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Abstract

Background: Surgery and systemic therapy provide the best option for long-term

cancer control in localized resectable pancreas cancer. The present study assessed the

efficacy and safety of neoadjuvant treatment with FOLFIRINOX in patients with bor-

derline resectable (BR) and locally advanced (LA) pancreas cancer (PDAC).

Methods: This was a prospective noninterventional observational trial of neoadjuvant

FOLFIRINOX in BR and LAPDAC. The primary objectivewas the R0/R1 surgical resec-

tion rate. Secondaryobjectives includedprogression free survival (PFS) andoverall sur-

vival (OS), tolerability, and toxicity.

Results: Forty-nine patients were enrolled between 2013 and 2019; the majority had

LA disease (59.2%). Median age was 61 years, and median Ca 19-9 level pretreatment

was 523.4 μmol/L. Following neoadjuvant FOLFIRINOX, 11 patients (22.5%) under-

went surgical resection, the majority of which were BR at diagnosis (72.7%). Median

OS and PFS for the entire group were 25 (95% CI: 17.2–32.8) and 12 months (95% CI:

9.7–13.3), respectively. Median PFS in BR patients was 14 (95% CI: 10.5–17.5) com-

pared to 12 months (95% CI: 5.2–18.8) in patients with LA patients. Median OS and

PFS were not reached in patients who underwent surgical resection as compared to

22 (95% CI: 18.6–25.4) and 9 months (95% CI: 4.2–13.9) in those who did not, respec-

tively. Grade 3/4 neutropenia, leukopenia, neuropathy, nausea/vomiting, and diarrhea

occurred in 6.3%, 2.1%, 10.4%, 4.2%, and 8.3%, respectively.

Conclusion: Neoadjuvant FOLFIRINOX is an active regimen for patients with LA/BR

PDACwith a resection rate of 22.5%. These results are in line with prior data.
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1 INTRODUCTION

Pancreatic cancer is deadly with only 9% of patients surviving at 5

years1. According to the recent GLOBOCAN report 2018, pancreatic

cancer ranks 12th among cancers in Lebanonwith 260 new cases diag-

nosed annually; however, ranks 9th among cancers with respect to

mortality rate, with an estimate that the number of deaths will dou-

ble by 20402. The high death rate is mainly related to late diagnosis,

aggressive phenotype, and the low efficacy of treatment regimens3.

Half of patients with pancreatic adenocarcinoma (PDAC) are diag-

nosedwithmetastatic disease, whereas only 20%presentwith upfront

resectable disease4. The remaining 25%–30% present with either
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TABLE 1 Definition of borderline resectable and locally advanced pancreatic adenocarcinoma according to National Comprehensive Cancer
Network (NCCN) guidelines

Effected vessel Borderline resectable Locally advanced

Superior mesenteric vein-portal vein

(SMV/PV)

Abutment, impingement, encasement

of the SMV/PV or short segment

venous occlusion

Unreconstructible due to tumor

involvement or occlusion, contact

with proximal jejunal branch

Superior mesenteric artery (SMA) Abutment Contact>180◦ or contact with first

jejunal SMA branch

Hepatic artery (HA) Abutment or short segment

encasement

Contact with extension to CA or

bifurcation

Celiac axis (CA) Uninvolved Contact>1800

borderline resectable (BR) or locally advanced (LA) disease. PDAChas a

very poor prognosis; the percentage of patients with unresectable dis-

ease surviving at 5 years is <5%, whereas the percentage of patients

with resectable disease surviving at 5 years is estimated at 20%5.

The majority of pancreatic cancer patients cannot be cured by sur-

gical resection5. LA pancreatic cancer is challenging to treat because

vascular involvement limits curative-intent surgery. The National

Comprehensive Cancer Network (NCCN) guidelines advise upfront

chemotherapy and/or radiation for patients with LA pancreatic can-

cer, and consideration of surgery if feasible, for patients with a good

performance status who do not experience disease progression6. For

BR pancreatic cancers, neoadjuvant treatment has been increasingly

utilized for the purpose of down-staging tumors to assist in surgi-

cally resecting the tumor and in increasing total and R0 resection

rates7. Several trials and meta-analyses have assessed the effective-

ness of the primary cytotoxic agents and combinations used in neoad-

juvant chemotherapy8, in addition to the part that radiotherapy plays

in the management of BR pancreatic cancer patients9. The aim of the

present study was to evaluate the rate of R0/R1resection, progres-

sion free survival (PFS), overall survival (OS), safety, and tolerability of

neoadjuvant FOLFIRINOX in patients with BR/LA pancreatic cancer.

2 METHODS

2.1 Study design

This trial was a prospective noninterventional observational trial of

neoadjuvant FOLFIRINOX in patients with BR/LA PDAC. The study

was conducted at the American University of Beirut Medical Center

(AUBMC), Nabih Berri Governmental University Hospital and Ham-

moudHospital UniversityMedical Center in the South of Lebanon. The

primary objective was to assess the rate of R0/R1 resections in BR and

LA PDAC. Secondary objectives were measures of oncologic efficacy,

PFS, andOS, as well as toxicity and tolerability of FOLFIRINOX.

The study was conducted in accordance with the Declaration of

Helsinki and Good Clinical Practice Guidelines of the International

Conference on Harmonization. After study approval by the Institu-

tional Review Board (IRB) at the American University of Beirut (AUB),

potential participants were identified by their treating physicians. A

written informed consent to participate in this study for chart review

and follow-up was obtained from all enrolled patients prior to study

initiation.

2.2 Patient eligibility

All patients that presented with histologic or cytologically confirmed

LA unresectable or BR PDAC using endoscopic ultrasound guided

biopsy at AUBMC, and participating sites were included in the study.

Adjudication of clinical staging was conducted weekly as part of a mul-

tidisciplinary pancreatic cancer conference and relied on the NCCN

staging system10 (Table 1). Staging was performed with computed

tomography (CT) scans of chest, abdomen, and pelvis. In theminority of

cases of uncertainty pertaining to livermetastasis,magnetic resonance

imaging (MRI) was performed to confirm the presence or absence of

liver metastasis. Staging laparoscopy was performed in the setting

where CT scan showed peritoneal thickening suspicious of peritoneal

carcinomatosis. Eligible patients were started on FOLFIRINOX (oxali-

platin 85 mg/m2, irinotecan 180 mg/m2, leucovorin 400 mg/m2 and 5-

Fluorouracil 400mg/m2 administeredby intravenousbolus followedby

2400 mg/m2 given as a 46-hour continuous infusion). Treatment was

administered per standard protocol every 2weeks until maximumben-

efit, progressive disease, or undesirable toxicity at physician’s discre-

tion between April 2013 and April 2019. All patients received Granu-

locyte colony stimulating factors starting 24 h following chemotherapy

as per protocol.

2.3 Assessment and outcome

The primary endpoint of the study was to determine the rate of

R0/R1 surgical resections. Secondary endpoints included rate of tumor

response, PFS, and OS, as well as tolerability and toxicity. Response to

treatment was monitored using response evaluation criteria in solid

tumors guidelines v1.111. PFS was calculated from date the patient

was recruited up to the date of documented radiologic progression

or recurrence, or death, whichever occurred first. OS was determined

from the date the patient was recruited up to date of death or last

follow-up, whichever occurred first. Toxicities were evaluated accord-

ing to the National Cancer Institute Common Terminology Criteria for

AdverseEvents (version4.0)12.After receivingprotocol therapyand/or
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undergoing surgery, patients were followed up every 3 months for a

total of 3 years from date of recruitment.

2.4 Statistical analysis

To determine the total cases needed to prove that the mean survival

of the BR group is greater than the LA group mean of 22 months and

is greater than 2 years (24 months), we relied on comparison of two

independent samples. Thus, a sample size of at least 16 patients would

be required for each group with a power of 0.8 and a type 1 error

rate of 0.05. Descriptive data of the sample included patients’ demo-

graphics, their medical history and smoking status, the presenting clin-

ical symptoms and signs, pathological characteristics and treatment

course. OS and disease-free survival distributions of time-to-event for

each group were estimated by the Kaplan–Meier method and were

compared using stratified log-rank tests. For comparison analysis, sta-

tistical difference was set at a cut-off point of α = 0.05. Data were col-

lected and entered in the EpiData software and analyzed using the Sta-

tistical Package for Social Sciences version 24.0 (Chicago, IL, USA).

3 RESULTS

3.1 Patient characteristics

A total of 49 PDAC patients were evaluated. The majority were males

(n = 31, 63%), and median age at diagnosis was 61.8 years (range:

49–84 years). Table 2 shows the demographic and disease character-

istics of the patients at baseline.

3.2 Treatment

All 49 patients received FOLFIRINOX. The median number of cycles

givenwas11 (range: 2–31cycles). Sixteenpatients (32%) requireddose

reductions for toxicity. Main reasons for these dose reductions were

fatigue, weight loss, loss of appetite, and thrombocytopenia. Treat-

ment delays occurred in six patients (12.2%). Eleven patients (22.4% of

cohort) underwent surgical resection following FOLFIRINOX; eight BR

patients and three LA patients (Figure 1). Seven patients (14%) under-

went radiotherapy; none of which underwent surgical resection.

3.3 Efficacy

The median duration of follow-up was 16 months (range: 1.6–78.0)

months. Following neoadjuvant FOLFIRINOX, six (12.2%) patients had

stable disease, 23 (46.9%) patients had a partial response (PR), four

(8.2%) patients had a complete response (CR), and 11 (22.4%) patients

had a progressive disease (PD). The median OS and PFS for the entire

group were 25 months (95% confidence interval (CI): 17.2–32.8) and

12 months (95% CI: 9.7–13.3), respectively. The median PFS in BR

TABLE 2 Patient demographics and disease characteristics

N= 49

Characteristics N (%)

Age at diagnosis 61.8± 7.9

Bodymass index (BMI) 27.2± 4.4

Gender

Male 31 (63.3)

Female 18 (36.7)

Smoking history

No 23 (46.9)

Yes 26 (53.1)

Alcohol consumption

No 35 (71.4)

Yes 12 (24.5)

Nationalities

Lebanese 32 (65.3)

Iraqi 14 (28.6)

Other 3 (6.1)

Primary tumor location

Head/Neck 24 (49)

Body 16 (32.7)

Tail 9 (18.4)

Type of pancreatic cancer

Borderline resectable 20 (40.8)

Locally advanced 29 (59.2)

Surgical resection 11 (22.4)

Type of surgical procedure

Whipple 4 (36.4)

Distal pancreatectomy 7 (63.6)

Surgical complications

Clavien 1–2 4 (45.5)

Clavien 3–4 1 (9.1)

Pathologic features

Tumor size 2.99 cm

Lymph node involvement 27 (55.1)

Vascular involvement 44 (89.8)

Pathologic response

Complete response 4 (8.2)

Partial response 23 (46.9)

Stable disease 6 (12.2)

Progressive disease 11 (22.4)

patients was 14 months (95% CI: 10.5–17.5) compared to 12 months

(95%CI: 5.2–18.8) in patients with LA pancreatic cancer (Figure 2).

The median OS was not reached in patients who underwent surgi-

cal resection as compared to 22 months (95% CI: 18.6–25.4) for those

who did not undergo surgical resection (Figure 3). Themedian PFSwas
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F IGURE 1 Flow chart representing patient selection for analysis
N (%)

not reached in patients who underwent surgical resections as com-

pared to 9 months (95% CI: 4.2–13.9) in those who did not undergo

surgical resection (Figure 4). Among BR patients, the median OS was

22.0months; thosewhounderwent surgeryhadbettermedianOS than

those who did not (p= 0.032).

3.4 Pre- and post-FOLFIRINOX CA-19.9 levels
correlated to PFS and OS

Pre-FOLFIRINOXCA19-9 levels of 42 patients were available and had

a median value of 523.4 μmol/L (range: 0–10219). After six cycles of

FOLFORINOX, the median CA19.9 was available for 40 patients and

decreased to 166.5 μmol/L (range: 0.6–8450). Twenty-three patients

(47%) had their CA19.9 values decrease more than 50% following

FOLFIRINOX treatment. Patients whose CA19.9 values decreased

more than 50% had a significantly better OS compared to those who

did not (not reached vs. 17months [95%CI: 11.9–22.1], p= 0.006) and

better PFS (14 [95% CI: 11.9–16.1] versus 7 months [95% CI: 0–15.4],

p = 0.073), although it did not reach statistical significance (Figure 5).

Among the 23 patients whose CA19.9 levels dropped more than 50%,

resected patients (n=7) had a significantly better PFS than unresected

patients (not reached vs. 13months [95%CI: 11.4–14.6], p= 0.029).

3.5 Adverse events

Adverse events of grade 3 or 4were reported in 15 patients (31.3). The

more frequently reported grade 3 or 4 adverse events were neuropa-

thy followed by diarrhea, neutropenia, and nausea/vomiting (Table 3).

No grade 5 events were observed in the study.

4 DISCUSSION

Therapy of localized pancreas adenocarcinoma is evolving, and in the

last decade, multi-agent cytotoxic combinations have been integrated

F IGURE 2 Kaplan–Meier Survival curves comparing disease-free survival (DFS) in patients who are locally advanced and borderline
resectable
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TEMRAZ ET AL. 739

F IGURE 3 Kaplan–Meier curve comparing overall survival (OS) in patients who underwent surgical resection versus those who did not

F IGURE 4 Kaplan–Meier curves comparing disease-free survival (DFS) in patients who underwent surgical resection versus those who did not

into practice. Results from the landmark ACCORD-11/PRODIGE-4

trial in 2011 indicated a substantially superior efficacy of FOLFIRI-

NOX over single-agent gemcitabine13. Subsequent to this, a series

of studies have evaluated the FOLFIRINOX regimen in BR/LA pan-

creatic cancers. Surgery and systemic treatment provide the best

option for lasting outcome in patients with localized pancreas cancer.

Eventually, pancreatic cancer patients fail treatment as a result of dis-

ease progression and death even in patientswith localized disease. The

basis behind the utilization of neoadjuvant treatment with FOLFIRI-

NOX lies in the local response at the tumor source, and systemic

control against metastatic proliferation as well as micrometastatic

disease14.

In a recently published meta-analysis involving 20 studies that

included 283 BR pancreatic cancer patients receiving neoadjuvant

FOLFIRINOX, the reported median OS was 22.2 months15. On the

other hand, data from a systemic review and meta-analysis of 315
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F IGURE 5 Kaplan–Meier survival curves showing overall survival of pancreatic adenocarcinoma patients in those whose CA19.9 values
decreasedmore than 50% following FOLFIRINOX versus those whose values did not decreasemore than 50%

TABLE 3 Adverse events associated with FOLFIRINOX

Adverse events Grade 1 and 2 (%) Grade 3 (%) Grade 4 (%) TotalN (%)

Neutropenia 4 (8.3) 2 (4.17) 1 (2.1) 7 (14.6)

Leukopenia 5 (10.4) 1 (2.1) – 6 (12.5)

Fatigue 8 (16.7) – – 8 (16.7)

Neuropathy 6 (12.5) 4 (8.33) 1 (2.1) 11 (22.9)

Nausea and Vomiting 9 (18.75) 1 (2.1) 1 (2.1) 11 (22.9)

Diarrhea 3 (6.25) 3 (6.25) 1 (2.1) 7 (14.6)

Mucositis 3 (6.3) – – 3 (6.3)

Liver toxicity 1 (2.1) – – 1 (2.1)

Infection 3 (6.3) – – 3 (6.3)

patients with LA pancreatic cancer treatedwith neoadjuvant FOLFIRI-

NOX reported amedianOS of 24.2months16.

In our prospective noninterventional observational trial of N = 49

patients, 11 (22.5%) underwent R0/R1 resections. Among BR patients,

the median OS was 22.0 months, and surgical resection occurred in

eight of 20 patients (40%). Among LA patients, themedianOSwas 25.0

months, and surgery was undertaken in three of 29 patients (10.3%).

The R0/R1 resection rate among BR pancreatic cancer patients in our

study, although encouraging, is lower than that reported in the litera-

ture. Janssen et al. reported a 67.8% resection rate among BR patients

receiving neoadjuvant FOLFIRINOX15. Also, our reported resection

rates in LApancreatic cancer patients are lower than those reported by

the single institutional nonrandomized trials by Petrelli et al.17 (26.1%)

and Rombouts et al. (28%)18. However, after Rombouts et al. solely

analyzed the effects of FOLFIRINOX without radiotherapy: the com-

bined resection rate was only 12%. To note, radiotherapy was not part

of our trial and thus possibly explaining the difference in outcome

between our results and those from the meta-analysis which assessed

resectability in patients receiving chemotherapy and chemoradiother-

apy with FOLFININOX as neoadjuvant treatment. Furthermore, the

range of consensus regarding resectability criteria, the interpretation

of an R1 margin status, and conditions to go to surgery after neoadju-

vant treatment may provide insights into our different results.

A Cochrane meta-analysis reported an improved 3- to 5-year sur-

vival in patients who underwent surgical resection compared to those

who do not undergo surgical resection19. Recently, Cecchini et al. also

reported a superior benefit of surgery over consolidative radiotherapy

in terms ofOS andPFS in patients receiving FOLFIRINOXwith orwith-

out radiotherapy20. In our cohort, median OS and median PFS were

not reached in patientswho underwent surgical resection as compared
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to 22 months (95% CI: 18.6–25.4) and 9 months (95% CI: 4.2–13.9) in

those who did not undergo surgical resection, respectively. Our results

support the use of surgery in this patient population.

In our cohort of BR/LA pancreatic cancer patients, Ca19.9 values

that decreased more than 50% from baseline following chemother-

apy with FOLFIRINOX were associated with significantly better OS

(p = 0.006). Similarly, Boone et al. reported that a CA 19-9 response

ofmore than50% improvedOS (28.0 vs. 11.1months; p< 0.0001)21. In

LA pancreatic cancer patients, Veldhuisen et al. reported that a CA19-

9 decrease ofmore than 30% resulted in improved survival. As a result,

median survival was 22.4 months in patients with a CA19-9 decrease

≥30% versus 12.7 months in those with <30% decrease, p = 0.0222.

Of note, patients whose CA19.9 decreased more than 50% comprised

seven of 11 patients who underwent surgery in our study. Moreover,

among patients whose CA19.9 decreased more than 50%, those that

underwent resection had significantly better PFS than those who did

not (p= 0.029). It is likely that decreasing CA19.9 reflects disease biol-

ogy and response; it can be helpful to inform management strategies

but not independently of clinical and radiologic evaluation.

Recently, the newer total neoadjuvant approach followed by

chemoradiotherapy is a potential optimal strategy that addresses both

occult metastases and positive margin risks. Murphy et al. reported

that total neoadjuvant approach with preoperative FOLFIRINOX fol-

lowed by individualized chemoradiotherapy in BR pancreatic cancer

patients results in high rates of R0 resection (65%) and prolonged

median PFS (14.7 months) and median OS (37.7 months)23. Further-

more, Truty et al. elaborated on predictive factors of response, periop-

erative outcome, and survival in PDAC patients with BR/LA disease24.

Their results revealed that radiologic downstaging, vascular resection,

and chemotherapy regimen/switch were not associated with survival.

Only three factors independently associated with prolonged survival,

including extended duration (≥6 cycles) chemotherapy, optimal post-

chemotherapy CA19-9 response, andmajor pathologic response.

Strengths of the study include the prospective noninterventional

observational design. The limitations of this study involve the small

number of patients evaluated from three institutions, the long accrual

period of 6 years to reach the target patient sample size, and the non-

randomized nature of the study.

5 CONCLUSION

This prospective noninterventional observational trial supports the

utility of FOLFIRINOX as neoadjuvant therapy in localized PDAC, and

the results are in line with other major data sets. Best outcomes were

observed in BR patients and patients who underwent surgery. This is

the first major prospective dataset from the Middle East of this regi-

men in this disease setting.
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