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Introduction

Pancreatic adenocarcinoma continues to be a vexing medical 
problem. While mortality rates from many cancers are 
improving, clinical outcomes in pancreatic cancer remain 
abysmally poor (1). Combined with slowly rising incidence, 
it is growing into a leading cause of cancer-related death 
in the United States (1,2). Worldwide as well, it is the 
seventh-most common cause of cancer-related death (3). 
The arrest and eventual reversal of these trends depend 
heavily on increase in cure rates. Surgical resection is 
necessary for cure, but not usually sufficient. Multimodality 
therapy is required, and in this review, current standards 
and emerging trends in adjuvant and neoadjuvant therapy 
for resectable pancreatic adenocarcinoma are discussed. 
The terms pancreatic adenocarcinoma and pancreatic cancer 
are synonymous, and used interchangeably depending on 
context.

Definition of resectable disease

The first question for a potentially curative approach to a 
patient diagnosed with pancreatic cancer is resectability of 
the primary tumor (after establishing absence of metastatic 
disease, and patient’s fitness to undergo curative therapy). 
The definitions of resectability are several, and continue 
to evolve. The primary reason to define resectability is to 
assess anatomy as it pertains to the technical feasibility of 
a surgical operation that will yield, ideally, an R0 (margin-
negative) resection. Various consensus definitions are 
available, including those from the MD Anderson Cancer 
Center, National Comprehensive Cancer Network, and 
the American Society of Surgical Oncology (4-6). These 
definitions often refer to borderline resectable disease 
and focus on the relationship of the primary tumor to 
surrounding blood vessels—key ones being celiac artery, 
common hepatic artery, superior mesenteric artery, 
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superior mesenteric vein and portal vein. Traditionally, 
relationships (usually evaluated on contrast-enhanced cross-
sectional computed tomographic or magnetic resonance 
imaging scans) have been described using subjective 
terms such as involvement, abutment, impingement, 
encasement, etc. There is an evolving shift toward the 
use of objective geometric descriptions of the tumor-
vessel interface, using degrees of vessel circumference in 
contact with the primary tumor as the measure of vascular 
involvement (7). A consensus statement from the Society 
of Abdominal Radiology endorsed this method (8). This 
approach is the basis of the Intergroup definition that is 
used in most cooperative group trials of multimodality 
therapy for resectable and borderline resectable pancreatic 
adenocarcinoma (9). According to this definition, for a 
tumor to be classified as resectable, there should be no 
tumor-artery interface, less than 180° tumor-vein interface, 
and no abnormal lymph nodes outside the surgical basin. 
Using this definition, approximately 15% of all cases of 
pancreatic cancer are considered resectable. Another 15% 
present with borderline resectable disease, 20% with locally 
advanced (unresectable) disease, and 50% with metastatic 
disease (1,10).

Approach to resectable disease

Pancreatic resection has remained the sine qua non of a 
curative approach to pancreatic cancer. Usually, this entails 
a pancreatoduodenectomy—the Whipple procedure—
since 70% of all pancreatic cancers arise in the head of the 
pancreas. Distal, subtotal, or total pancreatectomy may be 
the chosen option instead, depending on the location of 

the primary tumor. Perioperative mortality in experienced 
hands and high-volume centers has declined to less than 
2% (11). Following surgical resection, adjuvant therapies—
chemotherapy and radiation—have been employed. 
Results remain suboptimal; more aggressive regimens and 
neoadjuvant approaches are being evaluated. These are 
discussed in detail here.

Role of adjuvant chemotherapy

Adjuvant chemotherapy has been evaluated in a few 
large randomized controlled trials (Table 1). The first 
noteworthy trial was the Gastrointestinal Tumor Study 
Group (GITSG) study published in 1985, albeit using 
chemotherapy in conjunction with adjuvant radiation. A 
total of two years of adjuvant 5-fluorouracil, with radiation 
added for the first few weeks, was compared with surgical 
resection alone. Overall survival, the primary outcome, was 
improved from a median of 11 months with surgery alone 
to 20 months with the addition of adjuvant therapy (12).  
The study comprised only 43 patients, however, and 
predated modern surgery, chemotherapy and radiation 
approaches. The next major advance was the European 
Study Group for Pancreatic Cancer (ESPAC)-1 study, 
published in 2004. In a 2×2 design, adjuvant chemotherapy 
and radiation were compared with surgery alone. The use 
of adjuvant 5-fluorouracial for 6 months was associated with 
an improvement in median overall survival, the primary 
outcome, from 15.5 months in the no chemotherapy arms 
to 20.1 months in the chemotherapy arms (14). While 
the results of this study remain controversial, given the 
complicated design, it added to the extant literature that 

Table 1 Key adjuvant therapy trials for resected pancreatic adenocarcinoma*

Study, year first 
published

Total  
N

Treatment  
arms

Duration of  
therapy

Primary 
outcome

Primary result  
(P value)

GITSG, 1985 (12) 43 5-FU/RT Sx RT ×6 wks, 5-FU ×2 yrs OS 20 vs. 11 (P=0.03)

EORTC 40891, 1999 (13) 218 5-FU/RT Sx 5-FU/RT x6 wks OS 24.5 vs. 19 (P=0.21)

ESPAC-1, 2004 (14) 289 5-FU vs. no 5-FU comparison; 
RT vs. No RT comparison

RT ×2 wks, 5-FU ×6 mths OS 20.1 vs. 15.5 (P=0.009); 
15.9 vs. 17.9 (P=0.05)

CONKO-001, 2007 (15) 368 Gemcitabine Sx Gem ×6 mths DFS 13.4 vs. 6.7 (P<0.001)

RTOG-9704, 2008 (16) 451 5-FU with 5-FU/RT; Gem with 
5-FU/RT

RT ×5.5 wks, chemo ×5 mths OS NA (P=0.51)

ESPAC-4, 2017 (17) 730 Gem with capecitabine gem Chemo ×6 mths OS 28 vs. 25.5 (P=0.032)

*, all primary results are in months. 5-FU, 5-fluorouracil; Gem, gemcitabine; RT, radiation; Sx, surgery; chemo, chemotherapy; wks, weeks; 
mths, months; yrs, years; OS, overall survival; DFS, disease-free survival; NA, not available.
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adjuvant chemotherapy could improve overall survival in 
this setting.

The success of gemcitabine in metastatic disease 
eventually led to the adjuvant Charité Onkologie 
(CONKO)-001 study, first published in 2007. In this study 
with 368 patients, adjuvant gemcitabine for 6 months 
was shown to improve disease-free survival—the primary 
outcome—from a median of 6.7 months in the surgery-
alone arm to 13.4 months (15). Further follow-up from this 
study noted five-year overall survival improvement from 
10.4% to 20.7%, albeit this was not the primary statistical 
outcome (18). Based on these results, adjuvant gemcitabine 
for 6 months has remained the de facto standard of care 
for resected pancreatic cancer over the last decade or so. 
It should be noted that 5-fluorouracil appears to be an 
acceptable alternative, given results of Radiation Therapy 
Oncology Group (RTOG) 9704, which tested 5-fluorouracil 
versus gemcitabine—with radiation added to both arms. 
This study showed that there was no difference in overall 
survival between the two arms (16). The ESPAC-3—
albeit a periampullary trial with only 55% of patients with 
pancreatic adenocarcinoma—also showed that there was no 
overall survival difference between adjuvant gemcitabine 
and 5-fluorouracil (19).

In the Japanese population, S-1 was compared with 
gemcitabine for adjuvant therapy of resected pancreatic 
cancer in the Japan Adjuvant Study Group of Pancreatic 
Cancer (JASPAC)-01 study, and led to a remarkable median 
overall survival of 46.5 vs. 25.5 months (20). S-1 has not 
been used widely in non-Asian patients, so it is difficult to 
extrapolate these findings to such patients. Initial studies 
of S-1 in the United States and Europe indicated a higher 
toxicity burden (mainly gastrointestinal toxicity in the 
form of nausea, vomiting, diarrhea) (21,22). A subsequent 
pharmacologic study found that while dose exposures of 
5-fluorouracil were no different, gastrointestinal toxicities 
and fatigue were more common in Caucasian patients, 
compared with Asian patients. These results indicated 
that a combination of factors, including CYP2A6 enzyme 
polymorphisms and dihydropyrimidine dehydrogenase 
enzyme activities, may alter tissue exposure characteristics 
and toxicity profiles (23). Therefore, while S-1 is a useful 
standard of care in Asian populations, its utility in Caucasian 
populations has not been evaluated further.

A network meta-analysis of various trials of adjuvant 
therapy discussed above showed that the use of either 
5-fluorouracil or gemcitabine was associated with 
improvement in overall survival (24). Along the lines of this 

finding, recently, the ESPAC-4 study results were published. 
This trial randomized patients with resected pancreatic 
cancer to six months of adjuvant chemotherapy with either 
gemcitabine plus capecitabine or gemcitabine alone. The 
primary outcome was overall survival, and it improved 
from a median of 25.5 months in the gemcitabine arm to 
28 months in the combination arm (17). Of note, the effect 
was more pronounced in the margin-negative population 
(median overall survival, combination versus gemcitabine, 
was 39.5 vs. 27.9 months) and not so in the margin-positive 
population (23.7 vs. 23 months). While more mature results 
on 5-year overall survival are awaited, these findings are 
encouraging, and adjuvant gemcitabine plus capecitabine 
for 6 months is emerging as the new standard of care for 
resected pancreatic adenocarcinoma. It is also noteworthy 
that the median overall survival even in the gemcitabine 
arm was more than 2 years—better surgical and medical 
care, and patient selection are possible reasons.

Ongoing clinical studies are evaluating more aggressive 
adjuvant chemotherapy regimens: key trials include 
the UNICANCER study of adjuvant FOLFIRINOX 
(5-fluorouracil, irinotecan, oxaliplatin) compared with 
gemcitabine (NCT01526135), and APACT study of 
adjuvant gemcitabine plus nab-paclitaxel compared with 
gemcitabine (NCT01964430) (Table 2). Both studies use 
disease-free survival as the primary outcome, and will 
establish if these regimens that have improved overall 
survival in the metastatic setting provide similar benefit in 
the adjuvant setting as well. Since these trials—along with 
ESPAC-4—test different adjuvant regimens, it remains to 
be seen which approach will be accepted as the standard of 
care, if more than one shows overall survival improvement. 
Akin to the metastatic setting, where FOLFIRINOX and 
gemcitabine/nab-paclitaxel are two competing options, the 
landscape of adjuvant therapy may improve, while at the 
same time generating more questions about which might be 
the best regimen to study as a backbone in future trials.

Role of adjuvant radiation

While adjuvant chemotherapy use is well-established as 
the standard of care for resected pancreatic cancer, the 
role of adjuvant radiation remains controversial. The 
aforementioned GITSG study included radiation in the 
adjuvant therapy regimen, and demonstrated improved 
overall survival, setting the stage for the use of radiation 
in this setting (12). Results thereafter, however, have not 
shown similar benefit. The EORTC 40891 study, first 
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published in 1999, tested adjuvant 5-fluorouracil-based 
radiation for resected pancreatic head and periampullary 
cancer, and found no improvement in overall survival, the 
primary outcome, compared with surgery alone (13). While 
the results are difficult to interpret, as only about 55% of 
the study population had pancreatic cancer (the rest had 
periampullary cancer), they certainly raise doubts about the 
utility of adjuvant radiation. More importantly, subsequently 
the ESPAC-1 trial mentioned above showed that the 
use of any adjuvant radiation was associated with worse 
overall survival compared with no adjuvant radiation (14).  
Again, criticism of ESPAC-1 abounds: the 2x2 trial design, 
questionable quality control, and marginal statistics. 
Nonetheless, these studies call into question the benefit of 
adjuvant radiation. This was also highlighted by a meta-
analysis of these clinical trials of adjuvant therapy, which 
showed that the use of chemoradiation was not associated 
with improvement in overall survival (24). It is to be noted, 
however, that there continue to be geographic differences 
in the use of adjuvant radiation—European data from 
EORTC 40891 and ESPAC-1 guide low use, whereas in 
the United States, RTOG-9704 continues to guide adjuvant  
radiation use.

To answer this question definitively, the RTOG 0848 
study (NCT01013649) was opened. It randomizes patients 
with resected pancreatic cancer to adjuvant chemotherapy 
with or without radiation. A large study (950 patients), it 
is accruing patients and results will hopefully inform us 

if adjuvant radiation should be a part of standard of care. 
Furthermore, data from stereotactic body radiation therapy 
(SBRT) studies in locally advanced pancreatic cancer 
indicate good safety and efficacy profiles. Outcomes data 
from ongoing studies may define a role for this refined 
method of administering radiation in the adjuvant setting as 
well (25).

Neoadjuvant therapy

Transition from a surgery-first to a systemic approach, 
in the form of neoadjuvant therapy, for management of 
resectable pancreatic adenocarcinoma is being investigated. 
The impetus for this shift is the growing recognition about 
the systemic nature of this disease from its early origins (26).  
Early control of systemic disease with neoadjuvant 
chemotherapy may lead to improved outcomes. This 
is especially true because administration of aggressive 
chemotherapy regimens is often not feasible after major 
abdominal surgery, making the preoperative platform 
an ideal setting. This has been seen in esophagogastric 
cancers, for example (27). In the ESPAC-4 study as well, 
only 65% of patients in the gemcitabine arm and 54% 
of patients in the gemcitabine plus capecitabine arm 
completed all adjuvant therapy (17). A propensity score-
matched analysis on over 8,000 patients with resectable 
pancreatic cancer from the National Cancer Database 
showed that neoadjuvant therapy was associated with an 

Table 2 Key ongoing clinical trials for resectable pancreatic adenocarcinoma

Study, registration  
number

Year  
opened

Planned sample 
size

Treatment  
arms

Primary  
outcome

RTOG 0848, NCT01013649 2009 950 Adj Gem + RT; Adj Gem OS

NEOPAC, NCT01521702 2009 310 Neoadj GemOx + Adj Gem; Adj Gem PFS

PACT-15, NCT01150630 2010 370 Periop Gem/Cis/Epi/Cape; Adj Gem/Cis/Epi/Cape 1-yr DFS

UNICANCER, NCT01526135 2012 490 Adj FOLFIRINOX; Adj Gem 3-yr DFS

NEOPA, NCT01900327 2014 410 Neoadj Gem/RT + Adj Gem; Adj Gem 3-yr OS

APACT, NCT01964430 2014 846 Adj Gem/nab-P; Adj Gem DFS

NEPAFOX, NCT02172976 2014 126 Periop FOLFIRINOX; Adj Gem OS

Mass General, NCT02243007 2014 112 Preop FOLFIRINOX + Cape/RT; Preop Gem/nab-P + Cape/RT 18-mth OS

SWOG S1505, NCT02562716 2015 150 Periop FOLFIRINOX; Periop Gem/nab-P 2-yr OS

NEONAX, NCT02047513 2015 166 Periop Gem/nab-P; Adj Gem/nab-P 18-mth DFS

Adj, adjuvant; Neoadj, neoadjuvant; Periop, perioperative; Gem, gemcitabine; Cis, Cisplatin; Epi, Epirubicin; Cape, Capecitabine; RT, 
radiation; Ox, Oxaliplatin; FOLFIRINOX, 5-fluorouracil, irinotecan, oxaliplatin; nab-P, nab-paclitaxel; yr, year; mth, month; OS, overall 
survival; DFS, disease-free survival.
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improved overall survival compared with upfront resection 
(26 vs. 21 months) (28). There are other advantages to the 
neoadjuvant approach. It allows downstaging of tumors, 
facilitating a higher margin-negative resection rate. It 
allows evaluation of response in vivo. Furthermore, we 
can study biomarkers—both blood and tissue-based, at 
baseline, preoperative and intra-operative time-points. 
Importantly, for patients with resistant cancer or intolerance 
to chemotherapy, inconsequential surgery can be spared. 
The concern, of course, is that if chemotherapy toxicities 
preclude surgical resection, then the opportunity for a 
potential cure can be lost.

A handful of studies have evaluated neoadjuvant therapy 
in the resectable setting. Most of these are small, single-
institution, phase II trials employing usually gemcitabine-
based chemotherapy or chemoradiation regimens, and 
focus on resection rate and survival (Table 3), making it 
difficult to draw meaningful conclusions. For example, 
a randomized phase II study of neoadjuvant therapy in 
50 patients, comparing gemcitabine plus cisplatin versus 
gemcitabine alone showed a resection rate of 70% and 
median overall survival of 15.6 months in the combination 
arm (30).  However, another study of neoadjuvant 
gemcitabine plus cisplatin achieved a resection rate of 89% 
and a median overall survival of 26.5 months (31). Even 
two contemporaneous studies from a single institution 
showed lower resectability and survival outcomes using 
gemcitabine plus cisplatin with radiation (33), compared 
with the gemcitabine alone with radiation study (32). It is to 
be noted that in recent studies, the proportion of patients 
unable to reach surgical resection due to toxicities or clinical 
deterioration during neoadjuvant therapy is less than 5% 

(0/59 in Van Buren study, and 3/38 in O’Reilly study). 
Most cases not undergoing surgical resection are due to 
progressive disease (35,36). This alleviates, to some degree 
at least, the concern that neoadjuvant therapy may preclude 
curative surgical resection due to chemotherapy toxicities.

Since cross-study comparisons are not very meaningful, 
meta-analyses have been performed and they indicate 
that irrespective of the regimen used, 80–90% of patients 
with resectable tumors go on to surgical resection after 
neoadjuvant therapy, with a median overall survival of 
20–24 months. In patients where the tumor is not resected, 
median overall survival is 8–10 months (37,38). Therefore, 
ability to reach surgical resection remains the main driver 
of clinical outcome. It is to be noted that all these studies 
used regimens that predate more successful combinations 
(FOLFIRINOX and gemcitabine/nab-paclitaxel) that we 
now have (39,40). It remains to be seen if these regimens as 
well as any novel agents can improve outcomes.

The role of radiation therapy (RT) also continues to be 
defined in the neoadjuvant setting. Prior studies utilized 
conventional RT (32-34), which is slowly being supplanted 
by modern methods of intensity-modulated RT (IMRT) 
and SBRT. Both these techniques use precise image 
guidance, improving target organ doses while sparing 
normal tissues. They also lead to shortening of treatment 
courses, by allowing larger dose fractions (41). Studies of 
IMRT in the locally advanced and adjuvant settings indicate 
good safety and toxicity profiles, with less than 10% of 
patients experiencing any grade 3 or higher acute and late 
toxicities (42,43). Data from early SBRT studies for locally 
advanced disease also show a good safety profile: a phase 
II study showed only 2% and 11% of patients with acute 

Table 3 Key neoadjuvant therapy trials for resectable pancreatic adenocarcinoma*

Author, year first published Total (N) Neoadjuvant treatment regimen Proportion resected (%) Median overall survival

Pisters, 2002 (29) 35 Paclitaxel + RT 57 12

Palmer, 2007 (30) 50 Gem + Cis; Gem 70; 38 15.6; 9.9

Heinrich, 2008 (31) 28 Gem + Cis 89 26.5

Evans, 2008 (32) 86 Gem + RT 74 22.7

Varadhachary, 2008 (33) 90 Gem + Cis + RT 58 17.4

Turrini, 2010 (34) 34 Docetaxel + RT 50 15.5

Van Buren, 2013 (35) 59 Gem + Bev + RT 73 16.8

O’Reilly, 2014 (36) 38 Gem + Ox 71 27.2

*, primary outcomes, where explicitly stated, are italicized. All survival results are in months. Gem, gemcitabine; Cis, Cisplatin; Bev, 
Bevacizumab; Ox, Oxaliplatin; RT, radiation.
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and late toxicities, respectively, with good pain relief and 
encouraging overall survival (25).

Some key clinical trials are testing these approaches 
(Table 2). The NEOPAC trial (NCT01521702) is evaluating 
neoadjuvant gemcitabine plus oxaliplatin followed by 
adjuvant gemcitabine, with a control arm of adjuvant 
gemcitabine. Disease-free survival is the primary outcome. 
The NEPAFOX study (NCT02172976) tests perioperative 
FOLFIRINOX versus adjuvant gemcitabine, with overall 
survival as the primary outcome. The SWOG S1505 trial 
(NCT02562716) is testing the perioperative approach, 
comparing FOLFIRINOX versus gemcitabine plus nab-
paclitaxel, with overall survival as the primary outcome. 
The NEONAX study (NCT02047513) is comparing 
perioperative gemcitabine plus nab-paclitaxel with adjuvant 
use of the same regimen; disease-free survival is the primary 
outcome. Studies of IMRT and SBRT in pancreatic cancer 
encompass the spectrum from resectable to unresectable 
cancer (NCT02839343, NCT02208024, NCT02643498); 
lessons learned from such trials will inform us further 
about safety and efficacy of these approaches. Similar to the 
adjuvant setting, a key question will be identifying which 
regimen—based on efficacy and safety profiles—may be the 
best choice to take forward in future studies.

Summary

Resectable pancreatic adenocarcinoma presents the best 
opportunity for cure of this highly lethal disease. Use 
of geometry-based objective definitions for resectability 
can help reduce controversy and complexity. Upfront 
surgical resection followed by adjuvant gemcitabine-
based chemotherapy remains the standard of care. The use 
of adjuvant radiation is controversial—ongoing clinical 
trials will help answer the question with more clarity. The 
neoadjuvant approach is based on scientific and pragmatic 
reasons and holds the promise of improved outcomes. 
Multiple studies testing this approach are ongoing and 
will help us understand the best way to move the field 
forward. Finally, innovative therapies are sorely needed in 
this arena—novel systemic therapy targets being tested in 
metastatic disease may hopefully improve outcomes and can 
lend themselves to the curative setting as well.
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