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Abstract

Surgery remains the only chance of cure for pancreatic
cancer, but only 15%-25% of patients present with resectable
disease at the time of primary diagnosis. Important
goals in clinical research must therefore be to allow early
detection with suitable diagnostic procedures, to further
broaden operation techniques and to determine the most
effective perioperative treatment of either chemotherapy
and/or radiation therapy. More extensive operations
involving extended pancreatectomy, portal vein resection
and pancreatic resection in resectable pancreatic cancer
with limited liver metastasis, performed in specialized
centers seem to be the surgical procedures with a possible
impact on survival. After many years of stagnation in
pharmacological clinical research on advanced pancreatic
ductal adenocarcinomas (PDAC) - since the approval of
gemcitabine in 1997 - more effective cytotoxic substances
(nab-paclitaxel) and combinations (FOLFIRINOX) are
now available for perioperative treatment. Additionally,
therapies with a broader mechanism of action are
emerging (stroma depletion, immunotherapy, anti-
inflammation), raising hopes for more effective adjuvant
and neoadjuvant treatment concepts, especially in the
context of “borderline resectability”. Only multidisciplinary
approaches including radiology, surgery, medical and
radiation oncology as the backbones of the treatment
of potentially resectable PDAC may be able to further
improve the rate of cure in the future.
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Core tip: Pancreatic cancer remains one of the most
challenging tumor entities and is predicted to become
the second leading cause of cancer deaths. More
effective chemotherapeutic concepts in combination
with early and exact imaging and more extensive
surgical approaches may improve the rate of cure.
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INTRODUCTION

Pancreatic ductal adenocarcinomas (PDAC) are predicted
to become the second largest cause of cancer related
death in the United States by 2030". This is mainly
due to the lack of therapeutic options, making PDAC
one of the few types of cancer with a still increasing
mortality rate™. Surgery remains the only chance of
cure for this devastating disease, but only 15%-25%
of patients present with resectable disease at the
time of primary diagnosis®. Important goals in clinical
research must therefore be early detection with suitable
diagnostic procedures, further broadening operation
techniques, and determining whether chemotherapy
or radiation therapy is the most effective perioperative
treatment. Only multidisciplinary approaches including
surgery, radiology, medical and radiation oncology and
gastroenterology may be able to further improve the rate
of cure in the future'.

This review of the treatment options of potentially
resectable PDAC will focus on the 3 backbones - radiological
assessment, surgical procedures and perioperative regimen
(chemotherapy/radiochemotherapy) - and their potential
impact on long-term survival. Current standards will be
discussed as well as ongoing or recently completed clinical
trials.

ROLE OF RADIOLOGY

Although explorative laparotomy is considered the
gold standard for resectability assessment, radiological
imaging plays a key role in planning surgical procedures.
Until the recent refinement of national management
guidelines for PDAC, the main concern on radiological
assessment of patients with suspected PDAC was the
determination of resectability™. In view of the high
mortality rate, it is necessary to offer curative resection,
as this is the only chance for long-term survival. On the
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other hand, this chance is rather small, with only about
20% 5-year survival rate in case of curative resection,
and the procedure is not free of risk for mortality,
which depends on the medical centers’ experience
and ranges from 3.8% to 16.3%™7). Furthermore,
morbidity after resection can limit the use of adjuvant
chemotherapy. Thus, the preoperative imaging must
be used to determine whether a patient has a good
chance of curative resection and should have explorative
laparotomy or should rather undergo conservative
treatment with chemotherapy without further delay. This
decision is always accompanied by the double risk of
either denying a patient a potentially lifesaving resection
or performing unnecessary surgery in patients with unre-
sectable tumors.

The achievement of an RO-resection is one of the
most significant parameters for survival®. Therefore,
the first goal of radiological assessment is to confirm
the probability of RO-resection without the necessity of
arterial reconstruction®. Both computed tomography
(CT) and magnetic resonance imaging (MRI) have
been shown to be effective to this end. The assessment
accuracy of local resectability by CT was as high as 93%
in a representative study conducted in a high volume
center”. The criteria have been extensively reviewed
elsewhere and are summarized in current guidelines™*%.
Basically, arterial encasement of the celiac trunk, the
common hepatic artery, the proper hepatic artery or the
superior mesenteric artery is deemed unresectable, as
survival remains poor even after technically successful
tumor removal and arterial reconstruction (Figure
1)®), Similarly, survival is impaired for those patients
requiring resection of the mesentericoportal venous
axis; however, long-term survival can be observed in
some of these cases®. Therefore, venous involvement
of the tumor is not a criterion for unresectability if re-
construction of the mesentericoportal flow by vessel
resection and reanastomosis, patch plastic or graft
interposition is technically feasible (Figure 1). CT can
predict clear infiltration by encasement of arteries and
clear non-infiltration by non-contact to adjacent arteries
(surrounding preserved fat plain) with acceptably high
accuracy; however, once tumor contact to the vessels
is present, the ability to decide whether the tumor can
be surgically removed from the artery without resection
and reconstruction of the artery decreases™™*'¥, In such
cases, the accuracy of prediction of local resectability
by radiological imaging is limited and repeatedly results
in unexpected abortion of surgical exploration. Or -
vice versa - could cause preclusion of a patient from
resection if no exploratory attempt was undertaken
because the disease was found to be too advanced on
imaging. Even though these cases are becoming rare
thanks to improvements in imaging in terms of spatial
resolution and speed of image acquisition, with better
vessel enhancement and tumor delineation as well as
minimization of image artifacts™™, it would be desirable
to offer the remaining patients inside this grey zone of
locally advanced tumors an approach to safely decide
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whether it is worth undergoing the RO-resection or
continuing with conservative treatment.

Preoperative treatment could serve as “problem
solver” in such cases, termed “borderline resectable”
cancers. They are characterized by intense tumor contact
to the arterial mesenteric (up to 180° encasement) and
celiac axes (up to short encasement of the common
hepatic artery without extension to the celiac trunk)
or infiltration of the mesentericoportal venous axis (if
technically manageable) (Figure 1)®'. This concept could
help increase the rate of RO-resection in this group via
tumor shrinkage and aid in selection of patients for
resection by filtering out those with aggressive tumors
nonresponsive to chemotherapy. Observational cohort
studies of this concept have been promising, but as yet
no prospective controlled studies have been performed.
Arguments against this approach could be that shrinkage
of initially radiologically invisible micrometastases (e.g.,
to the peritoneum and liver), will lead to false negative
M0-assessments intraoperatively despite residual
viable tumor cells in these remote lesions. In order to
appropriately select patients for this new approach, the
actually most accurate imaging strategy for detection
of small metastases, MRI of the liver with diffusion
weighted imaging (DWI) and hepatocyte specific contrast
agents'>"” would be justified.

Finding the optimal imaging strategy is also desirable
for the local assessment of tumor extent. On the other
hand, introduction of a third type of assessment complicates
the work of the radiologists and should not be used to
avoid definite statements by calling tumors borderline
resectable in case of any doubt. In consequence, dia-
gnostic imaging should consist of state of the art imaging
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Figure 1 Examples of resecatability
assessment in untreated pancreatic
ductal adenocarcinoma by means of
computed tomography. A: Unresectability
due to encasement of the common hepatic
artery reaching to the celiac trunc (arrows);
B: Borderline respectability with infiltration
of the portal vein and one-sided contact
to the common hepatic artery without
extension to the celiac trunc. Neoadjuvant
treatment and/or pancreatic left resection
with en-bloc resection of the celiac trunc
(after embolization) can be considered;
C: Unresectability due to encasement of
the superior mesenteric artery by more
than 180°; D: Infiltration of the superior
mesenteric vein and venous confluence
with stenosis and multiple separated
mesenteric venous branches unsuitable for
surgical reconstruction.

under optimal conditions such as hardware and contrast
agents used, as well as imaging protocols including
dynamic high resolution contrast imaging in order to
optimize delineability of the peripancreatic vasculature.
One of the most important factors to be considered is
how recent the imaging studies are, as it is known that
regardless of the imaging quality, images older than 4 wk
do not reflect the extent of tumors found on surgery™®,
making repeated imaging necessary before a decision
can be made.

Another problem of preoperative therapy is the
necessity of histological confirmation and grading of the
tumor. It therefore becomes even more important to
characterize the tumor by means of radiological imaging
and to exclude other tumors such as neuroendocrine
tumors, sarcomas, lymphomas, as well as non-malignant
diseases (e.g., mass forming pancreatitis, autoimmune
related pancreatitis). This aids decision making regarding
pretherapeutic biopsy strategies.

The reassessment of tumors after neoadjuvant
treatment poses new challenges for diagnostic imaging.
After initial reports showing results almost as good as
in patients without preoperative therapy, more recent
studies have increasingly shown that local tumor extent
tends to be overestimated by imaging procedures after
chemotherapy, and even more so after radiation!**%!!,
The reliability of a preoperative radiological statement
is diminished and can only be compensated for by
thorough surgical exploration. This again - knowing of the
“point of no return” of the resection of a pancreatic head
carcinoma, beyond which RO-resection may still be found
to be impossible in some cases - can be a drawback of
the preoperative concept, potentially resulting in R2-
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resected patients. In this context new parameters are
needed to identify response and shrinkage of viable
tumors. DWI, perfusion measurement by MRI and
CT (including dual energy CT), and positron emission
tomography are currently under investigation to fill this
gap with results pending. Alternative surgical strategies
are also included, such as the very promising distal
pancreatectomy with en-bloc resection of the celiac trunk
for cases where pancreatic tail carcinoma has reached
the celiac axis. This requires very precise planning based
on radiologic imaging and a preoperative radiological
intervention in order to train collateralization (see “surgical
procedures” below)?**,

In conclusion, with the advent of new management
options in preoperative therapy of pancreatic cancer,
radiological imaging - for planning of biopsy and surgery
as well as pre-surgical reassessment and preconditioning
- has moved to the frontline of treatment decision
making and become the basis of measures to achieve
the treatment goal: Prolonged survival of the patients.

SURGICAL PROCEDURES

Much progress has been made in the field of pancreatic
resection in recent years and importantly, as the quality
of surgery is considered a key factor in long-term
survival, consensus has been reached on a number of
surgical principles. An analysis of our own patient cohorts
(n = 428) suggests that postoperative complications
deteriorate long-term outcome after pancreatic resection
in pancreatic cancer patients. We found that severe
postoperative complications had a strong negative
impact on long-term survival. This effect was significant
and even comparable to that of the most relevant
tumor characteristics such as lymph node involvement,
grading or resection margin¥. An analysis by Birkmeyer
et al'! showed absolute differences in 5-year survival
probabilities rates between low-volume hospitals (LVH)
and high-volume hospitals (HVH): The absolute difference
in 5-year survival in patients with pancreatic cancer
between LVH and HVH was 5%. These findings underline
the importance of centralization of pancreatic surgery
for pancreatic cancer; in other words, patients should be
transferred to specialized centers to further improve the
results of surgical procedures”,

Perioperative medical management

Several studies have suggested that blood transfusion
is associated with impaired long-term survival. A recent
systematic review including 23 studies with 4339 pa-
tients confirmed this assumption. Patients receiving
perioperative blood transfusion had a significantly lower
5-year survival rates after pancreatic resection in 13 of
19 studies in univariate and multivariate analyses™'.

Extended pancreatectomy
The goal of any pancreatic resection for pancreatic
adenocarcinoma should be the complete removal of
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the tumor (RO-situation). To this end, more radical or
“extended” surgical techniques have been established
in the last decades, whereat “extended” in this context
means a more aggressive marginal clearance™®?®,

This may include total duodenopancreatectomy,
resection of the portal-mesenterical axis, and extended
lymph node dissection. Extended pancreatectomy
is defined as standard pancreatoduodenectomy and
includes the resection of the head of the pancreas
and uncinate process, duodenum and first segment
of the jejunum, common bile duct and gallbladder,
lymphadenectomy, sometimes pylorus and/or antrum of
the stomach and sometimes elements of the transverse
mesocolon. Relevant vascular structures and any of the
following organs involved in continuity are excluded:
More than the antrum or distal half of the stomach; colon
and/or mesocolon with relevant vascular structures of
the transverse mesocolon (ileocolic, right, or middle colic
vessels); the small intestine beyond the first segment
of the jejunum; portal vein, superior mesenteric,
and/or inferior mesenteric vein; hepatic artery, celiac
trunk, and/or superior mesenteric artery; the inferior
vena cava, right adrenal gland, right kidney and/or its
vasculature; and last but not least the resection of liver
and diaphragmatic crura.

The standard distal pancreatectomy is defined as
the resection of the body and/or tail of the pancreas;
the spleen with the splenic vessels combined with a
standard lymphadenectomy; the resection of the fascia
of Gerota if necessary; and potentially also elements of
the transverse mesocolon apart from relevant vessels.

In contrast, an extended distal pancreatectomy
refers to the standard distal pancreatectomy plus
any type of gastric resection, colon and/or relevant
vascular structures of the transverse mesocolon, small
intestine; portal vein, superior mesenteric, and/or inferior
mesenteric artery; inferior vena cava, left adrenal gland,
left kidney, liver and diaphragmatic crura.

The extended resection approach may have proble-
matic consequences: Operating time and blood loss;
in addition the length of stay in the intensive care unit
and hospital may be increased after extended surgery.
Furthermore, surgical morbidity is increased after
extended pancreatectomy. Perioperative mortality seems
to be similar to that of standard pancreatectomies. Data
regarding survival suggested no difference between
patients after standard resection compared to those who
underwent extended resection. However, recent long
term follow-up findings suggest an inferior prognosis
after extended pancreatic resection compared to those
who underwent standard resection (11.7% 5-year
survival vs 21% 5-year survival)*™.

Extended lymph node dissection

The resection of the regional lymph nodes around the
duodenum and the pancreas plus the lymph nodes
on the right side of the hepatoduodenal ligament, the
right side of the superior mesenteric artery and the
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anterior and posterior pancreatoduodenal lymph nodes
is defined as standard lymphadenectomy. Lymph node
dissection beyond this area is considered extended.
However, a prospective comparison of the surgical results
of extended lymph node dissection and standard lymph
node resection did not show any significant difference in
survival between the two strategies™". Extended lymph
node dissection is therefore not considered to improve
long-term survival.

Portal vein resection

A recent publication showed that resection of the portal
vein was significantly associated with the four following
factors: Larger and poorly differentiated tumors, higher numbers
of positive lymph nodes and positive resection margins2.
Debate is currently ongoing as to whether routine portal
vein resection during pancreatoduodenectomy for PDAC
is reasonable. In this context, a French retrospective
analysis has been published showing that patients (without
microscopic venous tumor involvement of the portal vein)
who underwent pancreatic resection combined with portal
vein resection had a significantly longer overall survival
than patients in a matched control group after pancreatic
head resection without venous resection®. These data
may indicate that a “per se” portal vein resection results in
a more radical local tumor elimination and may improve
long-term survival.

Infiltration of the celiac trunk

As a particular situation in the context of locally advanced
PDAC, tumor manifestation in the pancreatic body with
involvement of the celiac trunk and/or the common
hepatic artery needs mentioning. Normally such a situation
is considered unresectable®. However, a radical distal
pancreatectomy with splenectomy and en-bloc resection
of the celiac trunk without reconstruction of the celiac axis
is a potential curative approach for these cases™. The
weak point of this concept is the interruption of the direct
arterial blood supply to the liver, bile ducts and stomach.
This may lead to acute liver failure, bile duct necrosis
or ischemic necrosis of the stomach. A multidisciplinary
approach is therefore needed to avoid such severe
complications. Preoperative digital subtraction angiography
is necessary to provide information about the perfusion
of the crucial vessels®®®. In cases where there is a pre-
existing stenosis of the celiac trunk, spontaneous collateral
blood flow from the superior mesenteric artery directly
to the gastroduodenal artery via pancreaticoduodenal
arcades and therefore to the hepatic artery can be seen. In
such a situation, the tumor can be resected immediately
including the celiac trunk. If there is no pre-existent celiac
trunk stenosis, embolization of the celiac trunk is needed
to enhance collateral blood flow before the operation.
Important requirements for this multi-step approach are
the existence of sufficient collateral arteries and no tumor
invasion of the superior mesenteric artery. Sperti et af*?
reported on similar survival rates to regular RO-resections
after this sophisticated intervention.
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Is there a role for pancreatic resection in resectable
pancreatic cancer with limited liver metastasis?

A recent retrospective analysis conducted by our in-
stitution showed that even patients with advanced
pancreatic cancer (locally advanced or locally resectable
with hepatic oligometastasis) seem to benefit from
pancreatoduodenectomy followed by gemcitabine-based
chemotherapy. Forty-five patients who had undergone
palliative intended pancreatic resection followed by
chemotherapy were therefore matched with 45 patients
after upfront gemcitabine-based palliative chemotherapy.
A subgroup of patients with locally resectable tumor and
limited liver metastasis (R0O/M1) showed a significant
improvement in overall survival compared to patients
who had not had surgery (14.4 mo vs 7.2 mo), suggesting
a potential role for pancreatic resections in patients with
limited liver metastasis if the primary tumor is completely
removable®®,

ADJUVANT AND NEOADJUVANT
CONCEPTS

Current standards

In the ongoing discussion about the role of perioperative
treatment options in PDAC, ideal timing (neoadjuvant/
adjuvant) and the ideal modality (chemotherapy, radio-
chemotherapy) remain controversial™*”). The most
convincing contemporary data based on a high level of
evidence are available for the effectiveness of adjuvant
chemotherapy alone, based firstly on the results of
the CONKO-001 trial. This randomized multi-center
phase III trial included 368 patients and compared 6
cycles of adjuvant gemcitabine (Gemcitabine 1000
mg/m? d1, 8, 15, q29) to observation only™®., Median
disease-free survival was significantly improved (13.4
mo for the gemcitabine group compared to 6.7 mo for
the observation only group; P < 0.001) and led to a
significant but numerically small advantage in overall
survival (22.4 mo gemcitabine vs 20.2 mo observation
only; P = 0.01). Indeed, the most important and clinically
relevant result of the CONKO-001 remains that 5-year
survival (an established surrogate marker for long-term
survival) and rate of cure were doubled by adjuvant
gemcitabine: 20.7% in the Gem group compared to
10.4% in the observation group. These data are based
on long-term follow-up over more than 11 years™ and
were confirmed to a large extent by the ESPAC-3 trial.
This large randomized, multicenter phase Il trial included
1088 patients and compared 6 cycles of gemcitabine
to 6 cycles of 5-FU (425 mg/m’ d1-5 bolus i.v., q d29)
and folinic acid (20 mg/m? d1-5 i.v., g29). Median DFS
(Gem 14.3 mo vs 14.1 mo; P = 0.53) and OS (Gem
23.2 mo vs 5-FU 23.0 mo; P = 0.32) were similar in both
treatment groups (and to the CONKO-001 gemcitabine
group), but more relevant toxicities were observed in
the 5-FU group™™. In condlusion, both chemotherapeutic
regimens are considered standard care in the adjuvant
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Table 1 Standard adjuvant therapy

Table 2 Completed adjuvant phase Il trials

Gemcitabine 1000 mg/m’ i.v. 30 min d1, 8, 15, q29

6 cycles
5-flourouracil 425 mg/m” i.v. Bolus d1-5, q29
Folinic acid 20 mg/m” i.v. Bolus 6 cycles

setting™, but the better toxicity profile of gemcitabine
should be taken into consideration®*. More recently,
the Japanese JASPAC-01 trial compared gemcitabine
to the 5-FU prodrug S1 (80/100/120 mg/d based on
body surface area, p.o., d1-28, géw, for 4 courses). S1 is
known for its specific effectiveness in Asians and is widely
used, especially in the treatment of gastric cancer™*?.
385 patients were included in this randomized phase III
trial which showed impressive results, with a significantly
improved 2-year survival of 70% in the S1 group
compared to 53% in the gemcitabine group (HR 0.56, P <
0.001). The data were presented at the annual ASCO-GI
meeting in 2013“*, but full publication and a confirmatory
trial, especially in non-Asian patients, must be awaited
(Table 1).

Therapeutic concepts combining chemotherapy with
targeted therapy have been so far unsuccessful at fur-
ther improving survival in resectable PDAC - a well-
known phenomenon for unresectable PDAC as well*4,
CONKO-005, designed as a follow-up randomized phase
I trial of CONKO-001, investigated the additional effect
of the EGFR-tyrosine-kinase inhibitor Erlotinib (100 mg
daily p.o. d1-28, g29) in combination with gemcitabine
(standard dosage) for 6 cycles in 436 patients after RO
resection. No improvement could be demonstrated for
the primary endpoint DFS, but a trend was described
for improved long-term survival in the erlotinib +
gemcitabine group™®. Longer follow-up and ongoing
molecular analyses will clarify whether it is possible to
identify a subgroup which could benefit from erlotinib
in the future. The parallel trial CONKO-006 for R1
resected patients investigated the concept of prolonged
additive chemotherapy in this high risk patient cohort,
as well as the role of the multikinase inhibitor sorafenib.
All patients (n = 122) received 12 cycles of adjuvant
gemcitabine and were randomized for gemcitabine
alone or in combination with sorafenib (400 mg bid,
p.o., d1-28, g29). No improvement in DFS or OS
could be demonstrated for the overall study population
by prolonging postoperative chemotherapy or using
sorafenib™®,

Several trials which investigated the role of adjuvant
radiochemotherapy in PDAC also failed to show a clear
survival advantage in the use of intensified treatment
modalities. The CAPRI trial”’ may be presented as a
disappointing endpoint of this concept. In this phase Il
trial, 132 patients were randomized to receive either
5-FU as standard of care or an aggressive postoperative
regimen of 5-FU (200 mg/m? daily), Cisplatin (30
mg/m? weekly) and Interferon alpha-2b (3 Mio IU 3
x weekly) in combination with radiation therapy (50.4
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Ref. Treatment Median 3-yr- 5-yr-
group OS (mo) survival survival
CONKO-001"**" Gem 228 37% 21%
Observation 20.2 20% 9%
ESPAC-3"" Gem 23.6
5-FU/ 23.0
folinsdure
JASPAC-01"" S1 2 yr 70%
Gem 2yr53%
RTOG 97-04 RCT + Gem 20.5 31% 24%
(pancreatic head)™  RCT + 5-FU/ 16.9 22% 11%
FS
CONKO-005*" Gem + 24.6 36% 28%
Erlotinib
Gem 26.5 33% 19%

5-FU: 5-flourouracil; OS: Overall survival.

Gray), followed by 2 cycles of continuous 5-FU. No
difference was found for the primary endpoint OS (26.5
mo vs 28.5 mo, P = 0.99) or DFS (15.2 mo vs 11.5
mo); instead a massive increase of grade 3/4 toxicities
(85% vs 16%) was seen.

An overview of the completed and clinically relevant
adjuvant phase 1l trials is given in Table 2.

Ongoing adjuvant trials

Several adjuvant phase III studies with different concepts
are ongoing, such as the combination of two or more
cytostatic substances, or chemotherapy in combination
with immunotherapy or radiochemotherapy (Table 3).

The ESPAC-4 trial is investigating the role of a more
intense chemotherapeutic regimen combining gemcitabine
(standard dosage) with capecitabine (d1-14, g22) for 6
cydes in a randomized phase 1II trial. Recruitment for the
pancreatic cohort (732 patients) has been completed and
initial results can be expected soon.

More recently, the chemotherapeutic regimens which
are more effective for the palliative situation, namely
FOLFIRINOX™ and nab-paclitaxel in combination with
gemcitabine™!, are also available for adjuvant treatment.
The actively recruiting APACT (adjuvant therapy for
pancreatic cancer trial) will provide information about
whether the combination therapy of nab-paclitaxel (125
mg/m? d1, 8, 15, q29) and gemcitabine is feasible in
resected PDAC patients (n = 800) and also whether it
is more effective than gemcitabine alone. The French
ACCORD/PRODIGE study group will investigate a similar
concept in a randomized phase III trial of 480 patients
comparing 6 cycles of modified FOLFIRINOX (Irinotecan
150 mg/m?, oxaliplatin 85 mg/m?, folinic acid 400 mg/m?,
5-FU 2400 mg/m” per 46 h d1, q 15) to gemcitabine
monotherapy. As both trials are based on the current
most effective and evidence-based chemotherapies for
advanced PDAC with a clear advantage in comparison
to gemcitabine monotherapy, they have the potential to
further improve current standard therapy. The question
remains as to whether these more aggressive concepts
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Table 3 Ongoing adjuvant trials

Trial Registration No. Treatment groups Patients
planned

ESPAC-4 ISRCTN96397434 Gem + capecitabine 732
Gem

APACT NCT01964430 Gem + nab-paclitaxel 800
Gem

ACCORD24 NCT01526135 FOLFIRINOX 490
Gem

RTOG-0848 NCT01013649  Gem + RCT 950
(capecitabine or 5-FU)
Gem

Algenpantucel NCT01072981 Gem = RCT + 722

Immunotherapy Algenpantucel-I vaccine
Gem + RCT

5-FU: 5-flourouracil; RCT: Randomized controlled trial.

will be feasible in PDAC patients with a partially reduced
performance state and after extended abdominal surgery.
Accrual of the trials and (long-term) follow up data must
be awaited.

With regard to radiochemotherapy, the RTOG-0848 trial
is planned to investigate an additional effect of postoperative
radiochemotherapy to standard chemotherapy. All patients
are to receive 6 cycles of gemcitabine as standard of care
and if without signs of disease recurrence will then be
randomized to either receive additive radiochemotherapy or
not 950 patients are planned. The protocol was amended
and the initial mndomization to gemcitabine + erlotinib was
terminated.

Immunotherapy is one of the most fascinating recent
innovations in the treatment of oncological disease, but
most clinical research to date has had disappointing results
in PDAC, which is considered to be non-immunogenic™.
Seven hundred and twenty-two patients have been
recruited for a phase Il study of chemotherapy and
chemoradiotherapy with or without Algenpantucel-L
(HyperAcute®-Pancreas), a new immunotherapeutic
concept. Algenpantucel is a vaccine derived from 2
pancreatic cell lines which showed promising results in a
single-arm phase 1II trial®'l, Results of the phase I trial
are pending.

Neoadjuvant concepts
Chemotherapies with response rates (in terms of tumor

shrinkage) of about 30% - compared to formerly <
10% for gemcitabine monotherapy - have become avail-
able®**¥ in the treatment of PDAC for the first time due
to the introduction of FOLFIRINOX and gemcitabine/nab-
paclitaxel. This is of special relevance for the further
development of neoadjuvant and perioperative treatment
strategies, as pancreatic cancer must be considered
a systemic disease. Many patients experience early
recurrence postoperatively, which in the majority of cases
may in fact be metastatic spread which was undetected
at the time of primary diagnosis. Analogue to the ongoing
discussion on the role of induction chemotherapy in
locally advanced unresectable PDAC!", the question as
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to whether patients with resectable PDAC and disease
progression under neoadjuvant therapies would really
profit from primary resection must be posed (Table 4).

Two trials are ongoing to investigate these questions
in clearly defined study protocols: The German NEONAX
is investigating the role of perioperative gemcitabine/
nab-paclitaxel and perioperative modified FOLFIRINOX
is being investigated in the United States in a phase 1I
trial by the University of Yale.

Treatment strategies for borderline resectable PDAC

In addition to the aim of improving the rate of cure in
terms of hindering recurrence of disease after curatively
intended surgery, a further aim must be to render more
patients resectable after intensified induction treatment.
In this context, the term “borderline resectable” PDAC
is relevant and relatively recent but different definitions
are currently in use™ (Table 4).

Katz et al® presented data at the Annual ASCO
meeting in 2015 of a small phase II trial which may be
the starting point for a new era in borderline resectable
PDAC. Twenty-two patients with ECOG 0 and 1 were
included and prospectively analyzed. Participants were
centrally reviewed to assess borderline criteria [tumor-
vessel interface (TVI) with superior mesenteric/portal
vein (SMV) = 180°, TVI with superior mesenteric artery
(SMA) < 180°, TVI with any degree of hepatic artery]. All
patients were intended to be treated with neoadjuvant
modified FOLFIRINOX (oxaliplatin 85 mg/m?, irinotecan
180 mg/m?, leucovorin 400 mg/m?on day 1 followed by
5-FU 2400 mg/m? x 48 h for 4 cycles) and CRT (50.4
Gray in 28 fractions) with capecitabine (825 mg/m?’ BID)
prior to pancreatectomy and postoperative gemcitabine
(1000 mg/m*d1, 8, 15 for 2 cycles). Of the 15 (68%)
patients who underwent pancreatectomy, 14 (93%)
of the operations were RO, suggesting efficacy for this
therapeutic concept.

The German NEOLAP trial includes borderline resectable
and non-resectable PDAC and focuses in particular on the
fact that the effectiveness of neoadjuvant treatment may
not be reflected by a radiologically measurable response™",
After an induction treatment with gemcitabine + nab-
padlitaxel for 2 cycles, participants will be randomized for 2
further cycles of gemcitabine + nab-padlitaxel or 2 cycles
of FOLFIRINOX. In the case of stable disease an obligatory
explorative laparotomy/laparoscopy will be performed to
answer the question of a possible discrepancy between
radiological assessment and intraoperative evaluation of
resectability.

CONCLUSION

Although the progress in the last decades in pancreatic
surgery has been clinically relevant, as demonstrated by
a dlinically relevant decrease of mortality in specialized
centers, more extensive operations will be needed to further
improve long-term survival. Extended pancreatectomy,
portal vein resection and pancreatic resection in resectable
pancreatic cancer with limited liver metastasis seem to be

March 15, 2016 | Volume 8 | Issue 3 |



Sinn M et a/. Pancreatic cancer: Perioperative therapy considerations

Table 4 Ongoing neoadjuvant/borderline resectable trials

Trial Registration No. Treatment groups Primary endpoint Patients planned
NEONAX NCT02047513 2 cycles Gem + nab-paclitaxel neoadjuvant DFS 166

4 cycles Gem + nab-paclitaxel adjuvant

6 cycles Gem + nab-paclitaxel adjuvant
Perioperative NCT02047474 3 cycles FOLFORINOX DFS 46
mFOLFIRINOX Neoadjuvant + adjuvant
NEOLAP NCT02125136 2 cycles Gem + nab-paclitaxel Conversion rate 168

+ 2 x FOLFIRINOX

+ adjuvant 3 x Gem + nab-paclitaxel

4 cycles Gem + nab-paclitaxel

+ adjuvant 3 x Gem + nab-paclitaxel

(including locally advanced PDAC)

DFS: Disease-free survival; PDAC: Pancreatic ductal adenocarcinomas.

the surgical procedures with the highest impact in this field.

In this context, the concept of borderline resectability
appears very promising. Although this concept has already
been adopted to some extent in some national guidelines,
it is still evolving. Criteria for imaging are defined quite
strictly and pragmatically, as they do not only reflect
technical resectability but must be considered prognostic
parameters indicating more advanced extent of tumors.
Furthermore, variability of the vasculature of the individual
patient is not reflected by the criteria, leaving the individual
decision dependent on the experience of the treating
medical institution. This includes alternative surgical
strategies such as the promising distal pancreatectomy
with en-bloc resection of the celiac trunk in case of
pancreatic tail carcinoma reaching the celiac axis, which
requires very precise planning based on radiologic imaging
and a preoperative radiological intervention in order to
train collateralization. The timing of imaging studies is
another important factor, as it is known that regardless of
imaging quality, images older than 4 wk rarely represent
the tumor spread found upon surgery. In such cases
imaging has to be repeated before the decision is made.

Adjuvant chemotherapy for PDAC can double the rate
of cure, as demonstrated by the clinical trials outlined in
this review. Although this is comparable to results for other
cancers, further improvements are urgently needed, as
the starting point is catastrophically unfavorable, with rates
of recurrence of disease of about 90% without perioperative
treatment. Since the approval of gemcitabine in 1997
more effective cytotoxic substances (nab-paclitaxel)
and combinations (FOLFIRINOX) are now available for
advanced PDAC, raising hopes for more effective adjuvant
and neoadjuvant treatment concepts for potentially
resectable tumours. The fact that therapies with a broader
mechanism of action will become available for research
projects in the near future is equally important. In addition
to the omnipresent immunotherapy, stromal depletion,
e.g., with hyaluronidase”™ and anti-inflammatory concepts™®,
appear most promising.

The only hope for improving long-term survival in this
still challenging disease is a multidisciplinary approach,
ideally with the close collaboration of radiologists, sur-
geons and oncologists in specialized tumor centers.
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