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IMPORTANCE Patients with borderline-resectable pancreatic ductal adenocarcinoma have

historically poor outcomes with surgery followed by adjuvant chemotherapy. Evaluation of a

total neoadjuvant approach with highly active therapy is warranted.

OBJECTIVE To evaluate themargin-negative (R0) resection rate in borderline-resectable

pancreatic ductal adenocarcinoma after neoadjuvant FOLFIRINOX (fluorouracil, irinotecan,

and oxaliplatin) therapy and individualized chemoradiotherapy.

DESIGN, SETTING, AND PARTICIPANTS A single-arm, phase 2 clinical trial was conducted at a

large academic hospital with expertise in pancreatic surgery from August 3, 2012, through

August 31, 2016, among 48 patients with newly diagnosed, previously untreated, localized

pancreatic cancer determined to be borderline resectable bymultidisciplinary review, who

had Eastern Cooperative Oncology Group performance status 0 or 1 and adequate

hematologic, renal, and hepatic function. Median follow-up for the analysis was 18.0months

among the 30 patients still alive at study completion.

INTERVENTIONS Patients received FOLFIRINOX for 8 cycles. Upon restaging, patients with

resolution of vascular involvement received short-course chemoradiotherapy (5 Gy × 5 with

protons) with capecitabine. Patients with persistent vascular involvement received

long-course chemoradiotherapy with fluorouracil or capecitabine.

MAIN OUTCOMES ANDMEASURES The primary outcomewas R0 resection rate; secondary

outcomes weremedian progression-free survival (PFS) andmedian overall survival (OS).

RESULTS Of the 48 eligible patients, 27 were men and 21 were women, with a median age of

62 years (range, 46-74 years). Of the 43 patients who planned to receive 8 preoperative

cycles of chemotherapy, 34 (79%) were able to complete all cycles. Twenty-seven patients

(56%) had short-course chemoradiotherapy, while 17 patients (35%) had long-course

chemoradiotherapy. R0 resection was achieved in 31 of the 48 eligible patients (65%; 95% CI,

49%-78%). Among the 32 patients who underwent resection, the R0 resection rate was 97%

(n = 31). Median PFS among all eligible patients was 14.7 months (95% CI, 10.5 to not

reached), with 2-year PFS of 43%;median OS was 37.7 months (95% CI, 19.4 to not reached),

with 2-year OS of 56%. Among patients who underwent resection, median PFS was 48.6

months (95% CI, 14.4 to not reached) andmedian OS has not been reached, with a 2-year PFS

of 55% and a 2-year OS of 72%.

CONCLUSIONS AND RELEVANCE Preoperative FOLFIRINOX followed by individualized

chemoradiotherapy in borderline resectable pancreatic cancer results in high rates of R0

resection and prolongedmedian PFS andmedian OS, supporting ongoing phase 3 trials.
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P
ancreatic cancer is a lethal malignant neoplasm, and

surgical resection represents the only path to cure.

Historically, localized disease has been classified as

resectable (no radiographic vascular involvement) or locally

advanced (unresectable,witharterial ormajorvenous involve-

ment). More recently, the term borderline resectable has been

used todescribe tumorswithpotential resectability, but some

degreeof vascular involvement thatmay jeopardize amargin-

negative (R0) resection.1 In an attempt to standardize this

category of tumor, the National Comprehensive Cancer Net-

work established a definition of borderline resectable dis-

ease, characterizedby reconstructable venous involvementof

the superior mesenteric vein or portal vein, along with abut-

ment but not encasement of arterial structures or removable

retroperitoneal structures.2

Themanagement of borderline resectable pancreatic can-

cer has been heterogeneous and based on retrospective se-

ries. Historically, chemoradiotherapy had been used to re-

duce the risk of a positive margin, local recurrence, and

metastatic progression. In a retrospective series, of 160 pa-

tients who underwent neoadjuvant chemoradiotherapy for

borderline resectable pancreatic cancer, 62 patients (39%)

achievedanR0 resection.3 In a reviewofneoadjuvant therapy

for locally advanced and borderline resectable disease at our

institution, 29% of patients achieved an R0 resection.4

Borderline resectable disease has not historically been

treated with intensive neoadjuvant chemotherapy. The

FOLFIRINOX regimen (fluorouracil, irinotecan, and oxalipla-

tin) was introduced in 2011 after a randomized trial compar-

ing itwithgemcitabine inpatientswith stage IVdisease. In ad-

dition to improving median survival, FOLFIRINOX had a

significantly improved objective response rate.5 Its improved

efficacy gave rise to questions of its potential utility in local-

ized disease.

The use of radiotherapy remains controversial, but is rec-

ommended in the National Comprehensive Cancer Network

guidelines for borderline resectable tumors.2Most prior stud-

ies used 5 to 6 weeks of radiotherapy in the setting of persis-

tent vessel involvement.3,4 A phase 2 study using a 1-week

course of chemoradiotherapy (25 Gy in 5 fractions with ca-

pecitabine) inpatientswithupfront resectablepancreatic can-

cerwas previously completed at our institution.6The current

prospective study sought to determine if FOLFIRINOX fol-

lowed by individualized chemoradiotherapy would produce

a higher rate of R0 resection in borderline resectable pancre-

atic cancer.

Methods

Participants

Patients with borderline resectable pancreatic ductal adeno-

carcinoma were prospectively enrolled in this National Can-

cer Institute–sponsored clinical trial from August 3, 2012,

throughAugust 31, 2016. (The full trial protocol is available in

Supplement 1.) Inclusion criteria included biopsy-proven ad-

enocarcinoma of the pancreas, considered by a multidisci-

plinary teamtobe radiographically borderline resectable. The

study was limited to patients with Eastern Cooperative On-

cology Group performance status 0 or 1. Exclusion criteria

included ampullary, biliary, or duodenal cancer; presence of

metastasis; prior therapy for pancreatic ductal adenocarci-

noma; any invasive cancer in the last 5 years requiring radio-

therapy or chemotherapy; prior radiotherapy to the upper

abdomen; andknowndeficiency of dihydropyrimidinedehy-

drogenase. Laboratory evaluation included baseline and se-

rial cancer antigen 19-9 (CA19-9) levels, carcinoembryonic an-

tigen levels, complete blood counts, and liver and renal

function tests. Patientswere required tohaveanabsoluteneu-

trophil count of 1000 cells/μL ormore (to convert to ×109 per

liter, multiply by 0.001), platelet count of 100 × 103 cells/μL

or more (to convert to ×109 per liter, multiply by 1.0), aspar-

tate aminotransferase andalanine aminotransferase 2.5 times

the upper limit of normal or less, total bilirubin 1.5 times the

upper limitofnormalor lessor2consecutivedownward trend-

ing values if the patient had recent biliary stenting, and se-

rum creatinine within normal range (0.6-1.5 mg/dL [to con-

vert tomicromolesper liter,multiplyby88.4])withacreatinine

clearance of 30mL/min ormore. This studywas approved by

the Dana-Farber Cancer Institute Institutional ReviewBoard.

All patients provided written informed consent.

Interventions

FOLFIRINOX Therapy

FOLFIRINOXwas administered on a 14-day cycle. Fluoroura-

cilwas administered as a 400-mg/m2bolus onday 1, then as a

2400-mg/m2continuous infusion for46hours.Leucovorincal-

cium,400mg/m2, oxaliplatin,85mg/m2, and irinotecanhydro-

chloride, 180mg/m2, were administered on day 1. Pegfilgras-

tim, 6 mg, was administered on day 4. Dose adjustments for

toxiceffectsweredefinedintheprotocol.Patientswererestaged

withcomputed tomographic (CT) scansof thechest, abdomen,

andpelvisafter4cyclesofFOLFIRINOX.Radiographic response

to chemotherapywas scored byResponse Evaluation Criteria

In Solid Tumors (RECIST), version 1.1, criteria.7

Protocol Amendment to Total Neoadjuvant Therapy

The studywas initiallywritten for patients to receive 4 cycles

of FOLFIRINOXprior to chemoradiotherapyand surgery,with

Key Points

Question What is the association of total neoadjuvant treatment

with chemotherapy and radiotherapy with margin-negative (R0)

resection rates in borderline-resectable pancreatic ductal

adenocarcinoma?

Findings In this single-arm phase 2 clinical trial of 48 patients, 32

underwent surgery after total neoadjuvant therapy. In this group,

31 patients (97%) achieved R0 resection, a significantly higher rate

than historical controls, which translated into a 65% R0 resection

rate among all evaluable patients.

Meaning Total neoadjuvant therapy with FOLFIRINOX

(fluorouracil, irinotecan, and oxaliplatin) achieves a high rate of R0

resection in patients with borderline-resectable pancreatic ductal

adenocarcinoma, a result that correlates with prolongedmedian

progression-free and overall survival.
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anadditional4cyclesofchemotherapyplannedpostoperatively.

After 6 patients were enrolled with this approach (1 of whom

wassubsequently ineligible), thestudyprotocolwasamended:

patients with no progression detected on a restaging CT scan

would receive an additional 4 cycles of FOLFIRINOX (total of

8 cycles), with no postoperative chemotherapy planned.

Chemoradiotherapy

After completionof chemotherapy, results of the restagingCT

scan were evaluated by the multidisciplinary team. If the tu-

morwas clearly resectablewith no vascular involvement, the

patientwas recommended to receive short-courseprotonche-

moradiotherapy. Standardphoton therapywas allowed if pro-

tons were not available. If the tumor had persistent vascular

involvement, long-course chemoradiotherapy was given.

Target Definition

Gross tumor volume was contoured with the pancreatic pro-

tocol CT scan available. Clinical target volumewas defined as

gross tumor volumewith a 1-cmmargin, respecting anatomi-

cal boundaries such as stomach and transverse colon, as well

as elective nodal coverage including the celiac, porta hepatis,

superior mesenteric artery and vein, and para-aortic groups.

Aplanning target volume to encompass set-upvariability and

internal motion was used.

Short-course radiotherapy was delivered to the planning

target volume either as a dose of 25 GyE in 5 treatments with

protons as previously described6or 30Gy in 10 fractionswith

photons as described by Katz et al3 based on resource avail-

abilityandscheduling.Proton treatmentsweredeliveredusing

240-MeV protons generated from a cyclotron. Proton beam

therapy was delivered using 3-dimensional, passively scat-

teredprotons.Most commonly, 3 fieldswereused,with2 fields

being treatedperday. Photon treatmentsweredeliveredusing

intensity modulated radiotherapy using 6-MV photons. Cap-

ecitabine, 825mg/m2 twice daily, was givenMonday through

Friday for 2 weeks.

Long-course radiotherapy was delivered to a dose of

50.4 Gy in 28 fractions using intensity modulated radio-

therapy. The vascular margin abutting the tumor received

a total dose of 58.8 Gy in 28 fractions as previously

described.8 Capecitabine, 825 mg/m2 twice daily, or fluoro-

uracil continuous infusion, 225 mg/m2/d, was given Monday

through Friday during radiotherapy.

Surgery

Surgery was performed 1 to 3 weeks after short-course radio-

therapy or 4 to 8weeks after long-course radiotherapy. Intra-

operative radiotherapy was allowed at the surgeon’s dis-

cretion. In the cases where intraoperative radiotherapy was

used, 10 Gy was given if the tumor was resected, and 15 Gy if

the tumor was not resected.

Follow-up

Patientshadfollow-upvisitswith laboratoryevaluationevery3

months andCT scans every 6months for the first 2 years, vis-

its with laboratory evaluation every 3 months and an annual

CT scan for year 3, and visits with laboratory evaluation ev-

ery 6 months and an annual CT scan for years 4 and 5. Addi-

tional evaluations prompted by symptoms, results of labora-

tory tests, or the treatingphysician’s discretionwere alsoused

to score events.

Pathologic Evaluation

Pathologic findingswerescoredperstandard institutionalprac-

tices, including margin status (pancreatic transection, bili-

ary, uncinate, and retroperitoneal) and nodal status (total

assessed and total positive). The American Joint Committee

onCancerdefinitionofR0resection, anymicroscopicallyposi-

tive surgical margin on final pathologic review, was used.9

Statistical Analysis

The protocol was designed with 90% power to demonstrate

an improvement in the rate ofR0 resection to40% fromahis-

torical baseline of 20% if R0 resectionwas achieved in at least

16of 50patients. Thedecision rule is associatedwith3%prob-

ability of a type 1 error. We calculated 95% CIs for the rate of

R0 resection based on the exact binomial distribution. Pro-

gression-free survival andOSweremeasured starting fromthe

first day of chemotherapy. Overall survival time was cen-

sored at the date of last follow-up for patients still alive. Pro-

gression-free survival was defined as detection of locore-

gional recurrence, distant metastases, or death without

documentedprogression,whicheverdatewas earliest, or cen-

sored at the date of last follow-up. Rates of OS and PFS were

estimated by the Kaplan-Meier method, with 95% CIs ob-

tainedby the log-log transformation. Statistical analyseswere

performed using SAS, version 9.4 (SAS Institute). P < .05 (2-

sided) was considered significant.

Results

Patient Characteristics

Of the 50patients enrolled in the study, 48were eligible. Two

patients were ineligible: 1 owing to lung metastases and the

other with negative biopsy results on institutional rereview.

Onepatientwas excludedbefore the amendment, andone af-

ter. The 5 eligible patients prior to the amendment received 4

cycles of preoperative FOLFIRINOX rather than 8 cycles, and

areexcluded fromthepostamendmentanalysisof efficacy.Pa-

tient characteristics, including vascular involvement, can be

found in Table 1.

Common Terminology Criteria for Adverse Events, ver-

sion 4.0, toxicity criteria were used for grading.10 Grade 3 or

greater toxicity occurred in 9 of 48 eligible patients (19%)

(Table 2). The most common severe toxic effects were diar-

rhea (5patients), neutropenia (2patients), andperipheral neu-

ropathy (2 patients). All grade 3 and 4 toxicities were re-

ported during FOLFIRINOX induction, with only grade 1 and

2 toxicities reported during chemoradiotherapy. There were

no deaths associated with toxic effects.

Therapy Completion Rates

Of the48eligiblepatients, 39 (81%) receivedall plannedcycles

of FOLFIRINOX (with dose modifications per protocol), in-
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cluding the 5 initial patients who completed 4 preoperative

cycles and 34 of 43 postamendment patients (79%) who re-

ceived8preoperative cycles. Reasons for not completing che-

motherapy were patient withdrawal for logistical reasons (2

patients),physiciandecisionduetodevelopmentofa largepan-

creatic cyst (1 patient), small bowel obstruction and sepsis (1

patient), and resectable tumor after resolution of vascular in-

volvement after cycle 4 (1 patient). This last patient was in-

cluded in the pathologic analysis of the 32 patients who un-

derwent resection. Fourpatients discontinued chemotherapy

owing to toxic effects. A total of 44 of 48 patients (92%) pro-

ceeded to chemoradiotherapy: 27 patients (56%) received

short-course chemoradiotherapy (15 protons and 12 photons)

and 17 patients (35%) received long-course chemoradio-

therapy. Therapy completion rates are in Figure 1.

Postamendment Radiographic Response Evaluation

Radiographic response to induction chemotherapywasevalu-

ated. Of 43 postamendment patients who were mandated to

receive 8 cycles of neoadjuvant FOLFIRINOX, 19 (44%) had a

partial response by RECIST criteria, 13 (30%) had a stable dis-

ease, and 2 (5%) had progression (liver metastasis). A total of

22postamendmentpatients (51%)proceeded to receive short-

course radiotherapy based on resolution of vascular involve-

ment, alongwith the 5 patients whowere enrolled before the

amendment.As the interval from initiationof short-course ra-

diotherapy to surgical interventionwasminimal, restagingbe-

fore surgery was performed only in patients receiving long-

course chemoradiotherapy, with CT scans occurring 4 to 6

Figure 1. CONSORTDiagram

50 Individuals assessed for eligibility

48 Individuals treated

2 Excluded

1 Preamendment
(lung metastases)

1 Postamendment
(negative biopsy)

5 Individuals treated with
preamendment protocol
(FOLFIRINOX for 4 cycles)

43 Individuals treated with
postamendment protocol
(FOLFIRINOX for 8 cycles)

1 Early resectability

34 Patients received all cycles

9 Patients received 3-5 cycles for

4 Toxic effects

2 Disease complications,
off-study

2 Logistical reasons, off-study

44 Individuals received radiotherapy

27 Received short-course proton radiotherapy

17 Received long-course photon radiotherapy

39 Individuals underwent surgery

32 Underwent resection

7 Did not undergo resection

5 Patients did not undergo surgery

2 Early death

2 Liver metastases detected
on restaging CT scan

1 MI at the time of surgery

CT indicates computed tomography; FOLFIRINOX, fluorouracil, irinotecan, and

oxaliplatin; andMI, myocardial infarction.

Table 1. Patient and Tumor Characteristics at Baseline

Characteristic Patients, No. (%) (N = 48)

Sex

Male 27 (56)

Female 21 (44)

Age, median (range), y 62 (46-74)

CA19-9 level, U/mL

Median (range) 97.5 (0-7730)

<35 (normal) 12 (25)

≥35 (elevated) 36 (75)

CEA level, ng/mL

Median (range) 3.6 (0.6-90.7)

<3.4 (normal) 23 (48)

≥3.4 (elevated) 25 (52)

Tumor site

Head 35 (73)

Body 11 (23)

Tail 2 (4)a

Tumor size, median (range), cma 3.75 (2.1-5.6)

Vessel involvement

Venous 28 (58)

Arterial 7 (15)

Both 12 (25)

Noneb 1 (2)

Abbreviations: CA19-9, cancer antigen 19-9; CEA, carcinoembryonic antigen.

SI conversion factor: To convert CEA tomicrograms per liter, multiply by 1.0; to

convert CA19-9 to kilounits per liter, multiply by 1.0.

a Including 1 patient with smaller tumor at head of pancreas; analysis based on

larger tumor.

bMacroscopic invasion into the right kidney.

Table 2. Preoperative Toxicity of Grade 3 orWorse Related

to FOLFIRINOX and Chemoradiotherapy

CTCAE Term

Patients, No. (%) (N = 48)

Grade 3 Grade 4

Diarrhea 5 (10) 0

Neutropenia 1 (2) 1 (2)

Febrile neutropenia 1 (2) 0

Lymphopenia 0 1 (2)

Thrombocytopenia 1 (2) 0

Anemia 1 (2) 0

Elevated alkaline phosphatase level 0 1 (2)

Elevated bilirubin level 1 (2) 0

Elevated AST or ALT level 1 (2) 0

Peripheral neuropathy 2 (4) 0

Abdominal pain 1 (2) 0

Constipation 1 (2) 0

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase;

CTCAE, Common Terminology Criteria for Adverse Events;

FOLFIRINOX, fluorouracil, irinotecan, and oxaliplatin.
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weeksafter completionof therapy.Threeof 17patientshadpar-

tial response by RECIST criteria, 1 of 17 had progressive local

disease in the setting of new livermetastases, and 13 of 17 had

stable disease.

Efficacy

R0 resection was achieved in 31 of 48 evaluable patients

(65%; 95% CI, 49%-78%) and 29 of 43 postamendment

patients (67%; 95% CI, 51%-81%). Among the 32 patients

who underwent surgical resection, 31 had an R0 resection.

In 5 cases, patients completed chemotherapy and chemora-

diotherapy, but pancreatectomy was not possible owing to

early death from disease progression (2 patients), liver

metastasis detected on restaging CT scan (2 patients), and

aborted procedure due to myocardial infarction (1 patient).

An additional 7 patients underwent surgical exploration and

were found to have unresectable tumor. Among these

patients, 3 underwent short-course chemoradiotherapy and

were unable to undergo resection owing to vascular encase-

ment. Four patients underwent long-course chemoradio-

therapy and were unable to undergo resection owing to

intraoperative detection of liver metastases (3 patients) and

vascular encasement (1 patient).

Pathologic Findings

In the 32 patients who underwent resection, median patho-

logic tumor size was 4.9 cm (range, 0.4-14.0 cm). Twelve pa-

tients (38%) had positive lymph nodes and 1 patient (3%) had

positive margins (eTable in Supplement 2). There were no

pathologic complete responses observed in this study, irre-

spective of the modality of radiotherapy.

Survival and Patterns of Relapse

For all 48 eligible patients, the median PFS was 14.7 months

(95% CI, 10.5 to not reached), with 2-year PFS of 43%. For

the 43 postamendment patients, median PFS was 19.6

months. Median OS for all 48 eligible patients was 37.7

months (95% CI, 19.4 to not reached), with 2-year OS of

56%; median OS has not been reached for the 43 posta-

mendment patients (Figure 2A and B). Median follow-up for

the analysis was 18.0 months among the 30 patients still

alive. For the 32 eligible patients who underwent resection,

median PFS was 48.6 months (95% CI, 14.4 to not reached)

and median OS has not been reached, with a 2-year PFS of

55% and a 2-year OS of 72% (Figure 2C and D). The eTable in

Supplement 2 shows PFS and OS estimates for all eligible

patients and postamendment patients.

Figure 2. Progression-Free Survival and Overall Survival of Eligible Patients and PatientsWhoUnderwent Resection
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Three of 48 eligible patients (6%) experienced isolated

locoregional recurrence as the initial site of failure. Eighteen

patients (38%) developeddistantmetastases only,most com-

monly in the liver (n = 12) and lung (n = 7). Change in CA19-9

levels after neoadjuvant therapy was measured. All patients

withnormal CA19-9 levels at baseline (<35U/mL) remained at

normal levels after chemotherapy or radiotherapy. Of the 36

patients with elevated CA19-9 levels at baseline, 33 pro-

ceeded to chemoradiotherapy; CA19-9 levels in 19 of these

patients declined to the normal range after chemotherapy or

radiotherapy. However, change in CA19-9 levels was not as-

sociated with PFS or OS.

Discussion

In this phase2 study, aneoadjuvant approachof systemic che-

motherapy followed by chemoradiotherapy was used in the

treatment of borderline pancreatic cancer,with 2primary ob-

jectives. The first was to enhance the odds of a chance of cure

for patients with localized disease by improving rates of R0

resectioncomparedwithhistorical controls. In resectablepan-

creatic cancer, patients who undergo upfront surgery have a

40%to70%chanceofanR1resectionanda60%to80%chance

of anode-positive resection, either ofwhich is associatedwith

a cure rate of less than 10%.1 There is no other gastrointesti-

nal malignancy for which such a high rate of margin-positive

resections is tolerated without preoperative therapy.

Thesecondgoalwas toprolongsurvivalby limitingdisease

progression locally anddistantlywitharguably themost active

chemotherapy regimen for pancreatic cancer, FOLFIRINOX.5

By using this more active regimen in this study, the 2-year

median PFS and median OS appear substantially better than

in historical controls where only adjuvant chemotherapy

was used.11 The profile of toxicity effects of neoadjuvant

FOLFIRINOX followed by chemoradiotherapywas favorable,

with no single grade 3 toxicity exceeding 10%, and no deaths

associatedwith toxic effects.

To our knowledge, this study represents the largest expe-

rience of preoperative FOLFIRINOX in a prospectively identi-

fied group of patients with borderline resectable pancreatic

cancer. One of the earliest retrospective observational analy-

ses of patients with borderline and locally advanced disease

showed amedian PFS of 11.7months and an R0 resection in 5

of 22 patients (23%).12 The largest evaluation of FOLFIRINOX

in localized pancreatic cancer is ameta-analysis of retrospec-

tive studies evaluating this regimen in 315 patients with lo-

cally advanced disease, which showed a rate of R0 resection

of 25.2%andamedianOSof 24.2months.13This studydidnot

report on theuseof chemoradiotherapy,nordid it evaluatepa-

tientswithborderline resectablecancer.Toourknowledge, the

only published prospective evaluation of FOLFIRINOX spe-

cifically inpatientswithborderline resectable cancer is a small

feasibility study byKatz et al.14This studywas somewhat dif-

ferent indesign:patients received4cyclesofFOLFIRINOX, fol-

lowedby surgery and2 cycles of adjuvant gemcitabine. In this

study, anR0 resectionwas achieved in 14of 22patients (64%),

and amedianOSof 21monthswas reported. In our study,me-

dian OS demonstrates modest improvement compared with

the study by Katz et al.14 Although there can be many expla-

nations for the discrepancy in median OS, one major design

difference is that in the study by Katz et al,14 fewer induction

cycles of FOLFIRINOX were administered, and only 10 of 22

patients receivedadjuvantgemcitabine.Given themicrometa-

static proclivity of pancreatic cancer, maximizing upfront

chemotherapy with FOLFIRINOX during the window of pre-

operative tolerabilitymayaffect survival. Inaddition, thepost-

operative rate of positive lymph nodes of 37% among pa-

tientswhounderwent resection is far below the reported rate

for patients eligible for upfront resectionwhoundergo imme-

diate surgery (range, 60%-80%1). It iswidely reported that the

strongest prognostic factor is lymph node status. In aggre-

gate, resultsofourprospectivestudy, incombinationwithother

existing data, suggest a favorable rate of R0 resection in pa-

tientswith borderline resectable disease comparedwithprior

non–FOLFIRINOX-based studies that have suggested rates of

R0 resection of approximately 40%.3

The primary confounding factor in interpretability of the

rate of R0 resection in this study is the use of individualized

radiotherapy.Theuseof radiotherapy is clearlyassociatedwith

better local control, but whether this translates into im-

provedOS is thesubjectofanongoing intergroupphase3 trial.15

In this study, the locoregional recurrence rate of 6% (3 of 48

patients) compares favorably with that in historical controls.

In rectal cancer, short- and long-course radiotherapy affords

similar rates of local control. Prospective evaluations of short-

course regimens (5 Gy × 5 or 3 Gy × 10) in pancreatic and rec-

tal cancers suggest similar rates ofR0 resection, aremore con-

venient, and are well tolerated.6,16 However, because prior

prospective experience with short-course radiotherapy was

limited to resectable disease, as well as the relatively modest

dose in 2-Gy equivalents of 32 Gy for the short-course regi-

mens, itwasunclear if short-course radiotherapywouldbead-

equate in the setting of persistent vascular involvement. For

this reason, long-course radiotherapywasusedbecauseof the

higher 2-Gyequivalent (59Gy) in thishigher-risk group togive

patients a theoretically better chanceof anR0 resection. Since

the design of this study, more recent prospective data evalu-

atingstereotacticbody radiotherapy (6.6Gy × 5)haveemerged

indicating that it is a safe and effective therapy in locally ad-

vanced pancreatic cancer with comparable quality of life and

reduction of abdominal pain.17Although data specific to bor-

derline pancreatic cancer still do not exist, this schedule has

been selected in the Alliance A021501 study,15 in which pa-

tients are randomized to undergo 8 cycles of FOLFIRINOX vs

7 cycles of FOLFIRINOX followed by stereotactic body radio-

therapy; all patients undergo pancreatectomy and 4 cycles of

adjuvant FOLFOX (fluorouracil and oxaliplatin).

Limitations

There are several limitations to this study in addition to the

individualized radiotherapy regimensdiscussed above. First,

varyingdefinitionsofR0resection in theUnitedStates andEu-

ropemake it a challenge to benchmark the success of this ap-

proach to historical controls; reported rates vary from 14% to

85% based on the surgical series and the definition of R0 vs
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R1 (especiallywhethermicroscopic tumor is foundwithin1mm

of the resection margin). Second, pathologic samples were

evaluated by several gastrointestinal pathologists, which in-

troduces variability; rereview by a single-blinded pathologist

is under way. A counterpoint to the limitations of pathologic

evaluation is theobjectiveendpointofnodepositivity: the low

rate of positive lymph nodes, known to correlate with sur-

vival, supports these findings. Third, the use of intraopera-

tive radiotherapy is a potential confounder thatmay improve

outcomes; as this technology is not widely available, it may

limit generalizability. Finally, the median follow-up of 18

months is relatively short, limiting the interpretability of OS

relative toPFS; longer-termoutcomeswill bepresented as the

data mature.

Conclusions

This prospective evaluationof FOLFIRINOX followedby indi-

vidualized chemoradiotherapy shows a high rate of R0 resec-

tionandprolonged survival. This study supports thedesignof

the phase 3 Alliance trial for borderline pancreatic cancer.
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