
Copyright 2016 American Medical Association. All rights reserved.

Preoperative Modified FOLFIRINOX Treatment
Followed by Capecitabine-Based Chemoradiation
for Borderline Resectable Pancreatic Cancer
Alliance for Clinical Trials in Oncology Trial A021101
Matthew H. G. Katz, MD; Qian Shi, PhD; Syed A. Ahmad, MD; Joseph M. Herman, MD; Robert de W. Marsh, MD; Eric Collisson, MD;
Lawrence Schwartz, MD; Wendy Frankel, MD; Robert Martin, MD; William Conway, MD; Mark Truty, MD; Hedy Kindler, MD;
Andrew M. Lowy, MD; Tanios Bekaii-Saab, MD; Philip Philip, MD, PhD; Mark Talamonti, MD; Dana Cardin, MD;
Noelle LoConte, MD; Perry Shen, MD; John P. Hoffman, MD; Alan P. Venook, MD

IMPORTANCE Although consensus statements support the preoperative treatment of
borderline resectable pancreatic cancer, no prospective, quality-controlled, multicenter
studies of this strategy have been conducted. Existing studies are retrospective and
confounded by heterogeneity in patients studied, therapeutic algorithms used, and
outcomes reported.

OBJECTIVE To determine the feasibility of conducting studies of multimodality therapy for
borderline resectable pancreatic cancer in the cooperative group setting.

DESIGN, SETTING, AND PARTICIPANTS A prospective, multicenter, single-arm trial of a
multimodality treatment regimen administered within a study framework using centralized
quality control with the cooperation of 14 member institutions of the National Clinical Trials
Network. Twenty-nine patients with biopsy-confirmed pancreatic cancer preregistered, and
23 patients with tumors who met centrally reviewed radiographic criteria registered.
Twenty-two patients initiated therapy (median age, 64 years [range, 50-76 years]; 55%
female). Patients registered between May 29, 2013, and February 7, 2014.

INTERVENTIONS Patients received modified FOLFIRINOX treatment (85 mg/m2 of oxaliplatin,
180 mg/m2 of irinotecan hydrochloride, 400 mg/m2 of leucovorin calcium, and then
2400 mg/m2 of 5-fluorouracil for 4 cycles) followed by 5.5 weeks of external-beam radiation
(50.4 Gy delivered in 28 daily fractions) with capecitabine (825 mg/m2 orally twice daily)
prior to pancreatectomy.

MAIN OUTCOMES AND MEASURES Feasibility, defined by the accrual rate, the safety of the
preoperative regimen, and the pancreatectomy rate.

RESULTS The accrual rate of 2.6 patients per month was superior to the anticipated rate.
Although 14 of the 22 patients (64% [95% CI, 41%-83%]) had grade 3 or higher adverse
events, 15 of the 22 patients (68% [95% CI, 49%-88%]) underwent pancreatectomy. Of
these 15 patients, 12 (80%) required vascular resection, 14 (93%) had microscopically
negative margins, 5 (33%) had specimens that had less than 5% residual cancer cells, and
2 (13%) had specimens that had pathologic complete responses. The median overall survival
of all patients was 21.7 months (95% CI, 15.7 to not reached) from registration.

CONCLUSIONS AND RELEVANCE The successful completion of this collaborative study
demonstrates the feasibility of conducting quality-controlled trials for this disease stage in the
multi-institutional setting. The data generated by this study and the logistical elements that
facilitated the trial’s completion are currently being used to develop cooperative group trials
with the goal of improving outcomes for this subset of patients.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01821612

JAMA Surg. 2016;151(8):e161137. doi:10.1001/jamasurg.2016.1137
Published online June 8, 2016.

Invited Commentary at
jamasurgery.com

Author Audio Interview at
jamasurgery.com

Supplemental content at
jamasurgery.com

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Matthew H.
G. Katz, MD, Department of Surgical
Oncology, Unit 1484, University of
Texas MD Anderson Cancer Center,
PO Box 301402, Houston, TX 77030-
1402 (mhgkatz@mdanderson.org).

Research

JAMA Surgery | Original Investigation

(Reprinted) 1/8

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archsurg.jamanetwork.com/ by a Johns Hopkins University User  on 09/30/2016

http://clinicaltrials.gov/show/NCT01821612
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2016.1137&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.1137
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2016.1150&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.1137
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.1137
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2016.1137&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.1137
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.1137
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2016.1137&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.1137
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.1137
mailto:mhgkatz@mdanderson.org


Copyright 2016 American Medical Association. All rights reserved.

B orderline resectable pancreatic ductal adenocarcino-
mas (PDACs) approximate major mesenteric blood ves-
sels. Although radiographically localized, they are of-

ten associated with subclinical metastases.1 Following
resection, cancer is found at the margins in 36% to 64% of cases,
and the median duration of survival is shorter than 14 months,
even when concomitant vascular resection is performed.2,3 Pre-
operative chemotherapy and chemoradiation are therefore of-
ten recommended in an attempt to eradicate occult systemic
disease, facilitate margin-negative (R0) resection, maximize
overall survival, and spare patients with evolving metastases
otherwise futile surgery.4,5

Unfortunately, no high-level data support this practice.
Furthermore, it has been historically difficult to conduct high-
quality studies of preoperative therapy for patients with ad-
vanced PDAC; the only prospective, multi-institutional trial to
evaluate this approach, the Eastern Cooperative Group Trial
1200, accrued poorly and closed prematurely.6 Treatment
guidelines are therefore based on small, retrospective series
confounded by heterogeneity in staging criteria, in the met-
rics used to characterize response to therapy, and in the cri-
teria used to determine the role of pancreatectomy that, to-
gether, have led to an imperfect understanding of the role of
preoperative therapy for patients with advanced PDAC.7,8 The
reported ability of conventional cytotoxic regimens to “down-
stage” advanced cancers to resectable ones likely represents
one direct artifact of this heterogeneity.9,10

Recognizing the importance and absence of prospective
data in this setting, the Alliance for Clinical Trials in Oncol-
ogy, collaborating with the Southwest Oncology Group, NRG
Oncology, and the Eastern Cooperative Oncology Group–
American College of Radiology Imaging Network, sought to ini-
tiate quality-controlled, cooperative group trials of preopera-
tive therapy for patients with borderline resectable PDAC.
However, given the historical context, the National Cancer In-
stitute (NCI) mandated this initial pilot study to demonstrate
feasibility and to provide prospective outcomes data with
which to inform subsequent trials.

Methods
Eligibility
This study was available to selected Alliance for Clinical Trials in
Oncology, Southwest Oncology Group, NRG Oncology, and East-
ern Cooperative Oncology Group–American College of Radiology
Imaging Network institutions that performed at least 20 pancre-
atectomies yearly and had experience with vascular resections
(Study Protocol in Supplement 1). Registration was accomplished
in 2 phases. Eligibility criteria were confirmed during a prereg-
istrationphaseandincludedbeing18yearsofageorolder,anEast-
ern Cooperative Oncology Group performance status of 0 or 1,
proof of adenocarcinoma of the pancreatic head, no remote
lymphadenopathyordistantmetastases,andacomputedtomog-
raphy (CT) or magnetic resonance imaging (MRI) study of the ab-
domen using a pancreatic protocol and CT or MRI of the chest
demonstrating a primary tumor characterized by 1 or more of the
following relationships (intergroup criteria7): (1) a tumor-vessel

interface (TVI) with the superior mesenteric vein (SMV) or por-
talvein(PV)measuring180°ormoreofthecircumferenceofeither
vein’s wall, or short-segment occlusion of either vein with a nor-
mal vein above and below the obstruction amenable to recon-
struction; (2) any TVI with the common hepatic artery (CHA) with
a normal artery proximal and distal to the TVI amenable to recon-
struction; and (3) a TVI with the superior mesenteric artery (SMA)
measuring less than 180° of the circumference of the vessel wall.

Tumors with an interface with the SMV and PV measuring
less than 180° and without an interface with either the CHA or
the SMA—considered borderline resectable by other guidelines—
were considered resectable.11 A TVI with the SMV, PV, or CHA but
without a normal vessel proximal and distal to the interface to
allowreconstruction,aTVIwiththeSMAmeasuring180°ormore
of that vessel’s circumference, and a TVI with the aorta were con-
sidered to represent locally advanced disease. Patients with re-
sectable or locally advanced cancers were ineligible.

Finalregistrationrequiredconfirmationofdiseasestagewith
central review of all radiologic images and multidisciplinary
evaluation of the patient by a medical oncologist, radiation on-
cologist, and surgeon. Additional criteria included a granulocyte
level of 2000/μL or greater, a hemoglobin level of greater than
9 g/dL [to convert to grams per liter, multiply by 10.0], a plate-
let count of 100 × 103/μL or greater [to convert to ×109 per liter,
multiply by 1.0], an albumin level of greater than 3.0 g/dL [to con-
vert to grams per liter, multiply by 10], a creatinine level 1.5 times
or less than the upper limit of normal, aspartate transaminase
and alanine transaminase levels 2.5 times or less than the upper
limit of normal, and a bilirubin level of 2 mg/dL or less [to con-
vert to micromoles per liter, multiply by 17.104]. Exclusion cri-
teria included a peripheral neuropathy grade of 2 or higher, prior
therapy for PDAC, Gilbert syndrome or homozygosity for
UGT1A1*2, and any active second malignant tumor.

All patients provided written informed consent. The in-
stitutional review board at each participating institution
approved the trial.

Treatment Plan
Preoperative Treatment
Modified FOLFIRINOX (85 mg/m2 of oxaliplatin, 180 mg/m2 of
irinotecan hydrochloride, 400 mg/m2 of leucovorin calcium, and

Key Points
Question Can studies of preoperative therapy for patients with
advanced pancreatic cancer be conducted within the cooperative
group setting?

Findings In this prospective, single-arm feasibility trial of
modified FOLFIRINOX treatment and chemoradiation prior to
pancreatectomy, 14 participating centers accrued patients ahead
of schedule, preoperative toxicity did not preclude surgery, and
68% of patients underwent pancreatectomy.

Meaning A multidisciplinary regimen of quality-controlled care
can be administered to patients with pancreatic cancer within the
cooperative group setting. The design elements of this trial, and
the prospective data that it has generated, will be used in
forthcoming investigations of therapeutic regimens for
advanced disease.
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then 2400 mg/m2 of 5-fluorouracil for 4 cycles) was administered
intravenouslyfor4cycles.Allpatientsreceivedsubcutaneouspeg-
filgrastim with each cycle. Following completion of the modified
FOLFIRINOX treatment, the patients’ tumors were restaged by
use of CT or MRI, and those patients without evidence of metas-
tases who had maintained a performance status of 0 or 1 under-
went external-beam radiation therapy (50.4 Gy total; 28 fractions
at 1.8 Gy/fraction) for 5.5 weeks concurrently with capecitabine
(825 mg/m2 orally twice daily). Either a 3-dimensional conformal
orintensity-modulatedtechniquewasused.Thegrosstumorvol-
ume included the primary tumor and any regional adenopathy
seen on baseline images that was more than 10 mm in size. The
clinical target volume included the gross target volume plus a
10-mm expansion. The minimum dose within the planning
target volume (clinical target volume plus 20-mm cranial/caudal
and 10-mm radial expansions) was mandated not to fall below or
exceed 97% and 110%, respectively, of the prescribed dose. Each
dosimetric plan was centrally reviewed prior to treatment.

Surgical Resection
Following chemoradiation, the patients’ tumors were re-
staged by use of CT or MRI, and those patients without lo-

cally advanced or metastatic disease determined based on im-
mediate central radiologic review and who had a performance
status of 0 or 1 were required to undergo surgery within 4 to
10 weeks. The following surgical procedures were mandated:
(1) skeletonization of the right lateral aspect of the SMA12;
(2) venous and/or hepatic arterial resection when necessary to
achieve negative margins; and (3) evaluation of the histopatho-
logic status of the pancreatic and bile duct margins intraop-
eratively, with re-resection when appropriate.

Postoperative Treatment
Patients with a performance status of 0 or 1 and without evi-
dence of residual or recurrent disease on CT or MRI scans were
considered for 2 cycles of postoperative gemcitabine hydro-
chloride (1000 mg/m2 intravenously on days 1, 8, and 15 ev-
ery 28 days).

Assessment
Radiologic response and progression were evaluated using the
Response Evaluation Criteria in Solid Tumors version 1.1
guidelines.13 Analysis of the surgical specimen was per-
formed following recommendations of the American Joint

Figure 1. CONSORT Diagram Including All 29 Patients Who Preregistered
for the Trial

2 Had tumors staged as resectable following
central review of radiologic images

2 Had tumors staged as locally advanced
following central review of radiologic images

2 Withdrew consent

3 With progression of disease with
metastases determined by RECIST

2 Surgery aborted owing to suspicion of
metastatic disease

1 Withdrew consent

1 With progression of disease with
metastases determined by RECIST

1 Withdrew consent

3 Had adverse events

29 Patients preregistered

23 Registered

1 Withdrew consent

1 With progression of disease with
metastases determined by RECISTa

21 Initiated chemoradiation

15 Underwent pancreatectomy

10 Received gemcitabine

9 Completed all protocol
treatmentb

22 Initiated mFOLFIRINOX
treatment

mFOLFIRINOX indicates modified treatment with 85 mg/m2 of oxaliplatin,
180 mg/m2 of irinotecan hydrochloride, 400 mg/m2 of leucovorin calcium, and
then 2400 mg/m2 of 5-fluorouracil for 4 cycles; RECIST, Response Evaluation
Criteria in Solid Tumors.
a An additional patient had progression of disease determined by RECIST owing

to isolated progression after mFOLFIRINOX treatment but, per protocol,
proceeded to chemoradiation.

b Treatment was halted for 1 patient after first cycle of postoperative
chemotherapy.

Table 1. Demographic and Clinical/Radiologic Characteristics
of 22 Patients at Study Entry

Characteristic Patients, No. (%)
Age, median (range), y 64 (50-76)

Sex

Male 10 (45)

Female 12 (55)

Race

White 21 (95)

Black 1 (5)

ECOG performance status

0 14 (64)

1 8 (36)

Serum CA 19-9, median (range), U/mL 122 (0-910)

Tumor diameter, median (range), mm 30 (16-49)

Radiographic tumor-vessel interfacea

Vein onlyb 6 (27)

<180° 0 (0)

≥180° 6 (27)

Artery onlyc 3 (14)

<180° 3 (14)

≥180° 0 (0)

Artery and veinb,c 13 (59)

Artery <180°, vein <180° 6 (27)

Artery <180°, vein ≥180° 6 (27)

Arteryd ≥180°, vein <180° 1 (5)

Abbreviations: ECOG, Eastern Cooperative Oncology Group;
CA 19-9, carbohydrate antigen.
a On central review, all vessels were patent, and no patient had a radiologic

interface between the tumor and 180° or more of the superior mesenteric
artery.

b Portal vein and/or superior mesenteric vein.
c Superior mesenteric artery, hepatic artery, or celiac trunk.
d Common hepatic artery.
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Committee on Cancer (7th edition) and the College of Ameri-
can Pathologists guidelines.14,15 Histopathologic response was
centrally reviewed and characterized as grade I if there were
less than 5% cancer cells or grade II if there were 5% or more
cancer cells in the surgical specimen.16 Histopathologic com-
plete response was defined as the absence of cancer cells in
the specimen; in such cases, the pretreatment biopsy was cen-
trally re-reviewed. Resection status was characterized as R0,
R1 (microscopic tumor at any margin), or R2 (macroscopi-
cally incomplete resection).

Adverse events were graded using the Common Termi-
nology Criteria for Adverse Events version 4.0.17 Adverse events
were recorded from enrollment to 30 days following the end
of therapy.

Patients were followed up every 4 months after treat-
ment. All visits included a history and physical examination,
laboratory studies, and CT or MRI of the chest and abdomen.
The appearance of any lesion with characteristics of local re-
lapse or metastatic disease was considered recurrence.

Statistical Analysis
As mandated by the NCI, the primary objective was to demon-
strate the feasibility of conducting cooperative group trials that
use complex multidisciplinary treatment algorithms for patients
with borderline resectable PDAC. The primary end points were
(1) the accrual rate, targeted for at least 2 patients per month;
(2) the safety and tolerability of the preoperative regimen, de-
termined by the rate of grade 3 or higher treatment-related ad-
verse events and the proportion of patients with more than
4 weeks’ treatment delay; and (3) the rate of completion of all pre-
operative and operative therapy, determined by the R0/R1 resec-
tion rate. At the behest of the NCI, the planned sample size was
20 patients, which would provide 82% power to detect an exces-
sive toxicity rate of 70% (compared with 50%, which was con-
sidered reasonable in this setting) at a 1-sided significance level
of 0.15. This sample size would also provide 75% power to de-
tect an unacceptably low R0/R1 resection rate of 20% (compared
with 40%, which was considered reasonable in this setting) at
a 1-sided significance level of 0.08. Secondary end points in-
cluded radiologic response rate (complete or partial response per
the Response Evaluation Criteria in Solid Tumors), histopatho-
logic response rate (complete or partial response per histopatho-
logic examination), times to locoregional and distant recurrence,
progression-free survival, and overall survival.

Point estimates and confidence intervals were computed for
binary end points. The Fisher exact test was use to compare bi-
naryendpointsbetweensubgroups.18 TheKaplan-Meiermethod
was used to estimate the distributions of time-to-event end
points.19 For overall survival analyses, the registration date was
the start date of the time-to-event end points. For progression-
free survival analyses based on treated patients (n = 22), the reg-
istration date was the start date of the time-to-event end points,
and for analyses based on resected patients (n = 15), the surgery
date was the start date. The log-rank test was used to compare
time-to-eventendpointsbetweensubgroups.Datacollectionand
statistical analyses were conducted by the Alliance Statistics and
Data Center. Data quality was ensured by review of data by the
Alliance Statistics and Data Center and by the study chairperson
following Alliance policies. All analyses were based on the study
database frozen on February 16, 2016. All analyses were con-
ducted using SAS version 9 (SAS Institute Inc).

Results
Patients and Accrual
Fourteen institutions participated. Twenty-nine patients from
the 14 institutions (range, 1-3 patients per site) preregistered,

Table 2. Grading of Adverse Events per Common Terminology Criteria
for Adverse Events Version 4.0 (Regardless of Attribution)
During Treatmenta

Adverse Eventb

Patients, No. (%)

Grade 3 Grade 4
Preoperative mFOLFIRINOX (n = 22)

Overall 11 (50) 1 (5)

Diarrhea 3 (14) 0 (0)

Neutropenia 2 (9) 1 (5)

Lymphopenia 0 (0) 1 (5)

Dehydration 4 (18) 0 (0)

Hypokalemia 3 (14) 0 (0)

Thromboembolism 3 (14) 0 (0)

Preoperative chemoradiation (n = 21)

Overall 9 (43) 0 (0)

Lymphopenia 3 (14) 0 (0)

Pancreatectomyc (n = 15)

Overall 8 (53) 5 (33)

Anemia 5 (33) 0 (0)

Infection 3 (20) 1 (7)

Hemorrhage 2 (13) 0 (0)

ALT increased 0 (0) 1 (7)

AST increased 0 (0) 1 (7)

Thrombocytopenia 0 (0) 1 (7)

Hypoalbuminemia 0 (0) 1 (7)

Anorexia 2 (13) 0 (0)

Acute kidney injury 0 (0) 1 (7)

Atelectasis 0 (0) 1 (7)

Pleural effusion 0 (0) 1 (7)

Pulmonary edema 0 (0) 1 (7)

Respiratory failure 0 (0) 1 (7)

Postoperative gemcitabine (n = 10)

Overall 5 (50) 1 (10)

Anemia 0 (0) 1 (10)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase;
mFOLFIRINOX, modified treatment with 85 mg/m2 of oxaliplatin, 180 mg/m2 of
irinotecan hydrochloride, 400 mg/m2 of leucovorin calcium, and then 2400
mg/m2 of 5-fluorouracil for 4 cycles, concurrent with capecitabine and radiation
therapy.
a Overall rates of grade 3 and grade 4 adverse events during each phase of

treatment, all individual grade 4 events, and individual grade 3 events
observed in more than 10% of treated patients.

b Calculated as the maximum severity during induction of mFOLFIRINOX,
preoperative chemoradiation, pancreatectomy (within 30 postoperative
days), and postoperative gemcitabine treatments, separately.

c One patient died within 90 days of pancreatectomy.
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and 23 patients from 13 institutions (range, 1-3 patients per site)
registered between May 29, 2013, and February 7, 2014. The
accrual rate of 2.6 patients per month was superior to the an-
ticipated rate of 2 patients per month. Figure 1 details all 29
preregistered patients throughout the study. Four preregis-
tered patients were excluded following central radiologic re-
view; 2 additional patients withdrew consent prior to regis-
tration. The baseline characteristics of the 22 patients who
initiated therapy are summarized in Table 1.

Preoperative Therapy
Of 22 patients, 14 (64% [95% CI, 41%-83%]) experienced at least
1 grade 3 or higher adverse event that was deemed at least pos-
sibly related to preoperative therapy. Grade 3 and higher ad-
verse events that occurred during therapy, regardless of attri-
bution, are listed in Table 2. No deaths occurred in association
with preoperative therapy.

Ten patients (45%) experienced a treatment delay (me-
dian delay, 1 week [range, 0.6-3.9 weeks]), and 9 patients (41%)
required a dose reduction during modified FOLFIRINOX treat-
ment. During chemoradiation, 1 patient experienced a treat-
ment delay, 1 patient required a dose reduction of ca-
pecitabine, and 5 patients required interruptions of their
radiation treatment. No patient experienced a treatment de-
lay longer than 4 weeks during preoperative therapy.

A radiologic response to preoperative therapy was ob-
served in 6 patients (27% [95% CI, 7%-46%]). There were 2
complete responses, both of which were observed following
modified FOLFIRINOX treatment, and 4 partial responses, 2
of which were observed following modified FOLFIRINOX treat-
ment and 2 of which were observed in response to chemora-
diation. Five patients had progressive disease during preop-
erative therapy: 1 each with local progression and metastases
following modified FOLFIRINOX treatment and 3 with metas-
tases following chemoradiation.

Pancreatectomy
Fifteen patients (68% [95% CI, 49%-88%]) completed their
preoperative therapy and underwent a pancreatoduodenec-
tomy (n = 14) or a total pancreatectomy (n = 1). The median du-
ration from completion of chemoradiation to pancreatec-
tomy was 6.3 weeks (range, 4.1-11.1 weeks). Of these 15 patients,
11 (73%) required resection and reconstruction of the PV and/or
SMV, and 1 (7%) required resection and reconstruction of both
the PV and/or SMV and the CHA.

Fourteen of 15 patients (93%; 64% of the 22 patients who
initiated therapy) underwent an R0 resection, and 1 of 15 pa-
tients (7%) underwent an R1 resection. Two patients who un-
derwent an R0 resection had tumor cells at or within 1 mm of
the inked SMA margin. The pathologic stage of resected speci-
mens was ypT0N0 (2 patients), ypT1N0 (3 patients), ypT2N0
(1 patient), ypT3N0 (4 patients), ypT1N1 (1 patient), ypT2N1
(1 patient), ypT3N1 (2 patients), or ypT2N1M1 (1 patient, in
whom a liver lesion was interpreted as benign based on intra-
operative assessment but malignant based on final pathol-
ogy). Five of 15 resected specimens (33%) had less than 5% vi-
able cancer cells; 2 of 15 resected specimens (13%) had a
pathologic complete response to preoperative therapy.

One or more grade 3 or higher adverse events, regardless
of attribution, occurred in 8 patients (53%) within 30 days of
a pancreatectomy (Table 2). One patient died following mul-
tiple adverse events within 90 days of surgery.

Postoperative Therapy
Ten patients initiated treatment with gemcitabine, and 9 patients
completed it. Five of the 10 patients (50%) experienced at least
1 grade 3 adverse event during postoperative therapy (Table 2).

Disease Progression/Recurrence and Survival
Table 3 summarizes the time-to-event end points. The me-
dian overall survival of all 22 patients was 21.7 months (95%

Table 3. Summary of Survival and Disease Progression/Recurrence End Points

End Pointa Event
No. of
Patients

No. of
Events

Event-Free Survival
Rate (95% CI)

At 12 mo At 18 mo
Overall survival

All patients Death from any cause 22 14 0.77
(0.62-0.97)

0.55
(0.37-0.80)

Resected patients Death from any cause 15 8 0.73
(0.54-1.00)

0.43
(0.21-0.86)

Progression-free survival

All patients Progression during preoperative
treatment, recurrence after surgery,
or death from any cause

22 15 0.59
(0.42-0.84)

0.41
(0.25-0.68)

Resected patients Progression during preoperative
treatment, recurrence after surgery,
or death from any cause

15 8 0.53
(0.33-0.86)

0.40
(0.19-0.84)

Freedom from distant
recurrence

Resected patients Distant recurrence after resection 15 4 0.67
(0.45-1.00)

0.67
(0.45-1.00)

Freedom from
locoregional
recurrence

Resected patients Locoregional recurrence after
resection

15 2 0.90
(0.73-1.00)

0.60
(0.26-1.00)

a In this table, for analyses based on
all treated patients (n = 22), the
registration date was the start date
of the time-to-event end points; for
analyses based on resected patients
only (n = 15), the surgery date was
the start date of the time-to-event
end points.
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CI, 15.7 to not reached) from registration (Figure 2A). Patients
who underwent a pancreatectomy had a longer overall sur-
vival than patients who did not (18-month overall survival rate
of 67% vs 43%; hazard ratio, 0.13 [95% CI, 0.03-0.48]; P = .001)

(Figure 2B). Patients who underwent a pancreatectomy and had
less than 5% cancer cells in their surgical specimen had a lon-
ger overall survival than patients who underwent a pancre-
atectomy and had 5% or more cancer cells (median overall sur-
vival not evaluable vs 21.7 months [95% CI, 15.9-25.2 months];
P = .01) (Figure 2C).

Discussion
This collaborative study met all of its primary end points: the
14 participating centers from all National Clinical Trials Net-
work cooperative groups accrued patients ahead of schedule,
the preoperative regimen was associated with manageable tox-
icity that did not preclude surgery, and 68% of patients un-
derwent a pancreatectomy as planned. We have therefore dem-
onstrated that a multidisciplinary regimen of coordinated,
quality-controlled care can be administered to patients with
borderline resectable PDAC in the context of a cooperative
group trial. The quality-control mechanisms implemented in
this trial, and the prospective data that it has generated, will
be used in forthcoming intergroup investigations of novel
therapeutic regimens for advanced PDAC.

Variability in both disease staging and treatment has rep-
resented barriers to the interpretation of retrospective stud-
ies of preoperative therapy for patients with advanced PDAC,
and to the conduct of prospective clinical trials of this
strategy.7,20 Several mechanistic elements of this study de-
signed to minimize such heterogeneity are therefore worth em-
phasis. First, the criteria that we developed to define eligibil-
ity for this trial, and which have subsequently been endorsed
by the National Comprehensive Cancer Network for use in all
future prospective trials, are based on a reproducible, radio-
graphic measurement of the circumferential interface be-
tween the tumor and each major mesenteric vessel.5,21 The defi-
nition avoids the ambiguity inherent in terms such as abutment,
deformity, or involvement that were adopted in previously re-
ported staging schemes, that may lead to inconsistent stag-
ing of disease, and that may contribute to an overestimation
of the cytotoxic effects of preoperative therapy.10

Second, we used a unique, 2-phase accrual procedure for
this trial. Patients were preregistered on the basis of imaging
suggestive of borderline resectable disease and the expected
ability to tolerate therapy, but final registration required con-
firmation of disease stage by a central radiologist and evalu-
ation by the treating surgeon, medical oncologist, and radia-
tion oncologist. This process ensured that there was a
homogeneous study population and that the entire multidis-
ciplinary team achieved consensus on the treatment plan.

Third, a strict effort was made to prospectively standard-
ize the performance and quality of all therapeutic modalities.
Radiation plans were centrally reviewed prior to initiation of
therapy. Surgical quality assurance was achieved through the
selection of centers with experience in the management of pan-
creatic tumors that involve the mesenteric vasculature. Fur-
thermore, both the indications for surgery following the ad-
ministration of preoperative therapy and the technical
approach to the dissection were mandated to minimize sur-

Figure 2. Kaplan-Meier Survival Curves
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gical variables that might influence outcomes.22 Central re-
view of pathology specimens was also emphasized.

The multimodality treatment regimen administered in this
trial leveragedtheoreticalbenefitsassociatedwithchemotherapy
(antitumor activity on micrometastatic disease), chemoradiation
(sterilization of margins), and time (selection) prior to pancre-
atectomy and is consistent with existing guidelines.4,5 However,
because neither the value of these therapeutic components nor
their optimum durations have been established, we used a ba-
sic regimen for this study that was perceived as generalizable and
that would represent a foundation on which future regimens
could be built. We used FOLFIRINOX based on its systemic ac-
tivity but limited its duration to 4 cycles given concerns that its
toxicitiesmightprohibitthesubsequentoperationviewedasnec-
essary for cure23; gemcitabine was administered postoperatively
given the perception—based on data extrapolated from the post-
operative setting—that all patients must receive 6 perioperative
months of chemotherapy.24 Alliance for Clinical Trials in Oncol-
ogy Trial A021501, a randomized phase 2 study that has been ap-
proved by the NCI for activation in 2016 and that uses many of
thedesignelementsdescribedherein,willprovidealongercourse
of chemotherapy and will evaluate the role of preoperative ra-
diation by randomizing patients to either 8 cycles of modified
FOLFIRINOX or 7 cycles of modified FOLFIRINOX followed
by radiation.

The findings of microscopically negative margins and less
than 5% residual cancer cells in 93% and 33% of resected speci-
mens, respectively, suggest the cytotoxic activity of the pre-
operative regimen, even though a radiographic partial or com-
plete response, was observed in only 27% of treated patients.

Furthermore, 80% of resected patients still required vascular
resection. The apparent discrepancies between a tumor’s ap-
parent response to therapy and the change in its size and ana-
tomic extent are consistent with the findings of previous ret-
rospective studies that described significant “downstaging” of
PDAC as rare.10,25 Surgeons must anticipate the need for vas-
cular resection and reconstruction during a pancreatectomy
for all patients with advanced cancers, even following the ad-
ministration of “aggressive” preoperative regimens.21

Finally, the 21.7-month median duration of survival of all
patients in this trial is remarkable given that the median over-
all survival of highly selected patients with resected PDAC who
received postoperative chemotherapy in randomized phase 3
trials was under 24 months.24,26,27 This figure is consistent with
data from retrospective, single-center reports of patients with
advanced PDAC who were pretreated with FOLFIRINOX (eTable
in the Supplement 2).28-33 However, these data must be taken
in the context of this small, single-arm trial designed to meet
feasibility, not survival, end points.

Conclusions
In conclusion, this study is the first successful cooperative
group trial to evaluate patients with borderline resectable
PDAC. The accrual rate exceeded the goal rate, toxicities were
manageable, and 68% of patients underwent a pancreatec-
tomy. The data generated by this study and the logistic ele-
ments inherent in its design are being used in forthcoming
cooperative group trials.
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