patients who underwent 
PD, but there was no signifi cant difference there-
after in this regard. It was therefore concluded 
that PD-SAR with preoperative CRT seemed to 
be promising surgical strategy for PDAC of head 
and/or body with invasion of the SA.    

  Fig. 17.16    Operation photos and schemas of recon-
struction after PD-SAR. Operation photo after 
PD-SAR: cut ends of proximal and distal sides of the 
splenic artery (SA) are shown ( a ). Schema of recon-
struction after subtotal stomach preserving PD-SAR: 
spleen is preserved ( b ). Operation photo after PD-SAR 
with total gastrectomy and splenectomy in case of 

tumor invasion of the SA and left gastric artery (LGA): 
cut ends of proximal and distal sides of the splenic 
artery (SA) and LGA are shown ( c ). Schema of recon-
struction after PD-SAR with total gastrectomy and 
splenectomy.  PV  portal vein,  SMA  superior mesenteric 
artery,  GDA  gastroduodenal artery,  Rem P  remnant 
pancreas,  Esoph  cut end of the esophagus       
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    Locally Unresectable Pancreatic 
Ductal Adenocarcinoma 

    Multi-Institutional Survey in Japan 

 Some candidates for surgical resection exist 
among patients with initially unresectable PDAC 
who are treated initially with nonoperative ther-
apy.    Surgical resection of such patients after a 
favorable response has been referred to as “adju-
vant surgery” [ 25 ]. Since the role of adjuvant sur-
gery for LUR-PDAC or metastatic PDAC has 
been poorly studied because of lack of large 
number of such patients, the clinical data on ini-
tially unresectable PDAC patients with a favor-
able response to CRT and/or chemotherapy over 
6 months from 2001 to 2009 were collected as a 
project study of pancreatic surgery under the 
supervision of the  Japanese Society of Hepato-
Biliary- Pancreatic Surgery (JSHBPS)   [ 26 ]. 
Detailed data from 58 patients with unresectable 
cancer who received “adjuvant surgery” follow-
ing nonoperative therapies were retrospectively 
collected from 39 out of 150 training institutes 
for highly advanced surgery registered by the 
committee of the JSHBPS in 2009. Clinical data 
from 101 patients who initially presented with 
unresectable PDAC, had a favorable long-term 
response to nonsurgical anticancer treatments, 
and who did not subsequently undergo surgical 
resection were also collected as a comparison 
group from the same 39 centers. All patients had 
cytologically or pathologically proven PDAC; 
the unresectability of PDAC was based on the 
clinical criteria used in each institute. The reason 
patients were characterized as having unresect-
able PDAC was a locally advanced primary 
tumor in 41 patients (70.7 %) and distant metas-
tases in 17 (29.3 %) in the adjuvant surgery 
group; and in the control group, it was a locally 
advanced primary tumor in 59 (58.4 %) and dis-
tant metastases in 42 (41.6 %). Propensity scores 
were calculated using multivariate logistic regres-
sion with calculation of the conditional probabili-
ties for the adjuvant surgery group to adjust for 
the signifi cant differences in the clinical back-
grounds between the two groups. 

 Survival of the adjuvant surgery group was 
signifi cantly more favorable than that in the com-
parison group ( P  < 0.0001): the 1-, 3-, and 5-year 
survival rates following initial treatment were 
95 %, 53 %, and 34 %, respectively, in the adju-
vant surgery group (MST:39.7 months); and they 
were 88 %, 18 %, and 10 %, respectively, in the 
comparison group (MST: 20.8 months). The pro-
pensity score analysis revealed that adjuvant sur-
gery was a signifi cant independent prognostic 
variable. Subgroup analysis according to the time 
from initial treatment to surgical resection 
showed a signifi cant difference in the overall sur-
vival of patients who underwent resection over 
240 days after the initial treatment. In contrast, 
there was no difference in the survival curves 
between the patients who underwent resection 
between 180 and 240 days after initial treatment 
and those in the comparison group. It was there-
fore concluded  that   adjuvant surgery for initially 
unresectable PDAC patients with a long-term 
favorable response to nonsurgical anticancer 
treatments, especially for more than 240 days, 
was a safe and effective treatment.  

    Outcomes of Chemoradiotherapy 
Followed by Surgery (CRT-S) in Our 
Institution 

   In an attempt to determine the effect  of   CRT- S   on 
the resection rate and survival of patients with 
primarily unresectable locally advanced PDAC, 
Morganti et al. [ 27 ] conducted a systematic 
review of the recent literature. Only studies pub-
lished after the year 2000 and which examined 
radiotherapy regimens employing standard dose 
and fractionation were analyzed. According to 
the 13 studies with a total of 510 patients who 
met selection criteria, the resection rate after 
CRT-S was 8.3–64.2 % (median, 26.5 %). Among 
the patients who underwent resection, the R0 
resection rate was 57.1–100 % (median, 87.5 %) 
and pathological complete response was found in 
3.0–8.8 %. When the outcome of all patients was 
considered, median survival ranged from 9 to 23 
(median, 13.3) months, comparing favorably 
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with literature data based on CRT alone (range, 
8.6–13 months). Surprisingly, the median survival 
after resection ranged from 16.4 to 32.3 (median, 
23.6) months. Based on these data, the authors 
concluded that patients with unresectable pancre-
atic cancer without disease progression after CRT 
should be considered for radical surgery. 

 As shown in the fl ow diagram of 96 patients 
with LUR-PDAC who had been enrolled for 
treatment using CRT-S in our institution between 
February 2005 and September 2014 (Fig.  17.17 ), 
92 patients completed CRT and were reevaluated 
for the possibility of resection. At the time of 
reassessment, we determined that curative-intent 
resection was possible when the following fi nd-
ings on MDCT were observed: no stenosis or 
change of shape in the CA and SMA as well as 
the absence of metastatic lesions in other distant 
organs [ 7 ]. Intraoperatively, curative-intent resec-
tion was not performed when distant metastatic 
disease was detected on histological examination 
of frozen sections of suspicious lesions and of 
distant lymph nodes, including paraaortic lymph 

nodes. Curative-intent resection was likewise not 
performed when the primary tumor was found to 
be considerably locally advanced, showing unre-
constructable PV/SMV occlusion even if an 
external iliac vein graft had been used and/or a 
severe tumor invasion around the SMA was evi-
dent. Among 92 patients who were reassessed for 
resectability, 55 (59.8 %) were determined to be 
operable and fi nally 43 underwent curative-intent 
resection. R status included R0 in 25 patients 
(58.1 %), R1 in 15, and R2 in 3.

   The distribution of the number of the 43 
patients with LUR-PDAC who underwent 
curative- intent resection was plotted according to 
the time from the start of CRT to operative resec-
tion in Fig.  17.18 . The time from initial treatment 
to surgical resection ranged from 2 months to 28 
months (median 96 days), which was signifi -
cantly shorter compared to that reported in a proj-
ect study for pancreatic surgery by the JSHBPS 
[ 25 ]. When we analyzed survival curves in the 43 
patients who underwent curative-intent resection 
according to R status and in the 53 patients with 

LUR (96)

CRT completed 
(92)

Reevaluation (92)

Operatable (55)

Resected (43)

R0 (25) R1 (15) R2 (3)

CRT uncompleted (4)

Ileus due to 
peritoneal 

dissemination (1)

Not operable (37)

Distant mets (17)
(liver:13, lung:2, Peritoneal dissemination:2 )

Not resected (10)

Distant mets (5)
(liver:3, Peritoneum:2 )

Local tumor
factors (5)

R0 rate: 58.1% (25/43)

Did not return
to hospital (1)

Poor PS (2)

Poor PS (2)
Locally 

unresectable (19)
Did not return 
to hospital (2)

Resection rate: 44.8 % 
(43/96)

  Fig. 17.17    Flow diagram of the patients with locally unre-
sectable pancreatic ductal adenocarcinoma (LUR- PDAC) 
who had been enrolled for treatment protocol of chemora-

diotherapy followed by surgery at Mie University Hospital 
from February 2005 to September 2014.  CRT  chemoradio-
therapy,  PS  performance status,  mets  metastases       

 

S. Isaji et al.



283

no resection (Fig.  17.19 ), the MST after initial 
treatment of patients who underwent R0 resec-
tion was 21.2 months, of patients who underwent 
R1 resection was 19.9 months, of patients who 
underwent R2 resection was 16.0 months, and 
was 10.1 months in the patients who did not 
undergo resection, showing signifi cant difference 
between patients who underwent R0 and those 
who did not undergo resection ( P  = 0.005).

    CT images of a 54-year-old female with LUR- 
PDAC before CRT and at 12 months after the 
beginning of CRT followed by chemotherapy are 
shown in Fig.  17.20 . Before CRT, the tumor abut-
ted the SMA over nearly 360° of its circumfer-
ence (cross section image) and the SMA was 
poorly visualized (coronal image). Twelve 
months after the beginning of CRT followed by 
chemotherapy, the tumor size was signifi cantly 
decreased and the SMA was well visualized (cor-
onal image), and the serum CA19-9 level had sig-
nifi cantly decreased from 2470 to 24 U/m. 
Resected specimens in this patient are shown in 
Fig.  17.21 . Pathologically, histological response 
to CRT followed by chemotherapy was deter-

mined as grade III (tumor destruction of 90 % or 
more) according to the Evan histological criteria 
[ 20 ], showing residual tumor size of 12 by 7 mm. 
This patient is alive without tumor recurrence at 
21 months after resection at the time of this 
writing.

    We concluded that our CRT-S protocol for 
LUR-PDAC allowed for the identifi cation of can-
didates for aggressive resection at the time of 
reassessment and improved prognosis in the 
patients who achieved R0 resection. Our previous 
study [ 7 ] compared survival curves according to 
hENT1 expression of the resected specimen in 
BR-PDAC and LUR-PDAC patients. The 3-year 
survival rate was not signifi cantly different 
between positive and negative hENT1 expres-
sions (37.2 % vs. 22.2 %) in the BR group, 
whereas in the LUR group the 3-year survival 
rate was signifi cantly higher in patients whose 
tumors expressed hENT1 than those with tumors 
which did not express hENT1: 11.9 % vs. 0 % 
(MST: 22.8 months vs. 10.6 months,  P  = 0.003). 
Therefore, pretreatment evaluation of hENT1 
expression in PDAC tissue can be benefi cial in 
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  Fig. 17.18    The distribution of the number of the 43 
patients with LUR-PDAC who underwent curative-intent 
resection according to the time from the start of CRT to 

operative resection.  LUR-PDAC  locally unresectable 
pancreatic ductal adenocarcinoma,  n  number of patients       
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  Fig. 17.19    Kaplan–Meier survival curves in the 43 
patients with LUR-PDAC who underwent curative-intent 
resection according to R status and in the 53 patients with 

no resection.  LUR-PDAC  locally unresectable pancreatic 
ductal adenocarcinoma,  MST  median survival time       

  Fig. 17.20    CT images of a 54-year-old female with 
LUR-PDAC before CRT and at 12 months after the begin-
ning of CRT followed by chemotherapy. Before CRT, the 
tumor abutted the SMA nearly 360° of its circumference 
(cross section image) and the SMA was poorly visualized 
(coronal image). At 12 months after the beginning of CRT 

followed by CT, the tumor size was signifi cantly decreased 
and the SMA was well visualized (coronal image), and 
serum CA19-9 levels signifi cantly decreased from 2470 to 
24 U/m.  T  tumor,  SMA  superior mesenteric artery,  LUR- 
PDAC   locally unresectable pancreatic ductal adenocarci-
noma,  CRT  chemoradiotherapy,  CT  chemotherapy       
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predicting the effi cacy of GEM-based therapy 
before initial treatment. Our previous data pro-
vided the evidence that intratumoral hENT1 
expression in EUS-FNA samples could be used 
to predict the treatment outcome of GEM-CRT, 
although improvement in the rate of acquisition 
of specimens by EUS-FNB and further modifi ca-
tion of the protocol for the assay of hENT1 were 
requir  ed.   

    Conclusion 

 BR-PDAC includes two distinct categories of 
tumors: BR-PV (those with PV/SMV invasion 
alone) and BR-A (those with major arterial inva-
sion). Our GEM-CRT and S1/GEM-CRT proto-
cols for BR-PDAC appeared to improve survival, 
especially in the patients with BR-A tumors, by 
enhancing R0 resection rate. Adjuvant surgery 
for initially unresectable PDAC patients with a 
long-term favorable response to nonsurgical 
 anticancer treatments is safe and effective. Our 

CRT-S protocol for LUR-PDAC may also allow 
for the identifi cation of candidates for aggressive 
resection at the time of reassessment and to 
improve prognosis of patients who undergo R0 
resection.     
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           Introduction 

 Pancreatic ductal adenocarcinoma is one of the 
most aggressive cancers and is the fourth leading 
cause of cancer death in the western world [ 1 ]. 
Locally advanced disease is diffi cult to control, 
and limited improvement in outcomes has been 
achieved in the last 30 years despite the advances 
in diagnostic and treatment modalities. For all 
stages combined, the 1-year survival rate is 20 %, 
and the overall 5-year survival rate has remained 
dismally poor at 5 % [ 2 ]. Complete surgical resec-
tion remains the only curative treatment for pan-
creatic cancer. The advanced  T-stage   of pancreatic 
adenocarcinoma is defi ned on the basis of signifi -
cant involvement of the superior mesenteric artery 
and celiac axis, and/or segmental portal vein 
occlusion, on cross-sectional imaging [ 3 ,  4 ]. 

 Pancreatic tumors become symptomatic only 
at a very advanced stage; therefore, only a small 
percentage (15–20 %) of patients qualifi es for 
surgical resection. In the rest of the patients, there 
might be either advanced locoregional disease 
without distant metastases (expected survival of 

6–12 months) or locoregional disease with distant 
metastases (expected survival of 3–6 months) 
[ 5 ].  Chemoradiation therapy (CRT)      provides 
short-term disease control and may offer a mod-
est survival benefi t of 3 months [ 6 ,  7 ]. The recent 
combination of 5-fl uorouracil, leucovorin, iri-
notecan, and oxaliplatin (FOLFIRINOX)—
demonstrated better response and survival rates 
in this specifi c subgroups (Stage 3) of patients; 
however, long-term results from ongoing trials 
are not yet available [ 8 ]. The usefulness of radia-
tion therapy was also tested; however, the results 
were not signifi cant [ 7 ,  9 ]. 

 Considering the limited duration of effect of 
CRT, there is a clear need for an adjunctive or 
consolidative local treatment to provide greater 
durable local control to provide pain control, 
which could possibly improve overall survival in 
patients with LAPC. Image-guided ablation tech-
niques, such as radiofrequency ablation (RFA), 
microwave ablation (MWA), high-intensity 
focused ultrasound (HIFU), and irreversible elec-
troporation (IRE), have been proposed as new 
treatment options in such cases.  

    Local Ablative Therapies 

 When local ablative therapies are applied, chem-
ical, thermal, or electrical energy is transferred to 
a specifi c area of soft tissue with the intent of 
complete tissue destruction or ablation. 
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  Chemical ablation   includes the use of ethanol 
or acetic acid, which induces coagulation necro-
sis of the tumor mass after direct injection/con-
tact with these agents (Tables  18.1 ,  18.2 ,  18.3 , 
and  18.4 ). With chemical ablation, there is always 
the risk of migration/injection into the arterial 
system with fatal consequences, and its applica-
tion in the treatment of locally advanced pancre-
atic cancer is therefore limited [ 10 ].

       Thermal ablation   is based on the increase or the 
decrease of tumor temperature. When heat is 
applied, a target temperature of 50 °C (particularly 
temperatures ranging from 60 to 100 °C or more) 
results in tissue thermal injury and tumor ablation. 
The method of cell death results from apoptosis 
and eventually coagulative necrosis. Cold temper-
atures can also be utilized to ablate tumors (cryo-
ablation), temperatures lower than the tissue 
freezing edge (i.e., temperature lower than 
−40 °C,) can cause necrosis of target cells [ 11 ,  12 ]. 
There are several thermal ablation studies on the 
treatment of pancreatic cancer, mainly with the use 
of applied heat. Very few studies have evaluated 
the use of cryotherapy for the management of 
locally advanced pancreas cancer. 

  Electrical current ablation   is a technology that 
is based on the irreversible increase of permea-
bility of the cellular membrane with the use of 
high voltage (3000 V), short pulse (70–90 μs) 
electric currents (IRE). IRE is one of the latest 
technological advances, and recent studies have 
been performed on its application in the local 
treatment of pancreatic cancer. Improvements in 
intraoperative imaging, electrodes, and ultra-
sound (US) technology have enabled the technol-
ogy to accurately treat tumors [ 13 – 15 ]. IRE has 
been applied to patients who are not considered 
suitable for surgical resection and have failed 
previous therapy with chemoradiotherapy. IRE 
may offer consolidative disease control, with 
symptom relief, control of pain, and defi nitive 
eradication of the lesion. 

 The inherent  limitation   for local ablative 
therapy of the pancreas is the heterogeneity of 
the tissue and the surrounding structures, as 
these can be damaged and lead to complica-
tions such as pancreatitis, vascular thrombosis, 
or enteric injury. 

    Radiofrequency Ablation 

  The fi rst initial report of the use of  RFA   in an 
animal model was by Goldberg et al. [ 16 ] who 
reported that RFA could be used safely and effec-
tively. This conclusion was extrapolated to the 
clinical scenario of small neuroendocrine tumors 
and possibly in the palliation of LAPC. An addi-
tional report from Date et al. [ 17 ] reported the 
safety of RFA in a normal pancreas of a porcine 
model. The fi rst clinical report on 20 patients was 
published by Matsui et al. [ 18 ] in 2000 
(Table  18.5 ). Since then, several case reports 
have been published from various groups of 
investigators [ 19 – 22 ] (Table  18.3 ). The use of 
RFA in the pancreas has been recently summa-
rized in a systematic review in the treatment of 
LAPC [ 19 ]. Five cohort studies (four prospective 
and one retrospective) were reported through 
2012. This report did not include reports of < fi ve 
cases and included only studies that reported 
RFA of pancreatic adenocarcinoma. A total 158 
patients were treated with four different ablation 
devices: 100 patients using a 1500× generator 
(RITA Medical Systems, Mountain View, CA), 
28 patients using a Radionics generator 
(Radionics Inc., Burlington, MA), 10 patients 
using a generator manufactured by Berchtold 
GmbH & Co., KG (Tuttlingen Germany), and 20 
patients using a generator manufactured by 
Omron Co., Ltd (Kyoto, Japan). In the initial 
study by Matsui et al. [ 18 ], the technique they 
utilized was a controlled ablation of 50 °C for 
15 min using 4 needles and reported a median 
overall survival of 3 months. Matsui’s poor sur-
vival outcomes may have been related to the fact 
that they included patients with metastatic dis-
ease. Overall survival was reported to be better in 
two additional studies at 20 months [ 20 ] and 33 
months, respectively [ 21 ]. A systematic review 
by Singh et al. [ 23 ] reported an overall survival 
range of 9–36 months. The largest series pub-
lished to date was from Girelli et al. [ 20 ]. In this 
series of 100 patients, a morbidity of 15 % and 
mortality of 3 % was reported. The authors uti-
lized extreme heat (105 °C) in the fi rst 25 patients 
leading to signifi cant vascular and intestinal 
injury. They then modifi ed their technique 
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slightly with target temperatures of 90 °C. Others 
have also reported signifi cant morbidity and mor-
tality rates. Wu et al. reported a morbidity of 
38 % and mortality of 25 % [ 22 ]. These results 
were related to three patients developing a pan-
creatic fi stulas, three having massive gastrointes-
tinal bleeding after portal vein thrombosis, with 
four procedure-related deaths. These results 
demonstrate that the use of a coagulative tem-
perature will not only result in necrosis of the 
tumor, but also of the surrounding soft tissue(s). 
In an attempt to minimize these complications, 
several authors have described using cooling 
devices inserted endoscopically into the duode-
num [ 24 ]. Similar intraoperative cooling devices 
have also been utilized as reported by Cavallini 
et al. [ 25 ] with encouraging results.

   Interpretation of the results associated with 
RFA ablation is diffi cult based on the heterogene-
ity of the patient population treated and the varia-
tion of the RFA settings and protocols utilized. 
Currently, the use of any type of thermal injury- 
based coagulative necrosis-inducing therapy 
should be avoided and has limited utilization in 
the treatment of LAPC based on the high morbid-
ity and mortality rates reported. The rationale 
that RFA appears to be feasible is misguided .  

    Microwave Ablation 

   Microwave ablation   (MW) is a newer thermal- 
based ablation technique that utilizes frequencies 
between 915 and 2450 MHz, which lie between 
the infrared radiation and radio waves frequen-
cies [ 26 ,  27 ]. The key method of action is based 
on the agitation of water molecules, which 
induces rapid heating (>100 °C within 30–45 s), 
thus inducing cellular death by coagulation 
necrosis. This effi ciency of heating is based on 
the electrical charge of the water molecule, which 
fl ip back and forth 2–5 billion times a second 
depending on the frequency of the microwave 
energy [ 28 ,  29 ]. The key differences and advan-
tages of MWA include the signifi cantly greater 
intratumoral temperatures that are achieved, the 
larger volumes of ablation that can be achieved, 
rapid ablation times, the use simultaneously 
placed multiple applicators, and optimal heating 
close to vascular structures, thus bypassing the 
heat-sink effect [ 28 – 31 ]. 

 The fi rst reported application of MWA in pan-
creatic tumors was published by Lygidakis et al. 
[ 32 ] who reported on 15 patients who underwent 
MWA of their pancreatic tumors through an 
intraoperative approach. They reported partial 

   Table 18.4    Studies of photodynamic therapy in pancreatic ductal adenocarcinoma   

 Study   n   Study  Photosensitizer 
 Number 
of fi bers 

 Number 
of ablations 

 Outcome 
and survival  Complications 

 Brown 
et al. 

 16  CT-guided 
percutaneous 
PDT to locally 
advanced but 
inoperable 
PDAC without 
metastatic 
disease 

 mTH-PC  1  Single  Tumor 
necrosis: 
16/16 

 Signifi cant 
gastrointestinal 
bleeding: 2/16 
(controlled 
without surgery) 

 Median 
survival: 
9.5 months. 
44 % (7/16) 
survived > 
1 year 

 Huggett 
et al. 

 13 + 2  CT-guided 
percutaneous 
PDT to locally 
advanced but 
inoperable 
PDAC without 
metastatic 
disease 

 Verteporfi n  1  Single (13)  Technically 
feasible: 
15/15. 
Dose- 
dependent 
necrosis 
occurred 

 Single fi ber: No 
complications. 
Multiple fi bers: 
CT evidence of 
infl ammatory 
change anterior to 
the pancreas, no 
clinical sequellae 

 Multiple (2) 

   PDAC  pancreatic ductal adenocarcinoma  
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necrosis in all treated cases without major com-
plications, but a 40 % incidence of minor 
 complications, including mild pancreatitis, pan-
creatic ascites, asymptomatic hyperamylasia, and 
minor bleeding. Carrafi ello et al. [ 33 ] reported a 
single case of a potentially resectable pancreatic 
head adenocarcinoma (4.2 cm) that was treated 
under computed tomography (CT) guidance with 
the use of two microwave antennas. They 
reported a complete ablation, without ablation 
recurrence during the follow-up period. 

 These are the only reported cases on the use of 
MWA in pancreatic lesions. One reason why 
MWA is not utilized more often for pancreatic 
lesions/tumors/cysts or cancers is the inability to 
control the rate of temperature increase. When 
analyzing its use for liver tumor ablation, an MWA 
micro-bubble burst occurs at approximately 
30–45 s, indicative of temperatures exceeding 
100 °C. Based on this, we cannot advocate the use 
of MWA for treating pancreatic tumors .  

    High-Intensity Focused Ultrasound 

   HIFU   represents a new and potentially revolu-
tionary technique in the field of ablation. This 
technique does not require placement of 

probes or needles to deliver energy to the 
tumor. This technique works by focusing an 
intense beam of ultrasound on the tumor to 
create a thermal effect at the target tissue 
(Fig.  18.1 ). HIFU transducers deliver US 
energy with intensities in the range of 100–
10,000 W/cm 2  to the focal target region induc-
ing a “sonication” effect with peak compression 
pressures of B30 MPa and a peak rarefaction 
pressures B10 MPa. The acoustic energy is 
absorbed by the target tissue and transformed 
to thermal injury-based energy with a result of 
an increase in the tissue’s temperature which 
then induces coagulative necrosis. The planned 
temperature threshold of 60 °C is achieved for 
>10 s to allow for this necrosis. The advan-
tages of HIFU is the precise targeting that may 
be employed; the beam is precisely focused 
either under magnetic resonance imaging 
(MRI) (Fig.  18.2 ) or real- time US imaging in 
an attempt to avoid thermal damage to adjunct 
structures. With the use of MRI, a thermal map 
of the tissue may also be obtained in the pre-
planning phase in order to assess the tempera-
tures that will be reached by the surrounding 
vital structures. Similar targeting using US 
guidance through the acoustic pathway may be 
checked before treatment [ 34 ].

Therapeutic transducer

Imaging
transducer

Undamaged
tissue in front
of focus

Tumor

Target organ

Ablated tumor
volume (lesions)

HIFU Beam
focus

  Fig. 18.1    Illustration of extracorporeal high-intensity focused ultrasound treatment of a pancreatic tumor using a trans-
ducer that is located above the patient that is in the supine position       

 

18 The Role of Irreversible Electroporation and Other Ablative Techniques…



298

    A recent study evaluated 251 patients with 
advanced pancreatic cancer (TNM stages II–IV) 
treated with HIFU. The authors demonstrated 
that treatment could decrease the size of pancre-
atic tumors [ 35 ] (Table  18.6 ). In addition, HIFU 
was effective in 84 % of patients with regard to 
pain relief. Additional studies from China have 
confi rmed these palliative effects of HIFU [ 36 , 
 37 ]. Additional case reports from Europe have 
demonstrated the safety of HIFU in managing 
patients with LAPC [ 38 – 40 ]. However, there are 
no published prospective randomized studies on 
the use of HIFU with regard to survival and dis-
ease recurrence. Thus, additional longer follow-
 up studies are needed to establish if HIFU is a 
viable therapeutic option for LAPC beyond pain 
palliation .

       Irreversible Electroporation 

 IRE represents a new nonthermal injury [ 41 ] 
ablative technique with distinct advantages. It 
may be used to defi nitively treat a soft tissue 
tumor with a decreased risk of thermal damage to 
vital structures adjacent to pancreatic tissue [ 13 , 
 15 ]. The technique uses a series of short (70–
90 μs), high-voltage (2250–3000 V) pulses that 

are applied between two electrodes that are 
spaced 1.5–2.2 cm apart. This technique increases 
the permeability of the cell membranes and 
induces  electrolyte      disturbances across the cell 
that lead to cell death via apoptosis [ 42 ,  43 ]. 
Reversible electroporation has been utilized in 
basic science labs as a technique that allows for 
transfer of genetic material or intracellular deliv-
ery of drugs [ 44 – 46 ]. The technique of reversible 
electroporation has a certain threshold to which 
the electrical energy induces permanent cell 
membrane porosity leading to irreversible per-
meabilization [ 47 ]. The IRE technique infl uences 
only the intracellular environment and not the 
extracellular matrix, thus allowing for cell repop-
ulation and avoidance of luminal strictures of 
vital structures [ 42 ,  48 – 50 ]. 

   Bower et al. [ 13 ] reported the fi rst initial use 
of IRE in a chronic non-tumor-bearing porcine 
pancreatic model. Six 70–80 kg pigs underwent a 
midline incision and either 2 or 3 19-gauge 
monopolar electrodes or one 16-gauge bipolar 
electrode was placed under ultrasound guidance 
to avoid mechanical damage and to ensure brack-
eting of the vital structures. The electrodes were 
placed within the pancreatic tissue at a distance 
of 1 mm from the portal vein or the mesenteric 
artery. Monopolar electrodes were spaced at 1.5 

  Fig. 18.2    High-intensity focused US ablations are per-
formed through MRI guidance. Typically, the patient is 
wrapped in a sheath, and then is actually suspended in a 

prone position above the HIFU ablation probe. A water 
pack is located between the transducer and the patient. The 
water pack is basically a degassing water-fi lled balloon       
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and 2 cm apart. The electroporation generator 
was the NanoKnife system (AngioDynamics, 
Queensbury, NY), which utilized an energy 
 output of a maximum of 3000 V and maximum 
current of 50 amps. The goal of treatment is to 
deliver enough pulses (range 110–220) in groups 
of 10 in order to see a change in resistance of the 
target tissue [ 51 ]. All animals tolerated the  IRE 
procedure   of the pancreas,    and the animals had a 
transient (peak at 48 h) increase in pancreatic 
enzymes (normalized at 72 h in most animals). 
The animals were survived to 72 h, 7 days, and 
14 days after the procedure. Pathology demon-
strated complete electroporation with nonthermal 
injury-induced necrosis of pancreatic cells adja-
cent to vascular structures. There was no evi-
dence of thermal injury to the vessels or bile 
ducts. The authors concluded from this prelimi-
nary study that IRE might be used in the ablation 
of pancreatic tissue without signifi cant risk of 
pancreatitis or vascular thrombosis. 

 The initial  clinical use      of IRE was reported 
by Martin et al. Twenty-seven patients (13 men, 
14 women) with pancreas tumors were treated 
with IRE [ 52 ] (Table  18.7 ). Eight patients 
underwent margin accentuation with IRE in 
combination with left-sided resection ( N  = 4) or 
pancreatic head resection ( n  = 4). Nineteen 
patients had in situ IRE. All patients underwent 
successful IRE, with intraoperative imaging 
confi rming effective delivery of therapy. All 27 
patients demonstrated nonclinically relevant 
elevation of their amylase and lipase, which 
peaked at 48 h and returned to normal at 72 h 
post-procedure. There was a 90-day mortality. 
No patient demonstrated evidence of clinical 
pancreatitis or fi stula formation. In patients that 
had in situ ablation, 90-day follow- up demon-
strated 100 % ablation. The authors concluded 
that IRE ablation of locally advanced pancreas 
tumors was safe and feasible for treating 
unresectable, locally advanced disease  .

   Table 18.7    Current reports with overall survival with the use of IRE in Locally Advanced Pancreatic Cancer   

 Author, year 
 Ablation success 
reported and defi ned 

 Overall survival 
(Y/N) median 

 Local 
recurrence  Mortality  Complications 

 Strobel, 2013  –  16.4 months  59 %  0.9 %  Pancreatic fi stula, 
wound infections, 
burns, UTI, intra-
abdominal abscess 

 Martin, 2012  54 patients IRE 
successfully 

 20 months  (15/54) 28 %  2 %  None 

 Martin, 2012  27 patients 100 % 
success 

 All lived to 
90-day 
post-op scan 

 0 % at 90 days  (1/27) 3.7 %  Hematologic, Ileus, 
bile leak, portal vein 
thrombosis, deep 
venous thrombosis, 
pulmonary, renal 
failure, wound 
infection 

 Dunki-
Jacobs,
 2014 

 65 patients  The median local 
disease-free 
survival 
was 5.5 months in 
patients who had 
recurrence 
compared with 
12.6 months in 
patients who did 
not recur ( p  = 0.03) 

 (17/65) 26 %  –  Ileus, bile leak, portal 
vein thrombosis, 
pulmonary, renal 
failure, wound 
infection, liver 
insuffi ciency, 
dehydration 

 100 % success 

 Narayanan 
2013 

 14 patients treated 
percutaneously 

 Median DFS 
6.7 (0.7–12.7) 

 Not reported  0 % 
at 30 days 

 Pancreatitis and 
Pneumothorax 
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   Martin et al. reported on a larger study of 54 
patients who underwent combination of chemo-
therapy and chemoradiation therapy with consoli-
dative IRE in comparison to a control group of 
chemotherapy/chemo-radiation therapy for LAPC 
[ 53 ]. All patients were confi rmed to have Stage 3 
LAPC based on staging CT and/or MRI due to 
encasement of the superior mesenteric artery, 
celiac axis, or long segment occlusion of the 
SMV/PV. IRE was performed through an open 
midline incision or in a laparoscopic fashion. 
After a median follow-up time of 15 months, 15 
of the 54 patients appeared to have local disease 
recurrence. The adverse events that were IRE 
related included two cases of bile leakage and two 
cases of duodenal perforation. The 90-day mortal-
ity in the IRE patients was 2 %. Comparison of 
IRE patients to the standard therapy demonstrated 
improvement in local progression free survival 
(14 months vs. 6 months,  p  = 0.01), distant pro-
gression free survival (15 months vs. 9 months, 
 p  = 0.02), and overall survival (20 months vs. 13 
months,  p  = 0.03). The investigators concluded 
that IRE as a  consolidative therapy      for locally 
advanced pancreatic tumors remained feasible 
and safe. In the appropriate patient who has 
undergone standard induction therapy for a mini-
mum of 4 months, IRE can achieve greater local 
palliation and potential improved overall survival 
when compared to standard chemoradiation–che-
motherapy treatments. 

 Another option to deliver IRE is the use of a 
 percutaneous access approach     . Narayanan et al. 
[ 54 ] performed a study on 14 patients who 
received CT-guided percutaneous treatment with 
IRE for locally advanced pancreatic cancer. The 
indications for treatment were downstaging of 
the locally advanced cancer, control of local 
recurrence after previous Whipple procedure, 
and/or intolerance to systemic chemotherapy. All 
patients had received previous cycles of chemo-
therapy and 10 of 14 also received previous radi-
ation therapy. The median tumor size treated was 
3.3 cm (range 2.5–7). In six cases, the tumor was 
located in the pancreatic head; in seven cases, it 
was located in the body, and in one case it was 
located in the uncinate process. In three cases, 
small-volume metastatic disease was present, 

whereas patients with extensive metastatic dis-
ease were not included in the study. No severe 
complications occurred after the procedure. 
Complications included pneumothorax, a small 
subcutaneous hematoma, and self-limiting pan-
creatitis. There were four deaths during the 
course of the follow-up; however, no deaths were 
attributed to the procedure. Three other patients 
with intolerance to chemotherapy showed stable 
disease and did not require any further treatment. 
The median overall survival was reported as 6 
months. With these results, the investigators con-
cluded that patients with metastatic disease do 
not appear to benefi t from IRE and that patients 
with extensive varices need to be excluded, from 
a percutaneous approach thus indicating that a 
safe CT “window” is not enough for percutane-
ous IRE of locally advanced pancreatic cancer. 

 The recommendations to (1) avoid treating 
patients with metastatic disease and (2) avoid 
incomplete ablation of tumors cannot be over-
stated. A recent report from Philps et al. created 
the fi rst ever heterotopic murine model by inocu-
lating BALB/c nude mice in the hind limb with a 
subcutaneous injection of Panc-1 cells, an 
immortalized human pancreatic adenocarcinoma 
cell line [ 55 ]. Tumors were allowed to grow from 
0.75 to 1.5 cm and then treated with the goal of 
complete ablation or partial ablation using stan-
dard IRE settings. Animals were recovered and 
survived for 2 days ( n  = 6), 7 days ( n  = 6), 14 days 
( n  = 6), 21 days ( n  = 6), 30 days ( n  = 8), and 60 
days ( n  = 8). All 40 animals/tumors underwent 
successful IRE under general anesthesia with 
muscle paralysis. The mean tumor volume of the 
animals undergoing ablation was 
1447.6 mm 3  ± 884). Histologically, in the 14-, 
21-, 30-, and 60-day survival groups the entire 
tumor was nonviable, with a persistent tumor 
nodule completely replaced with fi brosis. In the 
group treated with partial ablation, incomplete 
electroporation/recurrences ( N  = 10 animals) 
were seen. 66 % had confl uent tumors and this 
was a signifi cant predictor of recurrence 
( p  < 0.001).  Recurrent tumors      were also signifi -
cantly larger (mean 4578 mm 3  ± SD 877 vs. com-
pleted electroporated tumors 925.8 ± 277,  p  
<0.001). Recurrent tumors had a steeper growth 
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curve (Slope = 0.73) compared with primary 
tumors (0.60,  p  = 0.02). Recurrent tumors also 
had a signifi cantly higher percentage of EpCAM 
expression, suggestive of stem cell activation. 
The authors concluded that tumors that recur 
after incomplete electroporation demonstrate a 
biologically aggressive tumor that could be more 
resistant to standard chemotherapy. Clinical cor-
relation of this data is limited, but should be con-
sidered when IRE of pancreatic cancer is planned. 

 The established technique for IRE of LAPC has 
been well published and described. A recent report 

from Martin et al. reported on the optimal tech-
nique for both the  LAPC      of the pancreatic head 
and LAPC of the pancreatic neck/body [ 56 ,  57 ]. 
A representative case would be a patient who pres-
ents a LAPC of the pancreatic head who has been 
treated with induction chemotherapy, who now 
has a mass of <3.5 cm in size with clear vascular 
involvement (Fig.  18.3 ). Given the size of the 
tumor, at least four needles are placed in a bracket-
ing fashion, covering the entire tumor and the vital 
structures, which in this case would include the 
SMA, SMV, and the bile duct.

  Fig. 18.3    ( a ) Coronal plane of standard 4-probe tech-
nique with SMA encasement. Care should be taken so that 
the needles are not placed past the extent of tumor involve-
ment, thus preventing injury to aorta. ( b ) Axial plane of 
classical 4 probe—box technique for a locally advanced 
pancreatic head tumor with SMA and SMV encasement 

with 4 probes bracketing the tumor and the SMA with 
max probe exposure of 1 cm. ( c ) Axial image of LAPC of 
the pancreatic head with a triangle IRE probe confi gura-
tion, which is sometimes required because of the poste-
rior/retroperitoneal extension is wider than the anterior 
apex of the tumor       

 

R.C.G. Martin II and R. O’Connor



303

   A similar algorithm can be utilized with LAPC 
of the neck, which again should be extensively 
staged and then treated with initial induction che-
motherapy. After appropriate selection the needle 
placement again should be in a bracketed fashion to 
cover the entire tumor and the vital structures that 
the tumor invades (Fig.  18.4 ). After optimal needle 
placement, with precise spacing [ 58 ], the energy is 
delivered between the probes in a sequential fashion 
until a change in resistance is seen [ 51 ].

        Conclusion 

 LAPC remains a distinct disease with a clearly 
different biology than Stage 4 pancreatic cancer. 
Demands to separate these two distinct diseases 

is required to better risk stratify and care for this 
subset of patients. Surgical evaluation at the time 
of diagnosis in conjunction with high quality 
imaging is required, in conjunction with repeated 
evaluation at 2–3 month intervals while on induc-
tion chemotherapy. Only after the biology of the 
disease is determined—i.e., lack of progression 
within the fi rst 4–6 months—should any type of 
local therapy be considered. Currently, with the 
inability to control the distribution of the thermal- 
based injury—RFA and MWA have no role in the 
management, care, or palliation of patients with 
LAPC. Attempts to extrapolate what is know 
about RFA and MWA in the liver with regard to 
universally recognized and intentionally radical 
“safety halo” of necrosis is achieved around the 
target lesion does not translate into the pancreas. 

  Fig. 18.4    ( a ) Axial plane of classical four probe—box 
technique for a locally advanced pancreatic mid-body 
tumor with just celiac encasement and SMA involvement 
with four probes ( single arrow head ) bracketing the tumor 
and the celiac axis with max probe exposure of 1 cm; ( b ) 

sagittal plane of this same four probe technique; ( c ) exam-
ple of energy delivery that occurs between probes for a 
total of six probes with IRE energy delivered.  IRE  irre-
versible electroporation,  SMA        
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The inability to obtain that “safe halo” without 
running excessive risks of perioperative compli-
cations is the most important limitation of any 
thermal ablative technique in the pancreas. HIFU 
has potential given that it can eradicate all disease 
in an LAPC without injuring surrounding vascu-
lar structures. IRE can have a clear role in the 
local control of Stage 3 and borderline pancreatic 
adenocarcinoma  IF AND ONLY IF  used respon-
sibly with the highest technical quality and exten-
sive knowledge of IRE clinical endpoints and 
LAPC. Signifi cant limitations remain in 2015 
with IRE: The capital generator expense and 
probe expense is outside of the norm when com-
pared to other thermal injury-based devices. 
Intra-procedural targeting is limited at this time 
and represents a limitation to the wider expan-
sion of this technique. Lastly, the limited ability 
to confi rm IRE success and IRE recurrence with 
the current imaging modalities will require 
expansion into higher quality molecular imaging. 
Thus in conclusion, local consolidative therapy 
for LAPC can be effective in local disease 
control when performed in collaboration with a 
multidisciplinary team and appropriate sequenc-
ing of all three therapies—chemotherapy, radia-
tion therapy, and IRE.     
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            Introduction 

 Resections of the pancreas typically involve 
removal of either the pancreatic head or varying 
portions of the pancreatic body and tail depend-
ing on the actual location of the tumor. The line 
of transection during a typical pancreaticoduode-
nectomy is constant in most cases and is that 
region of parenchyma directly overlying the 
SMV/portal vein, often called the pancreatic 
neck. Occasionally, that line of transection will 
move to the patient’s left should the tumor extend 
out of the pancreatic head. However, from a sur-
gical anatomy standpoint the pancreatic head is 
defi ned as all of the pancreatic tissue lying to the 
right of the SMV/portal vein. Similarly, the  left 
pancreas  is defi ned as all of the pancreatic tissue 
lying to the left of the SMV/portal vein. It con-
tains both the body and tail of the pancreas 
as is commonly depicted in anatomy texts. 
Traditionally, the line of parenchymal transection 
for tumors of the left pancreas is not always con-
stant and can move leftward from the SMV/por-
tal vein with more distal locations of disease (i.e., 
those located in the tail.) Thus, a  distal pancre-
atectomy   is a more nebulously defi ned concept in 

comparison to the typical Whipple procedure 
when referring to the actual location of parenchymal 
transection. In this chapter we will be discussing 
what we believe is the optimal approach to the 
oncologic resection of the left side of the pan-
creas. We advocate for a modular approach 
employing a constant transection line in typical 
resections of malignant tumors of the left pan-
creas. That line is at the SMV/portal vein. Thus, 
the entire left pancreas is removed regardless of 
the tumor’s location within the body or tail. 
Occasionally, the pancreas will require division 
at the union of the head and neck in order achieve 
a negative margin.  

    Initial Evaluation of a Left 
Pancreas Mass 

 Tumors of the left pancreas are often identifi ed at 
a more advanced stage in comparison to those 
lesions located in the pancreatic head. The reason 
for this lies in the fact that pancreatic head lesions 
often present with painless jaundice as tumor 
encroaches on the distal common bile duct. This 
“early warning sign” does not exist with left- 
sided tumors. Often times, left-sided lesions are 
identifi ed on diagnostic imaging when the mass 
becomes large enough to produce abdominal dis-
comfort or early satiety. Some lesions, however, 
are fortuitously identifi ed on imaging performed 
for other reasons. Incidental tumors are more 
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likely to be early stage and therefore surgically 
resectable. As a result, incidental tumors of the 
distal pancreas are more likely to be cured than 
symptomatic tumors. 

 A pancreatic  ductal adenocarcinoma   should 
lead the differential diagnosis for any solid mass 
located in the left pancreas, particularly in those 
patients over the age of 40 years. However, other 
considerations include neuroendocrine carci-
noma, metastatic neoplasms (renal cell carci-
noma in particular), pancreatoblastoma, acinar 
cell carcinoma, solid pseudopapillary neoplasm, 
pancreatic lymphoma, chronic or autoimmune 
pancreatitis, and the rare mesenchymal tumor. 

 The initial evaluation of a potential pancreas 
cancer is discussed elsewhere in this volume, and 
a complete discussion of this topic is beyond the 
scope of this chapter. However, it is important to 
note that further workup and treatment of a left 
pancreas mass is typically based on axial imag-
ing (i.e., pancreas protocol CT scan) just as it is 
for a lesion in the head of the pancreas. Metastatic 
disease in the liver, peritoneum, or lymph nodes 
outside of the fi eld of resection is assessed with 
abdominal imaging. Extra-abdominal stage IV 
disease may be further ruled out with chest imag-
ing. Assuming local disease, the primary lesion’s 
resectability is assessed based on vascular 
involvement and further treatment is discussed at 
a multidisciplinary conference with representa-
tion from surgery, interventional gastroenterol-
ogy, radiology, medical oncology, and radiation 
oncology. Please see Chap.   1     for a complete dis-
cussion on resectability. 

  Multimodality therapy   is an important con-
cept in the contemporary management of cancer 
and is discussed extensively in section III as 
related to pancreas cancer. Therefore, multidisci-
plinary review of cancers involving the left pan-
creas cannot be overemphasized. Determination 
of resectability is not always straightforward as 
tumor contact with the vasculature can be quite 
diffi cult to determine especially when contact 
appears more as perivascular fat stranding than as 
defi nite solid abutment. For those lesions that are 
deemed borderline or locally unresectable by 
consensus, we advocate for systemic chemother-
apy followed by imaging reassessment at our 

institution. If the mass proves to be resectable on 
repeat imaging, surgical exploration is warranted. 
If the patient’s response to chemotherapy is 
minimal or nonexistent, we typically proceed 
with chemoradiation followed by reassessment. 
Every effort is made to achieve resectability by 
imaging before proceeding to the operating 
room with patients who initially present with 
borderline/locally advanced unresectable tumors. 

 Before  chemotherapy   is initiated, the diagno-
sis of adenocarcinoma is generally confi rmed via 
tissue diagnosis and assessment of serum tumor 
markers. This can be accomplished by fi ne nee-
dle aspiration either by CT guidance or via endo-
scopic ultrasound (EUS). It is our preference to 
employ EUS-guided biopsy. Although defi nitive 
tissue diagnosis is necessary prior to the start of 
chemotherapy, we do not require a biopsy in the 
clearly resectable patient with a left pancreas 
mass that is clinically suspicious for pancreatic 
adenocarcinoma.  

    Surgical Management of Left 
Pancreas Cancers 

 Our preferred approach to the extirpation of an 
adenocarcinoma of the left pancreas is a modifi -
cation of the traditional left pancreatectomy 
which we call a  R adical  A ntegrade  M odular 
 P ancreato S plenectomy (RAMPS). The RAMPS 
procedure is a relatively recent technical 
 modifi cation of the more standard retrograde 
distal pancreatectomy with splenectomy. Two 
problems with the traditional approach to left 
pancreas cancers have been identifi ed. One is a 
potentially inadequate posterior resection 
margin. The other is a limited ability to capture 
all N1 lymph nodes in the fi eld of resection. The 
RAMPS procedure is an attempt to improve 
upon these shortcomings so that better patient 
outcomes may be realized [ 1 ]. 

 There are two groups of lymph nodes that drain 
the body and tail of the pancreas (see Fig.  19.1 ). 
There are lymphatic vessels that course along the 
superior and inferior borders of the pancreas.    
Depending on the cancer’s exact location, it will 
drain along these lymphatics either leftward 
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toward the  splenic nodes   and gastrosplenic  nodes   
or rightward toward the gastroduodenal and infra-
pancreatic nodes. These four lymph node groups 
form one of the two groups of lymph nodes drain-
ing the left pancreas and are known as the ring of 
nodes. The second group of lymph nodes consists 
of anterior aortic lymph nodes and they are ana-
tomically related to the celiac and superior mes-
enteric arteries. This group of lymph nodes can be 
classifi ed as N2 nodes. However, as detailed by 
O’Morchoe [ 2 ], there isn’t always linear, sequen-
tial drainage of lymphatic fl uid from the cancer, to 
the fi rst group of nodes, and then on to the second 
group of nodes. This means that lymphatic 
drainage from the cancer can enter the anterior 
aortic nodes directly without having seen any of 
the nodes on the ring. Therefore, these lymph 
nodes technically behave as N1 nodes for tumors 
of the left pancreas. The RAMPS procedure is 
designed to specifi cally remove the ring of nodes 
as well as the second group of lymph nodes along 

the celiac axis and the left aspect of the superior 
mesenteric artery.

   The operation generally commences with a 
staging  laparoscopy   to evaluate for obvious met-
astatic disease on the liver surface or peritoneum. 
Identifi cation of such metastatic disease would 
obviate the need to resect the cancer. Assuming 
that the patient is free of metastatic disease on 
staging laparoscopy, the abdomen can be entered 
in one of two ways. A midline incision is perhaps 
the easiest method of entry and provides adequate 
exposure in the majority of patients. Occasionally 
a “Mercedes Benz” incision is required. This 
entails a left subcostal incision that is extended to 
the right subcostal region with the addition of a 
vertical incision at the midline. Having entered 
the abdomen, the peritoneal cavity is once again 
explored for obvious metastatic disease. 
Particular attention is paid to the root of the mes-
entery as seen when elevating the transverse 
colon toward the patient’s head. 

  Fig. 19.1     Lymphatic drainage.   of the left pancreas. The 
ring of nodes consists of the lymph nodes located at the 
superior and inferior border of the pancreas as well as the 
gastrosplenic, splenic, gastroduodenal, and infrapancreatic 
nodes. The celiac and superior mesenteric lymph nodes 

may also receive direct drainage without having received 
drainage from any of the ring nodes. Therefore, they are 
oncologically important in resection of cancers of the left 
pancreas. ( Reproduced with permission from  [ 1 ])       
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 The lesser sac is entered by taking the greater 
omentum off of the colon. This involves division 
of the avascular embryologic fusion plane 
between the greater omentum and the transverse 
colon. Alternatively, the  lesser sac   can be entered 
by simply dividing the greater omentum just out-
side of the gastroepiploic arcade preserving 
blood fl ow to the greater curvature of the stom-
ach. The short gastric vessels will require divi-
sion and this can be fully accomplished at this 
stage of the operation or completed with mobili-
zation of the spleen. The RAMPS procedure then 
starts with early division of the neck of the pan-
creas. This is performed by fi rst identifying the 
SMV at the inferior border of the pancreas with 
or without division of the right gastroepiploic 
vein but taking care not to injure the middle colic 
vein if possible. Before the anterior portal vein is 
identifi ed a wide Kocher maneuver is performed 
and the hepatic fl exure is taken down in an effort 
to expose the anterior IVC and the proximal left 
renal vein. This structure will serve as the starting 
point of the posterior extent of the resection 
plane. The anterior surface of the portal vein is 
now identifi ed at the superior border of the pan-
creas by rightward retraction of the gastroduode-
nal artery after having mobilized the lymph nodes 
along the left side of the proper hepatic artery and 
portal vein as well as the lymph nodes associated 
with the common hepatic artery. The anterior sur-
face of the portal vein is then found in the space 
just to the left of the GDA and inferior to the 
common hepatic artery. The retropancreatic tun-
nel is developed at this point and the pancreatic 
neck is divided. The pancreas is typically stapled 
with mesh, as this has shown promising results in 
signifi cantly decreasing the rate of pancreatic 
occlusion failure in our single institution study [ 3 ]. 
Early division of the pancreatic neck is in stark 
contrast to the more traditional retrograde method 
where the pancreatic neck is divided lastly. 
However, this maneuver is important in the 
RAMPS procedure because it allows for an ade-
quate celiac lymph node dissection, which is nec-
essary if all N1 nodes are to be removed. 

 The  celiac lymph node dissection   is performed 
next after having divided the neck of the pan-
creas. As the fat and lymph nodes anterior to the 

common hepatic artery are dissected and carried 
medially, the celiac trunk will come into view. 
The left gastric artery is identifi ed and its associ-
ated lymph nodes are swept inferiorly as the ori-
gin of the splenic artery is approached. Note that 
the left gastric artery can be sacrifi ced making the 
celiac lymph node dissection easier; however, 
this is certainly contraindicated in the presence of 
a replaced left hepatic artery arising from the left 
gastric artery. Once the origin of the splenic 
artery is identifi ed, it is divided and ligated. 
Following this, the splenic vein is circumferen-
tially dissected, divided, and ligated. Although it 
is ideal from a splenic congestion standpoint to 
divide the splenic artery before taking the vein, 
occasionally, patient anatomy will dictate that it 
is technically easier to divide the splenic vein 
before the artery. 

 Having completed the celiac lymph node dis-
section, attention is now turned towards clearing 
 lymphatic tissue   from the left side of the SMA 
as well as the small span of anterior aorta located 
between the celiac trunk and SMA. This is 
accomplished by orienting the plane of dissec-
tion sagittally towards the patient’s spine with 
the goal of being able to visualize the origins of 
both the celiac trunk and SMA from the left side 
of the aorta. 

 The conduct of the fi nal portion of the RAMPS 
procedure is dictated by the cancer’s proximity to 
the left adrenal gland and determined preopera-
tively based on imaging. The more commonly 
indicated anterior RAMPS procedure is done for 
tumors that are medially located where there is 
no involvement with the left adrenal gland. 
However, should the tumor’s location be lateral 
and abutting the left adrenal gland it is prudent to 
proceed with a posterior RAMPS procedure (see 
Fig.  19.2 ).

     Anterior RAMPS   : The previously identifi ed 
left renal vein is identifi ed and becomes the pos-
terior plane of dissection at the most medial 
extent of the specimen. The fi nal extirpation now 
proceeds in a medial to lateral fashion (i.e., ante-
grade). The left adrenal vein is next identifi ed and 
the dissection stays just anterior to its surface as 
well as the left adrenal gland itself. As the dissec-
tion proceeds more laterally, the peritoneum at 
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the superior and inferior borders of the pancreas 
are freed. This entails division and ligation of the 
inferior mesenteric vein. Posteriorly, the anterior 
renal fascia is generally removed from the supe-
rior pole of the kidney as the pancreas is elevated 
out of the retroperitoneum. After division of the 
lienorenal attachments, the specimen is removed 
from the abdomen (see Fig.  19.3 ).

     Posterior RAMPS   : The dissection is carried 
down the left side of the aorta onto the dia-
phragm. The left renal vein forms the inferior 
border of the dissection at the medial extent of 
the specimen. This is similar to the previously 
described anterior RAMPS. However, as the dis-
section proceeds antegrade, the correct plane lies 
posterior to the adrenal gland on the retroperito-
neal muscle layer. This step involves ligation and 
division of the left adrenal vein so that the adre-
nal gland can be removed with the specimen. 
The attachments at the superior and inferior bor-
ders of the pancreas are divided as well as the 
IMV, just as in the anterior RAMPS. Also, the 
anterior renal fascia is always taken in a poste-
rior RAMPS procedure as the pancreas is mobi-
lized laterally. Therefore, the fi nal specimen will 
include the left pancreas, left adrenal gland, and 
spleen en bloc (see Fig.  19.4 ).

   Left pancreas cancers can grow to large sizes 
before their detection and thus may present with 
local invasion into surrounding structures other 
than the left adrenal gland. Those structures may 
include the stomach, left kidney, transverse 

mesocolon, colon, duodenum, and diaphragm. 
Local invasion of any of these structures does not 
preclude resection of the cancer as long as the 
involved structures can be completely removed 
en bloc with the specimen using standard resec-
tion techniques. Occasionally, it may be neces-
sary to extend the left pancreatectomy to the right 
depending on the actual location of the mass. 
This is particularly true if there is invasion of the 
portal vein/superior mesenteric vein, where 
venous reconstruction may be necessary to com-
pletely extirpate the tumor. Figure  19.5  depicts a 
CT scan of a patient with venous involvement 
from a left-sided pancreas cancer where this tech-
nique may be necessary. It should be noted that 
while venous resection/reconstruction is gener-
ally accepted for complete extirpation of pancre-
atic cancer, similar consensus does not exist if 
SMA reconstruction is necessary to achieve neg-
ative margins. SMA resection has been found to 
increase morbidity and negatively impact sur-
vival [ 5 ].

   Shoup et al. [ 6 ] conducted a  retrospective 
analysis   of patients undergoing extended resec-
tion for adenocarcinoma of the left pancreas 
(defi ned as resection of the left pancreas en bloc 
with contiguously involved superior mesenteric 
vein/portal vein and/or organs. Their goal was to 
determine if extended resection is justifi ed based 
on their long-term survival data. Distal pancre-
atectomy was performed in 57 patients where an 
extended resection was necessary in 22 patients. 

  Fig. 19.2    Planes of 
posterior margin and 
direction of dissection in 
the different types of left 
pancreatectomies 
including the two 
RAMPS procedures.  A  
left adrenal gland,  D  
duodenum,  K  left 
kidney,  P  pancreas,  SF  
splenic fl exure of colon. 
( Reproduced with 
permission from  [ 4 ])       
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Fourteen extended resection patients had contig-
uous organ involvement while eight patients had 
portal venous involvement. Multivariate analysis 
suggested a signifi cantly longer length of stay 
( P  = 0.02), higher blood loss ( P  = 0.02), and 
increased transfusion requirement ( P  = 0.01) in 
the extended resection patients in comparison to 
those who did not require an extended resection 
(standard resection patients). However, there was 
not a statistically signifi cant difference ( P  = 0.80) 
in median disease-specifi c survival between 
extended resection patients (9 months) and 

 standard resection patients (16 months). Actual 
5- and 10-year disease-specifi c survival was 22 % 
and 18 %, respectively, for extended resection 
patients and 8 % and 8 %, respectively, for stan-
dard resection patients. Based on similar long- 
term survival data the authors concluded that 
extended surgery to resect either contiguous 
organs or involved portal vein in an effort to 
achieve an R0 resection is acceptable and should 
be performed. 

 A similar  retrospective analysis   was con-
ducted by Christein et al. [ 7 ]. The authors studied 

  Fig. 19.3    ( a ) Drawing of the operative fi eld at the con-
clusion of an anterior RAMPS procedure. ( a ) Portal vein, 
( b ) superior mesenteric vein, ( c ) stump of the splenic vein, 
( d ) celiac artery, ( e ) common hepatic artery, ( f ) stump of 
the splenic artery, ( g ) stump of the left gastric artery, ( h ) 

gastroduodenal artery, ( j ) superior mesenteric artery, ( k ) 
left renal vein, ( m ) left adrenal vein. ( b ) Labelled intraop-
erative photograph at the conclusion of an anterior 
RAMPS procedure. ( Both fi gures reproduced with per-
mission from  [ 1 ])       
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survival in three subtypes of adenocarcinoma 
located in the left pancreas, which included 
 typical ductal adenocarcinoma, mucinous cystad-
enocarcinoma, and adenocarcinoma associated 
with intraductal papillary mucinous neoplasms. 
Ninety-three patients had undergone distal pan-
createctomy—33 of those patients required an en 

bloc resection, including one or more adjacent 
organs. Patients undergoing en bloc resection of 
contiguous structures had statistically signifi cant 
more complications ( P  = 0.03), higher blood loss 
( P  = 0.16), and required more blood transfusions 
( P  = 0.25) than those patients not receiving en 
bloc resections. Also, the intensive care unit 

  Fig. 19.4    Labelled 
intraoperative 
photograph at the 
conclusion of a posterior 
RAMPS procedure. 
( Reproduced with 
permission from  [ 1 ])       

  Fig. 19.5    An axial slice 
from a CT scan of a 
patient with a 
hypoattenuating 
left-sided pancreatic 
cancer that is invading 
the portal vein       
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admission rate was signifi cantly higher in the en 
bloc resection group ( P  = 0.004) as well as the R1 
resection rate ( P  = 0.04). Median survival in en 
bloc resection patients was 14.1 months and 16.2 
months in the standard resection patients. This 
difference in survival was not statistically signifi -
cant ( P  = 0.88). Therefore, the authors concluded 
that although distal pancreatectomy with en bloc 
resection of contiguous organs results in a higher 
complication rate, survival is not signifi cantly 
affected and extended resections are indicated.  

    Evidence Supporting Use 
of the RAMPS Procedure 

  As mentioned above, the  RAMPS   procedure was 
designed to address two problems that were iden-
tifi ed with the traditional distal pancreatectomy 
and splenectomy performed in the left to right 
manner. The fi rst problem is the high tangential 
margin rate. The second problem is the low 
lymph node count. Strasberg et al. [ 8 ] reported on 
the Washington University experience with the 
RAMPS procedure after having designed and 
introduced it into their technical armamentarium 
in 1999. Using a prospective database, the authors 
identifi ed 15 patients who had undergone an 
anterior RAMPS and 8 patients who had under-
gone a posterior RAMPS. These cases were asso-
ciated with a 52 % complication rate but no 
perioperative deaths. Ninety-one percent of 
patients had negative tangential margins despite 
78 % of these cancers invading through the pan-
creatic capsule. The median number of lymph 
nodes resected with the specimen was 15. The 
technical modifi cations involved in the conduct 
of the RAMPS procedure led to a 21-month 
median survival and a 26 % overall 5-year sur-
vival. This survival data is similar to that of the 
Whipple procedure. This led the authors to con-
clude that a high rate of negative tangential mar-
gins can be obtained with the RAMPS procedure 
and that the operation is associated with accept-
able survival statistics. This has led the 
Washington University group to adopt the 
RAMPS procedure as their standard approach to 
left pancreas cancers. 

 The RAMPS procedure has been additionally 
studied by Chang et al. [ 9 ]. A negative tangential 
margin rate of 91.7 % was reported as well as an 
18-month median survival. This led the authors 
to conclude that the RAMPS procedure is an 
acceptable method of obtaining negative tangen-
tial margins in cancers of the left pancreas. 

 Having proven the feasibility of the RAMPS 
procedure in 2007, the Washington University 
group presented long-term data on the proce-
dure in 2012 [ 10 ]. Forty-seven RAMPS patients 
were identifi ed in their prospective database. 
Thirty- two patients had undergone an anterior 
RAMPS while 15 had undergone a posterior 
RAMPS. There were no perioperative deaths. 
Negative tangential margins were noted in 89 % 
of the specimens contributing to a 26-month 
median survival and 35.5 % overall 5-year sur-
vival (see Fig.  19.6 ). 

       Comparing RAMPS to  Traditional 
Approach   to Left Pancreas Tumors 

  Latorre et al. compared standard retrograde pan-
creatosplenectomy with the RAMPS procedure 
in a retrospective review of 25 patients at one 
hospital in Rome, Italy [ 11 ]. Eight patients 
underwent RAMPS as defi ned by Strasberg 
et al. in 2003 and 17 underwent standard retro-
grade pancreatosplenectomy. The authors found 
that there were no differences in estimated blood 
loss, intraoperative blood transfusions, postop-
erative morbidity and mortality, and hospital 
stay between the two groups. Furthermore, the 
positive margin rate was not signifi cant between 
the two groups. However, it is important to note 
that two patients had a positive  tangential  mar-
gin, both of whom had received the standard ret-
rograde pancreatosplenectomy. Also, the 
number of harvested lymph nodes differed sta-
tistically between the two groups with the 
RAMPS procedure yielding a greater number of 
nodes for pathologic analysis. Regarding actu-
arial 5-year overall survival, there was no statis-
tical difference between standard retrograde 
pancreatosplenectomy patients and RAMPS 
patients. The authors concluded that the RAMPS 
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procedure achieved better tangential margins 
but there was no difference in the overall 5-year 
survival between the two surgical groups in this 
small study. 

 Trottman et al. compared the standard distal 
pancreatectomy and splenectomy with the 
RAMPS procedure looking specifi cally at the 
number of lymph nodes removed [ 12 ]. The 
authors retrospectively reviewed 20 patients 
who had undergone a standard resection and six 
patients who had undergone a RAMPS proce-
dure. Not all cases were performed for adeno-
carcinoma preventing the authors from 
conducting a meaningful analysis about margin 
status and cancer survival. They did look at 
lymph node retrieval and learned that there was 
a signifi cantly larger number of lymph nodes 
harvested from a RAMPS procedure compared 
to the traditional approach to distal pancreatec-
tomy and splenectomy—11.2 vs. 4.3 (P = 0.03). 
The authors recommended the RAMPS proce-
dure over retrograde distal pancreatectomy/

splenectomy when lymph node count is essential 
for cancer staging and prognosis (i.e., ductal ade-
nocarcinoma of the body and tail). 

 Park et al. examined their experience with the 
RAMPS procedure comparing it to the traditional 
distal pancreatosplenectomy [ 13 ]. The authors 
retrospectively reviewed 92 patients who under-
went surgery for adenocarcinoma of the body and 
tail of the pancreas in Korea. Thirty-eight patients 
received the RAMPS procedure while 54 patients 
underwent conventional distal pancreatosplenec-
tomy. A statistically larger number of lymph 
nodes were retrieved in the RAMPS group but 
there was no statistical difference in the R0 resec-
tion rate. The RAMPS procedure was associated 
with a longer overall survival duration when 
compared to conventional distal pancreatectomy 
and splenectomy in univariate analysis, but this 
was not the case in multivariate analysis. The 
authors concluded their study with the notion that 
although the RAMPS procedure is capable of 
harvesting more lymph nodes than a conventional 

  Fig. 19.6    Overall 
survival results of 
RAMPS procedure. The 
curve is censored at 6 
years, which is the time 
point beyond which 
fewer than 10 % of 
patients have been 
followed. Hatch marks 
indicate censored 
patients within the 
6-year follow-up period. 
( Reproduced with 
permission from  [ 10 ])       
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procedure, it did not lead to better overall sur-
vival. This is, in part, due to the similar R0 rates. 
Looking specifi cally at the nature of resection, 
the authors state that in the RAMPS procedure 
there was one R2 resection and there were three 
R1 resections. The R2 resection was due to tumor 
invasion in the celiac axis, SMA, portal vein, and 
renal vein. Two of the three R1 resections were 
due to tumor invasion in the celiac axis and SMA 
while the other R1 resection was due to tumor 
invasion in the SMA and SMV. The conventional 
approach was associated with three R2 resections 
and fi ve R1 resections. Three of the fi ve R1 resec-
tions had a positive tangential margin and the 
other two had microscopic tumor involvement at 
the celiac axis and portal vein. 

 It is important to review the details of these 
resections because those patients identifi ed in the 
R2 and R1 groups discussed above would typi-
cally be considered locally advanced or border-
line resectable at best by the current guidelines in 
the United States. Those patients would not be 
offered an upfront operation for curative intent. 
They would typically be offered systemic chemo-
therapy or neoadjuvant therapy depending on the 
exact confi guration of the tumor.   

    Extended Pancreatectomy 
with Major Arterial Resection 

 Distal pancreatectomy with celiac artery resec-
tion (DP- CAR     ) is a truly radical resection that is 
occasionally used for left pancreas cancer. The 
procedure is sometimes named after a Canadian 
surgeon, Lyon Appleby, who described gastrec-
tomy with en bloc resection of the celiac and 
common hepatic arteries as a treatment for 
advanced stomach cancer in 1952. When applied 
to pancreatic adenocarcinoma, the celiac trunk 
and distal common hepatic artery (just proximal 
to the GDA) are transected and these structures 
are removed en bloc with the distal pancreas 
specimen. Without reconstruction, blood fl ow to 
the liver is dependent on collateral fl ow from 
the pancreaticoduodenal arcade to the GDA, 
which will supply the proper hepatic artery (see 
Fig.  19.7 ). In an effort to prevent liver ischemia, 
there are two techniques that can be employed. 
The fi rst utilizes preoperative coil embolization 
of the common hepatic artery which allows for 
collateral pathways to develop before the patient 
is taken to the operating room for resection. The 
second is to perform a graft from the aorta to the 

  Fig. 19.7    Collateral pathway for blood supply to liver 
after DP-CAR. Tumor involves the celiac and common 
hepatic arteries. Lines of transection of these arteries are 
shown ( red - dashed lines ). Blood supply depends on retro-
grade fl ow ( red arrows ) from the SMA, through the infe-
rior pancreaticoduodenal artery and its branches and 

continues retrograde into the GDA through its branches. 
From there, fl ow is via the proper hepatic artery to the 
liver. This pathway also must supply the stomach by fl ow 
into the right gastric artery from the proper hepatic artery 
and the right gastroepiploic artery through the GDA. 
( Reproduced with permission from  [ 4 ])       
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common hepatic artery stump at the time of the 
initial operation.

   Ischemia of the stomach is also a concern with 
DP-CAR as perfusion to this organ is similarly 
dependent on fl ow from the pancreaticoduodenal 
arcade into the GDA. The GDA will then theo-
retically perfuse the stomach through an intact 
right gastric and right gastroepiploic artery. 

 Much of the literature on DP-CAR has come 
from small studies conducted in Japan and is dis-
cussed more extensively elsewhere (see Chap. 
  15    ). In the United States we consider patients 
requiring a celiac resection locally advanced and 
advocate for neoadjuvant chemotherapy followed 
by chemoradiotherapy. The use of an initial non-
operative approach allows for the identifi cation 
of those patients with aggressive cancers who 
progress to metastatic disease and who will not 
benefi t from surgery. If there is no systemic pro-
gression, and the celiac artery remains involved, 
a DP-CAR is performed. Given the unproven 
benefi t of this approach we perform this proce-
dure in selected patients with better-than-average 
performance status.     
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            Introduction 

  Adenocarcinoma   of the pancreas is one of the 
most aggressive malignancies in the United 
States. Despite advances in imaging, chemother-
apy, and surgical techniques, the 5-year survival 
rate remains at a dismal 5 %. With a mortality 
rate that is dangerously close to its incidence, 
pancreas cancer continues to be the fourth lead-
ing cause of cancer-related deaths in the United 
States [ 1 ]. Only 20–30 % of newly diagnosed 
cases are amenable to surgical resection and over 
50 % of patients have distant disease at presenta-
tion. Surgical resection provides the best chance 
for long-term survival. With careful patient selec-
tion, surgery and adjuvant treatment has been 
shown to improve 5-year survival to over 20 % 
[ 1 ,  2 ]. Follow-up surveillance has shown that 
about 70 % of all patients develop metastatic 
recurrence even after successful surgical resec-
tion [ 3 ]. As a result, many pancreas specialists 
treat pancreas cancer as a systemic disease and 
consider palliation of symptoms and quality of 
life early on. Knowledge of the various palliative 

operative and non-operative procedures is critical 
in the multidisciplinary treatment of this disease. 
Palliative care for pancreas cancer encompasses a 
large number of medical, procedural, and surgi-
cal interventions that have evolved over the years. 
There are several surgical interventions available; 
some prophylactic and others designed for symp-
tomatic relief. It is important to understand their 
benefi ts, applicability, and outcomes when com-
pared to less invasive procedures.  

    Symptoms of Advanced Stage 
Disease 

  The most  common   symptoms requiring palliative 
intervention in advanced pancreatic cancer 
include: obstructive jaundice, gastric outlet 
obstruction, abdominal pain, and weight loss [ 4 ]. 
At the time of diagnosis, 80–90 % of all patients 
with pancreatic cancer present with obstructive 
jaundice. This results from tumor involvement of 
the intrapancreatic portion of the distal common 
bile duct. Biliary drainage has been shown to 
reduce the associated nausea, pruritis, and chol-
angitis and improve the quality of life. Malignant 
gastroduodenal obstruction is a late complication 
from the local extension of carcinoma of the pan-
creas, occurring in up to 20 % of patients [ 5 ]. In 
addition to mechanical obstruction, many patients 
develop delayed gastric emptying due to the 
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involvement of the celiac nerve plexus. Together, 
mechanical and function obstruction lead to nau-
sea, vomiting, and weight loss. 

 Pain control remains a formidable challenge 
in the palliative management of pancreas cancer. 
Forty to eighty percentage of patients present 
with pain at the time of initial diagnosis [ 6 ]. 
Known for its perineural extension, pancreas 
cancer may infi ltrate the celiac or mesenteric 
nerve plexus causing severe back pain. The tumor 
may also obstruct the pancreatic duct, resulting in 
recurrent pancreatitis and additional pain. The 
association between pancreas cancer and depres-
sion has been observed and explored for over 70 
years [ 7 ]. Although pain may play a role, the 
most common theories involve the release of 
serotonin by the tumor. Vomiting, pain, and 
depression, along with Tumor Necrosis Factor—α 
(TNFα), contribute to the cachexia that occurs in 
more than 80 % of patients with advanced dis-
ease. This anorexia–cachexia process has been 
shown to hasten death, reduce response to treat-
ment, and exacerbate treatment toxicities [ 8 ]. 

 Hence, the goals of palliative intervention 
should aim at relieving obstructive jaundice, gas-
tric outlet obstruction, and decreasing pain and 
weight loss .  

    Obstructive Jaundice 

 There are several modalities available to decom-
press the biliary tree: placement of a percutane-
ous transhepatic biliary drain catheter (PTC), 
ERCP with stenting and surgical bypass. 
Endoscopic stent placement is preferred to PTC 
as the latter is associated with more pain and 
complications. As such, a PTC is usually reserved 
for situations where the less invasive endoscopic 
stent placement is unsuccessful or is not an 
option. The utilization of PTC drains is also more 
common with strictures involving the hilum and 
proximal biliary tree which are more challenging 
for endoscopic decompression. 

  ERCP   with stent placement is usually the fi rst 
step in the management of obstructive jaundice. 
This procedure has evolved since its inception in 
1980 and now serves as the predominant modality 

for palliating obstructive jaundice with a success 
rate of >90 % [ 9 ]. Endoscopic stent placement is 
usually safe and effective; however, stents are 
prone to infection, occlusion, and migration. 
Several types of stents are available to address 
these complications. Plastic stents are slowly 
being replaced by short  self-expanding metallic 
stents (SEMS)      due to their better long- term patency 
(9 months vs. 4 months) [ 10 ,  11 ]. Metal stents 
can be bare or covered with PTFE to prevent 
tumor in-growth. Covered stents, however, are 
associated with higher rates of migration and 
cholecystitis from cystic duct occlusion. 

 Palliative surgical options consist of bypass-
ing the obstruction through a loop hepaticojeju-
nostomy, a Roux-en-Y hepaticojejunostomy, or 
the less commonly performed choledochoduo-
denostomy or cholecystojejunostomy. When 
compared to plastic stent placement, surgery is 
associated with a higher complication rate but 
much lower rate of reintervention [ 12 – 15 ]. 
Although more durable, the median survival for 
patients undergoing surgical palliation is around 
6 months. As a result, surgical bypass should be 
considered if a patient is determined to be unre-
sectable at the time of exploration and is 
expected to survive beyond 3–6 months. 
Randomized trials comparing endoscopic stent-
ing and surgical bypass for palliation are sum-
marized in Table  20.1 .

   A  hepaticojejunostomy   is the standard pallia-
tive biliary bypass technique. A side-to-side cho-
ledochoduodenostomy is generally avoided as 
tumor progression can result in recurrent obstruc-
tion and cholangitis. It is also associated with a 
higher rate of hepatolithiasis, cholangitis (10–15 
%), and the rare “sump syndrome” where the dis-
tal bile duct serves as a reservoir for stones and 
debris [ 16 ]. A cholecystojejunostomy, although 
technically easier to perform, relies on cystic 
duct patency to divert bile fl ow. Endoscopic stud-
ies of the hepatocystic junction suggest that only 
50 % of incoming patients will be candidates for 
a cholecystojejunostomy. In addition, the tumor 
may involve the hepatocystic junction as it pro-
gresses leading to recurrent jaundice. A study 
utilizing Surveillance, Epidemiology, and End 
Results Medicare claims data demonstrated that 
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patients treated with a cholecystojejunostomy 
had a biliary intervention rate of 7.5 % compared 
to 2.9 % for those treated with a hepaticojejunos-
tomy at 1 year [ 17 ]. Recent reports indicate that a 
laparoscopic cholecystojejunostomy can be per-
formed safely with a low rate of recurrent biliary 
obstruction [ 18 ]. This discrepancy between open 
and laparoscopic results warrants further investi-
gation, however, and hepaticojejunostomy must 
be considered the optimal current palliative sur-
gical approach for unresectable pancreas cancer. 
Laparoscopic hepaticojejunostomy is being per-
formed with favorable outcomes. It is associated 
with less pain, earlier return of bowel function 
and a shorter hospital stay when compared to the 
open approach [ 19 ]. These studies, however, 
were small and the procedure requires advance 
laparoscopic skills to master. Robotic biliary 
bypass has been reported in the management of 
locally advanced pancreas cancer. To date, there 
is insuffi cient evidence to demonstrate superior-
ity of the technique to the laparoscopic approach. 

    Roux-en-Y Hepaticojejunostomy 

 After determining that the tumor is locally 
advanced and  a   palliative hepaticojejunostomy is 
indicated, a cholecystectomy is performed and 
the hepatic duct is transected using electrocau-
tery. A bulldog is placed on the proximal duct to 
reduce bile spillage. Care is taken not to injure a 
replaced right hepatic artery. The distal duct is 
oversewn with 4-0 Prolene. The jejunum is tran-
sected 20 cm from the ligament of Treitz with a 
GIA stapler and a 60-cm Roux limb is brought up 
in for an end-to-side anastomosis. The anastomo-
sis is completed using interrupted 4-0 PDS 
sutures. It is important to incorporate the jejunal 
mucosa into the anastomosis with great care as to 
prevent transient biliary obstruction from edema-
tous non-included mucosa [ 20 ]. The alimentary 
limb is joined to the Roux limb in a stapled or 
hand-sewn side-to-side or end-to-side fashion. 

 Other suitable options include a loop hepati-
cojejunostomy or a side-to-side hepaticojejunos-
tomy without dividing the bile duct. A Roux-en-Y 

reconstruction, however, is associated with less 
anastomotic tension, postoperative cholangitis, 
and may lessen the clinical severity of potential 
biliary leaks.   

    Gastric Outlet Obstruction 

   Gastric outlet obstruction   signifi cantly affects 
quality of life through intractable nausea, vomit-
ing, and abdominal pain. The resulting dehydra-
tion, electrolyte abnormalities, and malnutrition 
can delay the administration of palliative chemo-
therapy. Delayed gastric emptying can be differ-
entiated from mechanical obstruction using 
endoscopy and radiographic studies, although it is 
important to realize that both conditions can coex-
ist. Delayed gastric emptying should be managed 
medically using prokinetic agents, and procedural 
interventions should be reserved for mechanical 
gastroduodenal malignant obstruction. 

 The palliation of mechanical obstruction can be 
performed endoscopically or surgically. 
Endoscopic procedures include self-expanding 
enteral stents or endoscopically placed gastros-
tomy tubes/gastrojejunostomy tubes. Self- 
expanding metallic stent design is similar to that 
used for biliary stenting but duodenal stents are 
longer and have a larger caliber (18–23 mm). 
Studies examining the effi cacy and safety of endo-
scopic stenting using enteral SEMS report a shorter 
time to oral intake, shorter hospital stay, and lower 
morbidity and mortality compared to surgical 
approaches [ 21 – 24 ]. During follow-up, however, 
30–40 % of patients develop recurrent duodenal 
obstruction from tumor ingrowth or stent migration 
[ 25 ]. Duodenal stents can land or migrate to cover 
the ampulla of Vater and have been associated with 
a higher rate of major complications including duo-
denal perforation [ 20 ]. These results indicate that 
endoscopic stenting is associated with lower imme-
diate complications but less durability and a higher 
reintervention rate. As such, a surgical bypass pro-
cedure should be performed in patients with antici-
pated longer survival. Studies comparing 
endoscopic stenting to gastrojejunostomies are 
summarized in Table  20.2 .
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   Placement of a gastrostomy tube (G-tube) or 
gastrojejunostomy tube (GJ-tube) can be per-
formed endoscopically or placed by Interventional 
Radiology (IR). G-tubes help improve nausea 
and allow for the removal of the nasogastric tube 
(NGT). This may allow for some liquid intake 
and discharge home. Median survival rates after 
G-tube placement are low, however, and have 
been reported with ranges as low as 13–17 days 
[ 26 ,  27 ]. Some studies indicate that endoscopic 
placement may be associated with a lower com-
plication rate when compared to IR placement 
[ 28 ]. Occasionally, if the duodenum is not com-
pletely obstructed and the procedure is techni-
cally feasible, a GJ-tube can be placed for distal 
nutrition. 

 Palliative surgical options include a loop ver-
sus Roux-en-Y gastrojejunostomy performed 
open or laparoscopically. The concept of prophy-
lactic gastrojejunostomy (GJ) for asymptomatic 
patients with unresectable pancreas cancer found 
at the time of attempted resection has been 
addressed in several studies. Based on level 1 evi-
dence, a gastrojejunostomy should be performed 
in most cases, unless a life expectancy of less 
than 3–6 months is expected [ 29 ,  30 ]. Although 
prophylactic surgical bypass adds to operative 
time, it does not increase operative morbidity/
mortality or length of hospital stay and is associ-
ated with a marked decrease in the rate of devel-
oping gastric outlet obstruction. A study from 
John Hopkins Medical Center randomized 87 

patients with unresectable pancreas cancer and 
no risk of duodenal obstruction, identifi ed intra-
operatively, to prophylactic gastrojejunostomy 
versus no gastrojejunostomy. None of the 44 
patients who underwent a gastrojejunostomy 
developed gastric outlet obstruction, while 19 % 
of patients who did not receive a GJ developed 
obstruction and required an intervention. 
Postoperative morbidity rates were comparable 
(gastrojejunostomy 32 %, no gastrojejunostomy 
33 %) and mean survival for both groups was 8.3 
months [ 29 ]. A similar study from the Netherlands 
comparing biliary bypass versus biliary and gas-
tric bypass reported much lower rate of gastric 
outlet obstruction in patients who received a pro-
phylactic gastrojejunostomy (6 % vs. 41 %) [ 30 ].   

    Gastrojejunostomy 

  Historically, most surgeons avoided a retrocolic 
 gastrojejunostomy   due to concerns of placing the 
anastomosis close to the tumor bed and the need 
to go through the transverse mesocolon. In addi-
tion, the antecolic approach has several theoreti-
cal advantages: a more mobile jejunal loop with 
less angulation and further away from a possible 
pancreatic leak. There is no convincing evidence, 
however, that an antecolic approach prevents late 
anastomotic failure. There are several studies 
comparing the antecolic and retrocolic approaches 
with particular focus on the incidence of delayed 

   Table 20.1    Prospective randomized trials comparing biliary stent and catheter placement to surgical bypass for biliary 
obstruction   

 Author 

 Year  N  Technical success 
(%)  Morbidity (%)  Mortality (%)  Recurrence (%) 

 Stent  Surgery  Stent  Surgery  Stent  Surgery  Stent  Surgery 

 Bornman 
et al. 

 1986  50  84  76  28  32  8  20  38  16 

 Shepard 
et al. 

 1988  52  82  92  7  14  9  20  30  0 

 Anderson 
et al. 

 1989  50  96  88  36  20  20  24  28  16 

 Smith et al.  1994  201  94  95  11  29  3  14  34  2 

 Artifon et al.  2006  30  100  100  40  60  0  0  20  0 

   N  number of patients  
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gastric emptying. Some studies favor an antecolic 
approach while others did not fi nd any correla-
tion between the method of construction and 
DGE [ 31 – 35 ]. A recent randomized controlled 
trial compared patients with an antecolic ( n  = 121) 
and retrocolic ( n  = 125) reconstruction and found 
no signifi cant difference in the rate of DGE (34 % 
vs. 36 %) [ 36 ]. A recent retrospective study from 
Massachusetts General Hospital looked at 800 
patients and compared antecolic ( n  = 400) vs. ret-
rocolic ( n  = 400) approaches. The study con-
cluded that an antecolic approach was associated 
with a decreased rate of low grade “Grade A” 
DGE only ( p  = 0.038) [ 37 ]. With such controver-
sial data, the method of reconstruction should be 
based on the surgeon’s experience and comfort 
level. Studies comparing the antecolic and retro-
colic approaches are summarized in Table  20.3 .

   The loop of jejunum should be anastomosed 
to the most dependent portion of the greater cur-
vature of the stomach to facilitate emptying [ 38 ]. 
The gastrojejunostomy can be hand-sewn (inter-
rupted, continuous, single layer, double layer) or 
stapled. A Roux-en Y reconstruction is generally 
not necessary as it requires an extra anastomosis 
and maybe associated with Roux stasis syndrome 
and functional non-emptying of the stomach. It is 
our institutional preference to perform a loop 
gastrojejunostomy. When performing a double- 
bypass, a loop gastrojejunostomy is performed 

proximal to the jejunojejunostomy of a Roux-
en- Y hepaticojejunostomy, as outlined in Fig. 
 20.1a . Alternately, the gastrojejunostomy can be 
fashioned utilizing the Roux limb as in Fig. 
 20.1b , although this may predispose the patient 
to bile refl ux gastritis. A few studies have looked 
at laparoscopic gastrojejunostomies in unresect-
able pancreas cancer and malignant gastric outlet 
obstruction and reported a lower rate of compli-
cations, a shorter hospital stay, and a shorter time 
to tolerating solid food. A vagotomy is not per-
formed to decrease the incidence of DGE, and 
patients are placed on life-long proton pump 
inhibitors for acid suppression. As such, we rec-
ommend a laparoscopic gastrojejunostomy as a 
palliative option for surgeons with advanced lap-
aroscopic skills. 

       Pain 

 Most patients with pancreas cancer develop pain, 
especially those who present with locally advanced 
or unresectable disease. The tumor has a propen-
sity for perineural invasion and neuropathic 
spread, often to the celiac plexus.  Medical man-
agement   consists of the administration of opioids 
and treatment of drug-related nausea and constipa-
tion. Several procedural interventions exist: percu-
taneous, endoscopic, and open celiac blocks. 

   Table 20.3    Studies comparing antecolic vs. retrocolic gastrojejunostomies   

 Study  Year published 
 Study 
period 

 Number of 
patients 
(antecolic vs. 
retrocolic)  Antecolic (%)  Retrocolic (%)  Signifi cance 

 Imamura et al.  2014  2005–
2011 

  n  = 116  DGE = 12.1  DGE = 20.7   p  = 0.32 

 58 vs. 58 

 Kurahara et al.  2011  2007–
2010 

  n  = 46  DGE = 20.8  DGE = 5   p  = 0.04 

 24 vs. 22 

 Gangavaiker et al.  2011  2006–
2008 

  n  = 72  DGE = 34  DGE = 28   p  = 0.60 

 32 vs. 36 

 Nikfarjam et al.  2009  2002–
2008 

  n  = 72  DGE = 14  DGE = 39   p  = 0.02 

 36 vs. 36 

 Hatel et al.  2005  1996–
2003 

  n  = 200  DGE = 5  DGE = 24   p  < 0.01 

 100 vs. 100 

   DGE  delayed gastric emptying  
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 A Cochrane Database  systemic   review that 
included six randomized control trials demon-
strated that celiac plexus block (CPB) was supe-
rior to analgesic therapy for pain relief [ 39 ]. 
Percutaneous CPB can be performed using ultra-
sound, fl uoroscopy, or computed tomography. 
Endoscopic ultrasound-guided CPB was fi rst 
described in 1996 and has gained wide accep-
tance due to its safety profi le. The procedure is 
transgastric and the injection usually consists of a 
mixture of alcohol and bupivacaine. Several ran-
domized controlled trials comparing percutane-
ous and endoscopic CPB exist and results favor 
the endoscopic approach [ 40 ]. 

    Surgical Celiac Plexus Neurolysis 

  Surgical CPB   is usually reserved for the fi nding 
of unresectable pancreas cancer at laparotomy. 
The procedure has proven benefi cial for patients 
with or without preoperative pain. A prospective 
randomized double-blind study from John 
Hopkins Medical Center looked at 137 patients 
and randomized them to chemical splanchnicec-
tomy versus placebo. Chemical splanchnicec-

tomy prevented or delayed the occurrence of pain 
in the asymptomatic group and signifi cantly low-
ered pain scores for those who had pain preopera-
tively ( p  < 0.05) [ 41 ]. 

 The procedure involves the injection of 20 mL 
of 50 % alcohol on both sides of the aorta at the 
level of the celiac axis [ 41 ]. The index and mid-
dle fi ngers are placed around the aorta and moved 
down to the celiac axis. A 22-gauge spinal needle 
is used to infi ltrate the peri-celiac retroperito-
neum with the neurolytic agent. Laparoscopic 
CPB provides a minimally invasive approach for 
pain control in unresectable pancreas cancer 
patients identifi ed during diagnostic laparoscopy. 
Studies have shown that this approach is both 
safe and effi cacious [ 42 ]. After pneumoperito-
neum is established, three 5-mm laparoscopic 
trocars are placed: 2 in the right subcostal area 
(liver retractor and working port), and another 
working port in the left subcostal area. The stom-
ach is retracted laterally, and the liver is retracted 
anteriorly. The gastro-hepatic ligament is divided 
to enter the lesser sac. The stomach is lifted ante-
riorly and the celiac plexus/base of the left gastric 
artery is identifi ed. The injection can then be 
delivered percutaneously or using a laparoscopic 

  Fig. 20.1    Roux-en-Y end-to-side hepaticojejunostomy with loop gastrojejunostomy fashioned utilizing ( a ) jejunum 
proximal to jejunojejunostomy or ( b ) Roux limb       
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ultrasound probe that has a small channel to 
direct the needle under direct vision. A 12 mm 
port is needed for the ultrasound probe. 

 Thoracoscopic neurotomy (T5–T12) is now 
rarely used but has been shown to reduce pain 
scores by 50 %.   

    Irreversible Electroporation 

   Irreversible electroporation ( IRE)      has recently 
been added as an additional ablative option in 
patients with locally advanced cancers involving 
vital structures. When IRE is delivered appropri-
ately, it only affects the target tissue and spares 
the surrounding structures [ 43 ]. It can be used to 
target lesions that are unresectable due to exten-
sive vascular involvement. Velanovich et al. com-
pared 54 patients who received systemic therapy 
and IRE to 85 patients who received standard 
chemotherapy and/or chemoradiation alone. The 
study demonstrated an improvement in local 
progression- free survival (14 months vs. 6 
months), distant progression-free survival (15 
months vs. 9 months), and overall survival (20 
months vs. 13 months) in unresectable patients 
who underwent IRE [ 44 ]. The use of this technol-
ogy for palliation may prove benefi cial, espe-
cially with advances in adjuvant therapy.    

    Palliative 
Pancreaticoduodenectomy 

  Pancreaticoduodenectomy   is a major surgery that 
is generally reserved for patients who are candi-
dates for curative resection. Morbidity and mor-
tality rates associated with this procedure 
continue to improve, and as a result, the concept 
of palliative resection is raised from time to time. 
There are no randomized trials for palliative 
resection versus bypass surgery. Available stud-
ies have many limitations: many combine R1 and 
R2 resections in the same group and compare it 
to surgical bypass. Other studies do not meet cri-
teria for preemptive palliation as patients under-
went resection with a curative intent. Differences 
in survival favoring resection can therefore be 

explained by selection bias, as patients who 
undergo surgical bypass might be more advanced 
than those who end up with a curative resection 
but positive margins. Some studies have reported 
a survival advantage with palliative resection and 
recommended it for high-volume centers [ 45 ]. 
A systemic review of four cohort studies compar-
ing palliative R2 resection versus bypass surgery 
found no clear indication for palliative resection. 
Palliative resections were associated with signifi -
cantly increased operating times, hospital stays, 
and overall morbidity and mortality in comparison 
with palliative bypass procedures [ 46 ]. A study 
from Germany compared 42 patients who under-
went palliative pancreaticoduodenectomy to 154 
patients who underwent surgical bypass and con-
cluded that the bypass group had a better quality 
of life [ 47 ]. Currently, there is insuffi cient data to 
support performing a pancreaticoduodenectomy 
for palliation and a survival advantage, if present, 
is offset by increased morbidity and decreased 
quality of life.     
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