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LIST OF ABBREVIATIONS AND RELEVANT DEFINITIONS  

 

5-FU 5-FluoroUracil 

ABR ABR form, General Assessment and Registration form, is the 

application form that is required for submission to the accredited 

Ethics Committee (In Dutch, ABR = Algemene Beoordeling en 

Registratie) 

AE Adverse Event 

ALAT ALanine AminoTransferase 

AR Adverse Reaction 

ASAT Aspartate Aminotransferase 

CA Competent Authority 

CA 19-9 Cancer Antigen 19-9 (tumormarker)  

CCMO Central Committee on Research Involving Human Subjects; in Dutch: 

Centrale Commissie Mensgebonden Onderzoek 

CEA Carcinoembryonic antigen (tumormarker) 

CI Confidence Interval 

CRF Case Record Form 

CRP C-reactive protein 

CT Computed tomography  

CTCAE 

CTV 

Common terminology criteria for adverse events 

Clinical Target Volume 

ctDNA Circulating tumor DNA (biomarker) 

CV Curriculum Vitae 

DACH Diaminocyclohexane 

DFI 

DMFI 

DNA 

Disease Free Interval 

Distant Metastases Free Interval 

DeoxyriboNucleic Acid 

DPCG Dutch Pancreatic Cancer Group 

DP(Y)D Dihydropyrimidine dehydrogenase  

DSMB Data Safety Monitoring Board 

eCRF Electronic Case Record Form 

EU European Union 

EudraCT European drug regulatory affairs Clinical Trials  

EUS Endoscopic Ultrasonography  

FNA Fine Needle Aspiration  
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FNB Fine Needle Biopsy 

FOLFIRINOX Chemotherapy regimen containing combination of 5-fluorouracil, 

irinotecan, oxaliplatin and leucovorin 

GCSF Granulocyte Colony-Stimulating Factor 

GCP Good Clinical Practice 

GFR Glomerular Filtration Rate 

GTV 

HR 

Gross Tumor Volume 

Hazard Ratio 

HTRG Histologic Tumor Regression Grading 

IB Investigator’s Brochure 
IC Informed Consent 

ICER Incremental cost-effectiveness ratio 

IKNL Dutch Comprehensive Cancer Center 

IMP Investigational Medicinal Product  

IMPD 

IMRT 

ITV 

LFFI 

LRFI 

Investigational Medicinal Product Dossier  

Intensity-Modulated Radiation Therapy 

Internal Target Volume 

Locoregional Failure Free Interval 

Locoregional Recurrence Free Interval 

METC  Medical research ethics committee (MREC); in Dutch: medisch ethische 

toetsing commissie (METC) 

MI Minimally invasive 

miRNA MicroRNA (biomarker) 

NCCN National Comprehensive Cancer Network 

NFU Nederlandse Federatie van Universitair Medische Centra 

NVvR 

 

OS 

Dutch Radiology Association; in Dutch: Nederlandse Vereniging voor 

Radiologie (NVvR) 

Overall Survival 

PACAP Pancreatic Cancer Project 

PFS Progression Free Survival 

PO Orally 

PROMs Patient Reported Outcomes 

PTT 

PTV 

Partial thromboplastin time 

Planning Target Volume 

QALYs Quality of life years 

R0 Microscopically complete resection 

RECIST Response Evaluation Criteria In Solid Tumors 
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RNA RiboNucleic Acid 

(S)AE (Serious) Adverse Event  

SmPC Summary of Product Characteristics (in Dutch: officiële 

productinformatie IB1-tekst) 

Sponsor The sponsor is the party that commissions the organization or 

performance of the research, for example a pharmaceutical company, 

academic hospital, scientific organization or investigator. A party that 

provides funding for a study but does not commission it is not 

regarded as the sponsor, but referred to as a subsidizing party. 

SUSAR Suspected Unexpected Serious Adverse Reaction 

TEPs 

VAS 

VMAR 

Tumor-Educated Platelets 

Visual Analogue Scale 

Volumetric Modulated Arc Radiotherapy 

WBC White Blood Cell 

WBP Personal Data Protection Act (in Dutch: Wet Bescherming 

Persoonsgevens) 

WMO Medical Research Involving Human Subjects Act (in Dutch: Wet 

Medisch-wetenschappelijk Onderzoek met Mensen 
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SUMMARY 

 

Rationale: The annual incidence of pancreatic cancer in the Netherlands is approximately 

3500 patients.1 In 2030, pancreatic cancer is expected to be the second leading cause of 

cancer death.2 The 1-year overall survival (OS) for pancreatic cancer in the Netherlands is 

20%; the 5-year OS is only 3%.3 Upfront resection with adjuvant gemcitabine has long been 

the standard of care for patients with (borderline) resectable pancreatic cancer in the 

Netherlands as stated in the Dutch national guideline. However, the recent Dutch multicenter 

PREOPANC-1 trial found that neoadjuvant gemcitabine based chemoradiotherapy followed 

by resection and adjuvant gemcitabine confers superior overall survival (median 17 vs 13 

months, p<0.05).4 These results confirm the results of a systematic review and a smaller 

Korean trial.5,6 Since FOLFIRINOX (a combination of 5-fluorouracil, irinotecan, oxaliplatin, 

and leucovorin) is a more potent chemotherapy compared to gemcitabine, this treatment may 

further improve survival. Moreover, it is already the standard of care in patients with locally 

advanced and metastatic pancreatic cancer. A patient-level meta-analysis of FOLFIRINOX 

for patients with (borderline) resectable pancreatic cancer found a median overall survival of 

24 months.7 

Objective: Investigate whether neoadjuvant chemotherapy with FOLFIRINOX (a 

combination of 5-fluorouracil, irinotecan, oxaliplatin, and leucovorin) improves overall survival 

compared to neoadjuvant gemcitabine based chemoradiotherapy with adjuvant gemcitabine 

in patients with (borderline) resectable pancreatic ductal adenocarcinoma. 

Study design: Multicenter randomized phase III superiority trial. 

Study population: Patients with (borderline) resectable pancreatic cancer (defined as 

venous involvement < 270 degrees and arterial involvement ≤ 90 degrees) without evidence 

of metastatic disease on imaging and a WHO performance score of 0 or 1. 

Intervention: 8 cycles of neoadjuvant FOLFIRINOX chemotherapy followed by surgery.  

Comparator: Neoadjuvant gemcitabine based chemoradiotherapy followed by surgery and 

adjuvant gemcitabine. 

Main study parameters/endpoints: The primary endpoint is overall survival (OS). 

Nature and extent of the burden and risks associated with participation, benefit and 

group relatedness: 

All patients (standard of care) 

Patients will undergo a CT scan of the chest and abdomen to rule out metastatic disease and 

determine resectability. Endoscopic Ultrasonography with Fine Needle Aspiration (EUS/FNA) 

is performed to obtain a pathological diagnosis. Patients with hyperbilirubinemia may be 

randomized, but biliary drainage should be performed before start of neoadjuvant therapy if 
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bilirubin is higher than 1.5 times upper limit of normal. In Dutch clinical practice, this 

frequently translates to a cut-off value of 25 μmol/L.8 

A CT scan is made after neoadjuvant treatment. If this scan shows (borderline) resectable 

disease, the patient will undergo curative-intent surgery. Surgery will start with a staging 

laparoscopy (i.e. in the same operation) to rule out occult metastatic disease. A resection is 

performed in the absence of metastatic or locally advanced (i.e. unresectable) disease. 

Resection can be performed open or minimally-invasive (MI), whereby MI resection is only 

allowed by surgeons who have performed at least 50 MI pancreatoduodenectomies, and are 

performing at least 20 MI resections per year. Patients with metastatic or locally advanced 

disease at restaging or surgery continue with palliative treatment or receive best supportive 

care; these patients forgo a resection. Patients who discontinue chemotherapy because of 

toxicity proceed to surgery after restaging, without completing all scheduled cycles of 

chemotherapy. After treatment, patients will go into routine follow-up for 5 years. Follow up 

includes regular outpatient clinic visits, CT scans, and blood collection. All patients are asked 

to complete questionnaires during follow-up. 

 

Patients in the intervention arm 

The neoadjuvant treatment starts with 4 cycles of chemotherapy with FOLFIRINOX. If a CT 

scan shows no disease progression after 4 cycles, the patient will receive an additional 4 

cycles of FOLFIRINOX. No adjuvant chemotherapy is given. 

Toxicity of the FOLFIRINOX regimen is well described, because it is the standard of care in 

the metastatic and locally advanced setting.9,10 Severe toxicity is more common with 

FOLFIRINOX than with gemcitabine. However, in two large studies no death was attributed 

to FOLFIRINOX.9,10 

 

Patients in the comparator arm 

The neoadjuvant treatment starts with  3 cycles of gemcitabine, combined with radiotherapy 

(36 Gy in 15 fractions in 3 weeks) only during the second cycle. Adjuvant chemotherapy 

consists of 4 cycles of gemcitabine. 
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1. INTRODUCTION AND RATIONALE 

 

1.1 Background 

The annual incidence of pancreatic cancer* in the Netherlands is approximately 3500 

patients.1 In 2030, pancreatic cancer is expected to be the second leading cause of 

cancer death.2 The 1-year overall survival (OS) for pancreatic cancer in the Netherlands is 

20%; the 5-year OS is only 3%.3 Surgery is a potentially curative treatment for patients 

with (borderline) resectable disease. However, 10-year OS after resection is only 4%, 

demonstrating that cure is exceedingly rare. Apparently, the vast majority of patients with 

(borderline) resectable pancreatic cancer on imaging have occult metastatic disease. In 

the Netherlands, almost a third of the patients with (borderline) resectable pancreatic 

cancer is found to have more advanced disease (locally advanced or metastatic) during 

surgical exploration and consequently does not undergo a resection.3,11 Only 50% of 

patients recover from surgery to the extent that they can tolerate adjuvant chemotherapy. 

Almost 50% of patients who do not receive adjuvant chemotherapy develop recurrent 

disease or die within 6 months.12 

 

*The term “pancreatic cancer” is used throughout the study protocol to refer to “pancreatic 

ductal adenocarcinoma”. 

 

1.2 Adjuvant systemic chemotherapy 

Upfront resection with adjuvant gemcitabine has long been the standard of care for 

patients with (borderline) resectable pancreatic cancer in the Netherlands.13 The CONKO-

001 trial found a median OS of 23 months with adjuvant gemcitabine versus 20 months 

with observation (p=0.01).12 The ESPAC-3 trial found equivalence of gemcitabine and 5-

FU (p=0.32), but gemcitabine became the standard because of less toxicity.14 Median OS 

in these adjuvant chemotherapy studies was far superior to median OS of all patients 

undergoing a resection in the Netherlands, because patients in these trials were fit to 

undergo resection and recovered from surgery sufficiently to receive chemotherapy. 

Recently, the ESPAC-4 trial demonstrated that median OS can be improved by adding 

capecitabine to gemcitabine in the adjuvant setting.15 In international guidelines, adjuvant 

gemcitabine with capecitabine became the new standard of care.16,17 However, the use of 

capecitabine has not been evaluated combined with neoadjuvant chemoradiotherapy. 

Adjuvant chemotherapy has several drawbacks. Firstly, a third of patients does not 

undergo resection, because at surgery more advanced disease was found than was 

anticipated on imaging. An exploratory laparotomy without resection has considerable 
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mortality, morbidity, and a prolonged reduced quality of life. Moreover, most of these 

patients (72%) fail to receive palliative chemotherapy.3,18 Secondly, many patients (50%) 

do not recover from a resection to tolerate adjuvant chemotherapy. Those patients who do 

not receive adjuvant chemotherapy have a risk of recurrence or death within 6 months of 

almost 50%.12 It is unlikely that these patients derived any benefit from surgery. In 

conclusion, with upfront surgery, too many patients undergo pointless surgery and too few 

patients receive systemic chemotherapy, while almost all patients have occult metastatic 

disease at presentation. 

 

1.3    Neoadjuvant chemoradiotherapy 

Recently, a systematic review of 38 studies with 3843 patients with (borderline) resectable 

pancreatic cancer found superior overall survival by intention to treat (ITT) after 

neoadjuvant treatment compared to upfront resection (18.8 vs 14.8 months). 5 A recent 

Korean randomized phase 2/3 trial was closed early with 110 patients, because of 

superior survival with neoadjuvant treatment at interim analysis (21 vs 12 months, 

p=0.028).6 The Dutch PREOPANC-1 study: ‘’Preoperative radiochemotherapy versus 

immediate surgery for resectable and borderline resectable pancreatic cancer: a 

multicenter randomized phase III clinical trial’’ definitively demonstrated that neoadjuvant 

chemoradiotherapy is superior (17 vs 13 months, p<0.05). Moreover, all intermediate 

outcomes were superior in the neoadjuvant arm: R0 resection rate, disease free survival 

(DFS), distant metastases free interval (DMFI), and locoregional recurrence free interval 

(LRFI), all by intention to treat.19 4 

 

1.4 Neoadjuvant chemotherapy 

FOLFIRINOX has become the most commonly used chemotherapy in the neoadjuvant 

setting in retrospective studies and ongoing phase II trials. FOLFIRINOX is a combination 

of four chemotherapies: FOL – folinic acid (leucovorin), F – fluorouracil (5-FU), IRIN - 

irinotecan, OX- oxaliplatin. A phase III trial demonstrated a median OS of 11 months with 

FOLFIRINOX compared to 7 months with gemcitabine in patients with metastatic 

pancreatic cancer.9 For locally advanced pancreatic cancer the median OS with 

FOLFIRINOX was 24 months in a patient-level meta-analysis.10 In comparison, the 

median OS with gemcitabine for locally advanced pancreatic cancer ranged from 8 to 13 

months in previous studies.20 FOLFIRINOX is the standard of care in the Netherlands for 

locally advanced and metastatic pancreatic cancer based on these studies. A patient-level 

meta-analysis of FOLFIRINOX for patients with (borderline) resectable pancreatic cancer 
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found a median overall survival of 24 months.7 The Dutch national guideline for pancreatic 

cancer predates these studies and is currently being revised. 

 

1.5 Rationale 

Because many (borderline) resectable pancreatic cancer patients have occult metastatic 

disease at diagnosis, systemic chemotherapy appears to be the more appropriate initial 

treatment.21,22 FOLFIRINOX is the standard of care for locally advanced and metastatic 

pancreatic cancer. The PREOPANC-1 trial showed superiority of neoadjuvant 

gemcitabine based chemoradiotherapy compared to immediate surgery for patients with 

(borderline) resectable pancreatic cancer.4 We hypothesize that FOLFIRINOX is also 

superior to chemoradiotherapy for patients with (borderline) resectable disease. 

Superiority of FOLFIRINOX in the (borderline) resectable setting is supported by a patient-

level meta-analysis,7 but has not been directly compared with neoadjuvant 

chemoradiotherapy in a phase 3 randomized controlled trial. 
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2. OBJECTIVES 
 

Primary Objective:  

To determine whether neoadjuvant FOLFIRINOX followed by surgery improves overall 

survival compared to neoadjuvant gemcitabine based chemoradiotherapy followed by 

surgery and adjuvant gemcitabine in patients with (borderline) resectable pancreatic cancer 

in an intention-to-treat setting. 

 

Secondary Objective(s): 

To compare between the study arms: 

 Chemotherapy rate, defined as the percentage of eligible randomized patients who 

received at least one cycle of chemotherapy. 

 Chemotherapy completion rate, defined as the percentage of eligible randomized 

patients who completed all cycles of scheduled chemotherapy. 

 Staging laparoscopy rate, defined as the percentage of eligible randomized patients that 

actually underwent a staging laparoscopy, regardless whether a laparotomy or resection 

was performed. 

 Laparoscopy yield, defined as the percentage of patients that underwent staging 

laparoscopy and were diagnosed with metastatic disease during this procedure. 

 Exploratory laparotomy rate, defined as the percentage of eligible randomized patients 

that actually underwent an exploratory laparotomy, regardless whether a resection was 

performed. 

 Resection rate, defined as the percentage of eligible randomized patients that underwent 

a curative-intent resection. 

 R0 resection rate, defined as the percentage of eligible randomized patients that 

underwent curative-intent resection with a microscopically complete (R0) result. The 

resection is considered R0 if the inked margin is more than 1 mm away from tumor cells. 

 Progression free survival (PFS), defined as survival without locoregional progressive 

disease, the occurrence of distant metastases, the occurrence of second or recurrent 

pancreatic cancer from the date of randomization. Death from any cause is also 

considered an event for this endpoint. Treatment arms may differ in progression-free 

survival. While not as important as OS, it may improve our understanding of the 

mechanism of effect of neoadjuvant FOLFIRINOX and chemoradiotherapy.  

  Locoregional failure free interval (LFFI), defined as the period of time without 

locoregional failure after randomization. A locoregional failure is any progressive or 

recurrent pancreatic cancer in the original tumor location or the N1 lymph node areas, or 

the occurrence of second pancreatic cancer.  
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  Distant metastases free interval (DMFI), defined as the period of time without distant 

metastases after randomization.  

 Postoperative complications, defined according to the Clavien-Dindo classification 

(Appendix 1)23 and definitions of post-pancreatic surgery complications (pancreatic 

fistula, delayed gastric emptying, and bleeding) by the International Study Group on 

Pancreatic Surgery. 

 Toxicity, gastro-intestinal, neurologic, and hematologic, according to CTCAE version 

4.0.3 (Appendix 2). 

 Quality of life years (QALYs) from randomization until last follow-up.  

 Indirect and direct medical and nonmedical costs (Appendix 5).  

 Incremental cost-effectiveness ratio (ICER) (Appendix 5). 

 Predictive value of biomarkers in serum and resected tumors. 

 Disease free survival (DFS), defined as the period of time between randomization and 

locoregional recurrence, occurrence of distant metastases or second pancreatic cancer, 

or death (all causes). 

 Locoregional recurrence free interval (LRFI), defined as the time interval between the 

day of randomization and the date of locoregional recurrence, including the N1 lymph 

node areas.  

 Clinical response rate defined according to RECIST criteria version 1.1 (Appendix 3) 

comparing pre-randomization and restaging imaging after preoperative 

chemoradiotherapy and after 4 and 8 cycles of FOLFIRINOX. 

 Serum Cancer Antigen 19-9 (CA 19.9) and Carcino-Embryonal-Antigen (CEA) response, 

defined as the change in CA 19-9 and CEA after preoperative chemoradiotherapy and 

after 4 and 8 cycles of FOLFIRINOX compared to baseline. 

 Pathologic response, 3-tier histologic tumor regression grading (HTRG) scheme; HTRG 

0, no viable tumor; HTRG 1, <5% viable tumor cells; HTRG 2, ≥5% viable tumor cells.24  
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3. STUDY DESIGN 

 

This study is a randomized multi-center phase III superiority trial. Eligible patients have 

(borderline) resectable pancreatic cancer and a good performance score of 0 or 1. Patients 

will be randomized in a 1:1 ratio between neoadjuvant FOLFIRINOX followed by surgery 

(intervention; arm 1) and neoadjuvant gemcitabine based chemoradiotherapy followed by 

surgery and adjuvant gemcitabine (comparator; arm 2). Patients will be stratified by 

institution and by resectability status (resectable versus borderline resectable). The primary 

endpoint is overall survival by intention to treat. In total 368 patients with (borderline) 

resectable pancreatic cancer will be randomized.  

 

Treatment in the intervention arm (arm 1) starts with 8 cycles (2 weeks per cycle) of systemic 

chemotherapy, followed by surgery 3 to 6 weeks after completion of chemotherapy. 

Treatment in the comparator arm (arm 2) starts with a schedule based on three cycles of full-

dose gemcitabine, adding hypofractionated radiotherapy (36 Gy in 15 fractions) during the 

second cycle. This chemoradiotherapy is followed by surgery 3 to 6weeks after completion of 

chemotherapy, followed within 12 weeks by 4 cycles (4 weeks per cycle) of adjuvant 

gemcitabine. Adjuvant chemotherapy should be started within 12 weeks after surgery. The 

follow up period is until death or five years after randomization. The first analysis will take 

place 1.5 years after last randomization. Figure 1 is a schematic representation of the study 

design until the end of treatment. 
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Figure 1: Schematic study representation. 

 

Timelines for this study 

Preparations:    01-07-2016 

Start patient entry:   01-06-2018 

End patient entry:   01-06-2021 

End of initial follow up period: 01-12-2022 

First study analysis:   01-02-2023 
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4. STUDY POPULATION 

4.1 Population  

Eligible patients have (borderline) resectable non-metastatic pancreatic cancer. 

Resectability is determined on preoperative imaging and defined by the Dutch Pancreatic 

Cancer Group (DPCG). Resectable disease is defined as no arterial (hepatic artery, 

superior mesenteric artery, or coeliac trunk) tumor contact and venous (portal vein or 

superior mesenteric vein) tumor contact of 90 degrees or less. Borderline resectable 

disease is defined as arterial tumor contact 90 degrees or less and venous contact of 90 

to 270 degrees without occlusion. The diagnosis of pancreatic cancer must be confirmed 

by pathological evaluation of a tumor biopsy or fine needle aspiration. Patients should 

have a good performance score of 0 or 1 (Appendix 4). Patients with hyperbilirubinemia 

may be randomized, but biliary drainage should be performed before start of neoadjuvant 

therapy if bilirubin is higher than 1.5 times upper limit of normal. In Dutch clinical practice, 

this frequently translates to a cut-off value of 25 μmol/L.8 

 

4.2 Inclusion criteria 

In order to be eligible to participate in this study, patients must meet all of the following 

criteria: 

 Histologically or cytologically confirmed pancreatic cancer (i.e. pancreatic ductal 

adenocarcinoma)  

 (Borderline) resectable tumor without metastatic disease* (see table 1 for definitions of 

resectability) 

 WHO performance status 0 or 1  

 Ability to undergo surgery, chemoradiotherapy, and chemotherapy** 

 Leucocytes (WBC) ≥ 3.0 X 109/l  

 Platelets ≥ 100X 109 /l  

 Hemoglobin ≥ 6 mmol/l 

 Renal function: E-GFR > 50 ml/min  

 Age ≥ 18 years  

 Written informed consent 

 

* Lesions on chest CT that are too small to characterize are not considered metastatic 

disease.  

** In some patients this may require assessment by both a surgical and medical 

oncologist and radiotherapist prior to study inclusion. 
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4.3 Exclusion criteria 

Patients who meet any of the following criteria cannot be included in this study: 

 

 Prior radiotherapy, chemotherapy, or resection for pancreatic cancer. 

 Prior radiotherapy or chemotherapy precluding chemoradiotherapy or FOLFIRINOX. 

 Previous malignancy (excluding non-melanoma skin cancer), unless no evidence of 

disease and diagnosed more than 5 years before diagnosis of pancreatic cancer. 

 Pregnancy. 

 Serious concomitant systemic disorders that would compromise the safety of the 

patient or his/her ability to complete the study, at the discretion of the investigator. 

 

4.4 Sample size calculation 

Sample size calculation is performed for the primary endpoint of overall survival. Median 

OS of 17 months for the chemoradiotherapy arm in the PREOPANC-1 trial was used for 

the comparator arm.  

 

In order to detect a hazard ratio (HR) of 0.70 with 80% power (2-sided significance level 

a=0.05) a total of 252 events (deaths) need to be observed. The HR translates into a 

median OS of about 24 months in the intervention arm, which is consistent with the 

patient-level meta-analysis.7 The number of events is expected to be reached after 

inclusion of 368 patients assuming an accrual rate of 10 patients per month with an 

accrual period of 3 years and an additional follow up of 1.5 years after the last patient has 

been randomized. Dropouts are rare and therefore not accounted for.  

 

Pre-specified subgroup analyses include: patients that received at least one cycle of 

neoadjuvant therapy, patients that underwent a complete (R0) resection, for the 

subgroups resectable and borderline resectable pancreatic cancer (for DPCG, NCCN and 

AHPBA definitions), for patients younger versus older than 65 years, and for patients with 

performance score 0 versus 1.  
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5. TREATMENT OF SUBJECTS 

5.1 Investigational product/treatment 

For patients with hyperbilirubinemia, placement of a metal biliary stent is required. When 

bilirubin is less than 1.5 times normal, FOLFIRINOX can be safely given. The intervention 

starts with four cycles of neoadjuvant FOLFIRINOX. Restaging with a CT-scan of the chest 

and abdomen (following CT protocol as described by Dutch Radiology Association (NVvR))25 

and the RECIST 1.1 criteria is performed after four cycles to rule out progressive disease. 

Patients with treatment response or stable disease are scheduled for an additional four 

cycles of neoadjuvant FOLFIRINOX. Restaging with a CT-scan is repeated after a total of 8 

cycles or if FOLFIRINOX is discontinued after 5, 6, or 7 cycles. Patients are eligible for a 

surgical exploration if they have non-metastatic (borderline) resectable disease on imaging. 

Surgery is performed 3 to 6 weeks after the last chemotherapy. Surgery starts with a staging 

laparoscopy (i.e. during the same surgical procedure). Patients also proceed to surgical 

exploration if they discontinue FOLFIRINOX because of toxicity or have local progression at 

restaging within criteria for (borderline) resectable disease. A resection is performed only 

when no metastatic or locally advanced (unresectable) disease is found. Patients with distant 

metastasis or locally advanced disease at restaging or surgery continue with standard 

palliative care according to the national guideline. No adjuvant chemotherapy is scheduled. 

 

The neoadjuvant chemotherapy involves two times four cycles of FOLFIRINOX. Cycles are 

repeated every 2 weeks. This FOLFIRINOX regimen is identical to the regimen of the phase 

III trial (ACCORD trial) for metastatic pancreatic cancer.26 The individual components of 

FOLFIRINOX, dose, and scheduling are described in detail in section 6.6. 

 

5.2 Escape medication (if applicable) 

Not applicable. 

 

5.3 Standard pre-medication  

Patients will receive co-medication as proposed below or according to standard procedures 

of local site: 

 

Administered 30-60 minutes prior to chemotherapy:  

 Dexamethasone 8 mg IV bolus over 3-5 minutes or PO  

 Ondansetron 8 mg IV bolus over 3-5 minutes or PO  

 Atropin 0.25 mg SC 5 min before start of irinotecan 
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A glucose 5% flush should be administered before and after oxaliplatin.  

5.4 Treatment of acute toxicity  

 Table 2: acute toxicity treatment FOLFIRINOX 
Indication  Medication  

Cholinergic symptoms (early diarrhea)  Prophylactic atropin may be 

considered in patients experiencing 

cholinergic symptoms  

Diarrhea 

abdominal cramp = diarrhea 

may be severe and delayed with irinotecan 

Loperamide 4 mg at the onset of 

diarrhea, then 2 mg every two hours 

once first liquid stool appears and 

continue until 12 hours after the last 

liquid stool. Do not use for longer than 

48 hours.  

Nausea and vomiting  Anti-emetics  
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6. INVESTIGATIONAL PRODUCT  

  

6.1 Name and description of investigational product(s) 

 

6.1.1 Oxaliplatin  

Oxaliplatin is a platinum alkylating agent, which contains platinum complexed to oxalate 

and diaminocyclohexane (DACH) complex. Platinum complexes are formed intracellularly 

and inhibit DNA synthesis through covalent binding of DNA molecules to form intrastrand 

and interstrand DNA crosslinks. Oxaliplatin differs molecularly, from other platinums 

(cisplatin and carboplatin), by its bulky DACH carrier ligand that most likely accounts for 

both its efficacy and lack of cross-resistance with other platinum compounds. Cytotoxicity 

is cell-cycle nonspecific. Oxaliplatin is a radiation-sensitizing agent. 

 

The reactive Oxaliplatin derivatives are present as a fraction of the unbound platinum in 

plasma ultrafiltrate. The decline of ultrafilterable platinum levels following Oxaliplatin 

administration is triphasic, characterized by two relatively short distribution phases (t1/2α; 

0.43 hours and t1/2β; 16.8 hours) and a long terminal elimination phase (t1/2γ; 391 

hours). Pharmacokinetic parameters obtained after a single 2-hour intravenous infusion of 

oxaliplatin injection at a dose of 85 mg/m2 expressed as ultrafilterable platinum were 

Cmax of 0.814 mcg/mL and volume of distribution of 440L.  

 

Interpatient and intrapatient variability in ultrafilterable platinum exposure (AUC0-48hr) 

assessed over 3 cycles was moderate to low (23% and 6%, respectively). A 

pharmacodynamic relationship between platinum ultrafiltrate levels and clinical safety and 

effectiveness has not been established.  

 

6.1.1.1 Distribution  

At the end of a 2-hour infusion of oxaliplatin injection, approximately 15% of the 

administered platinum is present in the systemic circulation. The remaining 85% is rapidly 

distributed into tissues or eliminated in the urine. In patients, plasma protein binding of 

platinum is irreversible and is greater than 90%. The main binding proteins are albumin 

and gamma-globulins. Platinum also binds irreversibly and accumulates (approximately 2-



NL61961.078.17    PREOPANC-2 

PREOPANC-2                                 Version 4     10-08-2018                            25 of 79 

fold) in erythrocytes, where it appears to have no relevant activity. No platinum 

accumulation was observed in plasma ultrafiltrate following 85 mg/m2 every two weeks.  

 

6.1.1.2 Metabolism  

Oxaliplatin undergoes rapid and extensive non-enzymatic biotransformation. There is no 

evidence of cytochrome P450-mediated metabolism in vitro.  

 

Up to 17 platinum-containing derivatives have been observed in plasma ultrafiltrate 

samples from patients, including several cytotoxic species (monochloro DACH platinum, 

dichloro DACH platinum, and monoaquo and diaquo DACH platinum) and a number of 

noncytotoxic, conjugated species.  

 

6.1.1.3 Elimination  

The major route of platinum elimination is renal excretion. At five days after a single 2-

hour infusion of oxaliplatin injection, urinary elimination accounted for about 54% of the 

platinum eliminated, with fecal excretion accounting for only about 2%. Platinum was 

cleared from plasma at a rate (10 – 17L/h) that was similar to or exceeded the average 

human glomerular filtration rate (GFR; 7.5L/h). There was no significant effect of gender 

on the clearance of ultrafilterable platinum. The renal clearance of ultrafilterable platinum 

is significantly correlated with GFR.  

 

6.1.1.4 Drug - Drug Interactions  

Table 3: Oxaliplatin drug-drug interactions 

AGENT  EFFECT  MECHANISM  MANAGEMENT  

Warfarin  ↑ incidence of 

hemorrhage  

Prolong INR and 

prothrombin time  

monitor INR closely  

Other 

nephrotoxic 

drugs  

↑ incidence of renal  

impairment  

↓ renal clearance  monitor closely  

 

Drug interactions with CYP450 enzymes are unlikely.  

 

6.1.2 Leucovorin  

Leucovorin calcium (folinic acid) is a reduced form of folic acid. Leucovorin enhances the 

activity of fluorouracil by binding to the enzyme thymidylate synthetase and decreasing 

intracellular levels of thymidylate. Commercially available leucovorin is the racemic 

mixture of D and L isomers; the L stereoisomer is the active moiety.  
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6.1.2.1 Distribution  

Following administration, calcium folinate enters the general body pool of reduced folates. 

It has been reported that, following intravenous and intramuscular administration, peak 

serum levels of total reduced folates are achieved within a mean time of 10 minutes and 

52 minutes respectively. Peak levels of 5-formyl THF appear at 10 minutes and 28 

minutes following intravenous and intramuscular administration respectively. Folate is 

concentrated in the cerebrospinal fluid and liver although distribution occurs to all body 

tissues.  

 

6.1.2.2 Metabolism  

Reduction in the levels of parent compound coincides with the appearance of the active 

metabolite 5-methyl THF, which becomes the major circulating form of the drug. Peak 

levels are observed at 1.5 and 2.8 hours following intravenous and intramuscular 

administration respectively. The terminal half-life for total reduced folates is reported as 

6.2 hours.  

 

6.1.2.3 Excretion  

Folates are excreted in the urine.  

 

6.1.2.4 Drug - Drug Interactions  

Table 4: Leucovorin drug-drug interactions 

AGENT  EFFECT MECHANISM  MANAGEMENT  

Phenobarbital, 

phenytoin,  

primidone, 

succimides.  

↑ seizures  ↓plasma concentrations of 

anti-epileptics.  

Caution; check levels  

Other folic acid 

antagonists  

(i.e. cotrimoxazole,  

pyrimethamine)  

↓ efficacy  If must use, monitor 

for treatment efficacy  
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6.1.3 Irinotecan  

Irinotecan is a semisynthetic derivative of camptothecin, an alkaloid extract from 

camptotheca acuminata. Camptothecin and its analogue belong to the class of 

topoisomerase I inhibitors. Irinotecan and its active metabolite, SN38, bind to the 

topoisomerase DNA complex, preventing relegation of the single strand breaks in the 

DNA molecule. The drug and its active metabolite are believed to exert their cytotoxic 

effects during the S phase of cell cycle.  

 

 

 

6.1.3.1 Distribution  

Peak plasma concentration of irinotecan is reached by the end of intravenous infusion, 

whereas those of the SN38 metabolite occur about 0.5 to 2 hours after the infusion period. 

Irinotecan exposure increased in a dose dependent manner over the usual range, where 

SN38 increases less than proportionally with dose. No impact of gender on 

pharmacokinetics was found.  

 

6.1.3.2 Metabolism  

Irinotecan is metabolized to its active form, SN38, in the presence of hepatic or 

gastrointestinal carboxylesterase. Both irinotecan and SN38 undergo pH dependent, 

reversible hydrolysis from the active closed ring lactone to an open inactive carboxylate 

form. Irinotecan is also metabolized in part by CYP3A4 to inactive metabolites.  

 

6.1.3.3 Excretion  

The complete disposition of irinotecan in human has not been fully elucidated. SN38 

subsequently undergoes conjugation (by UDP glucuronyl transferase UGT1A1) to form a 

glucuronide metabolite and is excreted in bile. Approximately 10% of the North American 

population is homozygous for the wildtype UGT1A1*28 allele, which results in reductions 

in UGT1A1 enzyme activity and higher SN38 systemic exposure.  
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6.1.3.4 Drug - Drug Interactions  

Table 5: Irinotecan drug-drug interactions 

AGENT  EFFECT  MECHANISM  MANAGEMENT  

Dexamethasone  - Lymphocytopenia  

- Hyperglycemia 

(especially in patients 

with glucose 

intolerance)  

- Additive  

-Lowers glucose 

tolerance  

- Monitor blood count  

- Monitor blood 

glucose  

Prochlorperazine  ↑ akathisia observed 

when given on same 

day as irinotecan 

weekly  

Unknown  Caution; avoid on 

same day of 

irinotecan treatment  

Diuretics  ↑ dehydration  Additive  Monitor or Avoid  

Azole antifungals  ↑ irinotecan toxicity  ↑ exposure of 

SN38 (110%)  

CONTRAINDICATED.  

(Discontinue ≥ 1 week 

before first dose of 

irinotecan)  

Other inhibitors 

of CYP3A4 

(ciprofloxacin,  

clarithromycin,ver

apamil, grapefruit 

juice, etc)  

↑ irinotecan toxicity  ↑ exposure; 

increased 

formation of SN38  

Avoid concomitant 

use or adjust 

irinotecan dose  

CYP3A4 inducers 

(i.e. phenytoin, 

rifampin, 

dexamethasone, 

carbamazepine, 

phenobarbital, St. 

John’s Wort, etc)  

↓ irinotecan effects  ↓ exposure 

because of lower 

SN38 levels  

Avoid concomitant 

use  

– switch to non-

enzyme  

inducing 

anticonvulsants;  

discontinue St. John's 

Wort ≥ 1 week prior to  

irinotecan  

Curcumin 

(tumeric)  

may reduce effect of 

irinotecan  

inhibits irinotecan 

induced apoptosis  

Avoid concomitant 

use  

Atazanavir  ↑ effect of irinotecan  inhibits UGT1A1 

and CYP3A4  

Avoid concomitant 

use  
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Neuromuscular 

blocking agents 

(ie. 

suxamethonium, 

succinylcholine)  

Prolonged 

neuromuscular  

blocking effects  

Additive 

anticholinesterase 

activity  

Caution  

Laxatives  Worsens diarrhea  Additive  Avoid  

 

6.1.4 Fluorouracil  

Fluorouracil was developed in 1957 based on the observation that tumor cells use the 

base pair uracil for DNA synthesis more efficiently than did normal cells of the intestinal 

mucosa. It is a fluorinated pyrimidine antimetabolite that is metabolized intracellularly to its 

active form, fluorouridine monophosphate (FdUMP). The active form inhibits DNA 

synthesis by inhibiting thymidylate synthetase and the normal production of thymidine. 

Effects on RNA (incorporation into RNA and RNA inhibition) occur especially with bolus 

administration. Fluorouracil is cell cycle phase specific (S phase).  

 

 

6.1.4.1 Distribution  

Following intravenous injection, fluorouracil distributes into tumors, intestinal mucosa, 

bone marrow, liver and other tissues throughout the body. In spite of its limited lipid 

solubility, fluorouracil diffuses readily across the blood-brain barrier and distributes into 

cerebrospinal fluid and brain tissue.  

 

6.1.4.2 Metabolism  

5-FU is rapidly metabolized by the liver to produce biologically inactive metabolites, such 

as dihydrofluorouracil, α-fluoro-β-ureidopropionic acid, which are further converted to 

CO2, urea and aminofluoropropionic acid, and excreted with urine.  

 

6.1.4.3 Excretion  

10-15% of 5-FU is excreted intact in the urine. Nontoxic metabolites are also excreted in 

the urine, and 60-80% are excreted as CO2 during 8-12h.  

 

 

 



NL61961.078.17    PREOPANC-2 

PREOPANC-2                                 Version 4     10-08-2018                            30 of 79 

6.1.4.4 Drug - Drug Interactions  

Laboratory tests for bilirubin (icteric index) and urinary 5HIAA may increase or have false 

positive results. Increases in T3 and T4 levels have been reported in euthyroid advanced 

breast cancer patients treated with single agent fluorouracil. These changes were  

reversible within 4 weeks after the end of treatment.  

 

Table 6: 5-FU drug-drug interactions 

AGENT  EFFECT  MECHANISM  MANAGEMENT  

Allopurinol  ↓ toxicity of 

fluorouracil  

possibly inhibition of 

thymidine 

phosphorylase  

Caution  

Mitomycin  ↑ incidence of 

hemolyticuremic  

syndrome with long-

term usage  

Unknown  Caution  

Cimetidine  ↑ serum 

concentrations of  

fluorouracil  

appears to interfere 

with fluorouracil 

metabolism  

observe for 

increased 

toxicity of 

fluorouracil  

Metronidazole  ↑ serum 

concentration and/or  

toxicity of fluorouracil  

↓ clearance of 

fluorouracil  

monitor for 

increased  

toxicity of 

fluorouracil  

Phenytoin  ↑ Phenytoin levels 

and toxicity  

Possible inhibition or 

decreased synthesis 

of CYP2C9 by 

fluorouracil  

Monitor 

phenytoin  

levels and 

patient  

Thiazide diuretics  ↑ myelosuppression  ↓ renal excretion of 

fluorouracil  

consider an 

alternative  

antihypertensive  

Warfarin  ↑ effects of warfarin  ↓ CYP2C9 enzymes 

for metabolism; 

reduced warfarin 

clearance  

monitor INR 

closely; adjust 

warfarin doses 

accordingly  
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6.2 Summary of findings from non-clinical studies 

Not applicable. 

 

6.3 Summary of findings from clinical studies 

A comprehensive search of Embase, MEDLINE (via OvidSP), Web of Science, Scopus, 

Cochrane Central, and Google Scholar was performed on September 1, 2016. Moreover, 

clinical trial registries (clinicaltrials.gov) were searched for ongoing clinical trials evaluating 

neoadjuvant FOLFIRINOX for patients with (borderline) resectable pancreatic cancer. 

The search yielded a total of 19 studies 27-45, with 815 participants. Most studies were 

retrospective analyses, while 1 study with 10 patients was conducted prospectively, and 3 

studies with 10 to 22 patients were clinical trials. The earliest start date of inclusion was 

2007. The majority of studies, however, started inclusion in the past five years. Most studies 

examined preoperative FOLFIRINOX in a population of locally advanced and (borderline) 

resectable patients, and as a result outcomes of (borderline) resectable patients were not 

always specified separately from locally advanced patients. Six studies presented only 

patients with (borderline) resectable disease. Of all patients in the included studies, 250 

(30%) were (borderline) resectable. In the (borderline) resectable arm, 205 (82%) patients 

were able to undergo a curative resection, whereas 45 (18.0%) patients with a (borderline) 

resectable tumor did not undergo a resection because of rapidly progressive disease.  

The FOLFIRINOX treatment regimen was detailed in 14 of the 19 included studies and was 

mostly identical or similar to the ACCORD 11 trial. Most deviations from the standard 

regimen were observed with regards to the 5-FU bolus injection, which was not included in 3 

studies. The number of scheduled cycles ranged between 2 and 8, with an average of 4 

cycles. Default use of pegylated filgrastim prophylaxis was confirmed in 7 studies. After a 

median of 5 cycles, an R0 resection was achieved in 84% of (borderline) resectable patients. 

Survival data was detailed in 16 of the 19 studies with a median follow-up ranging from 9 

months to 41 months. Median progression free survival (PFS) ranged from 6 to 21 months. 

Median OS ranged from 10 to 35 months. One-year OS ranged from 46% to 100% across 

studies and was reported above 75% in most (80%) of studies. 

In clinical trial registries we identified four ongoing phase II trials investigating neoadjuvant 

FOLFIRINOX (NCT02172976, NCT02562716, NCT02243007, and NCT02345460). 

However, all four trials have primary outcomes other than OS or are underpowered to detect 

a clinically significant difference in OS. 



NL61961.078.17    PREOPANC-2 

PREOPANC-2                                 Version 4     10-08-2018                            32 of 79 

6.4 Summary of known and potential risks and benefits 

The most common grade 3 or 4 adverse events occurring in more than 5% of patients with 

metastatic pancreatic cancer in the ACCORD trial (171 patients) were: neutropenia (45.7%), 

febrile neutropenia (5.4%), thrombocytopenia (9.1%), anemia (7.8%), fatigue (23.6%), 

vomiting (14.5%), diarrhea (12.7%), sensory neuropathy (9.0%), elevated level of alanine 

aminotransferase (7.3%), and thromboembolism (6.6%).26 No death has been attributed to 

FOLFIRINOX in a phase 3 trial in the metastatic setting (n=171) and in a patient-level meta-

analysis in the locally advanced setting (n=315).10,26 

In the ACCORD trial, patients with metastatic pancreatic cancer who received FOLFIRINOX 

had a median OS of 11 months compared to 7 months with gemcitabine.26 In a patient-level 

meta-analysis of non-randomized studies, patients with locally advanced pancreatic cancer 

who received FOLFIRINOX (n=315) had a median OS of 24 months.10 Although non-

randomized, these results compare favorably with the median OS of 8-13 months reported in 

the literature for patients with locally advanced pancreatic cancer treated with gemcitabine.20 

The ACCORD trial also demonstrated that FOLFIRINOX significantly improved quality of life 

(by deferring deterioration) compared to gemcitabine in patients with metastatic pancreatic 

cancer.46 

6.5 Description and justification of route of administration and dosage 

See point 6.6 for dose and administration routes of FOLFIRINOX treatment. 

6.6 Dosages, dosage modifications and method of administration 

FOLFIRINOX is a combination of systemic chemotherapy agents. FOLFIRINOX consists of 

oxaliplatin at a dose of 85 mg/m2, given as a 2-hour intravenous infusion, immediately 

followed by leucovorin at a dose of 400 mg/m2 given as a 2-hour intravenous infusion, with 

the addition, after 30 minutes, of irinotecan at a dose of 180 mg/m2, given as a 90-minute 

intravenous infusion through a Y-connector. This treatment is immediately followed by 

fluorouracil at a dose of 400 mg/m2 administered by intravenous bolus, followed by a 

continuous intravenous infusion of 2400 mg/m2 over a 46-hour period every 2 weeks. 

Primary prophylaxis with G-CSF after every cycle of FOLFIRINOX is strongly recommended. 

 

About 10% of patients has a (partial) deficiency of the dihydropyrimidine dehydrogenase 

(DPD) enzyme (encoded by the DPYD gene) resulting in increased fluorouracil toxicity. 

Testing of the DPYD gene is strongly recommended. Fluorouracil dose is adjusted or 

withheld in patients with a (partial) deficiency of the DPD enzyme. 
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The fluorouracil bolus may be withheld in patients with a WHO/PS 1 and/or age above 75. A 

modified regimen starting at the first cycle is also allowed at the discretion of the treating 

physician: irinotecan and oxaliplatin starting dose may be reduced to 80%, and the 

fluorouracil bolus may be withheld.  

 

Dose adjustments during treatment should be based on the maximum graded toxicity within 

the previous cycle, graded using the National Cancer Institute Common Toxicity Criteria 

(version 4.0.3, see Appendix 2). For details on dose adjustment see section 6.6.1. 

 

6.6.1 FOLFIRINOX dose adjustment guidelines 

Toxicities will be managed by treatment interruption for a maximum of 2 weeks, to allow 

resolution of toxicity. In the case of illness other than toxicity (i.e. cholangitis), the 

treatment will be delayed for a maximum of 4 weeks. If a patient’s treatment is delayed for 

longer than 2 weeks because of toxicity or longer than 4 weeks because of illness other 

than toxicity the patient will discontinue FOLFIRINOX.  

 

After treatment interruption because of toxicity, the dose of one or more agents of the 

FOLFIRINOX regimen may be reduced according to maximum graded toxicity within the 

previous cycle as described below. If a dose is reduced because of toxicity, the patient will 

stay on the reduced dose for the remainder of the study. A second dose reduction is 

allowed before the patient discontinues from study treatment.  

 

Hematologic toxicity  

Do not restart chemotherapy until the granulocyte count is ≥ 1.0 x 109/L and the platelet 

count is ≥ 75x109/L. See table 8 and 9 for details. 

 

Table 8. Doses according to the blood counts at the beginning of a cycle (Day 1). 

BLOOD COUNTS 

DAY 1 

DELAY OF 

CYCLE 

DOSES REDUCTION 

  Irinotecan Oxaliplatin Fluorouracil 

Granulocyte count 

< 1.5 x 109/L 

Hold treatment 

until 

granulocytes ≥ 

1.0 x 109/L (one 

or two weeks if 

necessary). 

1st occurrence: 

reduction of 

dose to 150 

mg/m² 

 

2nd 

1st occurrence : 

no reduction of 

dose 

 

 

2nd occurrence: 

1st occurrence: 

delete bolus 

5FU 
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In case of non 

recovery after 2 

weeks delay, 

stop treatment* 

occurrence: 

maintain the 

dose at 150 

mg/m² 

 

3rd occurrence: 

treatment 

discontinuation 

reduce the dose 

to 60 mg/m2 

 

 

3rd occurrence: 

treatment 

discontinuation 

Platelets < 75 x 

109/L 

Hold the 

treatment until 

recovery 

platelets ≥ 75 x 

109/L. 

 

 

 

 

 

 

In case of non 

recovery after 2 

weeks delay, 

stop treatment 

1st occurrence: 

no reduction of 

dose 

 

 

 

 

2nd 

occurrence: 

reduce the 

dose 

to 150 mg/m² 

 

 

3rd occurrence: 

treatment 

discontinuation 

1st occurrence: 

reduce the dose 

to 60 mg/m² 

 

 

 

 

2nd occurrence: 

maintenance of 

the reduced 

dose 

 

3rd occurrence: 

treatment 

discontinuation 

 

1st occurrence: 

reduce both the 

bolus and the 

continuous 

infusion to 75% 

of 

the original 

doses 

 

Table 9. Doses according to the low nadir blood counts or in case of infection. 

ADVERSE EVENTS REDUCTION OF DOSE FOR SUBSEQUENT 

CYCLES 

Febrile neutropenia 

OR 

Grade 4 neutropenia during more 

than 7 days 

OR 

Infection with concomitant grade 3-

4 neutropenia 

1st
 occurrence: reduce the dose of irinotecan to 150 

mg/m² and delete the bolus 5FU dose 

 

2nd occurrence: reduce also the dose of oxaliplatin to 

60 mg/m² 

 

3rd occurrence: treatment discontinuation 
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Gastrointestinal toxicities 

Patients are instructed to use loperamide for diarrhea, and have a supply of this drug 

upon starting FOLFIRINOX. Patients should not be retreated with irinotecan until recovery 

to CTCAE grade ≤1 diarrhea has occurred. See table 10 for details. 

 

Table 10. Doses in case of persistent diarrhea. 

ADVERSE EVENTS REDUCTION OF DOSE FOR SUBSEQUENT CYCLES 

Diarrhea grade 3-4 

 

or 

Diarrhea + fever 

 

and/or 

neutropenia grade 3-4 

1st occurrence: reduce the irinotecan dose to 150 mg/m2 and 

delete the bolus 5FU dose 

 

2nd occurrence: reduce also the oxaliplatin dose to 60 mg/m² 

and reduce the dose of continuous 5FU to 75 % of the original 

dose 

 

3rd occurrence: treatment discontinuation 

Diarrhea ≥ 48 h despite 

high doses loperamide 

No systematic reduction of the irinotecan, oxaliplatin or 5FU 

doses after complete recovery, unless grade 3-4 diarrhea, or 

diarrhea + fever, and/or concomitant neutropenia grade 3-4 

 

Mucositis or “hand-foot” syndrome 

In case of grade 3-4 toxicity, delete bolus and reduce continuous 5FU with 25% or the 

subsequent cycles. 

 

Cardiac toxicity 

In case of angina pectoris or of myocardial infarction, 5FU has to be stopped. 

 

Hyperbilirubinemia 

In case of elevation of bilirubin, it is suggested to exclude an obstruction of the biliary stent 

or progressive disease and to postpone chemotherapy. If bilirubin is >1.5xULN, irinotecan 

is not recommended. If chemotherapy is medically indicated, it is necessary to provide a 

dose adjustment of irinotecan: 

 Irinotecan Oxaliplatin 5-FU 

Bilirubin 1.0 – 1.5 x ULN 75% 100% 100% 

Bilirubin 1.5 – 3.0 x ULN 50% 100% 100% 

Bilirubin > 3 x ULN Discontinuation 100% 50% 
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Other toxicities 

Any other toxicity ≥ grade 2, except anemia and alopecia, can justify a reduction of dose if 

medically indicated, for example reduction of irinotecan to 150 mg/m² and/or oxaliplatin to 

60mg/m² and/or 5-FU of 25% depending of the type of adverse event. 

 

6.7 Preparation and labeling of Investigational Medicinal Product 

The FOLFIRINOX chemotherapy combination is prepared in the pharmacy of the 

participating institutes following their standard operating procedures. FOLFIRINOX will be 

prepared for administration using medication from the regular stock of the local pharmacy. 

The FOLFIRINOX will subsequently be labeled with the study number (MEC). Since 

registered commercially available packings of the medication will be used and the medication 

will be applied in the clinical setting, labelling meeting criteria of Annex 13, GMP, is not 

applicable for this study.  

 

6.8 Drug accountability 

The FOLFIRINOX will be prescribed using the local prescribing program. It will be noted that 

the medication will be used for the PREOPANC-2 study with matching study number (MEC). 

The study specific VTGM protocol will include batch numbers and expiry dates. The protocol 

will be stored in the study file located at the local pharmacy.  
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7. NON-INVESTIGATIONAL PRODUCT  

7.1 Name and description of non-investigational product(s) 

 
7.1.1 Gemcitabine 

Gemcitabine (Gemzar®) is commercially available. The drug is supplied as a lyophilized 

powder in sterile vials containing 200 mg or 1000 mg of gemcitabine as the hydrochloride 

salt, mannitol, and acetate. The drug will be reconstituted with normal saline added to the 

vial to make a solution ideally containing 10 mg/ml (not to exceed 38 mg/ml). Once the 

drug has been reconstituted it should be stored at room temperature and used within 24 

hours. Gemcitabine is administered at 1000 mg/m2/dose throughout the study.  

For patients with hyperbilirubinemia, placement of a metal biliary stent is required. When 

bilirubin is less than 3.0 times normal, gemcitabine can be safely given.  

In the neoadjuvant setting, gemcitabine will be administered on day 1 and 8 in 2 cycles of 

21 days, one cycle before and one cycle after chemoradiotherapy. During radiotherapy 

gemcitabine is administered on day 1, 8, and 15. Postoperative gemcitabine is 

administered on day 1, 8, and 15 in 4 cycles of 28 days each. The postoperative 

chemotherapy should start after the patient has recovered from surgery, but not later than 

12 weeks after surgery. The total number of gemcitabine administrations is 19 (7 before 

surgery and 12 after surgery).   

 

7.1.2 Radiotherapy 

In patients randomized to the standard of care arm, radiotherapy to the pancreatic tumor 

with a margin for position variation and movement of the pancreas and tumor will be 

planned. A hypofractionated scheme of 15 fractions of 2.4 Gy in three weeks will be 

applied, combined with the second course of gemcitabine (gemcitabine 1000 mg/m2/dose, 

day 1,8,15). At least IMRT of VMAT techniques are required. Any more sophisticated 

method such as four dimensional CT-scan, introduction of fiducial markers to allow for 

online position verification, Cyberknife, breath hold techniques that may diminish the 

Gross Tumor Volume (GTV) to Clinical Target Volume (CTV) or Internal Target Volume 

(ITV) margins are allowed, provided the CTV or ITV is adequately covered.  

 

7.1.2.1 Preparation 

Patients must fulfil all eligibility criteria for the study and be fit to undergo 

chemoradiotherapy before preparing chemoradiotherapy. They will be prepared for 

radiotherapy with a dedicated CT scanner in treatment position with an immobilization 

device if used. Standard position is supine with the arms above the head, allowing optimal 

choice for possible beam angles. CT with 3mm slices with intravenous contrast 
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enhancement is warranted for a better definition of the tumor and neighboring organs. A 

four dimensional (4-D) CT with 8 phases is preferable because of the position variation of 

the pancreas and neighboring organs due to breathing. Scans should be matched with 

pre-treatment diagnostic CT or MRI images if these provide better delineation of the tumor 

than the dedicated CT-scan.  

 
7.1.2.2 Volumes of interest 

These are defined according to the ICRU Reports 50, 62 and 83. 47-49 Gross Tumor 

Volume (GTV) is defined as the macroscopically visible tumor at CT-scan and/or MRI. The 

GTV must be delineated on the CT-scan slice by slice using the 3D treatment planning 

software available on the department of radiation oncology. This may be performed in 

close co-operation between radiation oncologist and diagnostic radiologist, in order to 

define the tumor extensions optimally. If applicable this includes the GTV plus pathological 

neighboring lymph nodes. GTV is delineated on all phases of the 4D CT-scan. If no 4D 

CT-scan is available, a slow 3D scan is used.  

 Clinical Target Volume (CTV) includes the GTV plus possible tumor extensions of 

5mm.  

 Internal Target Volume (ITV) is the summation of CTV’s in all phases of respiration. In 

case no 4D CT scans are used but a slow 3D CT scan, ITV is defined as CTV plus 

10mm in craniocaudal and 7mm in anteroposterior and bilateral direction. 

 Planning Target Volume (PTV) includes the ITV plus 10mm margin.  

 

These large ITV-PTV margins should be applied since it is increasingly clear that the 

pancreas interfractional position variation of the pancreatic tumor may exist due to 

variation in filling of neighboring hollow organs. 50,51 Smaller margins may be applied in 

case techniques are used that either reduce the motion, such as gated therapy, 

Cyberknife or breath hold techniques, or techniques that quantify the individual motion 

and incorporate this in the CTV to ITV margin. That is, provided the study QA team 

approves of the proposed technique and the way it is applied.  

 
7.1.2.3 Organs at risk 

 The Quantitative Analyses of Normal Tissue Effects in the Clinic (QUANTEC) criteria 

will be used to define dose constraints for organs at risk. 52,53 Since the total dose in 

the slightly hypofractionated schedule of 36 Gy in 15 fractions is relatively low, the 

dose to the spinal cord will at maximum be equivalent to 41 Gy in 2 fractions (α/β = 

0.87 Gy); well below the tolerance. Similarly, the dose constraints for stomach and 

small bowel will not be met.  
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 The mean kidney dose may not exceed 18 Gy in 2 Gy fractions (α/β = 2.5 Gy). If the 

dose to one whole kidney exceeds 18 Gy, one must avoid irradiation of the 

contralateral kidney as much as possible. It is recommended to quantify the renal 

function separately, right and left, by using an isotopic renography.  

 Liver: the mean liver dose may not exceed 30 Gy in 2 Gy fractions (α/β = 2 Gy). A 

higher dose is allowed to a small amount of liver volume.  

 
7.1.2.4 Treatment planning and dose prescription 

At least IMRT of VMAT techniques are required. Dose volume histograms will be used to 

select the best possible dose distribution/plan. The dose distribution should be calculated 

three dimensionally with visualization of the tumour area and relevant organs at risk (in 

particular the kidneys and liver). The dose should be specified according to ICRU 

guidelines. 47-49 

 

Dose prescription: At least 95% of the prescribed dose of 36 Gy in 15 fractions should 

cover 98% of the PTV.  

 

Position verification 

At least weekly, position verification should be applied. If smaller CTV-PTV margins are 

used, position verification should be more frequent. Appropriate set-up correction criteria, 

preferably based on SAL or (e)NAL correction strategies, should be applied.  

 
7.1.2.5 Toxicity from radiotherapy 

In general, patients are fatigued throughout a treatment period. Further toxicity may 

concern the stomach, e.g. nausea, loss of appetite; weight loss and potentially a stress 

ulcer may develop. Furthermore, though not frequent, small bower toxicities may occur 

resulting in frequent stools, or diarrhea. To prevent unacceptable toxicity, physical 

examination and evaluation of acute toxicity will be performed once a week. Symptomatic 

medication as anti-emetics and anti-diarrhea medication will be provided if required. A 

proton pump inhibitor is recommended during the first 6 months to diminish stomach 

secretion and to reduce pepsin production in order to prevent peptic ulcer.  
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7.1.3 Schedule neoadjuvant chemoradiotherapy 

 

Table 11: Combination schedule radiotherapy with gemcitabine (arm 2 only). 

Cycle 1: Day 1 and 

8 

Day 15: one week 

rest 

Gemcitabine 1000 mg/m2/dose Intravenous infusion in 

250ml sodium chloride 

0.9% over 30 minutes 

Cycle 2: Day -40  Radiotherapy  15 fractions of 2.4 

Gy in 3 weeks (only 

on weekdays) 

 

Cycle 2: Day 22, 

29 and 36 

Day 43: one week 

rest 

 

 Gemcitabine 

(combined with 

radiotherapy) 

1000 mg/m2/dose Intravenous infusion in 

250ml sodium chloride 

0.9% over 30 minutes 

 Cycle 3: Day 50 

and 57 

Day 64: one week 

rest 

Gemcitabine 1000 mg/m2/dose Intravenous infusion in 

250ml sodium chloride 

0.9% over 30 minutes 

7.2 Summary of findings from non-clinical studies 

Not applicable. 

 

7.3 Summary of findings from clinical studies 

 The PREOPANC-1 trial demonstrated that patients treated with preoperative 

chemoradiotherapy, followed by surgery, and adjuvant gemcitabine had a significantly 

improved overall survival as compared to upfront surgery with adjuvant gemcitabine, with a 

median overall survival of 17 versus 13 months (p<0.05).4 A systematic review of 38 studies 

with 3484 patients with (borderline) resectable pancreatic cancer found superior overall 

survival after neoadjuvant treatment compared to upfront resection (14.8 vs 18.8 months). 5 

A recent Korean randomized phase 2/3 trial was closed early, because of superior survival 

with neoadjuvant treatment at interim analysis (21 vs 12 months, p=0.028).6 

7.4 Summary of known and potential risks and benefits 

 
Gemcitabine 

See SmPC (summary of product characteristics). 
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7.5 Description and justification of route of administration and dosage 

See point 7.6 for dose and administration routes of gemcitabine treatment. 

 

7.6 Dosages, dosage modifications and method of administration 

 

7.6.1 Gemcitabine 

In the preoperative setting, Gemcitabine is administered at 1000 mg/m2/dose on the days 

as described in Table 11. In the adjuvant setting, Gemcitabine is administered at 1000 

mg/m2/dose on day 1, 8, and 15 in 4 cycles of 28 days (4 weeks) each. This implies one 

week rest between two cycles of gemcitabine. Chemotherapy in the adjuvant setting 

should start after the patient has recovered from surgery, but not later than 12 weeks after 

surgery. 

 

During gemcitabine therapy, gemcitabine dose modification rules are depicted in the table 

12 below. In case of gemcitabine interruption during chemoradiotherapy, radiotherapy 

should be continued if possible if the observed toxicity is ≤ grade 3 and not commonly 

associated with radiation. 

 

Table 12a: Dose adjustments at the start of a new cycle 

ANC 

(x 109/l) 

 Platelets 

(x 109/l) 

% of full dose 

Gemcitabine 

> 1.5 pre-inf and > 100 pre-inf 100% 

< 1.5 pre-inf and/or < 100 pre-inf Delay start up to maximal 2 

weeks 

 

< 0.5 in the 

previous cycle 

and/or < 50 in the 

previous cycle 

75% 

 

Table 12b: Dose adjustments within a cycle on day 8 or 15 

 

ANC pre-inf 

(x 109/l) 

 Platelets pre-inf 

(x 109/l) 

% of full dose 

Gemcitabine 

> 1.0 and > 100 100% 

>0.5 - <1.0 and > 100 100% 

> 1.0 and >50 - <100 75% 

<0.5 and/or <50 Hold 
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Gemcitabine is discontinued upon wish of the patient (for whatever reason) or at 

unacceptable toxicity according to the treating physician.  

 

In case of dose reduction, subsequent doses within that cycle should be administered at 

the same reduced dose. The dose of gemcitabine may be increased at the start of the 

next cycle, provided that blood counts have returned to normal and the reduced dose was 

well tolerated.  

In case of any other any other grade 3 toxicity; hold dose until recovery to at least < grade 

1 and reduce to 75% of full dose gemcitabine.  

 

7.7 Preparation and labelling of Non Investigational Medicinal Product 

Gemcitabine 

The gemcitabine is prepared in the pharmacy of the participating institutes following their 

standard operating procedures. Since this is standard of care gemcitabine does not need to 

be labeled as study medication. 

 

7.8 Drug accountability 

Not applicable. 
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8.  METHODS 

8.1 Study parameters/endpoints 

8.1.1 Main study parameter/endpoint 

 Overall survival (OS), defined as the period of time between randomization and 

death from any cause. Patients alive at last follow-up are censored. 

8.1.2 Secondary study parameters/endpoints 

 Chemotherapy rate, defined as the percentage of eligible randomized patients 

who received at least one cycle of chemotherapy. 

 Chemotherapy completion rate, defined as the percentage of eligible 

randomized patients who completed all cycles of scheduled chemotherapy. 

 Staging laparoscopy rate, defined as the percentage of eligible randomized 

patients that actually underwent a staging laparoscopy, regardless whether a 

laparotomy or resection was performed. 

 Laparoscopy yield, defined as the percentage of patients that underwent 

staging laparoscopy and were diagnosed with metastatic disease during this 

procedure. 

 Exploratory laparotomy rate, defined as the percentage of eligible randomized 

patients who actually underwent an exploratory laparotomy, regardless whether 

a resection was performed. 

 Resection rate, defined as the percentage of eligible randomized patients that 

underwent a curative-intent resection. 

 R0 resection rate, defined as the percentage of eligible randomized patients 

that underwent a microscopically complete (R0) resection. The resection is 

considered R0 if the inked margin is more than 1 mm away from tumor cells. 

 Progression free survival, defined as survival without locoregional progressive 

disease, the occurrence of distant metastases, the occurrence of second or 

recurrent pancreatic cancer from the date of randomization. Death from any 

cause is also considered an event for this endpoint. Patients alive and free of all 

these events will be censored at the last follow-up.  
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  Locoregional failure free interval (LFFI), defined as the period of time without 

locoregional failure after randomization. A locoregional failure is any 

progressive or recurrent pancreatic cancer in the original tumor location or the 

N1 lymph node areas, or the occurrence of second pancreatic cancer. 

Locoregional failure is considered an event and patients are censored at death, 

at distant metastases without locoregional recurrence, or at the date of last 

follow-up for patients alive and free of all these events. 

 Distant metastases free interval (DMFI), defined as the period of time without 

distant metastases after randomization. Distant metastases are considered an 

event and patients are censored at death or at the date of last follow-up for 

patients alive and free of all these events. 

 Postoperative complications, defined according to the Clavien-Dindo 

classification (Appendix 1) and definitions of post-pancreatic surgery 

complications (pancreatic fistula, delayed gastric emptying, and bleeding) by the 

International Study Group on Pancreatic Surgery. 

 Toxicity, gastro-intestinal and hematologic, according to CTCAE version 4.0.3 

(Appendix 2), until 90 days after the last dose of chemotherapy. 

 Quality of life years (QALYs) from randomization until last follow-up. 

 Indirect and direct medical and nonmedical costs (Appendix 5). 

 Incremental cost-effectiveness ratio (ICER) (Appendix 5). Is calculated as the 

ratio between the difference in QALYs and the difference in total costs per 

patient. 

 Disease free survival (DFS), defined as the period of time from randomization to 

locoregional recurrence, distant metastases, second pancreatic cancer or death 

from any cause, whichever occurs first. Patients alive and free of all these 

events will be censored at the last follow-up. 

 Locoregional recurrence free interval (LRFI), defined as the period of time from 

randomization to locoregional recurrence. Patients are censored at death or 

distant metastases without locoregional recurrence, or at time of last follow-up if 

no event has occurred. 

 Clinical response rate defined according to RECIST criteria (version 1.1, 

Appendix 3) comparing pre-randomization and restaging imaging after 

preoperative chemoradiotherapy and after 4 and 8 cycles of FOLFIRINOX. 

 Serum CA 19-9 and CEA response, defined as the change in CA 19-9 and CEA 

after preoperative chemoradiotherapy and after 4 and 8 cycles of FOLFIRINOX 

compared to baseline. 
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 Pathologic response, 3-tier histologic tumor regression grading (HTRG) scheme 

proposed by the College of American Pathologists; HTRG 0, no viable tumor; 

HTRG 1, <5% viable tumor cells; HTRG 2, ≥5% viable tumor cells 24.  

8.1.3 Other study parameters (if applicable) 

Serum biomarkers including ctDNA, miRNA, immune monitoring, proteomics and 

Tumor-Educated Platelets (TEPs) to predict response and prognosis. 

 

8.2 Randomization, blinding and treatment allocation 

Patients will be randomized in a 1:1 ratio between neoadjuvant FOLFIRINOX followed by 

restaging and resection (arm 1) and neoadjuvant chemoradiotherapy followed by restaging, 

resection and adjuvant gemcitabine (arm 2). Patients are stratified by institution and by 

resectability status (resectable versus borderline resectable).  

 

After checking all eligibility criteria and written informed consent is obtained, eligible patients 

can be randomized through the internet-based randomization tool in ‘ALEA’: 

https://aleaclinical.com/ErasmusMC/DM/  

 

A login for the online randomization system can be requested at the Clinical Trial Center of 

the Erasmus MC and will be activated when the center is authorized. Patients can be 

randomized online 24 hours a day, 7 days a week.  

 

In case of technical issues, randomization can be done by phone, fax or email on working 

days from 8.00 am to 5.00 pm: 

Erasmus MC - Clinical Trial Center (see contact details on protocol title page).   

 

In case the patient is eligible and signed the written informed consent, he/she will be 

allocated a unique study number (a sequence number by order of enrolment in the trial) and 

result of randomization:  

 

1. Neoadjuvant FOLFIRINOX followed by restaging and surgery  

2. Neoadjuvant chemoradiotherapy followed by restaging, surgery, and adjuvant 

gemcitabine 

 

Patient study number and result of randomization will be provided immediately by ALEA per 

e-mail to all persons/parties defined in the system that should receive such notifications. 



NL61961.078.17    PREOPANC-2 

PREOPANC-2                                 Version 4     10-08-2018                            46 of 79 

The study number and randomization arm should be documented in the patients’ medical file 

(source document) as well as a signed original of the written informed consent. The local 

investigator must keep a list of patients in which the study numbers of individual patients can 

be linked to identifiable data and hence to the source documents. Along with this list the 

original, signed informed consent forms should be kept in a safe place. 

 

The local investigator should not report identifiable data to the Clinical Trial Center, but only 

the anonymous study number in correspondence to the Clinical Trial Center and in the 

electronic case report forms (eCRF). 

 

8.3 Study procedures 

 

Evaluation and management prior to inclusion and randomization 

 Eligible patients are informed about the study and written informed consent is required 

prior to inclusion. 

o Study-specific assessments and evaluations will be performed after written informed 

consent is obtained. 

o Randomization will take place after written informed consent is obtained and when 

all eligibility criteria are fulfilled. 

 Medical history and physical exam. 

 Laboratory tests: hemoglobin, WBC, differential count, platelets, bilirubin, ALAT, ASAT, 

Alkaline Phosphatase, gamma-GT, creatinine, albumin, glucose, CRP, PTT. 

 CT-scan of chest and abdomen, following CT protocol as described by Dutch 

Radiology Association (NVvR): max. 3 mm slices; 150 cc contrast at 4-5 cc/s (18 G i.v. 

catheter); Pancreasparenchym phase preferably 15-30 sec after bolustracking, 

otherwise 35-45 sec p.i.; Portovenous phase 70 sec p.i. or 45-44 sec after 

bolustracking.25 

 Endoscopic ultrasonography (EUS) with Fine Needle Aspiration or Biopsy (FNA or 

FNB). To obtain a cytological/histological diagnosis all patients will undergo EUS with 

FNA/FNB. Without a definite pathological diagnosis patients cannot enter the study 

protocol. 

 Biliary stenting. Required in patients with obstructive jaundice (defined as bilirubin > 1.5 

times normal, which in Dutch clinical practice frequently translates to a cut-off value of 

25μmol/L8). A metal biliary stent is required.   

 Baseline questionnaires (see questionnaires section below). 
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Patients in the FOLFIRINOX arm (arm 1) will undergo the following:  

 

Initial visit to the outpatient medical oncology clinic (baseline) 

 Physical exam. 

 Laboratory tests: hemoglobin, WBC, platelets, bilirubin, ALAT, ASAT, alkaline 

phosphatase, gamma-GT, creatinine, albumin, glucose, CRP, PTT (if not already 

performed at day of randomization). 

 Bilirubin should be below 25 µmol/l before start of chemotherapy. 

 A CT-scan of the chest and abdomen (following NVvR protocol as described previously) 

should be repeated if the most recent CT is more than 6 weeks old on the first day of 

chemotherapy. 

 Dihydropyrimidine dehydrogenase (DPYD) test strongly recommended. 

 Placement of mediport (i.e. port-a-cath) or PICC line, to facilitate venous access for 

neoadjuvant chemotherapy with FOLFIRINOX is strongly recommended. 

 Baseline (serious) adverse event registration. 

 

FOLFIRINOX - cycle 1 to 8 - within 4 weeks after randomization  

 Physical exam. 

 Laboratory tests on day 1 of each cycle: hemoglobin, WBC, platelets, bilirubin, ALAT, 

ASAT, alkaline phosphatase, gamma-GT, creatinine, albumin, and glucose. 

 Additional laboratory tests only before cycle 1 and 2: differential count, granulocyte count, 

CRP, CA 19-9 and CEA. 

 Primary prophylaxis with G-CSF after every cycle of FOLFIRINOX is strongly 

recommended. 

 FOLFIRINOX treatment. 

 (Serious) adverse event registration. 

 Serum (maximum of 40 cc) for biomarkers including ctDNA, miRNA, immune monitoring, 

proteomics and tumor educated platelets (TEPs) before first and second cycle and at the 

time of discontinuation of regimen if applicable.  

 

Evaluation after cycle 4 and 8 (or cycle 5, 6, or 7 in case of early discontinuation) 

 Tumor markers: CA 19-9 and CEA. 

 Serum (maximum of 40cc) for biomarkers including ctDNA, miRNA,  

immune monitoring, proteomics and TEPs (only after cycle 4 and in case of early 

discontinuation) 
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 CT scan of the chest and abdomen (following NVvR protocol as described 

previously)Discontinuation of chemotherapy in patients with metastatic disease or local 

tumor progression determined by RECIST criteria (i.e. at least a 20% increase in the 

longest diameter of the tumor or the appearance of one or more new lesions). 

 Patient proceeds to surgical exploration after discontinuation of chemotherapy, unless CT 

scan shows metastatic or locally-advanced (i.e. unresectable) disease. 

 

Resection – within 3 to 6 weeks after last dose of FOLFIRINOX 

 Physical exam. 

 Laboratory tests: hemoglobin, WBC, differential count, granulocyte count, platelets, 

bilirubin, ALAT, ASAT, alkaline phosphatase, gamma-GT, creatinine, albumin, glucose, 

PTT, CRP. 

 (serious) adverse event registration. 

 CT scan of the chest and abdomen (following NVvR protocol as described previously) if 

most recent CT scan at the day of surgery is older than 4 weeks. 

 Staging laparoscopy (during same session as resection). 

 Pancreatic resection (open or minimally-invasive; minimally-invasive resection only by 

surgeons with experience of at least 50 minimally-invasive resections and 20 per year). 

 Postoperative complications within 90 days (Clavien-Dindo classification, Appendix 1). 

 Tumor markers CA 19-9 and CEA at time of biomarker sampling within 45 days after 

resection.  

 Serum (maximum of 40cc) for biomarkers including ctDNA, miRNA, immune monitoring, 

proteomics and TEPs just before surgery and within 45 days after resection.  

 Patients should be considered for adjuvant gemcitabine (with or without capecitabine) 

treatment if they received fewer than 3 cycles of neoadjuvant FOLFIRINOX. 

 

Patients in neoadjuvant chemoradiotherapy therapy followed by surgery and adjuvant 

gemcitabine (arm 2) will undergo the following: 

 

Initial visit to the outpatient medical oncology clinic (baseline) 

 Physical exam. 

 Laboratory tests: hemoglobin, WBC, platelets, bilirubin, ALAT, ASAT, alkaline 

phosphatase, gamma-GT, creatinine, albumin, glucose, CRP, PTT (if not already 

performed at day of randomization). 

 Bilirubin should be below 50 µmol/l before start of chemotherapy. 
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 CT scan of the chest and abdomen (following NVvR protocol as described previously) if 

most recent CT scan at the day of surgery is older than 6 weeks. 

 Baseline (serious) adverse event registration. 

 

Neoadjuvant gemcitabine based chemoradiotherapy - within 4 weeks after randomization  

 Physical exam. 

 Laboratory tests on day 1 of each cycle: hemoglobin, WBC, platelets, bilirubin, ALAT, 

ASAT, alkaline phosphatase, gamma-GT, creatinine, albumin, and glucose. 

 Laboratory test on day 8 and day 15 of each cycle: hemoglobin, WBC, platelets 

 Additional laboratory tests on day 1 of first and second cycle: differential count, 

granulocyte count, CRP, CA 19-9 and CEA 

 Serum (maximum of 40cc) for biomarkers including ctDNA, miRNA, immune monitoring, 

proteomics and TEPs before first and second cycle neoadjuvant gemcitabine. 

 (Serious) adverse event registration. 

 Chemoradiotherapy schedule as described in 7.1.3 

 

Evaluation - 2 weeks after chemoradiotherapy 

 CT scan of the chest and abdomen (following NVvR protocol as described previously). 

 Tumor markers: CA 19-9 and CEA. 

 Laboratory tests: hemoglobin, WBC, differential count, granulocyte count, platelets, 

bilirubin, ALAT, ASAT, alkaline phosphatase, gamma-GT, creatinine, albumin, and 

glucose. 

 Patient proceeds to surgery after discontinuation of chemotherapy, unless CT scan shows 

metastatic or locally-advanced (i.e. unresectable) disease. 

 

Resection – within 3 to 6 weeks after completion of last chemotherapy 

 Physical exam. 

 Laboratory tests: hemoglobin, WBC, differential count, granulocyte count, platelets, 

bilirubin, ALAT, ASAT, alkaline phosphatase, gamma-GT, creatinine, albumin, glucose, 

PTT, CRP. 

 (Serious) adverse event registration. 

 Staging laparoscopy (during same session as resection). 

 Pancreatic resection (open or minimally-invasive; minimally-invasive resection only by 

surgeons with experience of at least 50 minimally-invasive resections and at least 20 per 

year). 

 Postoperative complication within 90 days (Clavien Dindo classification, Appendix 1). 
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 Tumor markers CA 19-9 and CEA at time of biomarker sampling within 45 days after 

resection. 

 Serum (maximum of 40cc) for biomarkers including ctDNA, miRNA, immune monitoring, 

proteomics and TEPs just before surgery and within 45 days after surgery (before start 

adjuvant chemotherapy).  

 

Adjuvant Gemcitabine - cycle 1 to 4, within 12 weeks after surgery 

 Physical exam. 

 Laboratory tests on day 1 of each cycle: hemoglobin, WBC, platelets, bilirubin, ALAT, 

ASAT, alkaline phosphatase, gamma-GT, creatinine, albumin, and glucose. 

 Laboratory test on day 8 and day 15 of each cycle: hemoglobin, WBC, platelets. 

 Gemcitabine treatment. 

 (Serious) adverse event registration. 

 

General Follow up until death or 5 years after randomization  

Outpatient visits during follow-up will take place every 3 months during the first 2 years after 

randomization starting at 6 months and every 6 months during year 3 to 5 after 

randomization. Follow-up at 9, 15 and 21 months after randomization may be conducted by 

telephone. We anticipate 3 years of patient inclusion and 1.5 years follow-up after inclusion 

of the last patient to reach the required number of events (252). However, we will continue 

data collection for all patients until death or 5-years after randomization. At follow-up visits, 

patients will undergo: 

 

 Physical exam. 

 A routine CT scan of chest and abdomen (following NVvR protocol as described 

previously) will be performed at month 6, 12, 18, 24, 36, 48 and 60 after randomization. If 

the latest 3-phase CT-scan was conducted within 4 weeks of these routine scan moments 

and a good evaluation can be made based on that scan, no additional CT-scan is needed. 

 Tumor markers: CA 19-9 and CEA, will be performed at the same time points as follow-up 

imaging.  

 Adverse event registration. 

 (Serious) adverse event registration until 90 days after surgery or the last dose of 

chemotherapy. 

 In case of suspicion of progressive disease between follow-up visits, a CT-scan or MRI is 

performed in combination with tumor markers and other appropriate routine measures. In 
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case of doubt about recurrence, cytological or histological confirmation should be 

obtained.  

 

Questionnaires used for quality of life 

Questionnaires will be filled in at several time points (maximum 10) throughout the study and 

during follow up; in the first year, every 3 months, in the second year every 6 months, and in 

year 3 to year 5 every year (Table 14). Questionnaires will be collected within the ongoing 

Dutch Pancreatic Cancer Project (PACAP, pacap.nl) a prospective multicenter study of 

Patient Reported Outcome Measures (PROMs) of patients with pancreatic cancer. 

 

Table 14: Questionnaires used in the PACAP study. 
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Study overview arm 1: Neoadjuvant FOLFIRINOX followed by restaging and resection 
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Study overview arm 2: Neoadjuvant chemoradiotherapy followed by restaging, resection, and adjuvant gemcitabine 
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Study overview Follow up visits after randomization  
  
 

 
 
 
 
Study overview Quality of Life Questionnaires  
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8.4 Withdrawal of individual subjects 

Subjects can leave the study at any time for any reason if they wish to do so without any 

consequences. The investigator can decide to withdraw a subject from the study for 

urgent medical reasons. 

8.4.1 Specific criteria for withdrawal (if applicable) 

Not applicable. 

 

8.5 Replacement of individual subjects after withdrawal 

Not applicable. 

 

8.6 Follow-up of subjects withdrawn from treatment 
Patients who withdraw from treatment will be offered to undergo standard of care 

treatment according to the institution’s guidelines, and are followed up for the primary 

endpoint (overall survival) unless they specifically indicate that this is not allowed. 

 

8.7   Premature termination of the study 

If the sponsor decides to suspend or terminate the trial prematurely, the principal 

investigator must be informed as soon as possible. The principal investigator must inform 

the METC within 15 days after initial awareness of this event. 
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9. SAFETY REPORTING 

9.1 Temporary halt for reasons of subject safety 

In accordance to section 10, subsection 4, of the WMO, the sponsor will suspend the 

study if there is sufficient ground that continuation of the study will jeopardize subject 

health or safety. The sponsor will notify the accredited METC without undue delay of a 

temporary halt including the reason for such an action. The study will be suspended 

pending a further positive decision by the accredited METC. The investigator will take care 

that all subjects are kept informed.  

 

9.2 AEs, SAEs and SUSARs 

9.2.1 Adverse events (AEs) 

Adverse events are defined as any undesirable experience occurring to a subject 

during the study, whether or not considered related to the intervention. All adverse 

events classified as grade 3, 4 or 5 reported spontaneously by the subject or 

observed by the investigator or his staff will be recorded during the period from the 

date of randomization until 90 days after surgery in both arms, or until 30 days after 

last chemotherapy in patients who do not undergo surgery in both arms, or until 30 

days after last adjuvant chemotherapy for those patients in arm 2 who receive 

adjuvant chemotherapy. 

 

The local investigator is responsible for reviewing laboratory test results and 

determining whether an abnormal value in an individual study subject represents a 

clinically significant change as compared to before the study. In general, abnormal 

laboratory findings without clinical significance (based on the investigator's 

judgment) should not be recorded as adverse events; however, laboratory value 

changes requiring therapy or adjustment in prior therapy are considered adverse 

events.  

 

Chemotherapy and Chemoradiotherapy Adverse Event Reporting 

All adverse events classified as grade 3,4 or 5 from protocol chemotherapy will be 

reported and scored for severity using the NCI Common Terminology Criteria for 

Adverse Events (CTCAE) version 4.0.3. 
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Guidelines for dose adjustments due to adverse events 

 All dose adjustments should be based on the worst preceding toxicity, graded using 

the National Cancer Institute Common Toxicity Criteria (version 4.0.3). 

 

Postoperative complications 

Will be defined and scored according to the Clavien-Dindo classification (Appendix 

1) and definitions of post-pancreatic surgery complications (www.dpcg.nl). 

9.2.2 Serious adverse events (SAEs) 

A serious adverse event is any untoward medical occurrence or effect that occurs 

during the period from the date of randomization until 30 days after surgery (arm 1)/ 

30 days after last chemotherapy (arm 2), that: 

- Results in death; 

- Is life threatening (at the time of the event); 

- Requires hospitalization or prolongation of existing inpatients’ hospitalization; 

- Results in persistent or significant disability or incapacity; 

- Is a congenital anomaly or birth defect; or 

- Any other important medical event that did not result in any of the outcomes listed 

above due to medical or surgical intervention but could have been based upon 

appropriate judgment by the investigator. 

 

An elective hospital admission will not be considered as a serious adverse event. 

Neither will hospital admissions due to 46h hour FOLFIRINOX administrations.  

Progression of the disease under study is not considered an SAE unless it meets 

any of the seriousness criteria mentioned above. 

 

The Local Investigator will complete an SAE form and will decide whether or not the 

serious adverse event is related to any study related procedure. The assessment of 

causality is made by the local investigator using the following:  

 

Table 14: assessment of causality 

Relationship Description 

Unrelated There is no evidence of any causal relationship 

Related There is evidence to suggest a causal relationship  

 

The local investigator will report all SAEs to the sponsor (Clinical Trial Center) within 

24 hours after obtaining knowledge of the event. 
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The sponsor will report the SAEs through the web portal ToetsingOnline to the 

accredited METC that approved the protocol, within 7 days of first knowledge for 

SAEs that result in death or are life threatening followed by a period of maximum of 

8 days to complete the initial preliminary report. All other SAEs will be reported 

within a period of maximum 15 days after the sponsor has first knowledge of the 

serious adverse events. 

9.2.3 Suspected unexpected serious adverse reactions (SUSARs) 

Adverse reactions are all untoward and unintended responses to an investigational 

product related to any dose administered. 

 

Unexpected adverse reactions are SUSARs if the following three conditions are met: 

1. The event must be serious (see chapter 9.2.2); 

2. There must be a certain degree of probability that the event is a harmful and an 

undesirable reaction to the medicinal product under investigation, regardless of 

the administered dose; 

3. The adverse reaction must be unexpected, that is to say, the nature and severity 

of the adverse reaction are not in agreement with the product information as 

recorded in: 

 Summary of Product Characteristics (SPC) for an authorized medicinal 

product; 

 Investigator’s Brochure for an unauthorized medicinal product. 

 

The sponsor will report expedited the following SUSARs through the web portal 

ToetsingOnline to the METC: 

 SUSARs that have arisen in the clinical trial that was assessed by the METC; 

 SUSARs that have arisen in other clinical trials of the same sponsor and with the 

same medicinal product, and that could have consequences for the safety of the 

subjects involved in the clinical trial that was assessed by the METC. 

 

The remaining SUSARs are recorded in an overview list (line-listing) that will be 

submitted once every half year to the METC. This line-listing provides an overview 

of all SUSARs from the study medicine, accompanied by a brief report highlighting 

the main points of concern.  

 

The expedited reporting of SUSARs through the web portal Eudravigilance or 

ToetsingOnline is sufficient as notification to the competent authority. 
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The expedited reporting will occur not later than 15 days after the sponsor has first 

knowledge of the adverse reactions. For fatal or life threatening cases the term will 

be maximal 7 days for a preliminary report with another 8 days for completion of the 

report.  

 

Local investigators are responsible for reporting al SUSARs to the Clinical Trial 

Center within 24 hours after obtaining knowledge of the event. The coordinating 

investigator will evaluate the SUSAR report before the sponsor will report to the 

competent authority. 

 

9.3 Annual safety report 

In addition to the expedited reporting of SUSARs, the sponsor will submit, once a year 

throughout the clinical trial, a safety report to the accredited METC, competent authority, 

and competent authorities of the concerned Member States. 

This safety report consists of: 

 A list of all suspected (unexpected or expected) serious adverse reactions, along with 

an aggregated summary table of all reported serious adverse reactions, ordered by 

organ system, per study; 

 A report concerning the safety of the subjects, consisting of a complete safety analysis 

and an evaluation of the balance between the efficacy and the harmfulness of the 

medicine under investigation. 

 

9.4 Follow-up of adverse events 

All reported AEs will be followed until they have abated, or until a stable situation has 

been reached. Depending on the event, follow up may require additional tests or medical 

procedures as indicated, and/or referral to the general physician or a medical specialist. 

 

SAEs need to be reported till end of study within the Netherlands, as defined in the 

protocol.  

 

9.5 Data Safety Monitoring Board (DSMB) / Safety Committee 

An independent DSMB will be appointed to evaluate the study outcomes. The DSMB will 

have a meeting (may be by telephone) after 50 and 100 patients have completed 

treatment. They will investigate mortality and morbidity in both treatment arms. This 

DSMB will consist of one independent statistician, one independent surgical oncologist, 
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and one independent medical oncologist. One of the two clinicians will be appointed as 

the DSMB chairman and another member will be the secretary and registers discussed 

items including data used, location and date of the meeting, participants and minutes. The 

minutes of this meeting will be sent to the accredited METC by the study coordinator. The 

DSMB will not be blinded when discussing SAE’s related to the study. The DSMB may 

ask for a completed report to get access to all the necessary information. The first phase 

of the meeting consists of DSMB data interpretation and discussion without the study 

coordinator and principal investigators. The study coordinator and principal investigators 

are only present during the second phase of the DSMB meeting to provide answers and if 

needed additional data and background in order to enable the DSMB to make well-

considered decisions. The DSMB members will make final conclusions during the third 

phase in absence of the study coordinator and principal investigators. The result(s) of the 

DSMB meeting will be displayed to the trial steering committee. The advice(s) of the 

DSMB will only be sent to the sponsor of the study. Should the sponsor decide not to fully 

implement the advice of the DSMB, the sponsor will send the advice to the reviewing 

METC, including a note to substantiate why (part of) the advice of the DSMB will not be 

followed. 
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10. STATISTICAL ANALYSIS 

 

General statistics 

All main analyses will be performed according to the intention to treat principle. Patients 

initially randomized but considered ineligible afterwards based on information that should 

have been available before randomization, will be excluded from all analyses. A p-value of 

0.05 is considered statistically significant. We will not adjust for multiple testing. 

 

10.1 Primary study parameter(s) 

The endpoint for the primary analysis is OS. The formal test for difference in OS between 

the two treatment arms will be performed with a multivariable Cox regression analysis with 

adjustment for the stratification factors (resectable versus borderline resectable, and 

institution). Additional post-hoc adjustment is performed for confounding factors that are 

not equally distributed across treatment arms due to chance. The actuarial method of 

Kaplan and Meier will be used to estimate OS probabilities at appropriate time points, 

while the Greenwood estimate will be used to construct corresponding 95% confidence 

intervals (CIs). Kaplan-Meier curves will be generated to illustrate OS, for all patients as 

well as by treatment arm. The final analyses will not be performed until the required 

numbers of deaths have been observed (i.e. 252) and the data have been validated. 

 

10.2 Secondary study parameter(s)  

Statistical tests per endpoint: 

 Chemotherapy rate will be compared using Fisher’s exact test. 

 Chemotherapy completion rate will be compared using Fisher’s exact test. 

 Staging laparoscopy rate will be compared using Fisher’s exact test. 

 Laparoscopy yield will be compared using Fisher’s exact test. 

 Exploratory laparotomy rate will be compared using Fisher’s exact test. 

 Resection rate will be compared using Fisher’s exact test. 

 R0 resection rate will be compared using Fisher’s exact test. 

 Progression-free survival (PFS) will be compared with a multivariable Cox regression 

analysis with adjustment for the stratification factors (i.e. resectable versus borderline 

resectable and institution). 

 Locoregional Failure Free Interval and Distant Metastases Free Interval will be 

compared with a multivariable Cox regression analysis with adjustment for the 

stratification factors (i.e. resectable versus borderline resectable and institution).   

 Toxicity of chemotherapy will be compared using the Fisher exact or chi-square test. 
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 Postoperative complications will be compared using the Fisher exact or chi-square 

test. 

 Quality of life years (QALYs) will be compared with T-tests or Wilcoxon tests. 

 Indirect and direct medical and nonmedical costs will be compared with T-tests or 

Wilcoxon tests. 

 Incremental cost-effectiveness ratio is presented with 95% confidence interval and 

illustrated in a cost-effectiveness acceptability curve. 

 Clinical response (RECIST), serum CA 19-9 response, and CEA response will be 

compared with a paired student's t- test or the Wilcoxon test. 

 Pathologic response will be compared using the Fisher exact test. 

 

10.3 Other study parameters 

Serum biomarkers including ctDNA, miRNA, pharmacogenomics, glycomics, proteomics, 

TEPs to predict response and prognosis. 

 

10.4 Interim analysis  

No interim analysis for futility or superiority is planned. The DSMB will evaluate mortality 

and morbidity after 50 and 100 patients have completed treatment (see 9.5). 
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11. ETHICAL CONSIDERATIONS 

11.1 Regulation statement 

This study will be conducted according to the principles of the Declaration of Helsinki 

(version October 2013) and in accordance with the Medical Research Involving Human 

Subjects Act (WMO).  

 

11.2 Recruitment and consent 

The treating physician will inform eligible patients about the study and will explain the 

aims, methods, anticipated benefits, and potential hazards. Also, this information will be 

provided in print. Subsequently, patients will have ample time to decide if they want to 

participate in the study, by giving their written informed consent. If patients have any 

further questions they can also consult an independent physician. 

 

Written informed consent of patients is required before enrolment in the trial and before 

any study related procedures take place.  

 

The investigator shall provide a copy of the information sheet and the signed consent form 

to the patient and the signed original shall be maintained in the Investigator Site File.  

 

11.3 Objection by minors or incapacitated subjects (if applicable) 

Not applicable. 

 

11.4 Benefits and risks assessment, group relatedness 

Patients participating in this study may experience side effects as defined in section 9.2.1 

Adverse Events. There is no increased risk compared to the upfront surgery followed by 

adjuvant gemcitabine that has been the standard of care prior to the PREOPANC-1 trial, 

nor to the comparator treatment of neoadjuvant gemcitabine based chemoradiotherapy 

followed by surgery and adjuvant gemcitabine.  

 

The hypothesis is that neoadjuvant chemotherapy with FOLFIRINOX for patients with 

(borderline) resectable pancreatic cancer improves overall survival (OS) compared to 

neoadjuvant chemoradiotherapy followed by surgery and adjuvant gemcitabine. 

 

The rationale for neoadjuvant chemotherapy is many fold. Firstly, almost all patients with 

(borderline) resectable pancreatic cancer have occult metastatic disease at presentation 
21. A treatment protocol that starts with chemotherapy appears to be a logical choice in 
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this situation, and reassures that all patients will receive chemotherapy. A second 

rationale is that neoadjuvant chemotherapy allows for time to observe tumor biology 

during chemotherapy. Patients with aggressive tumors, as reflected by progressive 

disease during chemotherapy, can be spared ineffective surgery. With upfront surgery, 

these patients often (up to 50%) develop recurrent disease within 6 months.12 Thirdly, 

neoadjuvant chemotherapy increases the probability of a margin-negative resection.31 

 

11.5 Compensation for injury 

The sponsor/investigator has liability insurance, which is in accordance with article 7 of 

the WMO. 

  

The sponsor (also) has insurance, which is in accordance with the legal requirements in 

the Netherlands (Article 7 WMO). This insurance provides cover for damage to research 

subjects through injury or death caused by the study. 

The insurance applies to the damage that becomes apparent during the study or within 4 

years after the end of the study. 

 

1. € 650.000,-- (i.e. six hundred and fifty thousand Euro) for death or injury for each 

subject who participates in the Research; 

2. € 5.000.000,-- (i.e. five million Euro) for death or injury for all subjects who participate 

in the Research;  

3. € 7.500.000,-- (i.e. seven million five hundred thousand Euro) for the total damage 

incurred by the organisation for all damage disclosed by scientific research for the 

Sponsor as ‘verrichter’ in the meaning of said Act in each year of insurance coverage. 

 

11.6 Incentives (if applicable) 

 Not applicable. 
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12. ADMINISTRATIVE ASPECTS, MONITORING AND PUBLICATION 

12.1 Handling and storage of data and documents 

The sponsor and the trial management team will guide conduct of the trial according to 

Good Clinical Practice (GCP). The Local investigators will be responsible for the conduct 

within their site. 

 

Data will be handled confidentially. Each patient will receive an anonymous identification 

code. To trace data back to an individual patient, a subject identification code list will be 

used. Each participating site will safeguard the key to this code for patients included at 

their site. The handling of personal data will comply with the Dutch Personal Data 

Protection Act (in Dutch: De Wet bescherming persoonsgegevens, WBP). Data will be 

kept as long as 15 years, according to the WMO guidelines. 

 

Data will be entered in eCRFs using the electronic online database ALEA. Data to be 

collected on the CRF are derived from the protocol.  

 

The CRF and instructions for completing the CRF will be provided by the Clinical Trial 

Center. Automated and manual consistency checks will be performed on newly entered 

forms; queries will be issued in case of inconsistencies. Consistent forms will be validated 

by the Clinical Trial Center. Inconsistent forms will be kept "on-hold" until resolution of the 

inconsistencies.  

 

12.2 Monitoring and Quality Assurance  

We qualified the risk of this study based on the guideline by the NFU (Dutch Federation of 

University Medical Centers) about quality insurance in human research (“Kwaliteitsborging 

van mensgebonden onderzoek”). The NFU guideline states that the extent of risk has to 

be estimated by considering the additional risk of an intervention compared to standard 

treatment. We classified the risk of this study as ‘low’.  

 

On behalf of the sponsor, the study will be monitored by an experienced monitor team 

from the Clinical Trial Center throughout its duration by means of personal visits to the 

local investigators facilities and through other communications (e.g. telephone calls, e-

mail).  

Monitoring visits will take place according to a study specific monitoring plan and will be 

scheduled at mutually agreeable times periodically throughout the study and at frequency 

deemed appropriate for the study. These visits will be conducted to evaluate the progress 
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of the study, ensure the rights and well-being of the subjects are protected, check that the 

reported clinical study data are accurate, complete and verifiable from source documents, 

and the conduct of study is in compliance with the approved protocol and amendments, 

GCP and applicable national regulatory requirements.  

 

A monitoring visit will include a review of essential clinical study documents (Investigator 

file, regulatory documents, CRFs, source documents, subject informed consent forms, 

etc.) as well as discussion on the conduct of the study with the local investigator and staff. 

Direct access to source documentation (medical records) must be allowed for the purpose 

of verifying that the data recorded in the CRF are consistent with the original source data.  

 

The Sponsor expects that during monitoring visits the relevant investigational staff will be 

available, the source documentation will be available and a suitable environment will be 

provided for review of study-related documents. 

 

Minor and major findings of the monitor will be discussed with the local investigator, and 

documented in a standard monitoring report that will be provided to the Sponsor. The 

Sponsor may decide to increase the monitoring frequency or intensity if the results of 

monitoring require this to ensure patient safety and/or data quality. 

  

12.3 Amendments  

A ‘substantial amendment’ is defined as an amendment to the terms of the METC 

application, or to the protocol or any other supporting documentation, that is likely to 

affect to a significant degree: 

- The safety or physical or mental integrity of the subjects of the trial; 

- The scientific value of the trial; 

- The conduct or management of the trial; or 

- The quality or safety of any intervention used in the trial. 

 

All substantial amendments will be notified to the METC and to the competent authority. 

 

Non-substantial amendments will not be notified to the accredited METC and the 

competent authority, but will be recorded and filed by the sponsor.  
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12.4 Annual progress report 

The sponsor/investigator will submit a summary of the progress of the trial to the 

accredited METC once a year. Information will be provided on the date of inclusion of the 

first subject, numbers of subjects included and numbers of subjects that have completed 

the trial, serious adverse events/ serious adverse reactions, other problems, and 

amendments.  

12.5 Temporary halt and (prematurely) end of study report 

The sponsor will notify the accredited METC and the competent authority of the end of the 

study within a period of 90 days. The end of the study is defined as the last patient’s last 

visit.  

 

The sponsor will notify the METC immediately of a temporary halt of the study, including 

the reason of such an action. 

 

In case the study is ended prematurely, the sponsor will notify the accredited METC and 

the competent authority within 15 days, including the reasons for the premature 

termination. 

 

Within one year after the end of the study, the investigator/sponsor will submit a final 

study report with the results of the study, including any publications/abstracts of the study, 

to the accredited METC and the Competent Authority.  

 

12.6 Public disclosure and publication policy 

Upon completion of the study, the principal investigator will be responsible for the public 

disclosure/publication of the study outcome. The results will be reported during symposia, 

national and international professional meetings. The trial results will be submitted to a 

high-impact peer-reviewed medical journal regardless of the study outcomes. Secondary 

publication will involve all local participating principal authors. 

 

Authorship credit will be based on the Recommendations of the International Committee 

of Medical Journal Editors (ICMJE, www.icmje.org). The criteria for authorship are defined 

as 1. substantial contributions to conception and design, acquisition of data, or analysis 

and interpretation of data; 2. drafting the article or revising it critically for important 

intellectual content; and 3. final approval of the version to be published. Authors should 

meet conditions 1, 2, and 3. 
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The trial will be registered with the Dutch Trial Registry (www.trialregister.nl) after 

inclusion of the first patient. There is a minimum of 5 randomized patients to obtain 1 co-

authorship, a minimum of 15 randomized patients for 2 co-authorships and 30 randomized 

patients for 3 co-authorships. Per site it is internally determined which local investigator(s) 

will be co-author, primary contact for this process is the local principal investigator. The 

PhD students performing the study will be first and second authors on the manuscripts. 

Third, penultimate and last authorships are for the principal investigators followed by “for 

the Dutch Pancreatic Cancer Group”. Principal investigators will be mentioned as such in 

the manuscript. All other authors will be listed in alphabetical order. Clinicians who are 

involved in this study and do not fulfil the previously mentioned criteria, will be noted as 

‘collaborator’ in the final manuscript and the medical journal will be asked to list the names 

of all collaborators as such in PubMed.  
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13. STRUCTURED RISK ANALYSIS  

13.1 Potential issues of concern 

The treatment of FOLFIRINOX, chemoradiotherapy and gemcitabine are all registered for 

the treatment of pancreatic cancer. We classified this study as low risk, there is only a 

slight chance of moderate damage. 

 

13.2 Synthesis 

FOLFIRINOX chemotherapy has been extensively studied in phase 2 and 3 trials for 

pancreatic cancer in the metastatic and locally advanced setting.9,10 It is the standard of 

care for metastatic pancreatic cancer. 

 

Due to the neoadjuvant FOLFIRINOX treatment offered in this trial patients may benefit 

from the fact that they can be spared ineffective surgery and that the chance of a margin-

negative resection is higher. Moreover, patients are almost certain to receive neoadjuvant 

chemotherapy, while with the current standard of care only 50% of patients receive 

adjuvant chemotherapy. 

 

Patient safety is regularly assessed during the study. Visits are planned frequently and at 

each visit patients are checked for adverse events and vital signs. In addition, regular CT 

scans will be performed to keep track of tumor characteristics during the treatment period. 

After the treatment period patients will undergo intensive follow up in the clinic so that any 

late events will be recognized immediately and treatment can be given if necessary. 
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Appendix 1. Clavien Dindo Classification 
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Appendix 2. CTCAE 4.0.3 criteria 
 

The CTCAE 4.0.3 criteria can be found at: 

https://www.eortc.be/services/doc/ctc/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf 

 

 

 

Appendix 3. RECIST 1.1 criteria 
 

The RECIST 1.1 criteria can be found at: 

http://www.eortc.be/Recist/documents/RECISTGuidelines.pdf  
 

 

 

Appendix 4. WHO performance score 
 

Grade Explanation of activity 

0 Fully active, able to carry on all pre-disease performance without restriction 

1 Restricted in physically strenuous activity but ambulatory and able to carry out 

work of a light or sedentary nature, e.g., light house work, office work 

2 Ambulatory and capable of all self-care but unable to carry out any work activities. 

Up and about more than 50% of waking hours 

3 Capable of only limited self-care, confined to bed or chair more than 50% of 

waking hours 

4 Completely disabled. Cannot carry on any self-care. Totally confined to bed or 

chair 

5 Dead 
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Appendix 5, Cost-effectiveness analysis PREOPANC-2 study 
 

COST-EFFECTIVENESS ANALYSIS / BUDGET IMPACT ANALYSIS 

Neoadjuvant FOLFIRINOX is economically evaluated from the societal perspective with cost-

effectiveness and cost-utility analyses. Incremental cost-effectiveness ratios are calculated as the 

additional costs per additional QALY. A budget impact Markov model estimates the financial 

consequences of the neoadjuvant chemotherapy approach in patients with (borderline) resectable 

PDAC from the perspective of the health care provider, the health insurance company and the 

government. The hypothesis is that neoadjuvant chemotherapy is cost-effective or cost saving 

 

COST EFFECTIVENESS ANALYSIS (CEA) 

General considerations 

The economic evaluation addresses the question whether or not neoadjuvant FOLFIRINOX for 

patients with (borderline) resectable PDAC is cost-effective compared to the current management of 

neoadjuvant gemcitabine based chemoradiotherapy, surgery and adjuvant gemcitabine. The primary 

outcome parameter in the cost-effectiveness analysis (CEA) will be the costs per month alive and in 

the cost-utility analysis (CUA) the costs per QALY. The CEA enables priority setting among 

oncological interventions. The CUA enables priority setting during health care policy making across 

patient groups, interventions, and health care settings. 

A lifetime time horizon will be applied. The initial empirical follow-up period of 12 months will be 

substantiated with a projected 36 months extension period through disease modeling, thereby 

covering about 90% of the total sum of person-years that the group of patients is expected to be alive. 

Differential discounting of effects and costs at yearly rates of respectively 1.5% and 4% will be applied. 

Analyses will be performed based on intention-to-treat. Incremental cost-effectiveness ratios (ICER) 

will be calculated as the extra costs per QALY gained. Differences between groups will be assessed 

after correction for bias and using accelerated non-parametric bootstrapping to account for sampling 

variability. The interpretation of the ICER and corresponding acceptability curves for willingness-to-pay 

level per QALY up to 100,000 euro will be assessed for robustness following one-way and multi-way 

probabilistic sensitivity analyses of uncertain core parameters, including key unit costs (e.g., costs of 

chemotherapy and surgery) and discounting rates (0%, 1.5%, 3%, 4%). We will perform subgroup 

analyses on patients that received at least one cycle of neoadjuvant therapy, tumor stage (borderline 

resectable versus resectable), patients who underwent a complete resection, tumor site (head of 

pancreas versus tail), patient age, and performance status (WHO classification, 0 versus 1). A 

scenario analysis reflecting the health care perspective will be performed, excluding patient/family 

costs and costs of absenteeism at work. 

 

Cost analysis  

The cost analysis is set up from a societal perspective. Three cost categories will be analyzed: health 

care, patient/family, and other costs. Health care costs are generated by use of health care resources, 

including outpatient clinic visits, hospital admissions, diagnostic tests (e.g., imaging and fine needle 
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aspiration), and therapeutic procedures (e.g., chemotherapy and surgical resection), medication, and 

out-of-hospital visits to primary and paramedical healthcare providers. All costs of health care during 

prolongation of life will be included, irrespective of relatedness to the intervention at hand. The 

modeling section below describes the modeling of costs during the extension period. Patient/family 

costs include the out-of-pocket expenses for travel to and from health care providers, private 

household assistance, over-the-counter medication, and informal care. Other costs will include the 

costs of loss of productivity due to impaired ability to work (during sick leave as well as while at work). 

The use of healthcare resources (inpatient hospital, outpatient hospital, and out-of-hospital) will be 

registered as part of the data collection for the trial. Clinical data with regard to baseline 

characteristics, diagnostic procedures, interventions, and outcomes (including adverse events and 

postoperative complications) will be collected during hospital admission using a standardized clinical 

report form. Objective outcome measures will be collected from the local hospital information systems 

by the research nurse or study coordinator. Health care resource utilization outside of the participating 

hospitals and productivity losses will be documented using the self-administered Dutch iMedical 

Consumption Questionnaire (iMCQ) and the iProductivity Cost Questionnaire (iPCQ). Both 

questionnaires are modified to the current study setting and disease population. These questionnaires 

along with a few questions on out-of-pocket expenses will be sent to patients at baseline and at 1, 3, 

6, 9 and 12 months after randomization. Questionnaires will be sent by e-mail or regular mail, with a 

reminder by phone within two weeks if there is no response. After one 1 month of non-response a new 

questionnaire including a reminder letter will be sent. The trial nurse will interview patients in case of 

prolonged hospitalization. 

 

Costs will be calculated for individual patients by multiplying actual resource use and the unit costs of 

these resources. Integral unit costing of stay on the ward, outpatient healthcare, secondary and 

paramedical healthcare providers, travel expenses and productivity loss will comply with the current 

Dutch manual on costing in health care research.[42] Dutch pharmaceutical unit cost listings will be 

used to determine the cost of administered medication [www.medicijnkosten.nl]. Unit costs of the index 

treatments (chemotherapy and surgical resection) considering personnel, material, and overhead is 

aggregated from two academic and two non-academic hospitals to be representative at a national 

level. 

 

Costs associated with lost productivity due to illness and recovery in patients below the age of 

retirement will be based on the friction cost method applying the actual mean friction period in the 

base year of the study. After price-indexing with general yearly consumer price indices, all costs will be 

expressed in Euro’s for the base year 2018. 

 

Patient outcome analysis  

(Borderline) resectable PDAC is a dangerous, lethal disease and interventions are directed at life 

prolongation and increasing the quality of life. The impact of differences on the quality of life (QoL) of 

both PDAC and cancer treatments will be assessed with the generic oncological (QLQ-C30) and 
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pancreatic cancer specific (QLQ-PAN26) EORTC HRQOL questionnaires. In addition, patients will be 

requested to complete the EQ-5D-5L as the standard health status measure suited for assessment of 

health utility in economic evaluations [www.euroqol.org]. All three instruments will be disseminated at 

baseline, at months 1, 3, 6, 9, and 12 after randomization and subsequently at months 18, 24, 36 and 

48, if patients are still alive. The questionnaire will be completed with assistance or by proxies in case 

the patient is too ill. The treating physician will inform the patient about the results of the patient 

reported outcome questionnaires. 

The quality of life data will be analyzed as repeated measures by linear mixed modeling. Health 

utilities associated with the EQ-5D-5L health status profiles are available through existing general 

population based valuation algorithms (www.euroqol.org) and will be used to derive a QALY estimate 

for each patient. This QALY will be calculated as the area under the curve of the health utility by time 

plot.  

 

Modeling of costs and effects beyond the observation period 

A decision tree will be built to model the disease courses of (borderline) resectable PDAC for both 

treatment strategies: neoadjuvant FOLFIRINOX and surgery versus neoadjuvant gemcitabine based 

chemoradiotherapy, surgery and adjuvant gemcitabine. How the disease progresses beyond the first 

12 months as well as the associated health utilities and costs will partly be derived from empirical data 

of patients with prolonged clinical follow-up in the current study, partly predicted from observations of 

patients in different progressive states during the first year. Probabilities at chance nodes that reflect 

likely disease courses will be based on the neoadjuvant treatment outcome, surgical outcome, 

adjuvant treatment outcome, complications, and staging of the trial participants. Model estimates will 

be validated against and, if needed, supplemented with estimates from the literature on PDAC 

treatment.[43, 44] Costs of diseases not related to the intervention will be derived with the Practical 

Application to Include future Disease costs, based on age, gender and 'time till death'.[45] These costs 

will be addressed in a separate, tentative scenario analysis.  

 

Model parameters will be parametrically defined, assuming beta distributions for probabilities, gamma 

distributions for costs, and (truncated) normal distributions for health utilities. Considering the relatively 

homogeneous study population a Monte Carlo cohort simulation with 10,000 runs will be performed to 

reflect parameter uncertainty.[46, 47] Reports of model design, including structure, assumptions, 

parameter estimates, sensitivity, scenario, and subgroup analyses will conform to the ISPOR 

guidelines on modeling in health care (www.ispor.org).[48, 49] 

 

Value of information analysis 

Conditionally upon the neoadjuvant FOLFIRINOX being considered as a cost-effective intervention 

when compared to neoadjuvant gemcitabine based chemoradiotherapy, surgery and adjuvant 

gemcitabine, a value of information analyses will be performed to evaluate whether the remaining 

uncertainty in costs and effects after completion of the trial justifies additional clinical research aiming 

to minimize the probability and consequences of implementing a suboptimal strategy.[50, 51]  
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BUDGET IMPACT ANALYSIS (BIA) 

General considerations 

It is expected that neoadjuvant treatment of (borderline) resectable pancreatic cancer with 

FOLFIRINOX extends life by seven months in comparison with neoadjuvant gemcitabine based 

radiochemotherapy, surgery and adjuvant treatment with gemcitabine.7 Neoadjuvant treatment may 

avoid surgical resection along with the related hospital stays and treatment of complications in about 

15% of patients. It may on the other hand be associated with more frequent chemotherapy and 

response evaluation. Surviving six months longer also increases other health care expenditures 

including those for comorbid conditions. 

 

Cost analysis 

The affordability of neoadjuvant treatment of resectable PDAC with FOLFIRINOX will, if proven cost-

effective, be assessed from insurer, health care provider, and governmental perspectives following a 

budget impact analysis (BIA).[52] A BIA may guide reimbursement decisions on treatment indications 

and influence volume and price negotiations between insurer and health care provider. The provider 

perspective is chosen to support local decisions on reallocation of resources, education of personnel, 

and affordability. The governmental perspective includes an assessment of budget impacts across 

different categories of premium- financed health care. The affected budgets are, for example, 

specialist medical care including add-on drugs, primary health care, and nursing home care. 

 

This proposed BIA has a time horizon of four years starting in 2021 and will be prevalence-based, 

concerning actual expenditures during calendar years for the mix of patients in their first, second, third, 

or fourth year of follow-up after the start of neoadjuvant FOLFIRINOX. The yearly prevalence and case 

mix by disease stage will be based on an epidemiological model of national incidence data from the 

Netherlands Comprehensive Cancer Network (IKNL-registry) and survival data from the current study. 

Health care expenditures will be based on national tariffs/mean price arrangements as reported by the 

Dutch Health Care Authority, presented by calendar year (undiscounted) and expressed in millions of 

euros. 

 

Against the base case scenario of surgical resection with adjuvant gemcitabine therapy, we will assess 

various diffusion scenarios of neoadjuvant FOLFIRINOX: immediate 100%, stepwise 100% (33% 

absolute increase per year during the first three years) or gradual diffusion during the first year-and-a-

half up to 75% of the future target population. Sensitivity analyses will be performed for the proportion 

of patients who fail to respond to neoadjuvant FOLFIRINOX and cross-over to surgical resection and 

adjuvant gemcitabine. 

 

We modeled a preliminary budget impact scenario from a health care perspective under immediate 

100% diffusion of neoadjuvant FOLFIRINOX in the target population. It is estimated that the 

reimbursements for neoadjuvant FOLFIRINOX, surgery, and adjuvant gemcitabine are 8,263, 15,291, 

and 7,847 euro respectively. We assumed that about 15% of patients receiving neoadjuvant 
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FOLFINIROX forgo surgery. Surgery leads to complications and prolonged hospitalization (28 days or 

more) in 9% of patients at a hospital charge of 30,826 euro per patient. Reimbursements per patient 

for each response evaluation was estimated at 200 euro and annual other health care use at 704 euro 

per patient. 

 

The annual incidence of eligible patients is 235.[55] We assumed an annual survival rate of 65% and 

50% resulting in the a mean annual number of patient-years during the first four years in the 

neoadjuvant FOLFIRINOX and adjuvant gemcitabine groups of 417 and 361 respectively (ignoring 

half-year corrections). The mean yearly expenditures per patient-year were 14,905 euro in the 

neoadjuvant group and 13,920 euro in the adjuvant group. The overall annual increase in health care 

expenditure for all patients during the first four calendar years with 100% immediate diffusion of 

neoadjuvant treatment was about 400,000 euro. However, neoadjuvant treatment was cost saving in 

alternative scenarios with only small changes in the assumptions of unit price or probabilities. 

 

 

 


