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The role for surgery in the management of locally advanced 
pancreatic cancer (LAPC) is nicely discussed in the 
manuscript by Gemenetzis et al. published in the Annals 
of Surgery (1). As the authors acknowledge, therapeutic 
selection, sequencing and surgical resection were based 
on expert consensus in their multidisciplinary clinic. The 
excellent results achieved by these authors reflect their 
experience and expertise; both qualities which may be hard 
to replicate in smaller volume programs. The challenge 
in treating patients with LAPC is demonstrated by the 
inability of most clinicians and radiologists to develop an 
objective working definition of LAPC. Even professional 
societies and consensus panels struggle to agree on a 
computed tomography- (CT) or magnetic resonance image 
(MRI)-based definition of LAPC (2-4). In the absence 
of an objective, reproducible clinical staging system for 
localized pancreatic cancer (PC), it becomes very hard for 
the individual medical or surgical oncologist to translate 
published treatment results to the newly diagnosed patient. 

In an effort to add objectivity to the staging of localized 
PC, we have published a CT-based system utilizing critically 
important tumor vessel relationships (5-7). We defined 
two anatomically distinct disease patterns summarized 
in Table 1. In general, patients with LAPC type A have 
greater than 180 degrees of tumor-vessel contact but less 
than 270 degrees, which allows for dissection (with tumor-
artery separation) or resection of the celiac and/or common 
hepatic artery (CHA), or dissection of the perineurium 

from the adventitia of the superior mesenteric artery (SMA). 
If the patient with localized, non-metastatic PC is deemed 
acceptable for surgery (based on performance status, 
medical co-morbidities, social support), the clinical disease 
stage determined by cross-sectional imaging at diagnosis 
will accurately predict the likelihood of completing all 
intended neoadjuvant therapy and surgery (7-10). To the 
extent that surgery is necessary (even if not sufficient) 
for long term survival, this information is invaluable 
for patients, their family, and their treating physicians. 
Consistent with the results reported by Gemenetzis and 
colleagues, we demonstrated over two decades ago that 
neoadjuvant treatment sequencing accurately dichotomizes 
patients with localized PC into those who will and will 
not achieve a clinical benefit from surgical resection of 
their primary tumor (11). If treatment success includes the 
completion of all intended neoadjuvant therapy and surgery, 
contemporary data from our institution suggests that such 
success is stage dependent; for patients with resectable, 
borderline resectable, locally advanced type A and locally 
advanced type B PC, the likelihood of completing all 
intended neoadjuvant therapy and surgery is 90%, 75%, 
60% and 25% respectively (6-10). Clearly, as systemic 
therapies continue to improve, so will survival duration. 

Another subject within the field of LAPC is the issue of 
tumor resectability—how is this determined pre-operatively 
and intra-operatively, and who should be considered for 
surgery? Gemenetzis and colleagues comment that imaging 
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response following neoadjuvant therapy may be inadequate 
to declare resectability, implying that a more aggressive 
view towards proceeding to the operating room is justified 
in this current era of more effective systemic therapy 
(mFOLFIRINOX). We caution most surgeons against 
adopting this philosophy as 20 (17%) patients received 
an operation which conveyed no therapeutic benefit 
(judged unresectable at the time of laparotomy). Given the 
experience and international reputation of the authors, one 
would assume that 17% represents the absolute lowest end 
of the range achievable by less experienced surgeons. An 
alternative way to think about this issue is to reflect on the 
anatomy of the visceral arteries which are surrounded by a 
perineural sheath that is interposed between the tumor and 
the adventitia of the artery. In some cases, the surgeon can 
develop the plane of dissection between the adventitia and 
the surrounding perineurium, preserving the artery despite 
preoperative imaging that suggested tumor encasement. 
Conversely, if this plane of dissection cannot be developed 
due to tumor infiltration of the autonomic perineural 
sheath, the artery will need to be replaced. Local tumor 
unresectability may become more common in this era of 
more effective non-surgical therapies—patients previously 
deemed unresectable based on preoperative imaging may 
then be “explored” in the hope of separating the visceral 
artery from the tumor. We would advise surgeons to 

reserve operations for patients in whom they are equipped 
to resect and reconstruct the artery in question, rather 
than hope that the perineum can be separated from the 
adventitia. We agree that currently, preoperative imaging 
cannot definitively confirm for the surgeon whether or 
not this plane will be successfully developed. Importantly, 
our objective CT-criteria for recommending surgery 
(resectability/operability) after neoadjuvant therapy assumes 
the ability to resect the celiac or hepatic arteries if they 
cannot be separated from the surrounding perineurium 
and the ability to restore venous return from the mid-
gut (suitable proximal and distal target for venous 
reconstruction) (7,12,13). 

The optimal delivery of neoadjuvant therapy includes 
accurate pretreatment staging, an objective system for 
preoperative determination of operability (which tumors 
are removeable and which are not) and importantly, 
a mechanism to assess the oncologic outcome of the 
treatment delivered. Assessment of treatment response is 
critically important to avoid operating on patients who 
are destined to early recurrence. While we are exploring a 
variety of blood-based biomarkers and imaging correlates, 
carbohydrate antigen 19-9 (Ca19-9) remains a readily 
available biomarker which is elevated at diagnosis in the 
majority of PC patients. We have recently demonstrated 
that patients with pretreatment Ca19-9 levels of <80 U/mL  

Table 1 Medical College of Wisconsin LAPC Classification based on objective tumor-vessel relationships as seen on high quality cross-sectional 
imaging

Vessel
Tumor relationship

Type A Type B

CA >180° >180° 

No extension to the aorta 
 Amenable to celiac resection

Abutment/encasement of the aorta

SMA >180° but ≤270° > 270° 

CHA >180° >180° 

Extension to CA that is amenable to  
reconstruction

Extension to bifurcation of left and right hepatic 
arteries

SMV/PV Occlusion, but distal target >1.5x SMA 
diameter

Occlusion without obvious option for venous 
reconstruction

GDA & LGA Only one vessel involved Both vessels involved

Technical option for surgical resection as  
assessed at the time of diagnosis

Yes No

LAPC, locally advanced pancreatic cancer; CA, celiac axis; SMA, superior mesenteric artery; CHA, common hepatic artery; SMV, superior 
mesenteric vein; PV, portal vein; GDA, gastroduodenal artery; LGA, left gastric artery.
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are more likely to successfully complete all intended 
neoadjuvant therapy, undergo successful surgical resection, 
have a lower pathologic stage, and have the most favorable 
overall survival (14). In fact, normalization of Ca19-9 
following neoadjuvant therapy is associated with a doubling 
of overall survival in both the preoperative (24–46 months) 
and postoperative (20–43 months) setting compared to 
patients who fail to achieve such a decline in Ca19-9. We, 
therefore, monitor Ca19-9 at diagnosis once the bilirubin 
has normalized and at each restaging interval. In LAPC 
patients who fail to experience a decline in Ca19-9 after the 
first two months of induction system therapy, we consider a 
change in chemotherapeutic agents. The best-case scenario 
is for patients to have their Ca19-9 normalize at the end of 
neoadjuvant therapy just prior to surgery. To increase the 
likelihood of achieving this result we explored the value 
of molecular profiling biopsy specimens to personalize 
neoadjuvant therapy (10). In so doing, greater than 80% 
of patients were able to complete all intended neoadjuvant 
therapy and surgery with a median overall survival of 
45 months for patients with resected PC. As molecular 
phenotyping of tumors and other scientific advances 
continue to evolve, we are likely to see this technology 
utilized in patients with LAPC.

Also demonstrated in the manuscript by Gemenetzis 
and colleagues, operations for LAPC are some of the most 
technically complex and difficult in pancreas surgery and 
are associated with significant risk for major morbidity and 
mortality. For these reasons, our group developed a readily 
translatable, easily reproducible staging system for LAPC 
based on high quality pretreatment imaging (7). Although 
induction therapy may diminish the tumor volume/
diameter, it rarely changes the tumor-artery interface. In 
LAPC type B disease, complete resection without significant 
response to neoadjuvant therapy would require either 
cutting through tumor or a vascular reconstruction that 
is not technically feasible (lacks proximal or distal venous 
target). Examining 96 consecutive patients with LAPC 
who were treated with an extended course of neoadjuvant 
chemotherapy and intensity-modulated radiation therapy 
(IMRT), we demonstrated that those patients with type 
A disease were more likely to undergo surgical resection 
following neoadjuvant therapy compared to patients with 
type B disease (62% versus 24%, respectively). Overall 
survival reflected successful completion of neoadjuvant 
therapy and surgical resection (55.6 versus 37.5 months for 
type A and type B disease, respectively). The patients with 
type B LAPC who underwent successful surgical resection 

of the primary tumor achieved a fairly dramatic response to 
induction therapy. Some of this radiographic response likely 
included the resolution of inflammatory change which can 
complicate the interpretation of initial CT images at the 
time of diagnosis.

In summary, the landscape for LAPC is clearly changing 
as nicely demonstrated in the manuscript by Gemenetzis 
and colleagues. Success in the delivery of neoadjuvant 
therapy that then culminates in surgical resection is stage 
dependent. Resectability is best determined preoperatively 
and an operation should only be undertaken if the surgeon 
is equipped to resect and reconstruct the involved vessel(s). 
The use of CT imaging criteria at diagnosis allows for 
LAPC patients to be placed in two distinct stages of disease 
(A and B) allowing for prognostication of both the success 
of planned treatment as well as overall survival. Surgery 
in patients with LAPC should be considered a potentially 
valuable option in very carefully selected patients. Knowing 
when and how to integrate surgery is an evolving clinical 
and translational question best approached with the 
humility that characterizes our impact on this challenging 
disease. 
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