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ABSTRACT

Background. There is considerable interest in a neoadju-
vant approach for resectable pancreatic ductal
adenocarcinoma (PDAC). This study evaluated periopera-
tive gemcitabine + erlotinib (G+E) for resectable PDAC.
Methods. A multicenter, cooperative group, single-arm,
phase II trial was conducted between April 2009 and
November 2013 (ACOSOG Z5041). Patients with biopsy-
confirmed PDAC in the pancreatic head without evidence
of involvement of major mesenteric vessels (resectable)
were eligible. Patients (n = 123) received an 8-week cycle
of G+E before and after surgery. The primary endpoint
was 2-year overall survival (OS), and secondary endpoints
included toxicity, response, resection rate, and time to
progression. Resectability was assessed retrospectively by
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central review. The study closed early due to slow accrual,
and no formal hypothesis testing was performed.

Results. Overall, 114 patients were eligible, consented,
and initiated protocol treatment. By central radiologic
review, 97 (85%) of the 114 patients met the protocol-
defined resectability criteria. Grade 34 toxicity was
reported in 60% and 79% of patients during the neoadju-
vant phase and overall, respectively. Twenty-two of 114
(19%) patients did not proceed to surgery; 83 patients
(73%) were successfully resected. RO and R1 margins were
obtained in 67 (81%) and 16 (19%) resected patients,
respectively, and 54 patients completed postoperative G+E
(65%). The 2-year OS rate for the entire cohort (n = 114)
was 40% (95% confidence interval [CI] 31-50), with a
median OS of 21.3 months (95% CI 17.2-25.9). The 2-year
OS rate for resected patients (n = 83) was 52% (95% CI
41-63), with a median OS of 25.4 months (95% CI
21.8-29.6).

Conclusions. For resectable PDAC, perioperative G+E is
feasible. Further evaluation of neoadjuvant strategies in
resectable PDAC is warranted with more active systemic
regimens.
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For patients with resectable pancreatic ductal adeno-
carcinoma (PDAC), postoperative adjuvant therapy
remains the standard approach.'”  Neoadjuvant
chemotherapy for PDAC offers potential advantages,
including early treatment of micrometastatic disease,
delivery of systemic therapy to a greater number of
patients, and better patient selection for surgery. In addi-
tion, with this approach, patients with rapidly progressive
disease could be spared unnecessary surgery. There is
growing evidence to support a neoadjuvant approach for
resectable PDAC.*

Resection for localized PDAC is indicated when a
negative gross margin is anticipated. Over the past decade,
the nature of pancreatectomy has changed due to the
increased use of en bloc vascular resections. As a result,
the ability to classify tumors as resectable versus unre-
sectable is best considered on a spectrum. Various
classification systems are in wuse, but, in general,
resectable PDAC does not abut or encase the major
mesenteric vasculature. Unresectable tumors have arterial
encasement of the celiac and/or superior mesenteric arter-
ies. Borderline resectable tumors may abut or encase
portovenous structures and/or have abutment of the celiac
and/or superior mesenteric arteries or their tributaries.’
Most studies to date have reported the use of neoadjuvant
strategies in borderline and/or locally advanced
PDAC.**!!

In 2008, the time of inception of this study, gemc-
itabine + erlotinib (G+E) was regarded as an active
regimen for PDAC. The National Cancer Institute (NCI) of
Canada trial PA.3 evaluated G+E versus single-agent
gemcitabine in a phase III trial with 569 unresectable pa-
tients. A small but statistically significant increase in
1-year overall survival (OS) was observed with G+E when
compared with gemcitabine (23 vs. 17%).'* Herein, we
report the results of a single-arm, phase II study of peri-
operative G+E and pancreaticoduodenectomy (PD) in
patients with resectable PDAC.

METHODS

The American College of Surgeons Oncology Group
(ACOSOG) 75041 study was an NCI-sponsored, cooper-
ative group, prospective, multicenter, non-randomized,
single-arm, phase II trial of perioperative G+E for
resectable PDAC requiring PD (ACOSOG is now part of
Alliance for Clinical Trials in Oncology). The inclusion
criteria included biopsy-confirmed PDAC arising in the
pancreatic head; potentially resectable disease based on
radiologic criteria [i.e. no evidence of tumor extension to
the celiac, hepatic, or superior mesenteric arteries; no
evidence of tumor encasement (> 180° contact between the

vein and the tumor) or occlusion of the superior mesenteric
vein (SMV) or the SMV/portal vein confluence; and no
evidence of visceral or peritoneal metastases]; Eastern
Cooperative Oncology Group (ECOG) performance status
0 or 1; adequate hematologic, renal, and hepatic function;
< 15% premorbid weight loss; no prior therapy for pan-
creatic cancer or prior epidermal growth factor receptor
therapy; no prior malignancy in the past 5 years; and
absence of active infection. Each participant signed an
Institutional Review Board-approved, protocol-specific
informed consent document in accordance with federal and
institutional guidelines. The trial was registered with
ClinicalTrials.gov (NCT00733746).

Patients received an 8-week cycle of G+E, both pre-
and postoperatively. Gemcitabine 1000 mg/m”>  was
administered on days 1, 8, 15, 29, 36, and 43, and erlotinib
100 mg was administered orally on days 1-43 of each
cycle (electronic supplementary Fig. 1). Surgery was per-
formed 3-6 weeks after the neoadjuvant phase following
restaging. At the time of surgery, the abdominal cavity was
explored and PD was performed after resectability was
confirmed. Postoperative therapy was initiated within 5-10
weeks after PD. Patients were followed with imaging and
CA19-9 every 3 months for 2 years, and then every
6 months for 4 years or until disease relapse. The primary
endpoint was 2-year OS, defined as the proportion of
patients alive 2 years from the date of registration. Sec-
ondary endpoints included response rate, resection rate,
toxicity, and relapse/progression-free survival (PFS).
Radiologic response rate was defined as the proportion of
patients with complete response (CR) or partial response
(PR) per RECIST 1.1 criteria.’® Resection rate was defined
as the proportion of patients who had PD, and PFS was
defined as the time from the date of registration to the date
of disease recurrence/progression or death due to any
cause, whichever occurred first. Protocol-defined
resectability status and radiologic response to treatment
were confirmed retrospectively by central radiologic
review for quality assurance purposes.

A minimum of 78 patients, defined as those eligible for
resection per retrospective central review, consenting and
undergoing PD with RO/R1 intent (the original analysis
population for the primary endpoint) were required to
provide 90% power (one-sided alpha 0.1) to detect an
improvement in 2-year OS of 15% (from 45 to 60%). The
study was closed early due to slow accrual. No formal
hypothesis testing was performed due to insufficient power.
Sensitivity analysis was performed using the cohort defined
as resectable using retrospective central review radiologic
definitions. A full description of the statistical methods can
be found in the Electronic Supplementary Appendix.



Perioperative Chemotherapy + Surgery for PDAC

4491

RESULTS
Study Cohort

From April 2009 to November 2013, 123 patients were
registered from 31 centers. Of these, 114 (93%) consented,
were deemed eligible, and were treated (Fig. 1). Demo-
graphic characteristics are shown in Table 1. A preplanned
interim analysis was performed in May 2013. Based on the
interim efficacy decision rules, the regimen did not cross
the preset futility thresholds, and study accrual continued.
The study was closed early due to slow accrual, thus no
formal hypothesis testing was performed. The median
follow-up was 4 years.

Neoadjuvant Phase

Neoadjuvant chemotherapy was administered in 114
patients. The median dose percentage of preoperative
chemotherapy received was 98.2% for G and 100% for E.
Grade 3+ adverse events (AEs) occurred in 68/114 patients
(60%) (Table 2). The most common AEs were elevated
alanine aminotransferase (17%) and aspartate aminotrans-
ferase (16%). There were no Grade 5 AEs in the
neoadjuvant phase.

Following the neoadjuvant phase, 22/114 patients (19%)
did not go on to surgery due to disease progression
(n = 12), AEs/medical problems (n = 4), declined surgery
(n = 3), or physician decision (n = 3) (Table 2). Response
rate after neoadjuvant therapy was available for 107
patients; an objective radiologic response (CR+PR) was
seen in six patients (6%).

Surgery

Surgery was undertaken in 92/114 patients (80.7%), and
83 (90%) underwent PD (Table 3); nine patients were
found to have advanced disease at the time of operation.
The overall resectability rate in the eligible and treated
population was 73% (83/114). Concomitant venous resec-
tion was performed in 30/83 patients (36%). Median tumor
size was 2.7 cm (Q1, Q3 = 2.1 cm, 3.6 cm), and 71% of
patients had positive lymph nodes. An RO resection was
completed in 67/83 patients (81%), and 16 patients (19%)
had an R1 resection. Pathologic treatment effect was gra-
ded using the methods of Staley et al.'* and was available
for 69 patients; six patients (9%) had major/complete
response (grade 3 or 4), 17 (25%) had partial response
(grade 2a or 2b), and 46 (67%) had minor or no response
(grade 1).
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TABLE 1 Patient characteristics

Variable Total (n = 114)
Age, years [median (range)] 66 (39-88)
BMI [median (range)] 27 (18-46)
Sex

Female 55 (48)

Male 59 (52)

CA19-9 [median (range)]
ECOG status

142 (1-187,000)

0 67 (59)
1 47 (41)
Resectability status by central review
Met protocol definition 97 (85)
Exceeded protocol definition 17 (15)
Vascular abutment/encasement 8 (7)
Metastatic adenopathy 2(2)
Tumor in pancreatic neck 44
Disease progression 1(1)
Other 2(2)
Pretreatment clinical stage (AJCC 6th edition)
1A 18 (16)
1B 49 (43)
2A 15 (13)
2B 23 (20)
Unknown 9 (8)

Data are expressed as n (%) unless otherwise specified

BMI body mass index, CA79-9 cancer antigen 19-9, ECOG Eastern
Cooperative Oncology Group, AJCC American Joint Committee on
Cancer

Perioperative outcomes were available for 86/92
patients. Grade 3+ AEs were reported in 50/86 patients
(58%) (Table 2). There were two deaths within 90 days of
surgery—one as a result of aspiration and one due to
myocardial ischemia. Pancreatic fistulae occurred in four
patients (5%).

Adjuvant Phase

Following PD, 68/83 patients (82%) commenced post-
operative therapy. The most common reason for G+E
discontinuation was AE/complication (15%). The median
dose percentage of adjuvant chemotherapy received was
99.5% for G and 100% E. In the adjuvant phase, 31/68
patients (46%) encountered grade 3+ AEs (Table 2). The
total number of patients experiencing grade 34+ AEs during
the entire study was 90/114 (79%). Of the entire study
cohort (n = 114), 54 patients (47%) completed all phases
of the protocol treatment.

Survival Data

OS 2 years following registration was 40% [46/114,
95% confidence interval (CI) 31-50] by intention-to-treat,
48% (44/92, 95% CI 37-39) for those who underwent
surgery, 52% (43/83, 95% CI 41-63) for those who were
resected, and 59% (32/54, 95% CI 45-72) for patients who
completed all protocol therapy. The median survival for
these categories was 21.3 (95% CI 17-26), 23.2 (95% CI
21-29), 25.4 (95% CI 22-30), and 27.3 (95% CI 23-40)
months, respectively (Fig. 2).

The median PFS was 10.8 months (95% CI 9-15) by
intention-to-treat, 12.0 months (95% CI 11-18) for those
who underwent surgery, 14.5 months (95% CI 11-19) for
resected patients, and 14.8 months (95% CI 11-24) for
those who completed all protocol therapy. Following
resection, 72 of the 83 resected patients (87%) had devel-
oped recurrent disease at the time of last follow-up
(Table 3).

Sensitivity Analysis

By retrospective central radiologic review, 97/114
patients (85%) met the protocol resectability criteria, and
17 had localized disease beyond protocol definitions. The
most common reason for exceeding protocol definition was
vascular abutment and/or encasement (8/17, 47%).

Sensitivity analysis was performed for the 97 patients
who met the retrospective central review definition of
resectable disease. Using this definition, 81 patients (84%)
proceeded to surgery, and seven were found to have
advanced disease at the time of surgery. PD was performed
in 74/97 patients (76%). Surgery was not performed in 16
patients following the neoadjuvant phase, most commonly
due to disease progression. The 2-year OS was 43%, with a
median OS of 21.8 months (95% CI 19-27) and PFS of
11.6 months (95% CI 10-26). The resection rate was 76%
(75/97), with RO and R1 rates of 81% (60/74) and 19% (14/
74), respectively.

In the 74 patients who met protocol-defined resectability
on retrospective central review and underwent PD with R0/
R1 intent (i.e. the defined evaluable population for analysis
of the primary endpoint), the 2-year OS for resected
patients was 54%, with a median OS of 25.9 months (95%
CI 22-31). Median PFS for this group was 14.5 months
(95% CI 11-19). The targeted 78 evaluable patients needed
to power the study was not met and thus no formal
hypothesis testing was performed.
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TABLE 2 AdYerse event§ p(.er Adverse event Grade 3 Grade 4 Grade 5
Common Terminology Crlterla [n (%)] [n (%)] [n (%)]
for Adverse Events version 3.0
(regardless of attribution) Preoperative gemcitabine + erlotinib [n = 114]
Overall Overall® 67 (58.8) 13 (11.4) 0 (0)
Hepatic ALT increased 18 (15.8) 2 (1.8) 0 (0)
AST increased 15 (13.2) 3 (2.6) 0 (0)
Surgery [n = 86]
Overall Overall® 49 (57.0) 10 (11.6) 2(2.3)°
Metabolic/laboratory Serum phosphate decreased 15 (17.4) 0 (0) 0 (0)
Pulmonary Aspiration 0 (0) 1(1.2) 1(1.2)
Cardiovascular Myocardial ischemia 0 (0) 1(1.2) 1(1.2)
Postoperative gemcitabine + erlotinib (n = 68)
Overall Overall® 28 (41.2) 7 (10.3) 0 (0)
Hematology Neutrophil count decreased 12 (17.6) 4 (5.9) 0 (0)
Leukocyte count decreased 7 (10.3) 0 (0) 0 (0)

ALT alanine aminotransferase, AST aspartate aminotransferase

“Number of patients who experienced at least one adverse event, grade 3, 4, or 5, within 30 days of
treatment or within each treatment phase. Overall rates of grade 3 and 4 adverse events during each phase
of treatment are shown for all individual events observed in more than 10% of treated patients. Individual
adverse event rates were calculated as the maximum severity during the preoperative, surgery, and post-
operative phases of treatment separately

One patient died at 22 days and the other died at 69 days post-surgery

DISCUSSION

Proponents of neoadjuvant treatment for PDAC point to
several possible benefits. For one, preoperative systemic
treatment may identify patients with early metastatic dis-
ease resistant to chemotherapy who are unlikely to benefit
from surgery. In addition, upfront systemic treatment can
ensure that a greater proportion of patients receive multi-
modal therapy compared with a surgery-first approach.
Currently, adjuvant chemotherapy following pancreatec-
tomy is received by fewer than 70% of patients.'>'® The
American Society of Clinical Oncology clinical practice
guideline for PDAC recommends neoadjuvant therapy as
an acceptable option.'’

Few neoadjuvant studies have been undertaken in
accurately staged patients with PDAC. Most studies have
included a heterogeneous population of resectable, bor-
derline, and/or locally advanced patients.***'" As such,
resectability status is not clear and outcomes are difficult to
translate to patients who could be managed with upfront
surgery. Interpretation is further complicated by the
changing definitions of surgical resectability. Use of vas-
cular reconstruction has increased, and thus patients
previously considered unresectable now undergo routine
resection. Despite the limitations of the data, most studies
with neoadjuvant therapy with or without the addition of
radiation report that treatment is tolerable. Analyses of

fluoropyrimidine and/or gemcitabine-based regimens
report a median OS of 21-27 months, with resectability
rates of up to 80%.”'*-18-21

Our study incorporated a clear definition of radiologic
resectability and a standardized approach to surgery. This
included a protocol description of the extent of retroperi-
toneal dissection required along the edge of the uncinate
process and lateral border of the superior mesenteric artery
with frozen section evaluation of surgical margins. This is
one of the few studies that prospectively addressed key
surgical quality issues within the study design. In addition,
this trial included central radiologic review, although
logistic constraints meant that imaging was retrospectively
interpreted. Our results highlight the difficulty in defining
resectability and emphasize the importance of central
review for resectability early in the study process. Lessons
learned from this study have since been incorporated in
successive cooperative studies. Another key strength of our
study was that it is one of the earliest multicenter trials of
neoadjuvant therapy for resectable PDAC to have been
undertaken by a cooperative group.

We report that G+E was a tolerable regimen, with
toxicity similar to other gemcitabine-based regimens
administered postoperatively.>** There did not appear to
be intra- or postoperative complications related to preop-
erative G+E. Postoperative adjuvant chemotherapy was
initiated in 82% of the 83 patients who completed surgery.
It is difficult to compare toxicity profiles between pre- and
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TABLE 3 Surgical details and outcomes

Outcome variable

n/N (%) or n (%)

Surgery performed
Surgical resection (PD)
Standard PD
Pylorus-sparing PD
Vein resection performed
SMV/PV patch
Segmental resection
Unresectable at surgery
Findings at surgery
Advanced disease identified
Procedures performed
Exploration £ biopsy
Single bypass procedure
Double bypass procedure
No surgery offered
Disease progression
Adverse events/medical issue
Patient declined surgery
Physician decision
Resection status (n = 114)
RO
R1

R2/unresected

Post-resection adjuvant therapy (n = 83)
Started postoperative adjuvant therapy

Completed all protocol therapy

92/114 (81)
83 (90)
48 (58)
35 (42)
30 (36)
11 (13)
19 (23)
9 (10)

9 (100)

5 (56)
2 (22)
2(22)
22/114 (19)
12 (55)
4 (18)
3 (14)
3 (14)

67 (59)
16 (14)
31 (27)

68 (82)
54 (65)

Reasons for discontinuation of adjuvant therapy (n = 83)

Adverse events/complications
Withdrew/refused
Other

Oncologic outcomes in resected patients (n = 83)

Relapsed/progressed/new primary

Sites of relapse/progression
Pancreas/local
Lung
Liver
Peritoneal/carcinomatosis
Metastatic adenopathy
Other

Response status (n = 114)

No review

Progressive disease

Partial response

Stable disease

10 (12)
1 (1)
34

72 (87)

24
20
16
9
10
5

7 (6)
11 (10)
6 (5)

90 (78)

PD pancreaticoduodenectomy, SMV superior mesenteric vein, PV

portal vein

postoperative therapy; previous studies with postoperative
therapy are prone to selection bias as they exclude patients
at higher risk of toxicity, such as those with early meta-
static disease, poor performance status, and surgical
complications that preclude chemotherapy. These are pre-
cisely the circumstances where neoadjuvant therapy may
prove optimal. Despite the theoretical advantages of
neoadjuvant therapy with surgery, only 54/114 patients
(47%) received all intended therapy. The ability to deliver
multiple treatments in series, particularly when one of the
intended treatments is a major operation, remains a con-
cern. Our results support the feasibility of a perioperative
strategy with a neoadjuvant phase; however, the role of
neoadjuvant therapy in the resectable group of PDAC
patients will require further trials to clarify.

There are several study limitations. Slow accrual led to
early study closure, and, as a result, formal hypothesis
testing for the primary endpoint was not possible. At the
time of study inception, the use of neoadjuvant
chemotherapy was novel in this group of patients, and the
logistics of accruing and completing therapy in this group
of patients was a challenge. In addition, as the study
evolved, the choice of G+E likely limited enthusiasm for
participation. G+E has only modest efficacy in the meta-
static setting, and during the study period G+E was
replaced by more efficacious metastatic regimens, includ-
ing  S-fluorouracil + irinotecan + oxaliplatin 4 leucov-
orin (FOLFIRINOX) and gemcitabine + nab-
paclitaxel.”*** The randomized phase III PRODIGE-24
trial found FOLFIRINOX to be significantly more effective
in the adjuvant setting than any prior regimen reported.”
Results are pending for the randomized, multicenter, phase
I APACT trial of gemcitabine/nab-paclitaxel versus
gemcitabine.”®

Another limitation included the lack of real-time central
review to confirm resectability status prior to study
enrollment. When central review of resectability was per-
formed retrospectively, 97/114 patients (85%) met the
protocol definitions. The most common reason for
exceeding resectability was tumor relationship to major
vascular structures and/or inclusion of pancreatic neck
tumors. However, sensitivity analysis of the 97 patients
who met the resectability criteria by central review
demonstrated similar PD rates as the entire cohort of 114
patients (73% vs. 76%). The 2-year OS for those who
underwent PD in the entire cohort was 52%, versus 54% in
central review-defined patients. It should be noted that our
study did not incorporate radiotherapy, yet outcomes are
reasonable. The role of radiotherapy for these patients
remains to be defined.

Interest in neoadjuvant strategies for PDAC is increas-
ing. Current NCI National Clinical Trials Network trials in
this area have accrued briskly. Alliance is currently
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FIG. 2 Overall survival for
a eligible and treated patients
(n = 114); b patients who
underwent surgery (n = 92);
and ¢ patients who completed
all protocol therapy (n = 54).
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undertaking a study with neoadjuvant mFOLFIRINOX +
hypofractionated radiation (A021501) in the borderline
setting,”’ and has a phase III protocol of neoadjuvant
versus adjuvant mFOLFIRINOX for patients with
resectable PDAC in development.

CONCLUSIONS

Our results demonstrate the safety and feasibility of
preoperative therapy with G+E in patients with upfront
resectable PDAC. It is possible that this approach avoided a
non-therapeutic PD in 27% of patients; however, it is
unknown whether earlier surgical intervention could have
been beneficial in this subset. Now that more active sys-
temic regimens are available, this question can be
addressed in future randomized trials of neoadjuvant versus
adjuvant therapy to confirm the value of a neoadjuvant
approach.
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