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Opinion statement

Pancreatic adenocarcinoma 2030 (PCa) is predicted to be the second leading
cause of cancer death in USA by 2030. To date, attempts at early detection have
been unsuccessful. Therapies for resectable PCa include surgery followed by
adjuvant chemotherapy with or without radiotherapy. Unfortunately, most pa-
tients with PCa present with advanced disease and thus only 20% of patients
are potentially resectable upon presentation. Improved surgical techniques along
with adjuvant combination chemotherapy have improved outcomes for patients
with resectable disease. The optimal treatment approach for borderline resectable
and locally advanced unresectable PCa has not yet been defined. Despite signif-
icant advances in the palliative treatment of PCa, long-term survival of early
stage disease continues to be sobering. The key to improving outcomes for this
largely fatal disease is to identify multidisciplinary therapeutic interventions
including surgical, medical, and radiation techniques tailored to the patient and
their disease characteristics. The neoadjuvant approach provides an in vivo plat-
form to test novel treatment options to help us understand tumor biology and
surrounding microenvironment, which may ultimately help us achieve the goal of
improvement in long-term survival. While the neoadjuvant approach remains
popular as a way to optimally select patients that might benefit most from
surgery, randomized trials utilizing adjuvant and neoadjuvant novel therapies
hold the key to truly personalizing the ideal treatment strategy for localized PCa.

http://crossmark.crossref.org/dialog/?doi=10.1007/s11864-017-0515-8&domain=pdf


Introduction

Pancreatic adenocarcinoma (PCa) is the fourth leading
cause of death in USA with over 53,670 new cases and
80% mortality in 2017 [1]. The majority of the patients
present with locally advanced unresectable andmetasta-
tic disease, with only approximately 20% of patients
presenting with potentially resectable disease. Surgical
resection is the only curative therapy for potentially
resectable PCa but prognosis and long-term survival is
poor even with complete surgical resection. Systemic
chemotherapy provided after surgery (adjuvant therapy)
has shown to improve overall survival after surgical
resection, but the benefit is limited with a 5-year survival

between 20 and 30%. Advancements in imaging and
endoscopic ultrasound techniques have improved the
ability to detect and more accurately stage the disease.
Patients with resectable PCa are typically offered surgery
followed adjuvant systemic therapy with or without
radiotherapy. For the patients with unresectable disease
combination therapy with chemotherapy and radiother-
apy (chemo RT) is a standard of care with palliative
intent and median survival of 8–12 months [2, 3]. In
this article, the current multidisciplinary approach for
the management of localized PCa is reviewed with focus
on resectable and borderline resectable PCa.

Diagnosis and staging

Proper selection for the surgical resection of PCa is paramount in the current era
of multidisciplinary management of PCa. High-resolution computerized to-
mography (CT) with dual phase contrast enhancement is the most acceptable
imaging modality to determine staging and potential resectability of PCa.
Endoscopic ultrasound (EUS) guided biopsy has become the preferred method
of obtaining histologic confirmation. A meta-analysis looking at the success of
EUS guided fine needle aspiration revealed a sensitivity and specificity of 92 and
96%, respectively [4]. It is reasonable to repeat EUS-FNA if the first attempt does
not yield a diagnosis. For tumors beyond the reach of EUS, a percutaneous CT-
guided biopsy approach is reasonable. If those attempts are unsuccessful then a
surgical biopsy may be necessary. The preferred staging system for pancreatic
adenocarcinoma of the tumor, node,metastasis (TNM) systemof the combined
American Joint Committee on Cancer (AJCC) considers isolated venous inva-
sion as T3 disease (locally advanced but potentially resectable), while arterial
invasion is deemed unresectable (T4 disease) [5]. Based on recent advances in
surgical techniques and cross sectional imaging, the term borderline resectable
disease has been introduced and many groups have proposed definitions for
borderline resectable disease. According to National Comprehensive Cancer
Center (NCCN) guidelines, borderline resectable PCa includes tumor that
display the following: (1) head/uncinate tumor in contact with common
hepatic artery (CHA)without extension to celiac or hepatic artery bifurcation, or
in contact with superior mesenteric artery (SMA) G 180 degrees, or in contact
with superior mesenteric vein (SMV) or portal vein (PV) 9 180 degrees, or in
contact with inferior vena cava; or (2) body and tail tumor in contact with celiac
axis (CA) G 180 degree (Fig. 1). This radiographic determination is associated
with a high-likelihood of positive (R1) surgical margin. Thus, patients with
borderline resectable disease are generally offered preoperative (neoadjuvant)
therapy prior to surgical resection. A multidisciplinary tumor board discussion
at a high-volume center is vital in such cases to determine the role for and
timing of perioperative therapy.
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Role of adjuvant therapy

Even with recent advances in surgical techniques and diagnostic imaging, the
prognosis and long-term survival of PCa remains dismal secondary to presence
of micro metastatic disease at the time of presentation. Various versions of
adjuvant systemic therapy have been shown to improve long-term survival. 5-
fluorouracil (5-FU) has been one of the most extensively studied agents in the
treatment of PCa with the first study to demonstrate a benefit from adjuvant
therapy conducted by the Gastrointestinal Tumor Study Group (GITSG). This
study showed an improved overall survival with adjuvant combined radiation
and 5-FU (cheomRT) as compared to observation (2-year survival 42 vs 15%;
P = 0.03) [6]. A trend towards the benefit of adjuvant 5-FU based chemoRT as
compared to observation was seen in EORTC 40891 trial with non-statistically
significant improvement inmedian overall survival (mOS) (24.5 vs 19months;
P = 0.21) [7].

Adjuvant chemotherapy and chemoRT were further studied in European
Study Group for Pancreatic Cancer (ESPAC) 1 trial. In the ESPAC-1 trial, 289
patients were randomized to either receive 5-FU based chemotherapy, 5-FU
based chemoRT, both treatments or observation following surgical resection.
Results were analyzed in a two by two-factorial design and showed a survival
benefit with adjuvant chemotherapy. For the chemotherapy comparison, OS
was 20.1 months with adjuvant chemotherapy as compared to 15.5 months
(P = 0.009) with no chemotherapy [8]. On the other hand, chemoRT was
associated with a mOS of 15.9 months as compared to 17.9 months with no
chemo RT (P = 0.05). The lack of benefit and inferior outcome from chemoRT
was thought to be secondary to the lack of radiation quality control, use of split
dose radiotherapy delivery techniques, and allowing clinicians to use back-
ground chemotherapy and radiation. A meta-analysis of major clinical trials
was performed and failed to show any significant benefit from adjuvant
chemoRT (HR = 1.09, CI 089–1.32, P = 0.43). It did confirm a 25% reduction in
risk of death with chemotherapy with HR of 0.75 (CI 0.64–0.9, P = 0.001).

Fig. 1. Arterial phase computed tomography of abdomen exhibits a borderline resectable pancreatic adenocarcinoma. Tumor abuts
with G 180 degree involvement. Duo duodenum, PCa for pancreatic cancer pancreatic adenocarcinoma (head of pancreas), SMA
superior mesenteric artery, SMV superior mesenteric vein.
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Subgroup analysis suggested a trend towards benefit of chemoRT in patients
with positive resection margins (R1) [9]. Radiation Therapy Oncology Group
(RTOG) 9704 tried to optimize the use of chemotherapy with radiation. In this
trial, 451 patients with resected PCa were randomized to adjuvant systemic
chemotherapy (gemcitabine vs 5-FU) for 3 weeks followed by 5-FU-based
chemoRT and then three more months of chemotherapy with the previously
used agent. The mOS was 20.5 months for gemcitabine versus 16.9 months for
5-FU (P = 0.09) [10]. Adjuvant chemoRT is commonly utilized in the USA,
although the absolute benefit of this approach remains in question. RTOG
0848 is an ongoing phase III trial in which post-operative head of the pancreas
cancer patients receive 5 months of investigator’s choice of adjuvant chemo-
therapy (i.e., gemcitabine, 5-FU, or gemcitabine/capecitabine) and are then
subsequently randomized to receive 5-FU based chemoRT or one more month
of chemotherapy (with omission of chemoRT) (NCT01013649). This critically
important study will definitively define the role of adjuvant chemoRT.

Initial adjuvant chemotherapy trials exclusively utilized 5-FU; however,
given the activity of gemcitabine in the advanced setting, studying this drug in
the adjuvant setting was a logical next step [11]. The European CONKO-001
trial was an adjuvant study that included 368 patients with resected PCa (T1-4,
N0-1) who were randomized to 6 months of gemcitabine or observation [12].
Adjuvant gemcitabine was associated with improvement inmedian disease free
survival (DFS) (13.4 vs 6.9 months, P G 0.001) and statistically significant but
modest improvement in mOS (22.8 vs 20.2 months, P = 0.01) [13]. The
ESPAC3 trial was designed to compare 5-FU or gemcitabine as adjuvant therapy
for resected PCa [14]. This trial demonstrated no difference in mOS between
gemcitabine and 5-FU (23.6 vs 23 months, P = 0.39). Although gemcitabine
and 5-FU were comparable in efficacy endpoints, gemcitabine seemed better
tolerated with reduced rate of treatment-related serious adverse events (14 vs
7%, P G 0.001). In an ad hoc analysis of ESPAC3 data, survival was no different
for patients who received adjuvant chemotherapy before 8 weeks post-
operatively as compared to patients who started chemotherapy between 8 and
12 weeks. However, completion of 6 cycles of chemotherapy was an indepen-
dent prognostic factor with a mOS of 28 months as compared to 14.6 months
for patient who received 1–5 cycles of therapy (HR = 0.516, P G 0.001) [15].
Based on ESPAC-3 and RTOG 9704, gemcitabine may be the preferred systemic
adjuvant agent due to the better toxicity profile, while 5-FU remains a reason-
able alternative.

Until recently, gemcitabine with or without radiation remained the best
adjuvant treatment option for patients with resected PCa. However, several
ongoing adjuvant clinical trials are testing multi-agent combination therapy
that is effective in the metastatic setting. The recently published ESPAC4 trial
compared the combination of gemcitabine and capecitabine to gemcitabine
alone for resected PCa [16••]. The vast majority of patients in both arms of this
trial had microscopically positive margin (R1, 60%) and lymph node positive
disease (80%). At median follow-up of 43.2 months, mOS was 25.5 months
with gemcitabine as compared to 28.8 months in the gemcitabine and cape-
citabine combination arm (HR 0·82, P = 0·032). A trend towards improve-
ment in the estimated 5-year overall survival was seen in the combination arm
28.8% (CI 22.9–35.2) as compared to gemcitabine alone 16·3% (CI 10.2–
23.7, P = 0.032). Combination therapy was associated with statistically higher
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rate of grade 3–4 diarrhea (5 vs 2%t), hand foot syndrome (7 vs 0%), and
neutropenia (38 vs 24%). Based on the ESPAC4 data, the combination of
gemcitabine and capecitabine is now considered the new standard of care for
the adjuvant systemic treatment of PCa (see Table 1 for landmark adjuvant
trials). The APACT trial (NCT01964430) is testing gemcitabine with or without
nab-paclitaxel and the PRODIGE 24/ACCORD 24 trial (NCT01526135) is
comparing gemcitabine versus FOLFIRINOX in the adjuvant setting. The results
of these completed trials are anxiously awaited.

Neoadjuvant therapy
Rationale and challenges of neoadjuvant therapy

Despite the noted advancements, 5-year survival rates for patients with PCa
who undergo curative therapy remain suboptimal at 20–30%. The complica-
tions of surgery and post-operative recoverymay delay or preclude the initiation
of systemic therapy. In fact, approximately 30–40% of otherwise eligible pa-
tients fail to receive any systemic adjuvant therapy. This could be overcome
through the use of neoadjuvant therapy [19]. Given that a large number of
patients relapse quickly after surgical resection, neoadjuvant therapy offers an
opportunity to deliver systemic therapy earlier in the disease course and prior to

Table 1. Landmark adjuvant randomized trials

Trial Phase N Treatment Primary
endpoint

Results P value

GITSG [6] III 43 • Chemo RT with 5-Fu
• Observation

Median OS 20 vs 11 mo 0.03

EORTC [7] III 218 • Chemo RT with 5-Fu
• Oservation

Median OS 24.5 vs 19 mo 0.02

ESPAC 1 [8] III 289 • Chemo RT ≥
Chemotherapy

• Chemo RT alone
• Chemotherapy alone
• Observation

Median OS Chemo vs no chemo,
20.1 vs 15.5 mo

0.009

ChemoRT vs no chemoRT,
15.9 vs 17.9 mo

0.05

CONKO-001 [13] III 368 • gem
• Observation

DFS 13.4 vs 6.9 mo G 0.001

RTOG 9704 [17] III 451 • gem before
and after chemo RT

• 5-Fu before and
after chemo RT

Median OS 20.5 vs 16.9 mo 0.09

ESPAC-3 [14] III 1088 • gem
• 5-Fu

Median OS 23.6 vs 23 mo 0.39

JASPAC [18] III 385 • S1
• gem

2 year OS 70 vs 53% G 0.0001
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the systemic stress of surgical recovery. Neoadjuvant therapy may also aid in
identifying patients who are more likely to benefit from surgery by helping to
select those with a disease biology that is amenable to local management. Those
that demonstrate metastatic disease during a course of neoadjuvant treatment
would have never benefitted from a surgery-first approach. Neoadjuvant ther-
apy also provides an opportunity for tumor downstaging which can allow for
resection in a patient who was considered borderline resectable or even
unresectable [20, 21]. Finally, incorporation of novel agents in the neoadjuvant
setting offers a scientific opportunity to better understand PCa molecular and
microenvironment interactions by allowing pre and post-operative tissue sam-
pling. This approach also offers a ripe opportunity to study a myriad of
correlatives, including the microenvironment (immune composition, stroma)
and epigenetic changes of the tumor.

While neoadjuvant therapy can be safely delivered without negatively
influencing perioperative morbidity and mortality, it has not yet demonstrated
an improvement in OS. There are several potential hurdles in designing and
conducting neoadjuvant clinical trials. First, patient selection can be a challenge
in terms of deciding whether to include only up-front resectable patients or
whether to also include borderline resectable patients. Additionally, despite well-
established definitions, patient resectability can vary by institution and is not
consistently standardized. Tissue acquisition for neoadjuvant treatment planning
is occasionally difficult and potentially rate limiting. Finally, there remains a
cultural unease for some surgeons to risk progression and “jeopardize” the chance
for a potentially curative surgery. While this actually serves as a biologic deter-
minant of surgical appropriateness, it is a clinical bias that nonetheless persists.

Available clinical data
To date, there are no published randomized phase 3 trials demonstrating a
survival benefit for neoadjuvant therapy in resectable or borderline resectable
PCa. However, a number of non-randomized studies have provided consistent
data on the safety and feasibility of this approach in this patient population
(Table 2). While all of these studies suffer from inherent selection bias, the
overall approach continues to be endorsed by consensus guidelines and pro-
fessional organizations [3, 40]. Several neoadjuvant approaches have been
tested, but the ideal regimen has yet to be identified. Most utilized 5-Fu or
gemcitabine-based neoadjuvant regiment with or without radiation [41].

Table 1. (Continued)

Trial Phase N Treatment Primary
endpoint

Results P value

ESPAC-4 [16••] III 730 • gem +
capecitabine

• gem

Median OS 28 vs 25.5 mo 0.032

5-Fu 5-flurouracil, Chemo RT chemoradiation, gem for Gemcitabine OS overall survival, DFS disease-free survival, PFS progression-free survival,
Momonths, CONKO Charite´ Onkologie trial, EORTC European Organization for Research and Treatment of Cancer, ESPAC European Study Group for
Pancreatic Cancer, GITSG Gastrointestinal Tumor Study Group, JASPAC Japan Adjuvant Study Group of Pancreatic Cancer, RTOG Radiation Therapy
Oncology Group
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PCa neoadjuvant treatment protocols started incorporating gemcitabine-
based combination therapy after the data from Burris and colleagues on ben-
eficial role of gemcitabine in metastatic PCa [11]. One of these phase 2 trials
from MD Anderson Cancer Center (MDACC) included 86 patients with po-
tentially resectable PCa and delivered weekly gemcitabine for 7 weeks along
with concomitant radiation therapy (30 Gy in 10 fractions over 2 weeks) [26].
This trial reported a resection rate of 74% (64/86) andOS of 22.7months for all
patients. However, mOS was 34 months for the patients who were able to
undergo resection. Unfortunately, 57% (37/86) of patients who underwent
resection still developed recurrent disease with liver mets being the most
common organ involved. Based on these results, trials started incorporating
more systemic therapy to mitigate the metastatic burden. Another study at
MDACC evaluated 90 patients with resectable PCa treated with gemcitabine
and cisplatin every 2 weeks for four doses followed by gemcitabine-based
chemoRT. Of the 79 patients who finished therapy, 52 (66%) were able to
undergo resection with mOS of 31 months [27]. In another phase 2 trial, 38
patients with resectable PCa underwent gemcitabine and oxaliplatin-based
neoadjuvant therapy followed by surgery followed by additional adjuvant
chemotherapy. In this trial, 27 of 38 patients (71%) underwent resection and
the majority (23/27) were able to finish all planned therapy. The median
overall survival for this group was 27.2 months [42].

The feasibility of neoadjuvant therapy has been studied in borderline resect-
able and locally advanced unresectable PCa (LAPC) although several of these
early phase trials also included resectable patients. One of these phase 2 studies
evaluated 68 patients with resectable or borderline resectable PCa and delivered
2 cycles of gemcitabine and oxaliplatin chemotherapy concurrent with radia-
tion. A total of 61 patients were able to finish therapy, and 43 patients (63%)
were able to undergo resection. The mOS was 27.1 months for patients who
were able to undergo resection and 18.2 months for all patients [43].

Most recently, the use of more contemporary combination therapies (i.e.,
FOLFIRINOX [leucovorin, 5-FU, irinotecan, oxaliplatin] and GNA
[gemcitabine, nab-paclitaxel]) have been explored in the neoadjuvant setting.
In the published Massachusetts General Hospital experience, 22 patients with
LAPC underwent neoadjuvant chemotherapy with FOLFIRINOX followed by 5-
FU-based chemoRT. Five out of 22 (23%) underwent successful R0 resections
[44]. In a French multicenter prospective observation cohort, 77 patients with
LAPCwere treated with FOLFIRINOX until progression or toxicity. A median of
6 cycles were given and 28 out of 77 (36%) patients underwent surgical
resection with mOS of 24.9 months [37]. In a meta-analysis of 13 studies with
253 borderline resectable and LAPC who were treated with FOLFIRINOX with
and without radiotherapy, 43% of patients were able to undergo resection. The
rate of R0 resection was 63.5% in borderline resectable disease [45]. Although
this approach may hold the potential to convert unresectable to resectable
disease, the toxicity demonstrated was not insignificant with cumulative rate of
24–75% of grade 3 and 4 toxicities and most common toxicities were neutro-
penia and diarrhea. Several other centers have reported single institution ret-
rospective data with neoadjuvant FOLFIRINOX that is summarized in Table 2.

It is clear that the neoadjuvant approach for the delivery of chemother-
apy is feasible. The resection rate is variable due to the differences in the
chemotherapy regimen used and based on initial resectability status. The
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initial trials reported resection rate of 50–70% for the patients with resect-
able disease and 5–30% for the patients who had LAPC at the time enroll-
ment [46]. In a restrospective analysis MDACC which included 160 patients
with borderline resectable PCa, 41% underwent surgery and 94% had R0
resection. Median overall survival was 40 months for the patients who
underwent surgery as compared to 13 months (P G 0.001) for patients who
did not undergo surgery [47]. Another meta-analysis included 536 patients
from 14 phase 2 clinical trials who were divided into two groups: resectable
(group A) and borderline resectable or LAPC (group B). After neoadjuvant
therapy, 31.6% patients in group B were deemed to be resectable as com-
pared to 65.8% in group A. Median overall survival was similar in both the
groups who were able to undergo resection (22 months in-group A vs
23 months in group B). One of the largest meta-analysis by Gillen and
colleagues included 111 studies [48]. The most common neoadjuvant or
preoperative regimens were gemcitabine, 5-FU, mitomycin, and platinum

Table 3. Select upcoming studies of interest

Trial Phase Treatment End point
NEOPAC (NCT01521702) 3 Neoadjuvant Gem/oxaliplatin plus adjuvant

Gem in resectable PCa
PFS

NEOPA (NCT01900327) 3 Sequential neoadjuvant CRT followed by
curative surgery vs primary surgery alone
for resectable PCa

3-yr survival

NCT01458717 3 Neoadjuvant CRT in borderline resectable PCa 2-yr survival

NorPACT-1 (NCT02919787) 3 Neoadjuvant vs adjuvant chemotherapy
in resectable PCa

OS at 1 yr

NCT02172976 3 Randomized multicenter phase II/III study
with adjuvant Gem vs neoadjuvant/adjuvant
FOLFIRINOX for resectable PCa

Median OS

S1505 (NCT02562716) 2 Perioperative mFOLFIRINOX vs Gem/nab-
paclitaxel as therapy for resectable PCa

OS

NCT03199144 2 Neoadjuvant Gem + abraxane with
stereotactic radiotherapy

OS at 3 yrs

NCT02241551 2 Neoadjuvant chemotheraphy (Gem and nab-
paclitaxel vs mFOLFIRINOX) and sterotatic
body radiation therapy for
borderline resectable PCa

Safety and PCR and
R0 resection rate

NCT02717091 2 Neoadjuvant FOLFIRINOX or nab-paclitaxel
with Gem for borderline resectable PCa

R0 resection rate

PANDAS-PRODIGE 44
(NCT02676349)

2 Neoadjuvant mFolfirinox with or
without preoperative concomitant CRT in
patients with borderline resectable
pancreatic carcinoma

R0 resection rate

NCT02305186 1/2 CRT with or without pembrolizumab in
resectable and borderline resectable PCa

Safety and number of tumor
infiltrating lymphocytes

Gem gemcitabine, FOLFIRINOX 5-fluorouracil, oxaliplatin, irinotecan, FOLFOX 5-fluorouracil, oxaliplatin, PCa pancreatic carcinoma, CRT chemo-
radiotherapy, PFS progression-free survival, OS overall survival, PCR pathologic complete response, R0 margin negative resection
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compounds. Neoadjuvant radiotherapy was applied in 93.7% of the studies
with doses ranging from 24 to 63 Gy. The resection rate was 73.6% for
patients with resectable disease with R0 resection rate of 82%. The mOS in
this group was 23.3 months (range 12–54 months) with 2-year survival of
47%. Among the patients with borderline resectable or LAPC disease, the
resection rate was 33.2% with R0 resection rate of 79%. The mOS was
20.5 months (range 9–62 months) with a 2-year survival of 50%. Similar to
all other studies, it was noted that approximately one third of patients
initially deemed borderline resectable or LAPC were able to undergo resec-
tion with comparable survival to initially resectable patients. The authors
conclude that all initially unresectable patients should be considered for
neoadjuvant treatment with a repeat evaluation for surgery after therapy.
Due to the heterogeneity of data, no standard regimen could be determined.

Role of neoadjuvant therapy in locally advanced PCa
Based on the this data, most of the institutions and guidelines recommend
neoadjuvant multi-agent chemotherapy approach for the patients with bor-
derline resectable and locally advanced disease, noting that resection rates for
patients with LAPC are only 5–30%. The optimal treatment approach for LAPC
patients who responded or have stable disease at the end of induction chemo-
therapy has not been determined and most of the guidelines recommend
continued chemotherapy versus chemoradiotherapy for this patient population
[49, 50]. Importantly, the role of consolidation chemo RT was prospectively
evaluated in LAP07 trial in which 442 patients with LAPC were randomly
assigned to chemotherapy with gemcitabine versus gemcitabine + erlotinib in
2 × 2 factorial design. At the end of 4 months, patients without systemic
progression underwent a second randomization to continued chemotherapy
versus chemo RT. While the clinical benefit of erlotinib in this patient popula-
tion was not significant, chemo RT was associated with decreased local pro-
gression (32 vs 46%, P = 0.03) but failed to show any survival benefit (mOS of
13.6 vs 11.9 months, HR, 1.19; P = 0.09) [51]. Thus, the role of consolidation
chemoRT after demonstrated disease stability on systemic chemotherapy in
patients with LAPC appears associated with improved local, but not overall,
disease control. Patients who have progressive disease after induction chemo-
therapy are treated similarly to those with stage IV disease.

Final thoughts

In absence of the prospective studies with upfront surgery as control arm, it is
difficult to determine whether the neoadjuvant approach represents an actual
benefit or whether upfront surgery would achieve similar outcome in resectable
PCa. A potential confounder in determining the magnitude of benefit of
neoadjuvant therapy for achieving an R0 resection is the improving surgical
techniques, specifically the ability of the surgeon to perform vascular recon-
struction. Additionally, the lack of standard radiographic indicators to deter-
mine response to neoadjuvant therapy further complicates the neoadjuvant
approach. In a single institution analysis from MDACC, 122 borderline resect-
able patients were treated with variety of neoadjuvant strategies and15 patients
had a partial response, 84 had stable disease, and 23 were thought to have
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progressive disease based on standard Response Evaluation Criteria in Solid
Tumors (RECIST). Although only one patient was thought to have resectable
disease, 85 (66%) were taken for pancreatectomy and 81 achieved R0 resection.
Median OS was 33 months for patients who underwent surgery that was not
associated with a RECIST response (P-0.78) [52]. This data suggests that radio-
graphic downstaging after neoadjuvant treatment should not dictate surgical
resectability, and such candidates should undergo further surgical exploration
in absence of documented metastatic disease.

In the end, the totality of data supports the feasibility of neoadjuvant
therapy and potential benefit in a subset of patients with PCa. In the setting
of borderline resectable and LAPC, even in the absence of a prospective trial,
academic institutions and national practice and professional guidelines support
a neoadjuvant therapy approach aimed to achieve R0 resection. In the setting of
initially resectable disease, use of neoadjuvant therapy remains controversial at
this time. The modest benefit of adjuvant therapy after surgery and nearly one
third of the patient not able to receive adjuvant therapy due to complications of
the surgery makes neoadjuvant approach attractive even in the resectable pa-
tient population. Several randomized, controlled trials are now ongoing with
more contemporary systemic regimens and will hopefully provide further
direction regarding this approach (see Table 3). Until further data become
available, multidisciplinary management at high-volume centers with an indi-
vidualized approach to patients should be the standard.

Future directions

The optimalmultidisciplinarymodalities, sequence, and timing of treatments are
all yet to be defined. Incorporation of multi-agent chemotherapy regimens with
FOLFIRINOX and gemcitabine combination in neoadjuvant setting is one of the
most active areas of the research with several ongoing trials (Table 3). The key to
improving outcomes for this recalcitrant disease involves optimizing the most
effective therapy for the individual patient at the onset. This involves more
investigation into defining and treating the molecular subtypes of PCa inclusive
of the stromal elements and immunemicroenvironment surrounding the tumor.

While a complete inventory of ongoing investigations into potential PCa
vulnerabilities is beyond the scope of this review, there are several lines of
inquiry that are categorically representative of work in this field. About 90% of
PCa tumors harbor amutation of the oncogene KRAS resulting it its constitutive
activation. Unfortunately, despite decades of efforts, there are no currently
effective therapies that target this mutation. However, new approaches are on
the horizon such as siG2 LODER, which is miniature biodegradable polymeric
matrix containing small-interfering RNAs for the mutated KRAS oncogene,
KRASG12D (siG12D), with potential antitumor activity and immunotherapy
aimed to identify the mutant KRAS protein as a neoantigen (NCT01676259).
Loss of function of several tumor suppressor genes such as TP53, p16/CDKN2A,
and SMAD4 have been documented with silencing of the tumor suppressor
gene CDKN1A due to mutation or deletion has been shown in more than 50%
of PCa patients. A highly potent CKD4/6 inhibitor to target the CDKN1A has
shown preclinical activity in PCa and is being tested in early phase studies in
metastatic setting (NCT01783171) [53].
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Approximately 5–10% of patient’s harbor a germline mutation in the
BRCA1, BRCA2, and PALB2 genes. It has been shown that a certain number
of patients with chromosomal instability in the BRCA gene show exceptional
sensitivity to platinum agents [54].Whether patients with germlinemutation in
this gene would benefit from platinum-based neoadjuvant or adjuvant therapy
is unknown at this time. The stromal component of PCa is known to affect
tumorigenesis, angiogenesis, therapy resistance, and possibly the metastatic
spread of tumor cells [55]. Therefore, targeting the tumor stroma, in combina-
tion with chemotherapy, is a promising approach. A trial is currently ongoing
investigating the role of PEGPH20, a PEGylated form of recombinant human
hyaluronidase, along with chemotherapy in advanced PCa (NCT02715804).
Incorporation of these approaches in select-targeted patient populations could
be rapidly tested in the neoadjuvant or adjuvant setting once proof of principle
has been garnered from studies in metastatic disease.

Somatic or germline mutation of the DNAmismatch repair (MMR) genes is
known in about 5% of patients with PCas. The programmed cell death 1 (PD-1)
antibody, pembrolizumab, was recently approved for any malignancy with a
deficient MMR or microsatellite high (MSI-H) genotype. This offers an exciting
opportunity to further explore immunotherapy for this disease. Unfortunately,
single agent PD-1 and cytotoxic T lymphocyte-associated protein 4 (CTLA4)
directed therapy has failed to show any activity in the metastatic setting for PCa
[56•, 57•]. Several PD-1 and programmed cell death ligand (PDL-1) inhibitors
in combination with other immune targets are being tested in the salvage and
neoadjuvant settings. It is unclear at this time if neoadjuvant immunotherapy,
for those with MMR deficiency, can improve outcomes, obviate the need for
chemotherapy, or even obviate the need for surgery. There are several ongoing
studies evaluating this approach (NCT02451982). Although vaccine studies
have failed to show any meaningful benefit in the adjuvant and metastatic
setting, this approach is being further explored in the neoadjuvant setting.
Additionally, multiple attempts to augment the killer T cell function and
overcome simultaneous immune suppression in this disease are ongoing. Some
examples of this approach include combining immune checkpoint inhibitors
with vaccines,MEK inhibition, dual, or triple immunotherapy (PD-1 and CTLA-
4) axis modulation and radiation/chemotherapy to overcome immunoediting.
The PCa Action Network (PANCAN) will provide invaluable information on
personalized treatments for PCa by providing innovative trials through their
Precision Promise Clinical Trials Network that initially focuses on DNA repair,
pancreatic stroma/microenviroment, and immune-oncology interventions
[58••].

Conclusion

The field of PCa remains challenging with few cures still dependent upon
surgical resection and early metastatic spread evading detection. Perioperative
multidisciplinary management of patients at high-volume centers is a critical
component of optimizing outcomes. Systemic chemotherapy improves out-
comes beyond surgical resection alonewith a neoadjuvant approach offering an
opportunity to ensure patients are appropriately selected for a local surgical
intervention. New treatments on the horizon offer tremendous hope for
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targeted patient populations with perioperative exploration of such treatments
providing a potential new window of opportunity.
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