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Introduction

The prognosis of most cancer types has gradually improved 
over the past decades, but pancreatic cancer (PC) remains 
still among the few exceptions—a therapeutic riddle being 
difficult to solve (1,2). With its abundant stroma and 
hypoxic environment, shielding its cancer cells, pancreatic 
cancer highly resists the effect of chemotherapeutic agents, 
check-point inhibitors, and radiation (3-7). The only way to 
potentially defeat the tumor is to technically remove it by 
surgical resection (8,9). Surgery is the only treatment, causa 
sine qua non, required to achieve long-term survival. What 

complicates resection is the difficult anatomic location, 
challenging what is technically possible to do, and the risk 
for occult disease, giving rise to early recurrence despite 
attempt for curative treatment (10-12). 

The overrule of surgery in relation to other oncologic 
therapy is perhaps the reason why pancreatic cancer has 
become a very “technical” disease. There is also the unique 
situation where the two widely used classifications of local 
tumor involvement do not completely overlap with each 
other—the T-staging in the TNM classification and the 
NCCN classification of local resectability (13,14). While 
TNM describes locally advanced pancreatic cancer (LAPC) 
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as having arterial involvement of the celiac axis (CA) and 
the superior mesenteric artery (SMA), NCCN points out 
that even venous involvement can be a factor denominating 
advanced local involvement. Exactly how extensive 
this involvement should be to be counted as very poor 
prognostic factor is still a matter to some interpretation and 
experience—how much is technically feasible to do. 

The chance for surgical resection plays inevitably a 
central role, at least as much as other biological factors, 
in patients’ long-term prognosis—median survival of 
18–24 months compared to 7–8 months if resection is not 
performed (8,9,15-20). The categorization into resectable, 
borderline resectable PC (BRPC), and LAPC, summarizing 
the probability for resection, has been widely used for some 
time now and had led to the conviction that these are tumor 
groups having grossly different prognosis that is determined 
by the perivascular extension of the tumor. LAPC has been 
doomed as incurable disease, with a median and 5-year 
survival of 11–14 months and 0–7%, respectively, mainly 
because resection is precluded due to the involvement of 
CA, SMA or the hepatic arteries (21). Attempt for surgical 
resection of BRPC, besides resulting in lower resectability 
rate than for primary resectable cases, runs a much higher 
risk of leaving positive margins (22). Still the median 
survival of upfront resected BRPC, is better than when 
being treated by radiochemotherapy without resection:  
3- and 5-year survival in a RCT was 20% and 10% versus 0, 
respectively (23-25). While in the broader public addressing 
BRPC by resection has been regarded as reasonable in 
the multimodality context, despite that for a long time the 
evidence behind neoadjuvant therapy in this matter has 
been scarce, the opinion against surgical approach in LAPC 
has been quite uniform (22).

Tumoral vascular infiltration has been seen as a negative 
prognostic factor for survival (26). Interestingly, the depth 
of invasion through the thickness of the vessel seems to be 
more clearly associated with prognosis—being worse only 
when intima was reached (27). Yet, other studies did not 
support neither one nor the other observation (18,19,28-30). 
Furthermore, histologic venous and arterial infiltration are 
generally reported in about 60% of resected specimen with 
en bloc vascular resection, despite that clinically they all 
appeared to have been adherent to the tumor (18,29,31,32). 
Should the patients with clinical but not histologic 
infiltration be denied resection then? Does “bad” location 
necessarily translate into “bad” biology? Critical evaluation 
of the watershed between what is technical challenge and 
aggressive biology is essential, particularly when potent 

oncologic treatments are now available that can potentially 
address occult systemic disease and lymph node spread, 
occurring more common in BRPC/LAPC than in primary 
resectable cases, and improve the prognosis of technically 
resectable disease (33-37).

This review aims to highlight the grey zones in the 
current classifications for local tumor involvement with 
respect to outcome in the current multimodality treatment 
era and initiates a call for a more comprehensive prognosis-
related classification.

Geometry and biology

The introduction of  the concept of  “borderl ine” 
resectability, in between resectable and unresectable cancer, 
highlighted the evolution of the surgical possibility of 
resection (15,16,38). Delineating also the risk of leaving 
narrow resection margins, the borderline definition brought 
up the idea of the multimodality treatment to “compensate” 
for the space effect, regional, and potentially occult distant 
spread of the tumor. The grey-zone that borderline 
resectability implies, also challenged the prejudice that 
there is an absolute limit to surgery with extensive local 
involvement. The geometric description of vascular 
involvement, that splits borderline (potentially curable) 
from locally advanced (untreatable) disease, is somehow 
awkward to perceive as a true oncologic threshold.

From the standpoint of biology, it is not very intuitive 
how the cut-off of 180°-degree circumferential vascular 
involvement describes a clinical threshold for unfavorable 
prognosis (Figure 1A). This definition refers back to the 
90 s, where the risk for vascular involvement discovered 
during surgery was significant whenever more than half 
of the circumference of the vessel (>180°) was surrounded 
by tumor on radiology (39,40). At this time, vascular 
resection was not an option. This was also the time when 
potent combination chemotherapy, like FOLFIRINOX or 
gemcitabine-N-paclitaxel, was not available. Therefore, 
what the NCCN classification of resectability reflects is 
that venous resections are generally feasible, but arterial 
resections are not.

But what about the other dimensions of geometric venous 
involvement? Imamura et al. showed that even the length 
of venous contact predicts impaired survival—23.3 versus  
39.3 months if the contact was longer or shorter than 20 mm 
on preoperative CT (41). With an appropriate mobilization 
using the Cattell-Braasch maneuver, even long venous 
segments, above 5 cm, can be safely resected with primary 
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anastomosis, without graft interposition (32). Resection of 
the first jejunal branch of the superior mesenteric vein (SMV) 
is feasible and not mentioned particularly anymore in the 
NCCN classification (42). Resection might be achieved even 
in case of cavernous transformation of the portal vein (43,44). 
Whether a short vein involvement represents the same stage of 
disease and should be treated by the same clinical algorithm as 
long venous infiltration, extending into the root of SMV, with 
occlusion, but technically reconstructable, is uncertain, but 
currently it altogether goes under the rubrics of BRPC.

Another peculiar observation is that the exact spot of 
arterial anatomical contact by the adjacent tumor plays 
a role for the aggressive behavior of the tumor. While 
contact with the common hepatic artery (CHA) defines 
the tumor as borderline, the same or even broader contact 
with the splenic artery (SpA) classifies the tumor as clearly 
resectable (Figure 1B). Both CHA and SpA are same-grade 
branches of the celiac axis (CA), so how come they reflect 
different biology? Apparently, there is a clear technical issue 
rather than pure biology involved—the latter being easily 
resectable, while the former needs special attention and safe 
reconstruction. 

Both the TNM and NCCN classifications evolved to 
follow the surgical achievements that pushed the limits of 
resectability. T4 stage emerged in the 5th edition of TNM 
classification to define involvement of CA and superior 
mesenteric artery (SMA) and separated from “adjacent vessels” 
in the 4th edition, thus recognizing that venous involvement 
no longer puts a stop to surgical resection (45). The NCCN 
classification no longer mentions specific anatomic landmarks 
of venous involvement. The “unresectable” tumor group 

changed name to “locally advanced”. Could it be that we 
are standing at the verge of a new conceptual definition of 
advanced pancreatic cancer?

The ugly (locally advanced pancreatic cancer)

The increase in pancreatic tumor size is associated with 
other poor prognostic factors for survival, such as higher 
risk for lymph node metastases, higher lymph node ratio, 
higher risk for perineural invasion, lower grade of tumor 
cell differentiation, higher probably to be classified as T 
stage 3 or 4, higher serum CA19-9 (37,46,47). Tumor 
size by itself (T1-3) according to the 8th TNM edition is 
distinctively predictive of survival, even irrespective of the 
lymph node status (47). T4 stage, though, stands alone, 
irrespective of tumor size, determined by infiltration of 
CA and SMA (47). Arterial involvement usually requires 
that the tumor grows beyond the pancreas, deeper into the 
surrounding tissue. So, is it really the arterial involvement 
per se or the tumor size that predicts the generally worse 
prognosis in locally advanced PC? And can it be overcome?

Arterial resection with pancreatectomy has for long been 
banned as risky procedure, bringing very little survival 
benefit, just slightly better than palliation, without 5-year 
survivors (27,48). Recent retrospective series challenge 
this prejudice and show that arterial resections can be 
performed safely with pancreatectomy in selected cases 
(18,49,50). In-hospital mortality as low as 2.9% has been 
reported (18). Most interestingly, long-term survivors, 
beyond the 5-year limit, have been observed, in some cases, 
even without preceding neoadjuvant therapy (18,50). In the 
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Figure 1 Arterial involvement as determinant of resectability of PC. (A) ≤180° involvement describing borderline resectable (left) and >180° 
involvement describing locally advanced PC (right). (B) >180° arterial involvement describing resectable (green), borderline (yellow), and 
locally advanced (red) PC. CHA, common hepatic artery; SMA, superior mesenteric artery.
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context of multimodality neoadjuvant therapy, though, Tee 
et al. observed a 5-year survival close to the impressive for 
PC 40% with en bloc arterial resections (50). The evidence 
of performing arterial resections with pancreatectomy 
is nowadays low, but the first steps have been done. The 
technique and other surgical decisions, such as extend 
of pancreatectomy, perioperative care, etc., still need to 
be standardized before larger scale trials can be planned. 
Similarly, this was the bumpy way that venous resections 
went through. Even without randomized controlled trial, 
showing their feasibility versus no resection at all, venous 
resections have become standard in pancreatic surgery. 

FOLFIRINOX significantly improved the prognosis 
of patient with LAPC, but only after resection could 
long-term survivors be observed (36,51-55). Comparing 
resected and unresected patients with LAPC is undoubtedly 
biased, since the unresected group includes even those 
with local disease progression and/or occurrence of 
distant metastases who apparently would exhibit a more 
sinister outcome. A current patient-level meta-analysis of 
patients with LAPC treated with FOLFIRINOX revealed 
a median survival of 24.2 months (56). Skeptically, that 
brings the question whether resection brings any benefit 
at all or is it just the potent effect of FOLFIRINOX that 
is camouflaged in it. In one of the studies focusing on 
resection of LAPC, statistical modeling revealed that 
resection as a time-varying covariate was associated with 
69% lower mortality rate than non-resection (54,57). In a 
sub-analysis, resected patients with LAPC were compared 

to patients with LAPC who underwent exploration but 
were found to be unresectable for technical reasons 
only—lack of optimal vessel distance to achieve vascular 
reconstruction, but no distant metastases (not even to 
the paraaortic lymph nodes). Preoperatively both groups 
had radiologic stable disease or tumor regression and 
potential vascular margin for reconstruction that motivated 
surgical exploration (Figure 2). The resected LAPC group 
had significantly improved survival compared to the 
technically unresectable group—median and 5-year survival 
of 32 and 13 months and 26% and 0, respectively (57).  
This is probably the closest group comparison that can 
currently be achieved, showing the unequivocal benefit of 
surgical resection in LAPC. Of notice, in the same reported 
series, there was no statistically significant difference in 
survival among resected patients with BRPC and LAPC—
something that current classifications cannot capture (54).

Interestingly, the feasibility of arterial resection is 
heavily discussed, yet vascular resections in general are 
not always necessary in resected patients with LAPC 
after neoadjuvant therapy—18–80.8% (20,51,54,58). 
Arterial resections in particular have been reported in up 
to 35% of the resected cases and about 60% of these had 
histologic arterial infiltration (18,54). That is because the 
radiological assessment after FOLFIRINOX can no longer 
distinguish between viable tumor and post-treatment 
fibrosis (38). Ferrone et al. pointed out that despite that 
radiology predicted persistent unresectability, still 92% 
of these patients could successfully have their tumors 
removed without tumoral involvement of the resection 
margin and having significantly improved prognosis (59). 
Tumor regression radiologically, according to the RECIST 
criteria, after NAT for PC is an unusual event—about 11%, 
while 83% of the patients show stable disease (52,60-62). 
Therefore, radiological re-assessment after NAT is not 
useful to judge on the possibility of resection and should 
not place a burden for it. Quite often after NAT, the arteries 
can be separated from the surrounding tissue without the 
necessity for resection. Perhaps that is why T4 was not 
found to be predictive of survival even in a recent large 
register-based trial from the US, summarizing data from all 
across the country and even from institutions not practicing 
arterial resections (63).

With current NAT, the problem with resected LAPC does 
not seem to be local anymore, but how to control the distant 
recurrence, that is much more commonly observed (52,54). 
Recurrence at distant sites has been seen in 73–80% of patients 
with BRPC/LAPC after resection, while local recurrence 

Figure 2 Kaplan-Meier survival analysis of patients with stable 
LAPC undergoing exploration, with no signs of M1. Resected (solid 
line) and non-resected patients (lack of technical possibility to 
reconstruct (dotted line). The median, 1-, 3-, and 5-year survival of 
the resected and non-resected patients was 32 and 13 months, 84% 
and 53%, 45% and 15%, and 26% and 0, respectively (P=0.0002).

100

50

0
0 20 40 60

Resected LAPC

N at risk

Resected

Non−resected

48

15

25

4

11

2

7

1

Non-resected LAPC, MO

Months

P
er

ce
nt

 s
ur

vi
va

l



2454 Bratlie et al. The good, the bad, and the ugly pancreatic cancer?

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(5):2450-2460 | http://dx.doi.org/10.21037/jgo-2020-slapc-04

was observed in only 20–24% (10,54). How to select whom 
to resect after NAT, with lower risk for distant recurrence, 
is the more difficult question. FOLFIRINOX seems to be 
the chemotherapy able to lead the most patients to resection 
(52,53) and shows predicted 5-year survival of as high as 40% 
(50,54,57). Surgery, however, seems to bring survival benefit 
even if other, more tolerable, combination regimens have been 
used, or after dose reductions of the potent FOLFIRINOX, 
thus increasing the pool of patients who may benefit from 
multimodality treatment (54,55,58). Factors associated with 
improved survival have been explored after NAT, and most 
often seem to be found on the final pathological assessment—
the degree of tumor regression in response to the cytotoxic 
drugs. Unfortunately, this information is available only after 
surgery and is not very helpful preoperatively, as a selection 
tool. CA19-9 is the only preoperative factor that so far has 
been associated with survival (20,36,52,58,64). Yet, there is 
no consensus as to which level should be the cut-off when 
resection should be recommended. Complete normalization or 
levels <100 have been suggested (55). Surgical resection seems 
to bring benefit for all values of elevated CA19-9 compared to 
no resection at all, yet, there needs to be a common sense in 
the balance between the magnitude of the survival gain and the 
consequences to extended resection. Circulating tumor cells 
and DNA has shown an association with response to NAT and 
survival, but further data is needed before this enters the wider 
practice (65-68).

Apparently, there is a continuously accumulating data 
series, intentionally selected, which show the proof of 
concept—patients with LAPC, in whom the systemic 
progression can be controlled, can be resected and have a 
long-term chance for cure. Furthermore, resection of LAPC 
seems to be even more cost-effective than palliation (69). 
Looking at their 5-year survival, that may resemble that 
of up-front resected primary resectable cases, apparently 
LAPC patients can hardly be seen anymore as the “ugly” 
candidates for surgery. How to select whom to take to the 
operating theatre is, however, the more difficult question. 
Since radiologic appearance does not clearly tell which 
patient with LAPC may benefit from resection, current 
practice is that everyone who does not progress (locally or 
systemically) during NAT should be offered a chance for 
surgical exploration and resection. 

The good and the bad (resectable and borderline 

resectable pancreatic cancer)

Practically, BRPC should belong to the technically 

resectable group, but with possible positive microscopic 
margins, if the suggested definitions are to be followed 
(15,22). Yet, quite often in literature, BRPC is melted 
together with either primary resectable cancers or with 
LAPC, thus making it more difficult to draw conclusions of 
the feasibility of this classification. 

How even small and technically resectable the tumor 
may appear to be on the preoperative staging CT, inevitably 
about 20–30% of the patients will develop early disease 
recurrence and will die within one year of surgery (70-72). 
Early recurrence, within 1 year is more often associated 
with distant metastases (10,73). For this group of patients, 
surgical resection has not been a good treatment strategy 
and may have postponed or eliminated the chance for 
oncologic treatment that could have potentially prolonged 
life. Among the predictors for early recurrence are elevated 
serum CA19-9, Charlson-Deyo comorbidity index, tumor 
diameter, differentiation grade, lymph node ratio, the 
former of these being available for consideration already 
in the preoperative setting (10,11,63,73). Possessing these 
factors that may lead to early recurrence or death, make the 
patients with resectable tumors not very “good” candidates 
for direct surgery. A recent consensus statement recognized 
that other factors than the sole radiologic appearance, such 
as CA19-9 and the patients’ condition, need to be taken into 
consideration to define how “advanced” the tumor is (74). 

Metastases to the paraaortic lymph nodes (PALN, station 
16b1 according to the Japanese classification), encountered 
in about 10–17% of resected patients, are considered M1 
disease according to the TNM classification (75-80). Yet, 
PALN are not routinely sampled by most surgeons and used 
as guidance to make decision upon resection (81). While 
the opinion is uniform to bail out from surgery whenever 
liver metastases or peritoneal carcinosis are encountered, 
there is no consensus what the strategy should be in case 
of metastatic PALN in primary resectable tumors. The 
discussion is ongoing whether they should be regarded 
as M1 or more like N2 disease, as the prognosis can be 
improved to some extent by adjuvant chemotherapy (80,82). 
Most studies point out there are hardly any 5-year survivors 
among PALN+ patients, while the 3-year survivors are 
only about 0–10.6% (77-79,83-87). Thus, patients who 
are PALN+ should barely be considered “good” surgical 
candidates despite their radiologically resectable tumors. In 
comparison, the current series of arterial resection report 
better 3-year survival of about 13–25% (18,49,50) and yet 
have much more and stronger opponents regarding their 
oncological benefit compared to PALN+. Apparently, the 
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opinion about feasibility in terms of oncologic prognosis of 
the two is refracted and perhaps distorted by the technical 
aspect. It is not only the prognosis that is being debated 
speaking about feasibility. The difference here is that while 
the arterial resection is more technically challenging, the 
resection of PALN is not. Looking at outcome, though, 
which of the two groups would make a better candidate for 
surgery?

Generally, the bigger the tumor, more often observed with 
BRPC, the higher risk for vascular invasion, lymph node 
metastases, and elevated CA19-9, all of them independently 
associated with worse survival (11,72,88). Resecting BRPC 
generally runs a higher risk for local recurrence, which is why 
NAT has been suggested, to attenuate this risk (15,22,88). 
Pretreatment with NAT in BRPC carries lower risk for 
superior mesenteric or portal vein invasion, lymphatic 
invasion, venous invasion, and lymph node metastasis (11). 
The benefit of NAT has evolved and amplified over the 
years, along with more potent chemotherapeutics being 
available (11,17,61,89-92) and was shown to improve the 
overall survival in BRPC patients compared to upfront 
resection in an intention-to-treat: median of 25.7 versus 
19.0 months (11,24,90,92). This was confirmed also in the 
only randomized controlled trial available up to date on the 
feasibility of NAT in BRPC—median survival of 21 versus 
12 months (61). The neoadjuvant approach also increases the 
chances that patients receive medical oncologic treatment 
compared to the adjuvant setting—96% versus 72%. In most 
studies comparing resectable to BRPC, the BRPC group had 
undergone NAT (15,17,20,38,57). After NAT, the survival 
of resected BRPC patients is comparable to that of upfront 
resectable PC and generally reported to be above 20 months 
(15,17,57,91). Thus, the “bad” BRPC tumors after NAT turn to 
be just as “good” candidates for resection as resectable tumors.

The immense impact of NAT on the possibility for 
resection of BRPC and LAPC and the following favorable 
long-term prognosis has awakened the interest in NAT 
even in resectable cases. In retrospective reviews and meta-
analyses, NAT seems to improve the survival for both 
smaller (<2 cm) and bigger tumors (>2 cm) for treated 
per protocol patients (90,91,93,94). Recent randomized 
controlled trials showed the benefit of NAT in resectable 
PC, and others are ongoing (95-97). Yet the utility of NAT 
in intention-to-treat is yet to be determined (90,93). The 
notion behind NAT in PC should be to select the patients 
with favorable biology, which tumors tend to stay localized, 
irrespective of the magnitude of local tumor involvement, 

so that all patients who go to surgery are “good” candidates 
for resection.

Conclusions

There is a continuously accumulating series of data 
providing proof that even patients with BRPC and LAPC 
can be resected and led to cure. The resected series contain 
certainly “selected” cases by chemotherapy, but rather 
seeing this as a bias, it would be more appropriate to look 
at it as a desired selection tool—to test whether systemic 
chemotherapy is able to control the local lymphatic and 
occult systemic spread that potentially all pancreatic cancers 
have, and to sieve out who might benefit most from the 
local treatment that surgery is. This selection concept 
is slowly moving forward even with primary resectable 
pancreatic cancer. 

In the upcoming era of NAT, that strongly is making its 
way as the new standard in pancreatic surgery, we should 
probably no longer speak of “good”, “bad” and “ugly” 
candidates for resection based only the local perivascular 
extension of the primary tumor. We might recognize that 
we deal with a more uniform and easily understandable 
disease. It is either we encounter tumors with greater 
metastatic potential, unresponsive to systemic therapy, that 
would not benefit from resection how even small they are, 
or tumors that can stay localized and then it is the surgeons’ 
confrontation how to overcome the technical threshold for 
resection. How to select even better the “good” candidates 
and what strategies are helpful to convert the “bad and 
ugly” tumors into “good” ones are the next tasks that needs 
to be worked on.
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