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KEY POINTS

� Up-front surgery is considered the standard of care for resectable pancreatic cancer
despite modest improvements in median overall survival observed over time.

� With few exceptions, surgery first is widely endorsed in the oncology community and this
will not change without randomized trials comparing up-front surgery/adjuvant therapy
with neoadjuvant therapy/subsequent surgery.

� Until definitive results from these trials are reported, up-front surgery will be used to select
patients for adjuvant therapy.

� This strategy places patients at risk for positive surgical margins, poor recovery, and rapid
relapse, limiting the delivery of adjuvant therapy.
INTRODUCTION

Ever since A.O.Whipple reported on a 2-stage surgical procedure for removal of ampul-
lary and periampullary neoplasms, variations of the Whipple procedure (pancreatico-
duodenectomy) have been widely used for surgical resection of malignant neoplasms
of the pancreatic head. By the 1960 to 1970s, it became clear that, despite surgical
resection, adenocarcinomaof thepancreas hadapropensity to recur locally andmetas-
tasize. Early efforts at adjuvant therapy culminated in the report of a randomized trial
comparing combined modality therapy with observation after surgery in patients with
resected pancreatic cancer. The results, published in 1985, began the era of modern
adjuvant therapy for resected pancreatic cancer. In the intervening 30 years, adjuvant
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therapy has been refined, but improvements in overall survival after surgery have been
modest. Moreover, longer survival durations after surgery and adjuvant therapy
observedover timeare likely partially explainedby theavailability of newer systemic reg-
imens at the time of relapse. Furthermore, despite improvements in mortality related to
pancreatic cancer surgery, it is estimated that only 50% to 60% of patients undergoing
surgery with curative intent subsequently receive adjuvant therapy.
In this article, results frommodern trials of adjuvant therapy are summarized and fol-

lowed by a discussion of the flaws in the paradigm of up-front surgery followed by
adjuvant therapy. Thereafter, the rationale for preoperative therapy is described with
some clinical results. In addition, given the growing appreciation for 3 distinct subsets
of localized, nonmetastatic pancreatic cancer (resectable, borderline resectable [BR],
and locally advanced [LA] disease), the benefits of a neoadjuvant therapy for these
subsets are proposed.

RATIONALE FOR ADJUVANT THERAPY AFTER SURGERY FOR PANCREATIC CANCER

As surgery for carcinoma of the pancreas became widely adopted, postoperative mor-
tality began to decrease and it became increasingly evident that most patients who
survived surgical resection ultimately died of disease recurrence. Over time, it became
clear that pancreatic cancer had the propensity to recur locally and spread to distant
sites. In a review of the experience of the Massachusetts General Hospital (MGH),
Tepper and colleagues1 reported the local failure rate after surgery to be almost
50%, with metastatic disease being observed with less frequency. Hence, early trials
of adjuvant therapy were developed using initial chemoradiation, with 5-fluorouracil
(5FU) as a radiosensitizer and, in some reports, subsequently delivering 5FU as sys-
temic therapy.

CONFLICTING EARLY EVIDENCE WITH ADJUVANT CHEMORADIATION

In a landmark trial spearheaded by theMayo Clinic, patients who had undergone com-
plete resection of an adenocarcinoma of the pancreatic head, and who had adequate
recovery from surgery, were randomized 1:1 to receive 5FU-based chemoradiation
followed by weekly 5FU for up to 2 years, or to undergo observation alone after sur-
gery.2 Among the 21 patients randomized to chemoradiation, median overall survival
was 20 months, whereas the survival for the 22 patients in the observation arm was
only 11 months (P 5 .03). The results from this trial could not be confirmed in a sub-
sequent trial performed by the European Organization for Research and Treatment of
Cancer (EORTC).3 Median survival was 17 months for 60 patients with resected
pancreatic cancer randomized to receive chemoradiation and 12 months for the 54
patients undergoing observation (P5 .09). Critics have argued that this was an under-
powered positive trial, supporting the role of chemoradiation therapy, whereas others
argued against chemoradiation as adjuvant therapy.
The role of chemoradiation in adjuvant therapy was further disputed after the results

of the European Study of Pancreatic Cancer showed that the delivery of radiation to
adjuvant therapy after surgery led to inferior survival compared with treatment with
chemotherapy alone.4

Table 1 summarizes the results of several trials in which chemoradiation was a
component of therapy.2–5 Despite efforts spanning more than 20 years, there is no
compelling evidence that chemoradiation provides any advantage compared with
systemic therapy alone. Of note, the largest ongoing trial of chemotherapy and che-
moradiation versus chemotherapy alone has been accruing patients since 2014 and
does not expect to reach target accrual of 950 patients until 2020.



Table 1
Select trials with chemoradiation as a component of adjuvant therapy

Study/Year Number of Patients R1 Resection Rate (%)
Adjuvant Chemoradiation
Median Survival (mo)

GITSG 1985 21 0 20

EORTC 1999 60 22 17

ESPAC 2004 280 18 15

RTOG 9704 2008 451 >35 17–20

Abbreviations: EORTC, European Organization for Research and Treatment of Cancer; ESPAC,
European Study Group for Pancreatic Cancer; GITSG, Gastrointestinal Tumor Study Group; RTOG,
Radiation Therapy Oncology Group.
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THE EMERGENCE OF SYSTEMIC THERAPY AS ADJUVANT THERAPY FOR PANCREATIC
CANCER

Although progress in adjuvant therapy has been slow, there is now evidence that sys-
temic therapy is superior to observation alone after resection with curative intent, as
shown in Table 2.6–10 These results show that (1) chemotherapy improves survival
more than observation after surgery, and (2) there is no clear advantage of gemcita-
bine compared with 5FU when these drugs are given as single agents. However,
the combination of gemcitabine with the oral fluoropyrimidine, capecitabine, has
recently been reported as superior to gemcitabine alone for resected pancreatic can-
cer.9 Thus, the standard of care for patients who undergo up-front surgery with cura-
tive intent is gemcitabine and capecitabine given over 24 weeks. This treatment is
expected to result in a median overall survival of 28 months with approximately
20% of patients surviving for 5 years.
On first glance at Table 2, it seems that adjuvant therapy is improving. Early trials

with gemcitabine alone led to overall median survivals of 22 months, whereas the
most recent trial shows an improvement in survival to 28 months when gemcitabine
and capecitabine are combined. Note that the median survival of patients who receive
gemcitabine monotherapy has also steadily increased from 22 months to 25 months.
This improvement is possibly explained by better patient selection and improvements
Table 2
Randomized trials of systemic therapy as adjuvant therapy for resected pancreatic cancer

Study Year

Number
of
Patients

R1
Resection
Rate (%)

Control Arm
Median
Survival (mo)

Experimental Arm
Median
Survival (mo) P

Available
Second-Line
Therapy

CONKO 001 2007 368 18 Observation
20.2

Gem
22.1

.06 5FU or
gemcitabine

ESPAC 1
and ESPAC
3 (v1)

2009 458 25 Observation
16.8

5FU 1

Leucovorin
23.2

.003 Gemcitabine

ESPAC 3 v2 2010 1088 35 5FU 1

Leucovorin
23

Gem
23.6

.39 5FU/oxaliplatin
cape/
oxaliplatin

ESPAC 4 2017 730 60 Gem
25.5

Gem 1 Cape
28

.032 Gem/nab-p
or
FOLFIRINOX

Abbreviations: cape, capecitabine; gem, gemcitabine; nab-p, nab-paclitaxel.
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in perioperative care. However, overall survival may also be influenced by additional
anticancer therapy after relapse. In the late 1990s and early 2000s, there was no clear
evidence that second-line therapy had any impact on survival for those patients who
presented with metastatic disease. With the advent of oxaliplatin, which became avail-
able in 2003, investigators have shown some activity of this agent in the second-line
setting when combined with 5FU/folinic acid (FOLFOX [folinic acid, 5FU, oxaliplatin]
or OFF [oxaliplatin, folinic acid, 5FU]) or capecitabine (XELOX [Xeloda, oxaliplatin]/
CapOx [capecitabine, oxaliplatin]).11,12 Since that time, 2 newer regimens for advanced
pancreatic cancer have been approved. The combination of 5FU, folinic acid, irinote-
can, and oxaliplatin (FOLFIRINOX) was accepted as a standard front-line therapy in
2011.13 In addition, gemcitabine and nab-paclitaxel was subsequently approved in
by the US Food and Drug Administration in 201314 (both of these regimens showed su-
periority comparedwith single-agent gemcitabine in large randomized trials inmetasta-
tic pancreatic cancer). Because the options for second-line therapy have expanded
over time and were available during the conduct of the recently reported European
Study Group for Pancreatic Cancer (ESPAC) 4 trial, some of the incremental prolonga-
tion of survival now observed after up-front surgery and adjuvant therapymay therefore
be explained by the availability of newer regimens for use at the time of relapse.
In summary, the combination of gemcitabine and capecitabine delivered over

6 months is considered the new standard adjuvant regimen for those patients with
adequate recovery from surgery with curative intent. This regimen is expected to result
in a median survival of 28 months with a 5-year survival rate of 20%.
THE FLAWED STRATEGY OF UP-FRONT SURGERY AND ADJUVANT THERAPY

Many pancreatic cancer experts continue to endorse the paradigm of up-front surgery
followed by adjuvant therapy with continued trials of newer systemic therapies in an
effort to make incremental progress. However, data from several sources, including
results from the adjuvant trials already reported, suggest that up-front surgery for
resectable pancreatic cancer is a flawed strategy and one that hampers more rapid
progress for patients. Furthermore, this strategy may limit the number of patients
who will benefit from initial surgery.

Ignoring the Denominator

One of the most striking things common to reports of prospective adjuvant therapy
trials after initial surgery is the absence of the denominator from which the study pop-
ulation was derived; of the patients taken to the operating room for curative surgery,
not all undergo adjuvant therapy. Present estimates from several studies reveal that
only 50% to 60% of patients who undergo surgical resection ultimately receive
Table 3
The proportion of patients receiving adjuvant therapy after surgical resection

Data Source Year
Number of Patients
Resection Type

Patients Receiving
Adjuvant Therapy (%)

Johns Hopkins 2008 368 R0/R1 53

Mayo Clinic 2008 472 R0 only 60

Medicare/SEER 2011 396 R0/R1 47

NCDB 2014 2047 R0/R1 58

Abbreviations: NCDB, National Cancer Data Base; SEER, Surveillance, Epidemiology and End
Results.
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adjuvant therapy. Table 3 summarizes the data in this regard. For example, in a study
reported by the group at the Johns Hopkins Hospital (JHH), among 870 patients who
underwent an R0 or R1 resection, only 53% underwent adjuvant therapy.15 The Mayo
Clinic also reported their experience for patients who underwent R0 resection; 58% of
them received adjuvant therapy.16 In a more recent analysis derived from the
American College of Surgeons (ACS) National Surgical Quality Improvement Program
and the National Cancer Data Base (NCDB), among 2047 patients undergoing
pancreatic cancer resection, the receipt of subsequent adjuvant therapy was similarly
limited to 58%.17 Other results come from Surveillance, Epidemiology and End
Results(SEER)/Medicare data. Among 396 Medicare beneficiaries, adjuvant therapy
was given to 47% of resected patients.18

Thus, despite the recognition that surgical resection must be linked to the subse-
quent delivery of adjuvant therapy, a large subset of patients (40%–50%) never
receive it. The main factors, discussed in more detail later, are likely related to the
complexity of the surgery and resultant complications, potential for early relapse,
and postoperative death.

Postoperative Complications Hamper the Delivery of Adjuvant Therapy

Median age of onset for pancreatic cancer is 70 years. Known risk factors for pancre-
atic cancer include a history of tobacco use, obesity, long-standing diabetes, and
metabolic syndrome. Thus, many surgical candidates are of advanced age and often
have comorbidities increasing their risk of surgical complications. In the aforemen-
tioned analysis from the ACS National Surgical Quality Improvement Program and
the NCDB, the rate of serious postoperative complications was 23%; this affected
the likelihood of receiving adjuvant therapy. For those patients experiencing at least
1 serious complication, the rate of adjuvant therapy delivery was only 44%. Among
those patients with no serious complications, adjuvant therapy was given to 62%.
Furthermore, even when adjuvant therapy was ultimately delivered, it was more likely
to be delayed by greater than 70 days in patients with serious complications.17

Pancreatic Cancer Resections Result in Postoperative Death

Since the early reports of the Whipple procedure, 30-day mortality has steadily
declined from around 30% to less than 3% in high-volume centers. However, a recent
report shows that this operation remains risky. Among 15,000 patients undergoing re-
sections in centers around the United States, although 30-day mortality was only
3.4%, 90-day mortality was double, increasing to 7.5%.19

Pancreatic Cancer Is Locally Invasive

Even before cross-sectional imaging became widely available, it was known that
pancreatic cancer has a propensity to recur locally. Similar to the experience at
MGH, investigators at the Bethesda Naval Hospital reported a local recurrence rate
of 47%, with confirmation based on autopsy or surgical exploration.20 More recent au-
topsy data show that local recurrence occurs more frequently than had been esti-
mated through clinical, surgical, or radiographic means. In a rapid autopsy program
established at JHH, among 22 patients who died after potentially curative surgery,
more than 80% had evidence for local recurrence.21 Of note, 59% of these patients
received chemoradiation as a component of adjuvant therapy.
Furthermore, achieving microscopically negative surgical margins (R0) is increas-

ingly recognized as having more favorable prognosis compared with resections that
have microscopically positive margins (R1). Data from several single-institution re-
ports and larger multicenter trials have clearly shown that R1 resections confer worse
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prognosis compared with R0 resections.8,9,22 Importantly, evaluation of microscopic
margins requires a collaborative approach between the pathologist and the surgeon
and methods for rigorous assessment of surgical margins have been developed and
published by several groups. This requirement likely explains the increase in the fre-
quency of positive surgical margins reported in adjuvant trials over time, as shown
in Tables 1 and 2.
Although high-quality dynamic phase cross-sectional imaging has provided the

means to characterize tumors as resectable, BR, or LA, even when tumors are radio-
graphically defined as potentially resectable, R1 resections occur frequently.
Verbeke and colleagues23 suggested that the biology of invading pancreatic cancer

cells is distinct from other malignancies in which negative resection margins are also
critical for long-term survival. They evaluated the peripheral zone of pancreatic resec-
tion specimens, compared them with resected rectal cancers, and found that pancre-
atic cancer cells were more widely dispersed at the periphery of the tumor compared
with resected specimens of rectal cancer. This finding shows one of the insurmount-
able flaws of up-front surgery, achieving R0 resections based on imaging studies that
only provide information at a macroscopic level. It is difficult to imagine that the
resolution of future body imaging will become so precise as to allow the visualization
of the boundary of the diffusely dispersed and infiltrating border of a pancreatic
carcinoma. It is therefore naive to believe that, based on imaging and intraoperative
evaluation of the tumor mass, clinicians will observe any meaningful decrease in pos-
itive surgical margins with surgery as the first anticancer intervention. Furthermore, if
up-front surgery results in an R1 resection, there is no salvage strategy in the postop-
erative period that offers a significant chance at long-term survival. This flaw in the up-
front surgery paradigm is critical, and the “If in doubt, take it out” approach to localized
pancreatic cancer is dooming a sizable proportion of patients to inferior survival.

Pancreatic Cancer Is a Systemic Disease

Although many patients present with seemingly localized disease, most harbor micro-
scopic metastases. The rapid autopsy program described earlier found that, among
the 22 patients who underwent surgery with curative intent, 88% had metastases at the
time of autopsy.21 However, it is not always appreciated that overt metastatic disease
may developwithinweeks of presentationwith potentially resectable disease. In an anal-
ysis of several preoperative trials among patients who were thought to have localized,
resectable disease and in whom treatment was initiated with preoperative therapy,
16% developed radiographically evident metastases within 6 to 12 weeks.22 In another
study, the likelihood of encountering unanticipated metastases at the time of surgical
exploration increased quickly with every week after preoperative imaging.24 If only
1 week had passed between the imaging and surgical exploration, 12% of patients had
unanticipatedmetastases,whereas35%hadmetastases if the imagingwas6weeksold.
It is therefore reasonable to expect that, among patients who undergo up-front sur-

gery for resectable disease, at least 15% to 20% will develop clinically evident meta-
static disease within the recovery period. No one could argue for up-front surgical
intervention as beneficial for this subgroup of patients.

Pancreatic Surgery Is Immunosuppressive

The immunosuppressive nature of major surgical procedures is increasingly
recognized and the biological basis of this immunosuppression is currently being
elucidated. Recent animal studies show that the stress of major intra-abdominal sur-
gery leads to higher levels of circulating tumor cells compared with levels found in an-
imals undergoing sham procedures.25 In addition, natural killer cell and antitumor
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T-lymphocyte functions are dysregulated after major surgical stress.26,27 The roles of
inflammatory cytokines, coagulation, angiogenic factors, and catecholamines are also
thought to play an important role in promoting tumor metastases after resection of the
primary tumor.28 Although surgery after neoadjuvant therapy would also be expected
to promote metastases, given the prior delivery of anticancer therapy, the overall
microscopic tumor burden may be reduced by preoperative treatment.
In summary, up-front surgery for pancreatic cancer:

� Often leads to incomplete resection of the primary tumor (R1)
� Is sufficiently complex to prevent sufficient recovery to receive adjuvant therapy
� Does not identify patients with aggressive tumor biology who will not benefit from
resection

� Can be fatal
� May promote the metastatic compartment by immunosuppressing the patient or
through other mechanisms

Thus, up-front surgery is being used to select patients for adjuvant therapy, which is
necessary to improve long-term outcomes. Presently, adjuvant therapy is received by
only 50% to 60% of patients who undergo surgery as initial therapy, andmany of these
have undergone an incomplete resection or harbor a higher metastatic tumor burden
based on the need to recover for weeks and the immunosuppressive effects of sur-
gery. These circumstances are not optimal for successful delivery of adjuvant therapy.

RATIONALE FOR NEOADJUVANT THERAPY

Taken together, the flaws inherent in up-front surgery as initial cancer therapy argue for
the adoption of an alternative approach for the treatment of localized pancreatic cancer.
There are several advantages to the delivery of neoadjuvant therapy rather than up-

front surgery.
First, it allows for the delivery of anticancer therapy to patients who have not been

physiologically compromised by a major surgical procedure. Second, it provides a
period of time to uncover aggressive tumor biology with identification of those patients
who have interval development of metastatic disease, contraindicating surgery. This
time interval can also reveal underlying patient frailty given the relative rigors of preop-
erative chemotherapy or chemoradiation. Such patients are likely at higher risk for sur-
gical complications and prove themselves to be unattractive for surgical intervention,
something that is not possible with up-front surgery.
From a biological perspective, treatment with chemotherapy or chemoradiation pro-

vides early treatment of micrometastatic disease without waiting for recovery from
surgery, which is likely to increase the underlying micrometastatic burden. With the
primary intact, the tumor mass is also well perfused and the cytotoxic effects of
chemotherapy and/or radiation are not compromised by the creation of a more hyp-
oxic, inflammatory, and fibrotic surgical bed. Furthermore, preoperative therapy has
the potential to destroy tumor cells, particularly in the periphery of the tumor mass,
thereby improving the likelihood of an ultimate R0 resection.

EARLY RESULTS WITH PREOPERATIVE THERAPY

In a series of trials conducted at the University of Texas MD Anderson Cancer Center
(UTMDACC), strict radiographic criteria were used to define potentially resectable dis-
ease. These criteria, combined with other inclusion and exclusion criteria used consis-
tently over time, have allowed the enrollment of a fairly homogenous patient
populations into sequential neoadjuvant trials (Table 4). The initial 3 trials were designed



Table 4
Sequential neoadjuvant trials for resectable pancreatic cancer performed at University of
Texas MD Anderson Cancer Center 1992 to 2008

Author, Year
Number of
Patients Regimen

Resection
Rate (%)

R1 Resection
Rate (%)

Median Survival,
Resected (mo)

Evans et al,29

1992
28 5FU 1 50.4 Gy 61 18 Not Stated

Pisters et al,30

1998
35 5FU 1 30 Gy 57 10 25

Pisters et al,31

2002
35 Paclitaxel 1 30 Gy 57 32 19

Evans et al,34

2008
86 Gemcitabine

1 30 Gy
74 11 34

Varadhachary
et al,35 2008

90 Gem/cis then
Gem
1 30 Gy

58 4 31

Abbreviation: cis, cisplatin.
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using a platform of neoadjuvant chemoradiation with either 5FU or paclitaxel as radio-
sensitizers.29–31 The resection rate after preoperative therapy ranged from 57% to
61% with median overall survival for eventually resected patients ranging from 19 to
25 months. These survival durations were similar to those among patients who under-
went initial surgery and subsequent adjuvant therapy. However, approximately 40%
of enrolled patientswere spared themorbidity of surgery based on the discovery ofmet-
astatic disease before surgery or intraoperatively. Of note, the results published from
UTMDACCweresuperior to results fromamulticentercooperativegroup trial conducted
through the Eastern Cooperative Oncology Group.32 The trial enrolled 53 patients and
only 45% underwent surgery, with a median survival of 15.7 months.
GEMCITABINE-BASED PREOPERATIVE THERAPY

After gemcitabine showed superiority to weekly bolus 5FU and leucovorin in the treat-
ment of advanced pancreatic cancer, investigators at the University of Michigan re-
ported on the potent radiosensitizing properties of gemcitabine.33 Our group
therefore performed an initial trial of neoadjuvant gemcitabine-based chemoradiation
for patients with resectable pancreatic cancer, with a subsequent trial of systemic
gemcitabine and cisplatin followed by gemcitabine-based chemoradiation. The re-
sults of these trials are also summarized in Table 4.34,35

Several conclusions can be drawn from these 2 trials. First, gemcitabine-based che-
moradiation led to resection rates between 57% and 75%, equivalent to or higher than
the rate of delivery of adjuvant therapy after up-front surgery (50%–60%). Second, R0
resection rates were high at approximately 90%. Third, overall median survival for pa-
tients undergoing resection was higher than survival durations reported using up-front
surgery and adjuvant therapy. These two reports, with a combined enrollment of 176
patients, were published in 2008. Although other groups have reported on their expe-
rience using neoadjuvant therapy, smaller numbers of patients have been enrolled in
these studies. For example, in a trial of neoadjuvant therapy using gemcitabine and
cisplatin without radiation, only 35 patients were enrolled, and 60% were ultimately
resected with an 80% R0 resection rate.36 Median follow-up in this trial was limited
but the disease-free and overall survival durations were described as promising.
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Nevertheless, results using neoadjuvant therapy in resectable pancreatic cancer
remain encouraging. In a prospective analysis of 69 patients treated outside of a
clinical trial in the interval from 2004 to 2010 by the group at the Medical College of
Wisconsin, the resection rate was 87% and the R0 rate was 97%.37 The median over-
all survival for all patients was 31.5months and themedian overall survival for resected
patients was 44.9 months.
However, many reports of preoperative therapy have enrolled heterogeneous

populations of patients with some having resectable disease, others having BR
pancreatic cancer, and others still having LA disease. Under these circumstances, re-
sults are more challenging to interpret given the small numbers of patients in each
category.

EVIDENCE FOR TREATMENT EFFECT USING NEOADJUVANT THERAPY

Although neoadjuvant therapy followed by surgery has not been shown to be clearly
superior to up-front surgery and adjuvant therapy, there is evidence for a treatment ef-
fect with the delivery of neoadjuvant therapy.
In reports from several institutions, T stage and N stage are reduced with the

delivery of neoadjuvant therapy.38–40 In addition, overall treatment effect shows
that preoperative therapy can result in pathologic complete response or
near-complete responses.41 Such responses are associated with longer survival
compared with patients whose resected tumors show lesser degrees of treatment
effect.42 In addition, virtually all reports of preoperative therapy show high rates of
R0 resection among the patients who ultimately undergo surgical resection. More-
over, local recurrence after resection may be significantly reduced with the delivery
of neoadjuvant therapy.

OTHER LINES OF EVIDENCE SUPPORTING THE DELIVERY OF NEOADJUVANT THERAPY

Using large data sets, several groups have used propensity matching to compare out-
comes of patients undergoing neoadjuvant therapy with those of patients undergoing
up-front surgery and adjuvant therapy. In at least 3 analyses, neoadjuvant therapy has
been shown to be superior to up-front surgery and adjuvant therapy.43–45 However, in
one of these studies among patients with clinical stage I disease, the differences in
survival between patients treated with preoperative therapy and surgery and those
treated with up-front surgery and adjuvant therapy were not significant.44 Neverthe-
less, this same report showed progressive superiority to neoadjuvant therapy for pa-
tients with clinical stage II and III pancreatic cancer. Furthermore, neoadjuvant therapy
was compared with adjuvant therapy using a Markov decision analysis of 22 studies.46

Neoadjuvant therapy led to longer life expectancy and longer quality-adjusted
life expectancy.
In addition, others have performed cost-analyses comparing neoadjuvant therapy

with up-front surgery, showing that the delivery of neoadjuvant therapy is more
cost-effective.47

In summary, the delivery of preoperative therapy before surgical resection in
potentially resectable pancreatic cancer has a sound rationale; has led to high rates
of R0 resections; has shown treatment effect that includes complete pathologic
responses; and has shown survival durations for resected patients to be at least
equivalent, if not superior, to those reported in studies investigating up-front
surgery and adjuvant therapy. Furthermore, it provides a selection mechanism to
spare patients with unfavorable tumor biology the morbidity of pancreatic cancer
surgery.
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THE ROLE OF NEOADJUVANT THERAPY IN BORDERLINE RESECTABLE PANCREATIC
CANCER

As our group at UTMDACC was conducting studies of preoperative therapy in those
patients strictly defined as having potentially resectable disease, we also encoun-
tered patients who did not meet our radiographic criteria for resectability based on
encasement of the common hepatic artery, significant involvement of the superior
mesenteric vein or superior mesenteric-portal venous confluence, or tumor abutment
along the superior mesenteric artery or celiac trunk. Nonetheless, we found that, after
delivery of multimodality preoperative therapy, a subset of these patients had some
evidence of response to treatment without interval development of metastatic dis-
ease. Some of these patients were able to undergo R0 or R1 resections, with encour-
aging survival durations. Based on this experience, we proposed a definition for BR
disease and presented 4 cases of patients who were initially considered to have BR
tumors and ultimately underwent surgical resection after a period of multimodal
therapy.48

Importantly, the concept of BR disease was not unique to our group. During this
time frame, an appreciation for the distinction between tumors that would now be
considered borderline or marginally resectable was emerging.49 For example, one
of the earliest reports using preoperative therapy to downstage what is now known
as BR disease was conducted at Stanford University and reported by Mehta and
colleagues.50 The investigators reported on 15 patients they described as having
marginally resectable adenocarcinoma of the pancreas, defined as tumors having
portal vein, superior mesenteric vein, or artery involvement. These patients were
treated with infusional 5-FU and external beam radiation therapy (EBRT) to doses
ranging from 50.4 to 56 Gy. Nine patients (60%) underwent surgical resection with
negative surgical margins and 2 of 9 (22%) had a complete pathologic response to
preoperative treatment. Furthermore, there was a striking difference in overall survival
between those patients who did undergo surgical resection and those who did not (30
vs 8 months, respectively).
Thereafter, the authors reported on a series of 160 patients we defined as having

BR disease seen at UTMDACC from 1999 to 2006.51 Of these, 125 (78%) completed
preoperative therapy and restaging, and 66 (41%) underwent pancreatectomy with an
R0 resection rate of 94%. Median survival was 40 months for the 66 patients who
completed all therapy and 13 months for the 94 patients who did not undergo pancre-
atectomy (P<.001).
Other groups are now reporting their single-institutional experiences with BR dis-

ease and, depending on the series, resection rates after preoperative therapy range
from about 40% to 60%, with most resections classified as R0.52,53

Recently, the Alliance for Clinical Trials in Oncology reported on a prospective
multicenter pilot trial of induction FOLFIRINOX followed by capecitabine-based che-
moradiation in 23 patients deemed to have BR pancreatic cancer.54 The overall
resection rate was 68%, and R0 resections were achieved for 93%. The median over-
all survival for the population was 21.7 months, and 21.7 months for the resected
patients.
The next Alliance trial is being designed as a randomized trial to investigate whether

radiation therapy is a necessary component of neoadjuvant therapy for BR disease.
Eligible patients with BR tumors will be randomized to receive 8 doses of FOLFIRINOX
or 7 doses of FOLFIRINOX followed by radiation therapy.
In the United States, althoughmany centers do not endorse preoperative therapy for

potentially resectable disease, there is a growing consensus about the use of
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neoadjuvant therapy for patients defined as having BR disease. In the National
Comprehensive Cancer Network Pancreatic Cancer Subcommittee, there was lack
of consensus in this regard in 2006. However, by 2013, most participating centers
endorsed neoadjuvant therapy for patients with BR disease.55 This position is not
shared by an expert group of pancreatic cancer specialists in Europe who recommend
a neoadjuvant approach to BR disease only in the context of a clinical trial.56

NEOADJUVANT THERAPY FOR LOCALLY ADVANCED DISEASE

Although reportshavebeen limited, therehavebeenefforts todownstageLAdiseaseus-
ing neoadjuvant therapy. One of the earliest trials reported modest success using infu-
sional 5FUwithEBRT in16patientswithLAdisease.57Althoughonly 2 (12.5%)wereable
to undergo surgery with curative intent, the survival of these 2 patients was comparable
with that of patientswith resectable pancreatic cancer treatedwith up-front surgery and
adjuvant therapy. In a larger trial, the group at Duke University reported on 111 patients
treated with preoperative chemoradiation from 1995 to 2000 and included patients with
resectable (n5 53) or LA (n5 58) disease.58 The overall resection rate was superior for
patients defined as having resectable disease (53%) comparedwith the rate for patients
with LA disease (19%), with an overall R0 resection rate of 70%.
These and other reports have suggested that, for a subset of patients with pancreatic

cancer not initially considered resectable, neoadjuvant therapy could provide sufficient
tumor destruction or downstaging to proceed with surgical resection (Fig. 1). However,
the resection rates reported after neoadjuvant therapy have varied widely from as low
as 1% to 60%, with most studies reporting resection rates ranging between 20% and
40%.51,52,59,60 Patients reported in these studies likely represented a heterogeneous
population composed of some having tumor with complete vascular encasement
and others having some degree of tumor-vessel contact without encasement.
Fig. 1. (A) Pretreatment computed tomography (CT) imaging of a locally advanced pancre-
atic cancer with tumor along the right side of the superior mesenteric artery and extending
to the contralateral side. (B) Posttreatment CT image of the tumor mass after FOLFIRINOX
for 6 doses and capecitabine-based chemoradiation. The residual tumor was resected with
skeletonization of the superior mesenteric artery. Histopathology showed a complete path-
ologic response to neoadjuvant therapy. Arrow in (A) and (B) depicts the direct contact of
tumor with the superior mesenteric artery.



Wolff106
NEOADJUVANT THERAPY AT MD ANDERSON OVER 25 YEARS

Members of our multidisciplinary pancreatic cancer team at UTMDACC have been
avid supporters of neoadjuvant therapy for years. Over the past 25 years, we have
made an effort to conduct clinical trials in localized pancreatic carcinoma that have
used surgical resection as a later step in our patients’ anticancer therapy. Using a pro-
spectively collected database, we have tracked patients who have undergone surgery
after neoadjuvant therapy either as part of a clinical trial or off protocol. Earlier this
year, we published our 25-year experience with surgical resection after neoadjuvant
therapy.61 During the period 1999 to 2014, surgical resections for BR and LA tumors
increased. The use of induction systemic chemotherapy and the delivery of postoper-
ative chemotherapy also increased. In addition, R0 resection rates and vascular resec-
tion rates increased overall. Despite the increase in resections for patients initially
considered to have BR or LA tumors, locoregional recurrence rates remained similar
over time, and overall survival improved significantly from a median of 24.1 months
in the early 2000s to 43.4 months by 2014 (P<.0001). Although the results reported
by our group should not be construed as typical, they do represent what is possible
using a multidisciplinary approach, and interest in pursuing a neoadjuvant platform
in localized pancreatic cancer is growing.
In general, UTMDACC patients defined as having potentially resectable pancreatic

cancer are treated on prospective clinical trials whenever available. For those who do
not wish to participate, or do not meet eligibility criteria, neoadjuvant therapy with che-
moradiation is often advised. For those with BR disease, our approach has been to
deliver systemic therapy for 2 to 3 months and if, on restaging, there is no evidence
of metastatic disease, we usually recommend a course of chemoradiation. Decisions
about patients’ surgical candidacy are then made after restaging and formal review in
a multidisciplinary pancreatic cancer conference.
THE FUTURE OF ADJUVANT AND NEOADJUVANT THERAPY

There is no definitive evidence supporting the use of postoperative radiation as a
component of adjuvant therapy after up-front surgery. Thus, efforts to improve adjuvant
therapy have focused on the investigation of combination systemic therapy. At present,
there are 2 ongoing randomized trials in this area. The first is comparing gemcitabine
with gemcitabine and nab-paclitaxel in the adjuvant setting.62 In addition, modified
FOLFIRINOX is being compared with gemcitabine as systemic adjuvant therapy.63

Given the survival benefit shown by adding capecitabine to gemcitabine, these 2 trials
are likely to be amended to allow gemcitabine/capecitabine as the control arm for both.
In neoadjuvant therapy, in which gemcitabine/nab-paclitaxel and FOLFIRINOX are
already being used, more novel approaches designed to affect the tumormicroenviron-
ment or enhance the patient’s immune response are now being investigated.64,65

In addition, our group has reported on imaging characteristics of pancreatic adeno-
carcinoma and has classified primary tumors in the pancreatic parenchyma as either
stromal rich or stromal poor.66 This characterization seems to provide prognostic in-
formation, with stromal-poor tumors conferring a worse prognosis for patients after
conventional neoadjuvant therapy. In the future, without the need for ample biopsies
for molecular interrogation, the ability to tailor neoadjuvant therapy based on imaging
characteristics may be feasible.67

In summary, neoadjuvant therapy:

� Allows early delivery of cytotoxic therapy before patients are compromised by
the stress of a major surgical procedure
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� Provides an interval of time to identify aggressive tumor biology and frail patients
� Delivers treatment to tumors that are intact and not altered by surgery with resul-
tant local hypoxia, inflammation, and fibrosis

� Has potential to decrease or even eliminate microscopic metastatic tumor
burden

� Can generate treatment effect that increases R0 resection rates and has prog-
nostic significance

� Can expand the population of patients who may ultimately benefit from resection

SUMMARY

Up-front surgery is considered the standard of care for resectable pancreatic cancer
despite modest improvements in median overall survival observed over time
(20 months in 1985, 28 months in 2017). Nevertheless, with few exceptions, surgery
first is widely endorsed in the oncology community and will not change without ran-
domized trials comparing up-front surgery/adjuvant therapy with neoadjuvant ther-
apy/subsequent surgery. Randomized trials of neoadjuvant versus adjuvant therapy
are currently enrolling patients.68 Until definitive results from these trials are reported,
up-front surgery will be used to select patients for adjuvant therapy. This strategy pla-
ces patients at risk for positive surgical margins, poor recovery, and rapid relapse,
limiting the delivery of adjuvant therapy.
In contrast, our 25-year experience has shown that neoadjuvant therapy can lead to

greater incremental improvements in survival compared with up-front surgery and
adjuvant therapy over the same time period. Although there has been a general lack
of interest in neoadjuvant therapy for resectable disease, there is growing enthusiasm
for neoadjuvant therapy in patients with BR tumors and, in some centers, LA disease.
As systemic therapies, radiation techniques, and other locally ablative techniques
evolve, resection rates and survival for patients with BR and LA pancreatic cancer
are expected to improve.
In addition, for patients undergoing up-front surgery resulting in positive surgical

margins, median survival is less than 2 years.9 Given the demonstrated treatment ef-
fect of neoadjuvant therapy, newer drug regimens, and an expanding array of locally
ablative and radiation techniques, growing numbers of patients with BR or LA pancre-
atic cancer are more likely to become surgical candidates with curative potential after
application of preoperative therapy.
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