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ABSTRACT

Pancreatic cancer has a dismal prognosis.
Resection is the best option for cure, supported
by multimodal therapy to treat the systemic
disease. While adjuvant therapy has become
standard in those who are fit and who can tol-
erate the given regimen, the concept of peri-
operative (neoadjuvant) therapy is building
momentum. The concepts of ‘‘borderline’’ and
‘‘locally advanced’’ have changed the previous
dichotomized ‘‘resectable/non-resectable’’ into
subcategories for which new algorithms have
emerged, with neoadjuvant therapy discussed
both for upfront resectable pancreatic cancer,
for those deemed borderline resectable, and as
‘‘induction or conversion’’ therapy for locally
advanced disease. The purpose of this invited
commentary is to discuss some of the changing
paradigms in multimodal therapy for operable
pancreatic cancer. The PREOPANC trial pre-
sented randomized data on the role of

neoadjuvant therapy for resectable and border-
line cancers, but new questions have emerged.
The role of combination therapy in the preop-
erative setting is discussed in the light of this
trial. FOLFIRINOX has emerged as the most
potent treatment regimen in the metastatic and
adjuvant setting, but with no level I data to
support neoadjuvant use yet. Several trials are
ongoing to arrive at the best answer.
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Pooh always liked a little something and he was very glad
to see Rabbit getting out the plates and mugs; and when
Rabbit said: ‘‘Honey or condensed milk with your bread?’’
he was so excited that he said, ‘‘Both,’’ and then, so as not
to seem greedy, he added, ‘‘but don’t bother about the
bread, please.’’ from Winnie-the-Pooh by A. A. Milne.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.13536473.

K. Søreide (&)
-Department of Gastrointestinal Surgery, Stavanger
University Hospital, Stavanger, Norway
e-mail: ksoreide@mac.com

K. Søreide
Department of Clinical Medicine, University of
Bergen, Bergen, Norway

K. Søreide
Gastrointestinal Translation Research Unit,
Stavanger University Hospital, Stavanger, Norway

Oncol Ther (2021) 9:1–12

https://doi.org/10.1007/s40487-020-00136-y

http://orcid.org/0000-0001-7594-4354
https://doi.org/10.6084/m9.figshare.13536473
https://doi.org/10.6084/m9.figshare.13536473
http://crossmark.crossref.org/dialog/?doi=10.1007/s40487-020-00136-y&amp;domain=pdf
https://doi.org/10.1007/s40487-020-00136-y


INTRODUCTION

Pancreatic cancer is projected to become a
leading cause of cancer-related morbidity and
death worldwide [1, 2]. With very limited pro-
gress overall, and scarcely noticeable effects on
long-term survival over the past 50 years [3], it
is only in the last decade that some remarkable
changes in survival times have been noted with
novel multimodal management introduced
into the multimodal care pathway. While sur-
gery is the single most important factor for
achieving long-term survival, this is hardly
achieved without systemic therapy. Also, sur-
gery is offered to less than 20% of all patients
with pancreatic cancer. So pancreatic surgeons
may become a little eager, just like Winnie-the-
Pooh (quote above), for ‘‘a little something’’ and
to have the ‘‘honey and milk’’ too, when there
appears to be a resectable cancer. Should one
have chemo-(radio)therapy too, and also, even
after the surgery?

Evolving with evidence along several ran-
domized trials, adjuvant therapy after resection
has become the standard [4], demonstrated
among others through the series of European
Study Group for Pancreatic Cancer (ESPAC) tri-
als [5–8]. Clearly, introduction of novel agents,
including gemcitabine, nab-paclitaxel and
combined regimens such as FOLFIRINOX (i.e.,
folinic acid, fluorouracil, irinotecan and oxali-
platin), have provided more effective therapy,
first demonstrated in metastatic pancreatic
cancer [9] and later as adjuvant therapy in the
Unicancer and Canadian Cancer Trials Group
(CCTG) PRODIGE 24/CCTG PA6 trial, with a
median overall survival reported at an
unprecedented 54.4 months after surgery [10].

Moreover, the concepts of ‘‘borderline’’ and
‘‘locally advanced’’ have changed the previous
dichotomized ‘‘resectable/non-resectable’’ into
subcategories for which new algorithms have
emerged, with neoadjuvant therapy discussed
both for upfront resectable disease, for those
deemed borderline resectable, and as ‘‘induction
or conversion’’ therapy for locally advanced
disease (Fig. 1), with subsequent exploration
and resection in responders [11–13]. However,
there is considerable debate over the role and

need for upfront chemotherapy in otherwise
resectable pancreatic cancer. This is partly rela-
ted to the knowledge that resection is an
essential component for chance of cure, and
also increasing experience with extended
resections, including safer resections in the case
of portal vein involvement [14, 15]. However,
reports on early recurrences despite ‘‘successful’’
radical surgery suggest pancreatic cancer to be a
highly systemic disease even from the early
onset.

Thus, when new and more effective therapy
becomes available, it is tempting to want it all,
like Winnie-the-Pooh’s craving for both milk
and honey. Certainly, the milk and honey
analogy can be played out to contemporary
treatment strategies for clinically resectable or
borderline-resectable pancreatic cancer (Fig. 2).
However, which treatment strategy to choose
over the other may not be immediately evident
from the lack of available level 1 data [16].

Also, a plethora of new definitions and
strategies have emerged [12]. Indeed, use of
neoadjuvant therapy has crept into many
institutional protocols despite lack of data.
Recent meta-analyses suggest a benefit from
neoadjuvant therapy, but with low-quality data
based on institutional series, lack of a control
arm and failure to account for dropouts of
therapy for an intention-to-treat analysis [17]
(Fig. 3). Yet, still, opinions and practice are lar-
gely split between ‘‘surgery first’’ and ‘‘neoadju-
vant therapy’’ attitudes, due to the lack of good
level 1 data to clearly support one opinion over
the other. Proponents for surgery argue that ‘‘a
chance to cut is a chance to cure,’’ or at least to
achieve long-term survival for some patients,
and progression under neoadjuvant therapy
would deprive patients of this chance for sur-
gical cure. In contrast to this view, those in
favor of a neoadjuvant therapy approach first
use the argument that patients with early
recurrence (e.g., \6 months after surgery) are
those who are unlikely to have had any benefits
from the surgery, other than the likely added
morbidity and possibly complications from the
procedure. Also, early recurrence is associated
with a very poor prognosis (Fig. 4) [18]. Even if
the time to the start of adjuvant therapy is
delayed by postoperative complications, the

2 Oncol Ther (2021) 9:1–12



most important factor is the ability to complete
the course of adjuvant chemotherapy [19].
Notably, less than 60% of patients receive
adjuvant chemotherapy after surgery—for
numerous reasons—and hence do not receive
multimodal oncological care [20, 21]. Thus,
giving the therapy before surgery would just
seem reasonable, as it would hopefully increase
the numbers who receive systemic therapy.

The Dutch PREOPANC Trial

With this as a backdrop, the Dutch PREOPANC
trial was designed several years ago, with ethics
approval in 2012 [22]. The trial commenced in
2013 and successfully randomized 248 patients
by July 2017, involving 16 Dutch hospitals. The
trial was powered to show a 6-month survival
benefit with preoperative chemoradiotherapy

over upfront surgery (expected 17 months to
11 months, respectively) in the planned inten-
tion-to-treat analysis. Somewhat disappoint-
ingly, and maybe even to some a bit
surprisingly, the study reported no significant
difference between the two arms [23]: median
overall survival by intention to treat was
16.0 months with preoperative chemoradio-
therapy and 14.3 months with immediate sur-
gery (P = 0.096).

That being said, and with the trial design and
endpoint to power the sample size in mind, one
should not disregard the favorable outcomes for
several of the secondary endpoints and sub-
groups. For example, the R0 rate was better with
neoadjuvant therapy. Also, the neoadjuvant
arm noted better disease-free survival and
locoregional failure-free interval, as well as sig-
nificantly lower rates of pathologic lymph

Fig. 1 The contemporary patient and treatment landscape
in pancreatic cancer. Reproduced and slightly modified
with permission under the Creative Commons CC-BY-

NC-ND from Eur J Surg Oncol. 2020;46(8):1554–7
�2020 The Authors
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nodes, perineural invasion and venous inva-
sion. However, all these endpoints need to be
confirmed both for return on overall survival
and for their applicability for use as surrogate
markers for improved oncological control in
appropriately designed trials.

Pearls and Pitfalls to Consider

A few things should be kept in mind when
reviewing the PREOPANC trial data (Fig. 5). The
trial was designed to investigate whether pre-
operative radiochemotherapy improves overall
survival by means of increased radical (R0)
resection rates in patients with resectable or
borderline-resectable pancreatic cancer.

Obviously, one should keep in mind the time
and the setting during which the trial was
designed (now almost a decade in the passing).
It is easy to forward critique in hindsight—it is
much harder to design, launch and execute a
trial like the PREOPANC trial, requiring the buy-
in from several disciplines and across multiple
institutions. For this effort the investigators
should be highly commended and applauded.
Designing trials will always be a challenge, as
emerging data and new experience during the
trial period may change the knowledge land-
scape within which a trial was designed and for
which it was intended to provide new answers.
Hence, the Dutch Pancreatic Cancer Group has
led the way in this national, multicenter trial by

Fig. 2 Analogy to the different treatment strategies in
(borderline) resectable pancreatic cancer. A ‘‘honey, milk or
bread’’ analogy, from Winnie-the-Pooh. All or select few?

At the bottom, the future personalized approach is
pictured based on a complete workup of specific factors
and targeted therapies tailored to the individual
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showing how a trial has involved several insti-
tutions within a country to participate in a
surgical oncology trial.

Nonetheless, some remarks may be discussed
as a backdrop to the results from the PRE-
OPANC study. First, the eligibility and inclusion
criteria may be considered. While a Karnofsky
performance status C 70 (or WHO performance
status of 0 or 1) is not controversial—patients
must be able to tolerate the treatment given—
the inclusion of cancers located both in the
head and in the body/tail of the gland may to
some degree contribute to the results achieved
in the trial. Notably, several studies suggest that
body and tail cancers are biologically different
from those located in the pancreatic head. This
has been demonstrated at the genetic level,
through immune profiling and regarding clini-
cal outcomes [24–27]. Although distal cancers
made up a minority (8% in the surgery first
compared to 18% in the neoadjuvant group)
[23], it may potentially have influenced the

results. However, location of tumor was noted
to have no significant difference in median
overall survival times in a Dutch population-
based cohort [28]. Further, with regard to the
PREOPANC outcomes, one should note that cT1
tumors (\2 cm on clinical imaging/staging)
were not included in the trial [22, 23]. In gen-
eral, the prognosis is better with these ‘‘early-
stage’’ T1 cancers compared to higher stages,
but at the same time even such early pancreatic
cancers have an overall very high risk of
metastasis—much higher than any other early-
stage solid cancer of similar size—demonstrat-
ing a high likelihood for systemic disease even
in the earliest stages of pancreatic cancer
[29, 30]. Thus, the notion that pancreatic can-
cers show a systemic disease behavior from an
early onset and with the smallest of tumor sizes
(even\0.5 cm) should support a neoadjuvant
therapy approach. Also, excluding the T1
tumors, and hence those patients with the best
prognosis, may also potentially skew the overall

Fig. 3 Comparing overall survival between studies.
Reported median overall survival with 95% confidence
intervals. a Resectable pancreatic cancer. (b) Borderline
pancreatic cancer. Reproduced with permission under the

Creative Commons CC-BY-NC-ND from Versteijne et al.
[17] Br J Surg. 2018;105(8):946–58 Wiley �2018 The
Authors
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survival in a negative direction for the PRE-
OPANC outcomes.

Second, the trial included both upfront
resectable and borderline pancreatic cancers.
With a systemic disease behavior in mind, this
may be appropriate. However, the criteria for
‘‘borderline resectable’’ in the PREOPANC trial
deviates slightly from the borderline criteria
suggested by others [31–33], and as recognized
by the investigators in the study protocol [22].
The definition ensured uniformity among the
Dutch centers but may hamper direct compar-
ison to other studies reporting on borderline
tumors based on different definitions. For
example, the borderline tumors were allowed to
have[90� and B 270� involvement of the
vein, while most other definitions would
restrict this to B 180� to define ‘‘borderline’’
[31, 33]. Hence, cases that may have been
defined as ‘‘locally advanced’’ by other defini-
tions may have been included in the PRE-
OPANC cohort as ‘‘borderline.’’ On the other
hand, arterial abutment was only accepted
to\90� in PREOPANC, while this is also
defined up to 180� in other ‘‘borderline’’ defi-
nitions. Of note, while definitions of ‘‘border-
line’’ may differ, there are currently no data that
suggest one is better than the other. Hence, this
hampers first and foremost comparison between
studies (e.g., in patient selection), and better
and improved biological definitions will be
needed to arrive at uniform and
acceptable criteria.

Lastly, the PREOPANC study used gemc-
itabine as drug of choice, which was based on
data available at the time. Indeed, another
multicenter trial from Japan has also investi-
gated gemcitabine in the neoadjuvant setting
(Prep-02/JSAP-05), albeit with added S-1 known

to work in Asians but less so in other cohorts,
and reported favorable outcomes for the
neoadjuvant arm over upfront surgery, but
currently only with data available in abstract
form [34]. However, since then, FOLFIRINOX
has proven to be superior both in the metastatic
setting [9] and as adjuvant therapy after resec-
tion [10]. Thus, it is conceivable that more
effective chemotherapy regimens will exert an
improved effect on resectability and hence on
disease-free and overall survival. Indeed, the
PREOPANC investigators have designed the
next study (PREOPANC-2 [35]) with neoadju-
vant FOLFIRINOX treatment (as four cycles ?

four cycles in the experimental arm) against a
gemcitabine ? chemoradiation neoadjuvant
arm (with four cycles of adjuvant gemcitabine
after surgery). The inclusion of both
resectable and borderline cancers (by the Dutch
definition) will remain in PREOPANC-2. Also,
the role of radiotherapy as part of neoadjuvant
will remain open to debate.

Future Directions

The PREOPANC trial is an important step for-
ward in the delineation of neoadjuvant therapy
in pancreatic cancer, despite its equipoise in
overall survival. Superiority for several of the
secondary endpoints suggests a role for neoad-
juvant therapy. The trial emphasizes several of
the tribulations with neoadjuvant trials in
pancreatic cancer [12], yet opens the opportu-
nity for several hypothesis-generating questions
and new hypotheses that may be pursued for
further research [36]. The role of radiotherapy
and its effect on tumor response needs to be
better defined. Techniques have evolved in this
field, and more precise and effective use may be
anticipated but needs to be scrutinized in future
trials. The influence of neoadjuvant-related
toxicity from any regimen on the clinical course
should be defined and compared between regi-
mens—notably, FOLFIRINOX may be more
toxic than other regimens. Any associated sur-
gical-related morbidity such as postoperative
pancreatic fistula [37] related to any given reg-
imen should be defined as clinically important
complications. Data on the patients who

bFig. 4 Recurrence patterns and prognosis after resection
in pancreatic cancer. a Scatter diagram of recurrence
patterns. b Prognosis for each site of recurrence. Outcomes
were summed and weighted averages of median survival
times determined. Error bars represent standard deviations.
LR locoregional; NACRT neoadjuvant chemoradiother-
apy; CTx chemotherapy; PeD peritoneal dissemination.
Reproduced with permissions from Tanaka et al. [18] Br J
Surg. 2019;106(12):1590–601 Wiley �2019
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Fig. 5 Flow scheme to illustrate the PREOPANC trial design. The full dose of gemcitabine was 1000 mg/m2/dose on days
1, 8 and 15 in six cycles of 28 days (4 weeks) each
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underwent resection in PREOPANC suggest that
those receiving neoadjuvant chemoradiother-
apy were at lower risk of developing post-op
pancreatic fistula than those who went imme-
diately to surgery (0 of 66, 0% vs. 9 of 98, 9.2%;
P = 0.011), with no differences noted for any
other complications [38].

With several observational data suggesting
neoadjuvant chemotherapy to be favorable
[39, 40], the PREOPANC study [23] represents
the first randomized trial to investigate this.
Moving on to the PREOPANC-2 trial, the role of
FOLFIRINOX against the gemcitabine-based
radiochemotherapy protocol will be compared.
Meta-analysis of FOLFIRINOX in borderline-re-
sectable [41] disease suggests beneficial out-
comes, and future trials on this regimen may
yield a more evident outcome profile, in terms
of response effect on tumors, resectability rates
and survival. Furthermore, the concept of ‘‘total
neoadjuvant chemotherapy,’’ as has been
addressed by others [42, 43], may be further
scrutinized with this approach. Tongue in
cheek, and as in the Winnie-the-Pooh quote
above, maybe having the ‘‘honey and con-
densed milk’’ (total neoadjuvant) but not
bothering with the bread (no adjuvant) (Fig. 2)
is the suitable balance between optimal care and
too much? The right timing and the best bal-
ance? And for whom? There is certainly room
for future trials in this area.

While several ongoing trials will explore the
exact role and give new answers as to the benefit
of neoadjuvant combination regimens in the
setting of operable pancreatic cancer, there is
still much to be learned of the biological cancer
behavior. However, with the advent of novel
tumor markers, better risk stratification, delin-
eation of molecular subgroups and personalized
therapy, the future may see us design com-
pletely different trials based on ‘‘one patient—
one tumor—one therapy’’ rather than the cur-
rent rough-and-tumble situation of slightly
opaque definitions. With much still to be
learned, there is also much to be gained from
biological investigation, exploring mechanisms,
molecular pathways and into the optimal ther-
apy and the optimal strategy—towards the
eventual improvement of patients with

pancreatic cancer. Hence, it is only fitting to
close this note off with another quote of
wisdom:

‘‘What’s wrong with knowing what you
know now and not knowing what you don’t
know until later?’’ from Winnie-the-Pooh by A.
A. Milne
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