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Abstract The delivery of postoperative combined modality
adjuvant therapy for completely resected pancreatic adenocar-
cinoma was initially shown to be beneficial based on a pro-
spective, randomized trial published 30 years ago. Since then,
oncologists have debated whether chemotherapy alone, che-
moradiation, or both are optimal adjuvant therapies following
pancreatectomy for pancreatic ductal adenocarcinomas
(PDAC). No global consensus has emerged, and there is no
one superior modality despite randomized trials in part, to
poor trial design, poor patient selection, and poor therapy op-
tions itself. We need to have a disciplined approach to the
selection of patients for pancreatectomy, pathologic assess-
ment of surgical resection margins, and postoperative (pre-
treatment) imaging. In the era of the multidetector CT opti-
mized for pancreatic imaging, tumors of Bborderline
resectability^ have emerged as a distinct subset of PDAC.
The attempt to standardize the definition of borderline resect-
able is a work in progress and modified with time. This dis-
tinction (between resectable and borderline resectable) is es-
sential to minimize potentially confounding results of clinical
trials. Additionally, preoperative therapy is not only preferred
but mandatory in a large population of borderline resectable
patients. Ultimately, as we develop more effective systemic
therapies for PDAC, proceeding with surgery after a period
of induction therapy will be even more compelling especially
if there is a clear positive impact on overall survival.
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Introduction

Surgery plays an undisputed central role in the curative man-
agement of localized pancreatic adenocarcinoma (PDAC).
Unfortunately, the majority of patients with radiographic evi-
dence of localized disease will recur with metastases. Even
with excellent perioperative supportive care and low mortality
in high-volume centers, ∼80 % of resected patients will devel-
op metastases and die of their disease within 5 years [1, 2].
This is largely due to the presence of micro-metastatic disease
at the time of attempted resection [3].

As a result, multimodality therapy involving systemic and
radiation therapy has become integral to the preoperative and
adjuvant settings. While earlier research focused on treatment
strategies in the adjuvant setting, those results have informed
more recent work in the preoperative setting. Additionally,
improved imaging technologies with rigorous diagnostic
criteria allow for identification of borderline resectable pan-
creatic adenocarcinoma (BRPC) patients, a group which may
particularly benefit from preoperative therapy.

Strong Evidence in Support of Adjuvant Therapy
for Pancreatic Cancer

5-Fluorouracil-Based Adjuvant Therapy

Standard treatment for unresectable pancreatic cancer in the
1980s involved fluorouracil-based (5-FU) regimen with lim-
ited trials investigating the role of adjuvant chemotherapy [4].
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The earliest randomized prospective trial for operable PDAC
was published in 1985 by the Gastrointestinal Tumor Study
Group (GITSG) [5]. Forty-three patients were randomized to
observation or 5-FU with radiation after surgery. Survival was
20 vs. 11 months in treatment vs. observation arms, respec-
tively. The European Organization of Research and Treatment
of Cancer (EORTC) conducted a study comparing 5-FU-
based chemoradiation vs. observation in patients with resected
pancreatic head or periampullary cancers (defined as tumors
of the distal common bile duct, papilla of Vater, or duode-
num). Median overall survival (OS) in the treatment group
was 24.5 vs. 19 months in the observation group; however,
this difference did not achieve significance (p=0.208) [6].
Pancreatic head adenocarcinoma patients appeared to derive
larger relative benefit than those with periampullary cancers;
unfortunately, the study was under powered to analyze this
subgroup.

The European Study Group for Pancreatic Cancer
(ESPAC) launched a more robust effort to determine the con-
tributions of adjuvant chemotherapy and chemoradiation for
resected PDAC [7, 8]. Two hundred eighty-nine patients were
randomized to one of four arms: observation; chemotherapy
with bolus 5-FU and leucovorin both given daily for 5 days
every 28 days for 6 months; chemoradiation with bolus 5-FU,
given during the first 3 days of split-course external beam
radiotherapy (EBRT); or chemoradiation followed by
6 months of chemotherapy with bolus 5-FU and leucovorin.
The study analyzed the survival outcomes using a 2×2 facto-
rial design, pooling survival data based on randomization to
chemotherapy (yes or no), or chemoradiation (yes or no).
When overall survival (OS) durations of the four arms were
compared, there was no survival difference among them.
However, using the 2×2 factorial design, patients who re-
ceived chemoradiation did worse (median OS of 15.9 months)
than those not receiving chemoradiation (median OS of
17.9months, p=0.05). Conversely, patients who received che-
motherapy had a median OS of 20.6 vs. 15.5 months for those
who did not receive chemotherapy (p=0.009). The investiga-
tors concluded that adjuvant chemotherapy improved surviv-
al, and that chemoradiation not only failed to benefit patients,
but was detrimental.

Gemcitabine-Based Adjuvant Therapy

Because gemcitabine is modestly superior to bolus 5-FU for
the treatment of advanced PDAC, its integration into adjuvant
therapy trials was a logical next step, as discussed in three
large studies. In the CONKO-001 (Charité Onkologie 001)
trial, resected patients received adjuvant gemcitabine vs. ob-
servation for 6 months with reported improvement in both
disease-free survival (DFS) and OS with adjuvant chemother-
apy [9]. The long-term outcomes data confirms the benefit of
adjuvant gemcitabine. The treatment group had significant

improvement in DFS at 13.4 months vs. 6.7, and median OS
for adjuvant gemcitabine vs. observation was 22.8 vs. 20.2,
respectively (HR=0.76; p=0.01) [10].

The Radiation Therapy Oncology Group (RTOG) prospec-
tive randomized trial (RTOG9704) compared gemcitabine with
infusional 5-FU as the systemic component of therapy with all
patients also receiving 5-FU-based chemoradiation. Five hun-
dred thirty-eight patients were enrolled in the study with the
majority of patients having pancreatic head tumors. There was
no difference in the OS for the two groups. For patients with
pancreatic head tumors (n=388), the addition of gemcitabine to
adjuvant 5-FU-based chemoradiation was associated with a
survival benefit (20.5 vs. 16.9 months, p=0.05).

The ESPAC-3 trial randomized 1088 patients following
pancreatectomy and adequate recovery to receive gemcitabine
or bolus 5-FU and leucovorin for 6 months. There was no
difference in overall survival, although gemcitabine was better
tolerated [11].

As with earlier single-agent studies, ongoingmultiple agent
chemotherapy trials in advanced disease will offer insights
applicable to adjuvant treatment. The Metastatic Pancreatic
Adenocarcinoma Clinical Trial (MPACT) trial demonstrated
a survival benefit of combination nab-paclitaxel and
gemcitabine vs. gemcitabine alone in metastatic PDAC [12].
The ongoing APACT study compares the same chemotherapy
agents in the adjuvant setting.

Adjuvant Trials in Periampullary Cancers

The role of adjuvant treatment in periampullary disease is less
well characterized. As discussed above, the EORTC trial
showed no significant benefit with chemoradiation. The
ESPAC-3 periampullary cancer trial specifically addressed
adjuvant chemotherapy in this population, comparing 5-FU,
gemcitabine, and observation [13]. The investigators found a
trend towards survival benefit with adjuvant therapy that was
significant on multivariable analysis. Despite being one of the
largest periampullary trials to date, subgroup analysis was
underpowered to determine survival benefit between
regimens.

Analysis of Large Randomized Adjuvant Trials

ESPAC-1, CONKO-001, and RTOG 9704 all appear to reflect
some problems with quality control—the inability to deter-
mine the presence or absence of a gross complete resection
at the time of surgery and R0/R1 on final pathology, and no
central review of imaging or operative reports.

The available data suggests that some form of adjuvant
therapy is probably better than no therapy, particularly since
many of the study patients were likely receiving therapy for
persistent local disease or early metastatic disease which was
not detected due to the absence of high-quality postoperative/

404 Indian J Surg (September–October 2015) 77(5):403–408



pre-treatment imaging or the accurate interpretation of such
studies if performed. Moreover, if the results are reviewed
objectively, no single postoperative approach can claim con-
clusive superiority to others.

At the University of Texas, M.D. Anderson Cancer Center,
(MDACC), we treat PDAC patients who have undergone up-
front surgery, with up to a total of 6 months of gemcitabine-
based chemotherapy. The current role of radiation remains
controversial. At MDACC, most patients are candidates for
adjuvant chemotherapy alone, partially because of our preop-
erative approach that utilizes radiation before surgery
(discussed below). When we encounter a patient with a high
risk of local relapse (R1 resection), we consider adjuvant che-
moradiation to address potential residual disease based on the
overall risk of distant vs. isolated locoregional recurrence.

Emerging Support for Preoperative Systemic
Therapy

Preoperative therapy has a sound rationale to include initiation
of therapy shortly after diagnosis rather than weeks after sur-
gery, treatment of a relatively well-perfused tumor bed, and
provision of a time interval to assess for onset of overt meta-
static disease prior to surgical intervention. Despite the benefit
of adjuvant treatment, it is delayed or denied in nearly 25% of
patients [6] due to postoperative complications, comorbidities,
or prolonged recovery. Preoperative therapy is generally well
tolerated and has a high completion rate. Preoperative treat-
ment provides a several-months window where patients with
microscopic metastatic disease may Bdeclare^ themselves and
surgical morbidity is avoided. In situations that require medi-
cal optimization to improve performance status prior to sur-
gery—such as biliary decompression or treatment of pulmo-
nary embolus—systemic therapy can be used to minimize or
prevent disease progression. Thus far, preoperative strategies
for pancreatic cancer have not been widely adopted despite
growing evidence of the potential benefits of this approach for
other gastrointestinal tumors including rectal cancer, gastric
cancer, and esophageal cancer. A common reason for rejecting
preoperative therapy centers on the potential for local tumor
progression, which may preclude surgical intervention. How-
ever, published to date suggests that this risk is not substantial.

Potential benefit was first shown with preoperative radia-
tion therapy in the early 1980s [14]. Since then, studies of
preoperative therapy have utilized both chemotherapy and ra-
diation, either in combination or sequentially. The majority of
the studies from the 1990s employed 5-FU-based regimens,
for radiosensitization and EBRT [15–17]. As would be ex-
pected, the patients who underwent preoperative therapy and
resection had significantly better survival than those who did
not. However, there are several limitations to interpretation of
these studies, mainly the lack of strict resectability criteria.

Two large studies reported by MDACC studied preoper-
ative therapy using gemcitabine-based chemoradiation
(Gem-XRT) and systemic therapy followed by chemoradi-
ation (Gem-Cis followed by Gem-XRT). The Gem-XRT
study enrolled 86 resectable patients who received seven
weekly doses of gemcitabine and 30 Gy of radiation over
2 weeks, followed by restaging 4–6 weeks after completing
treatment [18]. Of those enrolled, 64 (74 %) underwent
pancreaticoduodenectomy (PD) and 57 (89 % of resected)
achieved R0 resection. Median OS for the resected patients
was 34 vs. 7 months for the unresected cohort. The second
trial with Gem-Cis followed by Gem-XRT enrolled 79 pa-
tients who successfully completed treatment with
gemci tab ine /c i sp la t in for 4 cyc les fo l lowed by
gemcitabine-based chemoradiation with 30 Gy in 10 frac-
tions [19]. Of those who completed treatment, 52 (66 %)
were treated operatively and 50 (96 %) achieved an R0
resection. OS was 31 months for resected patients and
10.5 months for those not resected. Additionally, isolated
locoregional progression precluding surgery was low in
both studies.

There are few trials investigating preoperative chemother-
apy in the resectable population without the addition of radi-
ation. O’Reilly and colleagues [20] prospectively investigated
the effect of preoperative gemcitabine and oxaliplatin in 38
patients. Thirty-five patients completed treatment with 4 cy-
cles of gemcitabine and oxaliplatin, 27 (77 %) underwent PD
and among those, 20 (74 %) achieved R0 resection. The me-
dian OS was 27.2 months for resected patients. While small,
this study suggests that preoperative chemotherapy alone may
improve patient selection and disease control in patients with
clearly resectable PDAC.

Given the lack of randomized data, the role of preoperative
therapy in the PDAC population is less clear than adjuvant
therapy. There is now reasonable evidence that preoperative
therapy will select patients most likely to benefit from surgical
resection. A meta-analysis of existing trials identified benefit
in unresectable cases at presentation (largely BRPC) over re-
sectable PDAC [21].

At MDACC, we give resectable patients an opportunity for
preoperative therapy, ideally through clinical trials when pos-
sible. As the adjuvant and metastatic therapies for PDAC be-
come more effective, the preoperative logic will be more
sound; these therapies can then be adopted in the preoperative
setting, and allow the most aggressive and definitive part of
treatment, i.e., surgery, to come last.

Borderline Resectable Pancreatic Cancer: Criteria
and Management

The best evidence for preoperative multimodality therapy has
been established for the highest risk patients with localized
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disease. In the meta-analysis by Gillen et al. [21], patients with
initially unresectable disease treated with preoperative therapy
were likely to respond to therapy—4.8 % of patients achieved
a complete response and 30.2 % achieved a partial response.
These rates were higher with combination chemotherapy com-
pared with monotherapy. Significantly, 33.2 % of patients
underwent surgical exploration with resection (79 % R0 re-
section rate). In the era of the multidetector CT optimized for
pancreatic imaging, tumors of Bborderline resectability^ have
emerged as a distinct subset of PDAC. Patients with BRPC are
poor candidates for upfront surgery because they are at a high
risk for margin-positive resection with initial surgery. Multiple
studies have reported that patients with margin-positive resec-
tion do poorly with a life expectancy between 8–12 months,
which is no different from patients with locally advanced
PDAC [22, 23]. The rationale for preoperative treatment for
BRPC is similar to potentially resectable PDAC althoughwith
a greater emphasis on maximizing R0 resection [24].

Detailed imaging studies have found, with a threshold of
180° of vessel involvement, unresectability could be predicted
with very high specificity and high sensitivity [25, 26]. Accu-
rate imaging with pancreatic-phase thin-section helical CT
plays an essential role, and criteria for BRPC has been mod-
ified with time through the National Comprehensive Cancer
Network (NCCN), initial descriptions from MDACC, and
consensus conferences, the first being sponsored by the
Americas Hepato-Pancreato-Biliary Association (AHPBA)/
Society for Surgery of the Alimentary Tract (SSAT)/Society

of Surgical Oncology (SSO). Briefly, it allows superior mes-
enteric vein (SMV)-portal vein (PV) abutment, encasement,
or occlusion; superior mesenteric artery (SMA) abutment;
abutment or short-segment encasement of the common hepat-
ic artery; and no involvement of the celiac trunk. Table 1 de-
scribes the various groups’ criteria, and it remains a work in
progress.

MDACC published one of the largest retrospective studies
of preoperative treatment of BRPC to date [27]. One hundred
twenty-nine patients were identified as BRPC by either the
MDACC or AHPBA/SSO/SSAT criteria; 70 met both sets of
criteria. Patients were primarily treated with either sequential
gemcitabine-based chemotherapy followed by chemoradia-
tion or chemoradiation alone. The average survival in the sur-
gical group was 32 months while in the unresected population
it was only 12 months.

Several prospective trials for BRPC have been conducted
to identify effective regimens, and several trials are ongoing.
A combination of 5-FU, irinotecan, and oxaliplatin
(FOLFIRINOX) is being actively studied in BRPC. Paniccia
[28] reported on a small retrospective cohort of patients who
received FOLFIRINOX. Approximately half received only
chemotherapy while the rest received chemotherapy followed
by chemoradiation. In spite of expected toxicities, nearly 90%
of patients completed chemotherapy. Eighty-five percent
underwent resection, and all those patients achieved R0 resec-
tion. A separate study looking at a modified FOLFIRINOX
regimen with reduced doses found similar rates of resection

Table 1 Primary radiologic criteria for borderline resectable pancreatic cancer

AHPBA-SSAT-SSO Intergroup (alliance A021101) MDACC NCCN

SMV-PV Abutment, encasement,
or occlusion

At least 180° interface between tumor
and vessel OR reconstructable occlusion

Occlusion Abutment with impingement
or narrowing

SMA Abutment Less than 180° interface between tumor
and vessel

Abutment Abutment

CHA Abutment or short-segment
encasement

Reconstructable, short-segment interface
between tumor and vessel

Abutment or short-segment
encasement

Abutment or short-segment
encasement

Celiac trunk No abutment or encasement Less than 180° interface between tumor
and vessel

Abutment No abutment or encasement

AHPBA Americas Hepatopancreatobiliary Association, SSAT Society for Surgery of the Alimentary Tract, SSO Society of Surgical Oncology, SMV
superior mesenteric vein, PV portal vein, SMA superior mesenteric artery, CHA common hepatic artery

Fig. 1 Management algorithm for borderline resectable pancreatic cancer. Adjuvant therapy should be considered based on length of preoperative
therapy and pathology. Preoperative FOLFIRINOX and other novel combinations are preferred in protocol setting
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and high R0 resection rates with less toxicities [29]. The Al-
liance A021101 intergroup trial for BRPC (22 patients) eval-
uated preoperative FOLFIRINOX followed by capecitabine-
based chemoradiation, and early data shows a 68 % resection
rate in this population.

At our institution, we treat most BRPC patients with a
combination of chemotherapy and chemoradiation. Typically,
we use gemcitabine-containing multi-agent regimens or
FOLFIRINOX in sequence with chemoradiation therapy, ide-
ally in a protocol setting. Figure 1 outlines our approach to
management of borderline resectable disease.

Barriers to Preoperative Therapy

Patients with localized PDAC are frequently treated for biliary
obstruction with endoscopic stent placement. For resectable
cancers, stent placement is not necessary when upfront surgi-
cal intervention will definitively address obstruction. Howev-
er, in patients where a prolonged course of preoperative ther-
apy is planned, metal stents should be used as they are more
likely to remain patent; stent occlusion is likely to interrupt
therapy and can result in life-threatening infection [30].
Prehabilitation is a newer concept that refers to the enhancing
a patient’s functional capacity prior to medical or surgical
intervention. PDAC patients with poor functional status are
more likely to have poor outcomes, and multidimensional
programs to address debilitation, improve nutrition, and opti-
mize comorbid conditions allow better completion of preop-
erative treatment and improve surgical outcomes. Additional-
ly, directly addressing patient expectations for surgery through
preoperative therapy is essential. Multimodality treatment
courses are long and both physically and emotionally tax-
ing—if a patient is unprepared, they are less likely to complete
therapy. Finally, preoperative therapy by nature is a multidis-
ciplinary approach to optimize chance of curative tumor re-
section. Tumor boards and early involvement of all practi-
tioners in treatment planning minimizes delays and facilitates
management based on individual and institutional expertise.

Summary and Future Trends

Amore disciplined approach needs to be taken to define tumor
resectability preoperatively, and to ensure that patients who
undergo surgery have a significantly higher chance of achiev-
ing a complete resection of all gross disease. This may de-
crease the number of patients eligible for upfront surgery
and subsequent adjuvant therapy. However, if preoperative
therapy is carefully designed and delivered, especially to pa-
tients with tumors objectively classified as borderline for im-
mediate resection, more patients may ultimately benefit from
surgery and enjoy long-term survival.

At this time, we lack predictive biomarkers to help assess
candidates for surgery or a particular therapy. Unfortunately,
Human Equilabrative Nucleoside Transporter 1 (hENT1) ex-
pression nor Secreted Protein Acidic and Rich in Cysteine
(SPARC) were useful to predict response to neither
gemcitabine nor nab-paclitaxel, respectively. There is an ur-
gent need to develop relevant prognostic and predictive
markers of response. While many therapies have failed over
the past decade, there is presently an explosion of trials
targeting the molecular features of this disease. Beside PDAC
tumor genomic profiling, there is a significant interest in
exploiting a Bliquid biopsy^ platform using exosomes, circu-
lating tumor cells, and cell-free DNA from blood to study
genomic and proteomic alterations that can then inform
therapy.
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