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Abstract: Pancreatic ductal adenocarcinoma (PDAC) is traditionally treated by a surgery-first approach.

The development and adoption of the concept of borderline resectable PDAC, which extends the role of

surgery, is based on the proposition that neoadjuvant therapy (INAT) will increase the resection rate, margin

negative rate and overall survival. There are a number of issues with this concept and a critical review of

these suggests that it is based on limited foundations and likely has a limited future.
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Pancreatic ductal adenocarcinoma (PDAC) has a dismal
prognosis. The nihilism surrounding PDAC (1), the
deadliest of solid cancers, is based on overall survival data
that remain rooted in single digits. The best chance of
survival is by surgical resection (2,3) although the chilling
reality is that a curative surgical resection (i.e., negative
margins or RO0) is only possible in a fifth of patients of
whom only 20% are alive at 5 years (4). Despite this, a
surgery-first approach remains the cornerstone of curative
treatment for only a minority of patients with resectable
disease because resection has become more safe (5)
and effective systemic treatments are still awaited (6).
It is no surprise that in the drive to achieve better
results some surgeons advocate more radical surgery
to treat more patients (7-9). This drive has helped
spawn the concept of ‘borderline resectable’ disease,
first proposed 15 years ago (10). The rationale is easy
to follow. If patients are likely to be left with residual
cancer after resection and if they can be identified
before resection it might be possible to down stage the
disease by neoadjuvant therapy (NAT). The advantages
of this approach are that a higher proportion of patients
receive multimodality therapy (11), there is an increase
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in resection rate (12), negative margin rate (13) and
overall survival. This approach also allows time for occult
systemic cancer to become evident, during the course of
NAT, and thus avoiding futile surgery.

There are several issues with the concept of ‘borderline
resectable’ PDAC (BR-PDAC) and a critical examination
of these calls into question the long-term viability of the
concept.

Almost all patients have systemic disease when
they present with PDAC

It has been calculated that over a decade is required for
localised PDAC to develop subclones with metastatic
potential, but at the time patients present for treatment
the vast majority already have systemic disease (14). This is
supported by histopathology examination of early PDAC
where perineural and/or lymphovascular invasion is ubiquitous
indicating a marked propensity for systemic spread at the time
of treatment. This goes some way to explaining the finding
that 85% of patient having a ‘curative resection’ succumb with
systemic metastases (15,16). Other evidence that pancreatic
cancer might be metastatic from the time patients present
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comes from computer modelling (17) and experimental
mouse models (18). While exceptions exist, for the majority
of patients the ‘horse has bolted’ by the time they present, as
treated or untreated they will die with systemic disease (16).
"The importance of this is that despite radical surgical resection
the outcome will usually be determined by pre-existing
systemic disease and whether it responds to NAT;, and not the
radicality of surgery.

The decision to give NAT requires accurate
identification of BR-PDAC

The ability to establish whether it is possible to
improve survival by treating BR-PDAC with NAT has
been hampered by the ‘imprecise continuum between
radiologically and technically resectable and unresectable
disease’ (19). There are no less than seven different
published definitions of BR-PDAC (20) all of which use
ambiguous terms (e.g., abutment, impingement, narrowing,
encasement, invasion, and adherence) and an arbitrarily
determined measurement (e.g., 2180° of circumference).
Interpreting and comparing studies of NAT for BR-PDAC
is difficult because they use these different definitions,
chemotherapy and radiation therapy protocols and are
typically small retrospective studies. Even if proponents
of the BR-PDAC concept achieve consensus on accurate
definitions, the prognostic relevance of the elements and
reliability of their interpretation still need to be determined.

The selection of patients with BR-PDAC for NAT
relies on anatomic criteria, which are not it for
task’

The various definitions of BR-PDAC are based on the
relationship of computed tomography (CT)-detectable
tumour to adjacent vessels. The problem is that the
anatomic extent of tumour is often difficult to determine
and the extent does not indicate the aggressiveness of
the tumour, the likelihood of systemic metastases, or
responsiveness to NAT. This is not to say that anatomic
elements do not have some prognostic significance, but that
they are not sufficient for selecting patients. It is known, for
instance, that there is a worse outcome if more than 3 cm of
the portal/superior mesenteric vein is involved (21,22) and
if there is microscopic invasion through to the intima of the
vein (23). Staging CT scanning can identify the former, but
not the latter. A fresh approach to pre-operative staging is
needed to provide criteria that will advance our decision-
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making, allow tailoring of treatment and permit more
accurate prediction of outcome. In short, we need biologic
and not anatomic criteria to select patients. It has been
suggested that different patterns of failure in PDAC indicate
distinct morphological and genetic subtypes with different
patterns of metastases (24). For instance, an intact SMAD4/
DPC4 gene might be used to select patients for pancreatic
resection (25) as this is associated with a lower risk of distant
metastases (24). Recently an integrated genomic expression
analysis of 456 PDACs convincingly demonstrated that
PDAC represents four distinct subtypes; squamous,
pancreatic progenitor aberrantly differentiated endocrine
exocrine (ADEX) and immunogenic types (26). The future
of preoperative staging will involve pre-treatment tumour
sampling and targeted genomic analysis to allow accurate
selection of patients for tailored treatments. When this
occurs the importance of anatomic criteria will rapidly fade.

It is not known if NAT improves the negative
margin rate after resection

The justification for giving NAT to patients with BR-
PDAC is not only to treat occult systemic disease, but
also to reduce the risk of a positive resection margin (27).
Confirming the latter is problematic because the risk of
a positive margin in patients with BR-PDAC who do not
receive NAT has not been determined. Thus the actual
contribution of NAT to reducing the risk of a positive
margin is not known because the available evidence is
of low level and conflicting. A systematic review found
that the RO resection rates between tumours considered
resectable and unresectable before NAT were not
different after resection (82.1% wvs. 79.2%) (28). This
suggests that NAT did not increase the negative margin
rate after resection. There is other evidence suggesting
the reverse, that neoadjuvant combined therapy leads to
a higher negative resection margin rate (13,29), which
suggests that the addition of radiotherapy is essential to
achieve a reduced RO rate. While the objective of NAT
is down-staging, the reality is that more often the effect
is one of down-sizing, and this occurs in less than a third
of patients (30). Neoadjuvant FOLFIRINOX has shown
some promise with down-staging (31), but it is too toxic
for many elderly patients. The ALLIANCE trial (32) has
tested neoadjuvant chemotherapy followed by radiation
therapy and failed to demonstrate an improvement in
resection rates. Whether NAT increases the negative
margin rate remains to be established.
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It is not known if NAT improves overall outcome
in patients with BR-PDAC who are resected

The ultimate proof for the concept of BR-PDAC would
be to demonstrate that NAT improves overall survival.
Evidence for this is not available as there have been no
randomised clinical trials designed to test whether NAT
in patients with BR-PDAC (or those with resectable
disease, for that matter) improves overall survival (29,33).
Lower levels of evidence suggest that combination NAT
does not improve disease-free or overall survival (13).
Therefore this question remains wide open. Whether the
widespread adoption of the concept of BR-PDAC has
effectively destroyed the practical equipoise necessary to
conduct such trials (32) is untested. Any perceived survival
advantage from NAT in patients with BR-PDAC, when
compared with those with unresectable disease, might be
due to other factors, including the latter harbouring more
advanced stage disease, a higher incidence of preoperative
arterial involvement and intraoperative incidental
metastasis (34). While the primary question remains
unanswered, there are considerable efforts being made to
answer secondary questions such as which combinations of
chemotherapy are most effective and whether radiotherapy
should be included. Surely our best efforts should be
directed towards determining whether NAT confers any
survival advantage (35).

Accurate re-staging of BR-PDAC after NAT is not
possible

Images from re-staging CT scans after NAT are difficult
to interpret (36), because it is not possible to distinguish
residual tumour, scarring from tumour regression, tumour
desmoplasia, or inflammatory changes from NAT itself.
This difficulty in accurately selecting which patients should
proceed with resection means that the # priori decision
for NAT almost inevitably commits a patient with BR-
PDAC to a trial dissection after NAT, providing distant
metastases do not arise in the interim. This almost certainly
results in an increased proportion of patients undergoing
trial dissection and synchronous vein resection (36), and
probably without a reduction in the R1/R2 rate (37).
Whether it is possible to more accurately stage the margins
of concern with endosonography and fine needle aspiration
for cytology remains to be seen (38). Whether adjunctive
techniques such as ‘margin accentuation’ by irreversible
electroporation can increase the RO rate in this setting
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also remains to be seen (39,40). The inability to accurately
re-stage patients with BR-PDAC after NAT remains an
unsolved problem.

If NAT is indicated for patients with BR-PDAC,
why is it not indicated for all those with PDAC?

The benefits of NAT, in terms of improved RO rates
and survival, might be more readily demonstrated in
patients with resectable PDAC than BR-PDAC. Given
the propensity for systemic spread in all patients with
PDAC, the logical question is whether it should be
indicated for all patients with PDAC (41). This question
was vociferously debated over breast cancer many years
ago. The Halsted concept of the primacy of radical local
surgery, which probably retarded progress for almost a
century, was successfully challenged by the Fisher concept
of systemic therapy (42), using randomised controlled
trials to demonstrate the importance of NAT. A similar
revolution appears to be occurring in some centres that
are now offering NAT for T1 and T2 PDAC. It is time to
acknowledge that PDAC, even more than breast cancer,
is a systemic disease at the time of presentation and that
restricting NAT to a subgroup of patients (i.e., BR-PDAC)
denies potential benefits for patients with resectable
disease. Over-reliance on a surgery-first approach for
PDAC has retarded progress. The reality is that surgery
and even more radical surgery, though well intentioned,
has not yielded acceptable results (9,37). And while we
can be pleased that there has been a significant decrease in
pancreatoduodenectomy-related morbidity and mortality
over the last 3 decades (5), the efficacy of surgical treatment
has reached its ceiling (5).

The foundations on which the concept of BR-PDAC
has been proposed, developed and implemented are not
strong. While extending the role of surgery to encompass a
subgroup of patients with BR-PDAC who are down-staged
by NAT has considerable appeal, the evidence to support
this approach is relatively sparse. The reality is that despite
our advances in staging, NAT and surgery there has been
little impact on survival.

The future treatment of PDAC will be very different.
NAT will become the standard of care for all patients with
PDAC and will be tailored and targeted to subgroups of
patients based on genomic analysis of their tumour. Patients
at low risk of systemic metastases will be offered resection
after NAT to confirm tumour kill and remove any residual
viable cancer. Patients at high risk of systemic metastases
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may not be offered surgical resection at all. While the
concept of BR-PDAC has raised awareness about the
importance of NAT for PDAC, the limited foundations and

remaining issues suggest that it has a limited future.
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