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ARTICLE INFO ABSTRACT

Keywords: Surgical resection of pancreatic cancer offers a chance of cure, but currently only 15-20% of patients are di-
Pancreatic cancer agnosed with resectable disease, while 30-40% are diagnosed with non-metastatic, unresectable locally ad-
Locally advanced disease vanced pancreatic cancer (LAPC). Treatment for LAPC usually involves systemic chemotherapy, with the aim of

Systemic treatment

controlling disease progression, reducing symptoms and maintaining quality of life. In a small proportion of
Induction therapy

patients with LAPC, primary chemotherapy may successfully convert unresectable tumours to resectable tu-
mours. In this setting, primary chemotherapy is termed ‘induction therapy’ rather than ‘neoadjuvant’. There is
currently a lack of data from randomized studies to thoroughly evaluate the benefits of induction chemotherapy
in LAPC, but Phase II and retrospective data have shown improved survival and high RO resection rates. New
chemotherapy regimens such as nab-paclitaxel + gemcitabine and FOLFIRINOX have demonstrated improve-
ment in overall survival for metastatic disease and shown promise as neoadjuvant treatment in patients with
resectable and borderline resectable disease. Prospective trials are underway to evaluate these regimens further
as induction therapy in LAPC and preliminary data indicate a beneficial effect of FOLFIRINOX in this setting.
Further research into optimal induction schedules is needed, as well as guidance on the patients who are most
suitable for induction therapy. In this expert opinion article, a panel of surgeons, medical oncologists and
gastrointestinal oncologists review the available evidence on management strategies for LAPC and provide their
recommendations for patient care, with a particular focus on the use of induction chemotherapy.

Introduction almost as high as incidence rates (6.9 per 100,000 in North America
and 6.8 per 100,000 in Western Europe), reflecting how lethal pan-

Pancreatic cancer is one of the leading causes of cancer-related creatic cancer is [1]. Despite being the 11th most common cancer
deaths in developed countries [1]. Incidence rates vary between re- worldwide [1], it is the 4th most fatal cancer in both men (after lung,
gions, with the highest in North America (7.4 per 100,000 people in colorectal and prostate cancers) and women (after breast, colorectal

2012) and Western Europe (7.3 per 100,000) [1]. Mortality rates are and lung cancers) [2,3], with a 5-year survival rate of less than 5% [1].
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Pancreatic cancer mortality has been increasing in both genders in re-
cent decades [1]; predictions of cancer mortality rates in 2017 esti-
mated that deaths due to pancreatic cancer in the European Union (EU)
would remain stable in men, but would continue to rise in women [3].
A study in 2016 predicted that by 2017, more deaths would occur in the
EU as a result of pancreatic cancer than breast cancer [4], suggesting
that pancreatic cancer may soon become the third leading cause of
female cancer-related death in the EU after lung and colorectal cancers.

The initial staging of pancreatic cancer is focussed on surgical re-
sectability. Tumours are classified as resectable, borderline resectable,
locally advanced or metastatic, according to the degree of contact be-
tween the tumour and adjacent vessels/organs, and the presence of
metastases [2]. However, while the definition of resectability largely
depends on tumour size, location and involvement of major blood
vessels, the experience and attitude of the multidisciplinary team also
plays a role — for example, some studies have described pessimistic
attitudes of physicians in recommending surgery for early-stage pan-
creatic cancer [5,6]. Currently, only 15-20% of patients are diagnosed
with resectable disease, whereas a larger proportion (30-40%) are di-
agnosed with non-metastatic, unresectable tumours that are confined to
the pancreatic region, also known as locally advanced pancreatic cancer
(LAPC) [2,7].

Surgical resection offers a chance of cure for patients with localized,
resectable disease, and may be considered as an option in patients with
borderline resectable pancreatic cancer (BRPC) following induction
therapy to shrink the tumour and control potential micrometastatic
disease [2]. However, true LAPC is considered unresectable and treat-
ment usually involves systemic therapy with chemotherapy, with or
without subsequent radiotherapy [2,8,9]. Despite these available
treatments, the median overall survival (OS) following a diagnosis of
LAPC generally remains poor, although variable, ranging from 9 to
32 months across various studies [10].

The management of LAPC is controversial and challenging, in part
due to a number of factors relating to a lack of consensus on diagnosis
and disease management. For example, varying criteria are promoted
by different guidelines to distinguish BRPC and LAPC, there are dif-
ferences in surgeon opinion between the definitions of borderline re-
sectable and unresectable tumours, and there is a lack of consensus
between international guidelines regarding the management of LAPC.
There is also a notable lack of clinical trials in patients with LAPC.

To address these challenges, a group of expert surgeons, medical
oncologists and gastrointestinal oncologists convened to review the
available evidence on the current definitions and management strate-
gies for LAPC. No systematic literature review was undertaken, but by
pooling their clinical experience and adding it to their review of pub-
lished evidence, the group aimed to provide further guidance for the
optimal management of LAPC. The outcomes of the meeting are pre-
sented in this article.

Tumour contact =180° or invasion of the SMV/PV with bilateral
narrowing or occlusion, and not exceeding the inferior border of the

duodenum
Abutment without tumour contact with the proper hepatic artery and/or

Tumour contact < 180° without stenosis or deformity
celiac artery

Tumour contact < 180° without stenosis or deformity

IAP

circumference and/or reconstructable occlusion
Reconstructable short-segment tumour-vessel interface
Tumour-vessel interface < 180° of vessel wall

Tumour-vessel interface < 180° of vessel wall
circumference

Tumour-vessel interface =180° of vessel wall
circumference

ACTO

Abutment or short-segment

encasement

Short-segment occlusion
Abutment

MDACC
Abutment

Definition of LAPC

The wide variation in reported median OS rates (9-32 months) in
patients with LAPC suggests a high degree of heterogeneity in this pa-
tient population [10,11]. Pancreatic tumour biology is poorly under-
stood and further insights into the pathophysiology may reveal the
reasons for this heterogeneity, but it is likely that LAPC comprises a
spectrum of disease states resulting from differences in tumour biology
and tumour sensitivity to therapy. The variation in survival rates may
also reflect the lack of uniformity in the definition of LAPC and the
challenges in differentiating LAPC from BRPC. In this respect, guide-
lines differ in their definition of BRPC (Table 1). While the criteria for
differentiating unresectable LAPC from BRPC are not clear and limita-
tions exist in the precision of imaging, the NCCN definitions of resect-
ability are widely used (Table 2). However, classification of LAPC based
on surgical assessment alone has been challenged as it may be hetero-
geneous and subjective. In a recent study of patients initially classified

Abutment, impingement, encasement of the

SMV/PV or short segment occlusion
Abutment or short-segment encasement

AHPBA/SSAT/SSO/NCCN/ISGPS

No abutment or encasement

Abutment

artery

Common hepatic
Celiac artery

Affected vessel

SMV/PV
SMA

International Study Group of Pancreatic Surgery; MDACC, MD Anderson Cancer Center; NCCN, National Comprehensive Cancer Network; PV, portal vein; SMA, superior mesenteric artery; SMV, superior mesenteric vein;

ACTO, Alliance for Clinical Trials in Oncology; AHPBA, Americas Hepato-Pancreato-Biliary Association; BRPC, borderline resectable pancreatic cancer; IAP, International Association of Pancreatology; ISGPS,
SSAT, Society for Surgery of the Alimentary Tract; SSO, Society of Surgical Oncology.

Common definitions of BRPC [58-62].

Table 1
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Table 2

NCCN guideline definitions for resectability [9].
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Resectability status

Arterial involvement

Venous involvement

Resectable

Borderline resectable”

No arterial tumour contact (CA, SMA, or CHA)

Pancreatic head/uncinate process

® Solid tumour contact with CHA without extension to CA or HA
bifurcation allowing for safe and complete resection and
reconstruction

® Solid tumour contact with SMA <180°

® Solid tumour contact with variant arterial anatomy (ex: accessory
right HA, replaced right HA, replaced CHA and the origin of replaced
or accessory artery) and the presence/degree of tumour contact may

No tumour contact with SMV or PV or <180° contact without vein contour
irregularity
® Solid tumour contact with SMV or PV > 180°, contact <180° with
contour irregularity of the vein or thrombosis of the vein but with
suitable vessel proximal and distal to the site of involvement allowing
for safe and complete resection and vein reconstruction
® Solid tumour contact with the IVC

affect surgical planning
Pancreatic body/tail
® Solid tumour contact with CA < 180°

® Solid tumour contact with CA > 180° without involvement of aorta

and with intact/uninvolved GA®
Pancreatic head/uncinate process
® Solid tumour contact with SMA > 180°
® Solid tumour contact with CA > 180°
Body and tail
® Solid tumour contact of > 180° with SMA or CA
® Solid tumour contact with CA and aortic involvement

Unresectable”

Pancreatic head/uncinate process
® Unreconstructible SMV/PV due to tumour involvement or occlusion (can
be due to tumour or bland thrombus)
® Contact with most proximal draining jejunal branch into SMV
Body and tail
® Unreconstructible SMV/PV due to tumour involvement or occlusion (can
be due to tumour or bland thrombus)

CA, coeliac axis; CHA, common hepatic artery; GA, gastroduodenal artery; HA, hepatic artery; IVC, inferior vena cava; LAPC, locally advanced pancreatic cancer; PV,

portal vein; SMA, superior mesenteric artery; SMV, superior mesenteric vein.

Note: Copyright permission to reproduce this table will be provided by the authors upon acceptance of the manuscript prior to publication.

@ This criterion is sometimes preferred in the ‘unresectable’ (LAPC) category.

> Solid tumour contact may be replaced with increased hazy density/stranding of the fat surrounding the peri-pancreatic vessels (typically seen following
neoadjuvant therapy); this finding should be reported on the staging and follow-up scans.

as BRPC or LAPC, 56% of BRPC patients and 14% of LAPC patients
underwent resection after primary chemotherapy [12]. Remarkably,
this large difference in resection rates did not translate to a difference in
survival between the two groups, suggesting that classification of BRPC
and LAPC on surgical assessment alone may be unreliable. Other
methods, such as biomarker assessment, may provide a better way to
classify patients and subsequently select those who may benefit from
resection after primary systemic therapy [12].

Expert opinion summary statement: There is an unmet need for
consensus between international guidelines on differentiation criteria
for LAPC and BRPC.

Current guidelines for the management of LAPC

The current recommended approaches for the management of LAPC
vary between guidelines (Table 3). ESMO guidelines recommend first-
line therapy with 6 months of gemcitabine, with capecitabine-based
chemoradiotherapy as an alternative option [2]. The ESMO guidelines
state that the benefits of chemoradiotherapy are not clear, highlighting
two trials that showed opposite results: one reported that OS was im-
proved with gemcitabine alone (13 months) vs. chemoradiotherapy
with 5-FU and cisplatin (8.6 months; p = 0.03) [13]; the other showed
that OS was worse with gemcitabine alone (9.2 months) vs. chemor-
adiotherapy with gemcitabine (11.1 months; p = 0.017), although
chemoradiotherapy was associated with increased toxicity [14]. More
recently, the open-label, randomized LAPOQ7 trial reported that in pa-
tients with LAPC controlled after 4 months of gemcitabine-based in-
duction therapy, there was no significant difference in OS between
patients receiving subsequent chemoradiotherapy (15.2 months) and
those receiving chemotherapy alone (16.5 months; p = 0.83), although
chemoradiotherapy was associated with decreased local progression
(32% with chemoradiotherapy vs. 46% with chemotherapy; p = 0.03)
[15].

It is worth noting that treatment practices have evolved since the
publication of the ESMO guidelines in 2015, towards the use of FOLF-
IRINOX or nab-paclitaxel + gemcitabine for first-line therapy, which is

reflected in more recent treatment guidelines from ASCO and NCCN.
The initial treatment recommendation from ASCO is combination
chemotherapy, but there is no recommendation for a specific regimen.
For patients with good performance status (PS), newer regimens such as
FOLFIRINOX or nab-paclitaxel + gemcitabine are highlighted as op-
tions, based on extrapolation from randomized trials in metastatic
disease [8]. Chemoradiotherapy, most often with fluoropyrimidines or
gemcitabine, may also be offered to certain patients, including those
with local disease progression after primary chemotherapy. Stereotactic
body radiotherapy (SBRT) may also be offered as an alternative to
chemoradiotherapy, although clinical evidence in the LAPC patient
population is currently limited [8].

The NCCN guidelines recommend that patients with LAPC and good
PS should be encouraged to participate in clinical trials where available
[9]. In the absence of a clinical trial, NCCN recommends that these
patients should receive combination chemotherapy (options include
FOLFIRINOX and nab-paclitaxel + gemcitabine) or 4-6 months of pri-
mary chemotherapy followed by chemoradiotherapy (with capecita-
bine, fluoropyrimidines or gemcitabine) or SBRT [9]. While both ASCO
and NCCN guidelines include SBRT as an additional/alternative treat-
ment option, there is wide heterogeneity in the types, doses and sche-
dules of SBRT evaluated in clinical trials, making definitive re-
commendations for its use challenging. Currently, the optimal
sequencing of chemotherapy and SBRT remains unknown [8,16].

The current recommendations for newer chemotherapy regimens
are largely based on retrospective data in mixed populations of patients
with BRPC and LAPC, or extrapolated from the results of prospective
trials in metastatic pancreatic cancer, such as MPACT, which showed an
OS benefit with nab—paclitaxel + gemcitabine (8.7 months) vs. gemci-
tabine alone (6.6 months; HR 0.72, p < 0.001) in metastatic disease
[17] and PRODIGE4/ACCORD11, which demonstrated an OS benefit
with FOLFIRINOX (11.1 months) vs. gemcitabine (6.8 months; HR 0.57,
p < 0.001) in metastatic disease [18].

In addition to significant variations in treatment recommendations,
the guidelines also differ in assessment and follow-up approaches. A
biopsy prior to treatment is recommended by ESMO and NCCN [2,9],
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Table 3
Summary of the current recommended management approaches for patients with LAPC in the ESMO, ASCO and NCCN guidelines [2,8,9].
ESMO ASCO NCCN
Assessment ® Biopsy (if chemotherapy or ® CT scan ® Biopsy
chemoradiotherapy are planned) ® Other staging directed by symptoms ® CT or MRI scan
® CT scan ® Assessment of symptom burden, psychological ® CA 19-9 measurement
©® CA 19-9 measurement status and social supports ® Laparoscopy not recommended for

® Laparoscopy to exclude peritoneal metastasis unresectable disease
not generally accepted
Recommended initial ® 6 months of gemcitabine monotherapy ® Combination chemotherapy ® Good PS: Clinical trial
therapy ® Poor PS: Single agent chemotherapy
Additional/alternative ® Chemoradiotherapy with capecitabine ® Chemoradiotherapy ® Good PS:
options ® SBRT o Combination chemotherapy
® Ppalliative RT 0 4-6 months induction chemotherapy
followed by CRT/SBRT
® Poor PS:
o Palliative RT
o Best supportive care
Follow-up ® Timing not specified ® Every 3-4 months ® Resected patients:

Should focus on symptoms, nutrition and
psycho-social support

® Physical examination, liver/renal function, CA
19-9 measurement and CT scan

o Every 3-6 months for 2 years
o Physical examination, CA 19-9
measurement and CT scan

ASCO, American Society of Clinical Oncology; CT, computed tomography; ESMO, European Society for Medical Oncology; MRI, magnetic resonance imaging; NCCN,
National Comprehensive Cancer Network; PS, performance status; RT, radiotherapy; SBRT, stereotactic body radiotherapy.

but not by ASCO [8]. Laparoscopy is not generally recommended in
LAPC by the ESMO and NCCN guidelines and is not considered in the
ASCO guidelines [2,8,9]. Both ESMO and NCCN guidelines recommend
CA 19-9 measurement before treatment, and NCCN also recommends
CA 19-9 measurement as part of the follow-up schedule, whereas ASCO
guidelines only recommend CA 19-9 assessments during follow-up
[2,8,9]. The ESMO guidance on the follow-up of patients with LAPC
does not provide any recommendations on the timing of follow-up
appointments or specific assessments [2].

Overall, the group agreed that the current clinical practice guide-
lines do not provide sufficient support for the treatment and follow-up
of patients with LAPC. In particular, it was noted that the guidelines do
not provide an optimal protocol for neoadjuvant treatment in this pa-
tient population.

Expert opinion summary statement: There is a lack of prospective
data from LAPC patient populations to guide treatment decisions, and
consequently no clear consensus on the optimal management approach.

Optimizing the management of LAPC

Given the differences between current treatment guidelines and the
poor prognosis of patients with LAPC, there is a clear need to optimize
the management of these patients. One treatment approach is the use of
chemotherapy or chemoradiotherapy as induction therapy — here we
discuss the evidence, coupled with clinical experience, to support the
use of induction therapy followed by resection, where appropriate, as a
proposed approach to improve the management of patients with LAPC.

The role of induction therapy in LAPC

Due to the poor prognosis and high risk of micrometastases [19],
patients with LAPC should be treated as early and as aggressively as
possible, including the use of systemic therapy to target both the pri-
mary tumour and potential micrometastases. Primary chemotherapy or
chemoradiotherapy should be considered in patients with a good PS,
with the aim of controlling disease progression, reducing symptoms and
maintaining quality of life [8]. In a small number of patients, primary
chemotherapy may be successful in shrinking the tumour and con-
verting unresectable LAPC to resectable disease, in which case it is
termed ‘induction therapy’ [8,20].

To date there have been few prospective, randomized controlled
trials to assess the benefit of induction chemotherapy in LAPC. The

Phase II SCALOP and Phase III LAP0O7 studies reported that following
induction chemotherapy and subsequent chemoradiotherapy or further
chemotherapy alone, 58% (SCALOP) and 87% (LAPO7) of patients with
LAPC had tumour progression, making them unsuitable for subsequent
curative treatment [15,21]. Retrospective data have demonstrated an
improvement in OS in resected vs. unresected patients with LAPC who
had received prior induction chemotherapy [22,23], and subgroup
analyses of Phase II studies have reported good progression-free sur-
vival (PFS) (17.8-35.2 months) and OS rates (14.0-26.6 months), as
well as good resection rates (40.7-41.9%) and RO status following in-
duction combination chemotherapy (modified FOLFIRINOX or gemci-
tabine + oxaliplatin) with or without gemcitabine-based chemor-
adiotherapy in patients with previously unresectable LAPC [24,25].

Expert opinion summary statement: There are retrospective and
non-randomized prospective data to support the use of induction
combination chemotherapy in patients with LAPC; however, limited
data from prospective, randomized trials are available.

Patient selection for induction therapy

LAPC comprises a spectrum of disease states, ranging from patients
with aggressive disease that progresses rapidly regardless of the treat-
ment given, to patients who, after initial therapy, remain progression-
free for years without further treatment. With this in mind, treatment
selection in patients with LAPC should not rely solely on Tumor, Node,
Metastasis (TNM) staging and anatomical definitions of resectability.

Conversion to resectable disease following induction therapy is not
always prognostic; some patients who do not achieve resectability re-
main progression-free for years following initial treatment, which may
be due to differences in tumour biology. In addition, as noted earlier, a
recent study showed that, despite an almost 4-fold higher resection rate
between patients with BRPC and LAPC following primary che-
motherapy, median survival outcomes were similar between the two
groups [12]. This further suggests that resectability status alone is not a
reliable prognostic factor in this setting, and that BRPC and LAPC
should not necessarily be considered as distinct prognostic subgroups.

In addition to anatomical considerations, patient selection for in-
duction therapy should consider factors such as CA 19-9 levels, PS,
weight loss and biochemical parameters. Multiple studies have de-
scribed a correlation between baseline CA 19-9 levels and resectability
or prognosis [26]. Changes in CA 19-9 levels during therapy have also
been associated with prognosis; a reduction in serum CA 19-9 in
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Table 4
Summary of studies of induction nab-paclitaxel + gemcitabine and induction FOLFIRINOX in patients with LAPC.
Ref.  Study type Patients (n) Treatment Outcome
Nab-paclitaxel + gemcitabine
[63]  Single-centre, pilot study 8 Nab-paclitaxel 125 mg/m? + gemcitabine 1000 mg/m? QW3/4 5PR; 3SD
(preliminary analysis) followed by FOLFIRINOX 3 resections (1 pCR)
[64] Phase I dose finding study 14 Weekly nab-paclitaxel (50, 75, 100 mg/m?) + gemcitabine 2 PR; 6 SD; 4 PD to date
(ongoing) 600 mg/m? + RT

[65] Phase Ib dose-finding study 18 UR; 6 BR  Nab-paclitaxel (100, 125, 150 mg/m?) + cisplatin, capecitabine, 16 PR; 8 SD
gemcitabine (PAXG) 6 resections (including 3 initially UR)
3 RO; 3R1
[12]  Retrospective study 223 BR and Nab-paclitaxel + gemcitabine (n = 28) 106 PR; 103 SD; 11 PD
UR Other gemcitabine combinations (n = 195) 61 resections
38 RO; 23 R1
[48] Phase II LAPACT study 107 Nab-paclitaxel 125 mg/m? + gemcitabine 1000 mg/m? QW3/4 35 PR; 48 SD = 16 weeks; 35 SD = 24 weeks; 5 PD
16 resections
7 RO; 9 R1
[49] Phase II PACT-19 study 54 BR and Nab-paclitaxel + gemcitabine (n = 28) 9 resections in nab-paclitaxel + gemcitabine arm
UR Nab-paclitaxel + cisplatin, capecitabine, gemcitabine (PAXG) (32%)
(n = 26) 8 resections in PAXG arm (31%)
FOLFIRINOX
[66] Retrospective study 51 FOLFIRINOX =+ chemoradiotherapy 10 RO resections (4 BR; 6 UR)
[67]  Retrospective study 14 FOLFIRINOX 6 PR; 6 SD; 1 PD
4 resections
3 R0; 1 R1
[50]  Retrospective study 575 FOLFIRINOX (n = 125) 76 resections with FOLFIRINOX
Gemcitabine-based chemoradiotherapy (n = 322) 31 RO; 45 R1
Other/combinations (n = 128) 60.8% resection rate with FOLFIRINOX vs. 48.0%
with other treatments
[68]  Phase II study 59 BR and FOLFIRINOX =+ chemoradiotherapy 16 resections
UR
[47] Meta-analysis 315 FOLFIRINOX 25.9% pooled resection rate

78.4% pooled RO rate in resected patients

BR, borderline resectable; LAPC, locally advanced pancreatic cancer; pCR, complete pathological response; PD, progressive disease; PR, partial response; SD; stable

disease; UR, unresectable.

response to neoadjuvant therapy for pancreatic cancer has been shown
to correlate with OS (28.0 months in patients with > 50% reduction in
CA 19-9 vs. 11.1 months in patients with an increase in CA 19-9; HR
0.26, p < 0.0001) and in patients with BRPC, RO resection rate (80%
in patients with any decrease in CA 19-9 vs. 0% with any increase;
p < 0.001) [27]. These data are supported by a more recent retro-
spective study, which reported improved OS in patients with BRPC or
LAPC showing a =50% reduction in CA 19-9 following primary che-
motherapy (31.5 vs. 15.0 months in patients without a = 50% reduc-
tion; p = 0.04) [12].

Performance status is a prognostic factor for patients with pan-
creatic cancer [11,28], and patients with a good PS may be considered
suitable for aggressive treatment. However, cancer cachexia and sar-
copenia are prevalent in patients with pancreatic cancer [29,30]. Pa-
tients with LAPC are particularly at risk of weight loss due to abdominal
pain, fatigue, nausea or malnutrition, and it is important that weight
and nutritional status is taken into consideration when selecting pa-
tients for treatment. There is evidence that, following induction che-
moradiotherapy, patients with LAPC who are obese or who experience
less weight loss tend to survive longer than those experiencing more
substantial weight loss [31]. Specifically, a loss of visceral adipose tis-
sues has been associated with poorer survival in patients with pan-
creatic cancer [30,32,33]. It is therefore important that patients
showing signs of weight loss are identified early, as cachexia may be
treated through nutritional support, exercise and pharmacological
treatment; however, there are currently no guidelines on the clinical
management of cachexia in pancreatic cancer and no proven pharma-
cological treatments [33].

In addition to these known prognostic factors, biochemical para-
meters may also be taken into account — for example, high pre-treat-
ment albumin levels and a neutrophil/lymphocyte ratio <5 have been
shown to correlate with better survival following SBRT in patients with
LAPC [34], although this has not yet been studied in the setting of

induction therapy.

Expert opinion summary statement: Selection of patients for in-
duction therapy followed by surgical resection should be on a case-by-
case basis and, in addition to TNM and anatomical features (e.g. tumour
location, presence of arterial involvement, etc.), should also take into
account factors such as CA 19-9 levels, PS, weight loss and biochemical
parameters.

Choice of induction chemotherapy

Recommended chemotherapies in LAPC currently include gemcita-
bine monotherapy, gemcitabine-based combination therapy and the
newer regimens of nab—paclitaxel + gemcitabine and FOLFIRINOX
[2,8,9]. It has recently been proposed that the optimal initial che-
motherapy regimen for LAPC should include either nab—pacli-
taxel + gemcitabine or FOLFIRINOX [7]. Supporting this, a recent
study in patients with LAPC suggested that induction therapy with
newer regimens (nab—paclitaxel + gemcitabine or FOLFIRINOX) may
be associated with better survival outcomes than induction therapy
with older regimens (gemcitabine or 5-FU) [22]. Median OS was
18.3 months with newer regimens vs. 12.7 months with older regimens
(p = 0.096) and the use of a newer regimen was an independent pre-
dictor of OS on multivariate analysis (HR 0.593 vs. older regimens,
p = 0.065).

However, the newer, more active regimens can lead to increased
toxicity [7]; therefore the tolerability profiles of different regimens is
also a factor in the choice of induction chemotherapy. Although toler-
ability data for these treatments in LAPC are limited, data from trials in
metastatic disease may be extrapolated to the LAPC setting. In MPACT,
which evaluated nab-paclitaxel + gemcitabine vs. gemcitabine mono-
therapy in patients with metastatic pancreatic cancer, 38% of patients
receiving nab-paclitaxel + gemcitabine experienced Grade III/IV neu-
tropenia vs. 27% receiving gemcitabine alone. Febrile neutropenia was



T. Seufferlein, et al.

reported in 3% of patients receiving nab-paclitaxel + gemcitabine vs.
1% in the gemcitabine group [35]. FOLFIRINOX is particularly asso-
ciated with high levels of haematological toxicities [7], with sig-
nificantly more FOLFIRINOX-treated patients experiencing Grade III/IV
neutropenia (45.7% vs. 21.0% with gemcitabine; p < 0.001) and
febrile neutropenia (5.4% vs. 1.2%; p = 0.03) in PRODIGE4/AC-
CORD11 [18]. Clinicians must therefore balance the risk of these side
effects against the potential benefits of the therapy - for example, in
patients who are potential candidates for subsequent resection, a higher
risk of toxicities may be more acceptable when balanced with the in-
creased chance for curative resection. It has been suggested that the
tolerability of newer regimens might be improved by dose modifica-
tions — for example, one study showed that the toxicities of FOLFIRI-
NOX can be effectively managed by using an 80% dose in combination
with growth factor support in carefully selected patients [7]. However,
the potential impact of such dose modifications on the efficacy of the
regimen remains unclear.

While several retrospective and/or non-randomized studies have
investigated the use of nab—paclitaxel + gemcitabine or FOLFIRINOX as
induction therapy in LAPC (Table 4), there have been no definitive
randomized controlled trials or head-to-head trials comparing these
regimens in this setting. While prospective trials to compare these re-
gimens are underway, it is not currently possible to recommend one
over the other for induction therapy in patients with LAPC.

Expert opinion summary statement: Induction chemotherapy
with a newer combination regimen (i.e. nab—paclitaxel + gemcitabine
or FOLFIRINOX) should be considered as an option, despite the lack of
prospective data in LAPC. Currently, there are no prospective data to
recommend one of these newer combinations over the other.

Duration of induction therapy and assessment protocol

Factors to consider when deciding the optimal duration of induction
therapy include patient PS, tolerability of the induction chemotherapy
regimen and tumour response during induction chemotherapy, as well
as the impact of induction therapy duration on patient selection for
surgery and the risk of surgical complications. There is a paucity of
clinical trial data to guide the optimal duration of induction therapy in
patients with LAPC, therefore the suggestions discussed here are based
on the authors’ clinical experience and expert opinion.

Most of the physicians in the group agreed that, depending on the
specific induction chemotherapy regimen selected, a maximum of 6
cycles of induction therapy should initially be administered in patients
with LAPC, providing the patient has a good PS and can tolerate the
regimen. The group recommended that the duration of induction che-
motherapy should not exceed 6 cycles in order to minimize the risk of
surgical complications in patients who demonstrate evidence of con-
version to resectable disease. The aims of this induction schedule are to
control disease (including treating potential micrometastases) and re-
duce the size of the tumour, leading to subsequent evaluation of the
patient’s suitability for resection.

The group recommended that during induction chemotherapy, pa-
tients should be assessed and restaged every 2-3 months/cycles, and
the findings discussed by a multidisciplinary team. Retrospective data
have indicated that traditional computed tomography (CT) imaging is
not always reliable for post-induction therapy evaluation in patients
with LAPC; in a study of 40 patients with unresectable disease who
received neoadjuvant FOLFIRINOX therapy, CT-based assessment of
resectability identified 12/40 patients (30%) as having resectable dis-
ease after FOLFIRINOX treatment, however RO was achieved in 35/40
patients (92%) [36]. In light of these findings, the physicians suggested
that additional imaging approaches (e.g. magnetic resonance imaging
or positron emission tomography) and assessments of surrogate tumour
markers (e.g. CA 19-9 levels) should be considered in this setting. The
group proposed that patients with a clear tumour response to induction
therapy should be re-evaluated by the multidisciplinary team for
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resectability.

Expert opinion summary statement: Patients with LAPC should
ideally receive a maximum of 6 cycles of induction chemotherapy in the
absence of disease progression or undue toxicity, with regular assess-
ment and restaging to determine clinical response and potential re-
sectability.

Patient selection for surgery after induction therapy

There are currently no guidelines governing how to select patients
with previously unresectable LAPC for surgery after primary therapy.
Patient selection for surgical resection generally relies on radio-
graphical imaging, however, this has limitations as the presence of
dense stroma and treatment-related fibrosis may mask tumour
shrinkage [37]. Tumours that appear unresectable on radiographical
imaging may be surgically resectable; in a retrospective analysis of 122
patients restaged after receiving neoadjuvant therapy for BRPC, only 1
(0.8%) had their disease downstaged to resectable based on CT ima-
ging, whereas 85 (66%) underwent surgical resection, of which 81
(95%) achieved RO status [38].

Additional criteria are therefore needed to guide the decision to
refer patients with previously unresectable LAPC to surgery after in-
duction therapy. A recent retrospective analysis has suggested that CA
19-9 response to induction chemotherapy may be a clinical marker for
referral to surgery in patients with LAPC [12]. In an analysis of data
from a prospective study of patients with LAPC, a =30% decrease in CA
19-9 was associated with improved survival (22.4 vs. 12.7 months in
patients without a =30% reduction; p = 0.02) and correctly classified
9/10 patients as resectable after induction chemotherapy [39]. Al-
though these data are promising, further research into more effective
markers, such as biological and molecular factors, is needed.

The physicians suggested that patients who do not show disease
progression on radiological imaging may be considered for exploratory
laparotomy, in line with the St Gallen EORTC Gastrointestinal Cancer
Conference consensus recommendations for restaging after induction
therapy in patients with BRPC [40]. Patients with no clear tumour re-
sponse according to radiological imaging or surrogate tumour markers
after 6 cycles of induction therapy should not be referred for surgical
resection, and other treatment options, such as chemoradiotherapy or
continuation with chemotherapy, may be discussed. Prospective clin-
ical trials are needed to evaluate whether these patients may benefit
from surgical exploration to confirm unresectability.

Expert opinion summary statement: There is an unmet need for
guidelines on the optimal selection of patients who are suitable for
resection following induction therapy. Radiographical imaging has
been shown to be unreliable in these patients and more accurate mar-
kers are needed. Patients who do not have radiological evidence of
disease progression may be considered for exploratory laparotomy.

Surgical outcomes following induction chemotherapy

Induction chemotherapy may impact on surgical outcomes, in-
cluding effects on resection status (RO/R1/R2) and post-operative
morbidity and mortality. R2 resections are known to be associated with
a poor prognosis, with one retrospective study of almost 45,000 pa-
tients reporting a median survival of 9.8 months in patients undergoing
R2 resection vs. 19.7 months for RO, 14.3months for R1 and
10.3 months for no surgery [41]. Factors that influence RO resection
rates may include the specific definition of RO used [42], variations in
patient selection for resection, and the duration and type of induction
therapy used. Currently, the impact of induction therapy on tumour
downsizing and subsequent resection status can only be speculated
based on studies in mixed populations of patients with LAPC and BRPC.
Induction therapy with nab-paclitaxel + gemcitabine has been asso-
ciated with high RO resection rates (92-95%) in patients with resectable
disease or BRPC [43,44]. In a retrospective study of patients with BRPC
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Fig. 1. Forest plots from meta-analysis showing the percentage of patients who
underwent resection (A) and RO resection (B) following induction therapy with
FOLFIRINOX [47]. CI, confidence interval. Note: Copyright permission to re-
produce these figures will be provided by the authors upon acceptance of the
manuscript prior to publication.

or LAPC receiving induction FOLFIRINOX with or without chemor-
adiotherapy, RO resection was achieved in 83.3% of patients and a
pathologic major response was achieved in 23.2%, with improved
outcomes achieved with the addition of chemoradiotherapy [45]. Other
retrospective studies in patients with LAPC or BRPC have shown that
induction therapy with FOLFIRINOX was associated with a lower po-
sitive lymph node rate (35%) than surgery alone (79%; p < 0.001) and
a higher RO resection rate (92% vs. 86% with surgery alone) [36].
Another study showed that induction FOLFIRINOX with or without
chemoradiotherapy was associated with significant tumour size de-
creases and an RO resection rate of 86% [46]. Furthermore, a recent
meta-analysis reported that induction therapy with FOLFIRINOX was
associated with a pooled RO resection rate of 78.4% in patients with
LAPC (Fig. 1) [47].

A prospective Phase II trial of induction nab-paclitaxel + gemcita-
bine in previously untreated patients with unresectable LAPC (LAPACT)
was recently completed. In this trial, patients received treatment with 6
cycles of nab-paclitaxel + gemcitabine, after which patients without
disease progression or unacceptable adverse events underwent con-
tinued treatment with nab—paclitaxel + gemcitabine, chemor-
adiotherapy or surgical resection. In total, 106 patients received in-
duction therapy with nab-paclitaxel + gemcitabine. Of 45 patients who
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completed induction therapy and continued with protocol-specified
treatment, 12 continued with nab-paclitaxel + gemcitabine, 17 re-
ceived chemoradiotherapy and 16 underwent surgery [48]. Of the 16
patients who underwent surgery, 7 achieved RO status. PACT-19
(NCT01730222) was a randomized, open-label Phase II trial of nab—
paclitaxel + gemcitabine vs. PAXG regimen (nab-paclitaxel, gemcita-
bine, cisplatin and capecitabine) in 54 patients with LAPC or BRPC.
Resection rates were 32% (9/28 patients) in the nab—pacli-
taxel + gemcitabine arm and 31% (8/26 patients) in the PAXG arm
[49]. Other ongoing trials of note include NEOLAP (NCT02125136), a
randomized, open-label Phase II trial comparing resection conversion
rates in patients with BRPC or LAPC following primary therapy with
nab-paclitaxel + gemcitabine followed by further nab-pacli-
taxel + gemcitabine or FOLFIRINOX, and CONKO-007
(NCT01827553), a randomized, open-label Phase III trial evaluating
induction therapy with FOLFIRINOX or gemcitabine in LAPC, followed
by chemoradiotherapy or chemotherapy alone, in which RO rate is a
secondary endpoint.

To date, studies have generally shown that induction combination
chemotherapy regimens do not increase post-operative morbidity or
mortality, compared with upfront surgery [50], although induction
therapy with FOLFIRINOX in patients with LAPC and BRPC has been
associated with longer operative times (394 vs. 300 min with no in-
duction therapy; p < 0.001) and blood loss (600 mL vs. 400 mL;
p = 0.007) [36]. The increase in operative time was considered to be
due to the additional dissection of critical vessels, and these more
technically challenging operations resulted in increased blood loss.
However, despite the longer operation times and increased blood loss,
overall post-operative morbidity was lower in the FOLFIRINOX group
[36]. A further consideration is the association of pancreaticoduode-
nectomy with hepatic steatosis [51,52]. As FOLFIRINOX can affect liver
function [53], it is important to be aware of an increased risk of post-
operative liver complications in patients receiving FOLFIRINOX in-
duction therapy.

Expert opinion summary statement: While induction therapy
with nab-paclitaxel + gemcitabine or FOLFIRINOX may result in high
RO resection rates in patients deemed suitable for surgery, surgeons
must be aware of the potential for induction chemotherapy to increase
the risk of complications during or after surgery.

Management of resected patients (after induction therapy) with LAPC

Although results from mixed population studies and interim data
from the LAPACT trial indicate that a reasonable RO resection rate
(36-95%) can be achieved in patients with LAPC who undergo induc-
tion chemotherapy followed by surgery, the risk of relapse remains high
due to the likely presence of micrometastases in these patients [54]. In
the absence of prospective data in patients with LAPC, the suggested
approach to post-resection management of these patients is based on
studies in BRPC and/or resectable disease.

Several randomized studies have shown that adjuvant che-
motherapy after RO or R1 resection consistently increases 5-year sur-
vival by at least 11% compared with surgery alone in patients with
resectable pancreatic cancer [40,55-57]. On this basis, the physicians
in the group suggested that patients with LAPC who undergo resection
after induction therapy should receive adjuvant chemotherapy up to a
maximum of 6 cycles. In patients achieving an RO resection with ne-
gative lymph nodes after induction therapy, the group proposed that
the same chemotherapy regimen should be continued after surgery up
to a maximum of 6 cycles, provided there were no tolerability issues
with the induction regimen and depending on cumulative toxicities,
particularly neuropathy. In patients with an R1 resection and positive
lymph nodes, some of the physicians proposed that chemoradiotherapy
could be considered if not used pre-operatively. As this outcome sug-
gests a suboptimal response to the induction chemotherapy used, a
change in chemotherapy regimen could also be considered. The
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Fig. 2. Proposed algorithm for patients with LAPC receiving primary che-
motherapy. LAPC, locally advanced pancreatic cancer.
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physicians also highlighted that many patients are exhausted following
induction therapy and surgery, and that not all patients are able to
tolerate chemotherapy within a short timeframe after major surgery, so
it is important to consider adjuvant treatment options on an individual
patient basis.

Expert opinion summary statement: Patients with LAPC who
undergo RO or R1 resection after induction chemotherapy may be of-
fered adjuvant chemotherapy to reduce the risk of recurrence.
Chemoradiotherapy may be considered in patients with an R1 resection
and positive lymph nodes, if not used pre-operatively. The choice of
adjuvant therapy is influenced by response to induction therapy and
patient tolerability.

Conclusions

LAPC is associated with poor prognosis and is generally considered
incurable. Nevertheless, available evidence suggests that patients with
LAPC benefit from primary chemotherapy to prolong PFS and OS, with
a proportion of these patients subsequently achieving resectable status
and an RO resection. Fig. 2 outlines a proposed algorithm for the
management of patients in this setting. Extrapolation from retro-
spective analyses as well as prospective data from the metastatic setting
strongly suggest that newer combination chemotherapy regimens, such
as nab—paclitaxel + gemcitabine and FOLFIRINOX, are more effective
than older regimens in this treatment setting.

Randomized, controlled studies of induction chemotherapy in pa-
tients with LAPC are needed to confirm the optimal approach in this
patient population. In the meantime, our expert opinion is that use of
induction chemotherapy with either nab—paclitaxel + gemcitabine or
FOLFIRINOX should be a treatment option included in international
treatment guidelines for patients with LAPC who are able to tolerate
chemotherapy.
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