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Abstract
Background: Up-front surgery followed by postoperative chemotherapy remains the standard 
paradigm for the treatment of patients with resectable pancreatic cancer. However, the risk 
for positive surgical margins, the poor recovery after surgery that often impairs postoperative 
treatment, and the common metastatic relapse limit the overall clinical outcomes achieved with 
this strategy. Polychemotherapeutic combinations are valid options for postoperative treatment 
in patients with good performance status. liposomal irinotecan (Nal-IRI) is a novel nanoliposome 
formulation of irinotecan that accumulates in tumor-associated macrophages improving 
the therapeutic index of irinotecan and has been approved for the treatment of patients with 
metastatic pancreatic cancer after progression under gemcitabine-based therapy. Thus, it 
remains of the outmost urgency to investigate introduction of the most novel agents, such as 
nal-IRI, in perioperative approaches aimed at increasing the long-term effectiveness of surgery.
Methods: The nITRO trial is a phase II, single-arm, open-label study to assess the safety and 
the activity of nal-IRI with fluorouracil/leucovorin (5-FU/LV) and oxaliplatin in the perioperative 
treatment of patients with resectable pancreatic cancer. The primary tumor must be resectable 
with no involvement of the major arteries and no involvement or <180° interface between 
tumor and vessel wall of the major veins. A total of 72 patients will be enrolled to receive a 
perioperative treatment of three cycles before and three cycles after surgical resection with 
nal-IRI 50 mg/m2, oxaliplatin 60 mg/m2, leucovorin 200 mg/m2, and 5-fluorouracil 2400 mg/m2,  
days 1 and 15 of a 28-day cycle. The primary objective is to improve from 40% to 55% the 
proportion of patients achieving R0 resection after preoperative treatment.
Discussion: The nITRO trial will contribute to strengthen the clinical evidence supporting 
perioperative strategies in resectable pancreatic cancer patients. Moreover, this study 
represents a unique opportunity for translational analyses aimed to identify novel immune-
related prognostic and predictive factors in this setting.
Trial registration  
Clinicaltrial.gov: NCT03528785. Trial registration data: 1 January 2018
Protocol number: CRC 2017_01
EudraCT Number: 2017-000345-46
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Background
Pancreatic cancer has still the lowest 5-year rela-
tive survival rate among solid tumors at 7%, and 
is projected to become the second leading cause 
of cancer-related death by 2030 in western coun-
tries.1 The poor prognosis for patients affected by 
this disease could be mainly attributed to the lim-
ited efficacy of available systemic treatments, and 
to the early metastatic behavior demonstrated 
along the process of tumor progression that makes 
de facto pancreatic cancer a systemic disease at the 
time of diagnosis.2–6 More than 80% of patients 
present, indeed, with a locally advanced or meta-
static disease,7 and even among patients with 
apparently localized disease who undergo surgery 
and postoperative therapy, metastatic recurrence 
remains extremely common.8

In this regard, evidence supports the vision of 
ours and other research groups that the current 
standard paradigm for the treatment of immedi-
ately resectable pancreatic cancer represented by 
up-front surgery followed by postoperative ther-
apy has no future in further improving patients’ 
outcomes.9

Results of many trials contributed to set gemcit-
abine monotherapy or gemcitabine-containing 
regimens as valid options for postoperative ther-
apy.8,10,11 More recently, the PRODIGE 24/
CCTG PA.6 phase III trial demonstrated a statis-
tically and clinically relevant advantage of the tri-
ple combination of irinotecan + fluorouracil/
leucovorin (5-FU/LV) + oxaliplatin (mFOL-
FIRINOX) regimen if compared with gemcit-
abine monotherapy, setting a new postoperative 
treatment option in patients with good perfor-
mance status. Nonetheless, the 3-year disease free 
survival (DFS) was of nearly 40%, indicating that 
even in this selected population of good perfor-
mance status resected patients receiving a triplet 
chemotherapeutic, more than half of the patients 
experienced local or metastatic recurrence.12 In 
interpreting these results, it should, furthermore, 
be considered that they do not include the overall 
population of patients undergoing surgical resec-
tion. Several studies estimated that only 50–60% 
of this population of patients effectively receive a 
postoperative treatment, further contributing to 
the overestimation of the outcomes obtained with 
postoperative approaches.13–15

Different studies have demonstrated that a truly 
localized pancreatic cancer might indeed be very 
uncommon, and that the metastatic spread begins 

early along the progression of this disease. The 
molecular mechanisms that promote the early 
metastatic spread of pancreatic cancer have 
recently been elucidated. Recent studies using a 
mathematical modeling approach with radiologi-
cal and pathological data on pancreatic cancer 
patients who underwent autopsy revealed that all 
patients are expected to harbor cells that are capa-
ble of metastasis in the primary tumor at the time 
of diagnosis, even when the size of the primary 
tumor is small.16 Further evidence supporting the 
model that metastasis is an early event in pancre-
atic carcinogenesis has been provided by using a 
genetically engineered murine model of pancre-
atic cancer in which the pancreatic epithelial cells 
could be tracked during tumor progression 
through the expression of YFP allele into the Kras 
plus p53 or p16 mutant background. In this 
model, even low-grade pancreatic intraepithelial 
neoplasia (PanINs) showed evidence of cells that 
have crossed the basement membrane, migrated 
from the glandular epithelium into the surround-
ing tissue and circulatory system, and seeded the 
liver prior to pancreatic cancer formation. This 
behavior was associated with an early epithelial-
to-mesenchymal transition (EMT) in the prema-
lignant lesions.17 These biological models 
represent the mechanistic bases for some clinical 
evidence showing that metastatic lesions may 
indeed be detectable within weeks from the first 
presentation of an initially resectable disease in at 
least 15–20% of patients.18,19

Because of this aggressive biological behavior and 
the high rate of recurrence after surgical resection 
and postoperative therapy, increasing interest is 
growing about pre or perioperative treatments in 
resectable pancreatic cancer with the aim of 
expanding the population of patients who may 
ultimately benefit from resection.20 These strate-
gies might provide an interval of time to assess the 
biological aggressiveness and the chemoresistance 
of the disease to avoid an unnecessary surgery in 
patients who would relapse soon after resection. 
Moreover, preoperative therapy might allow the 
delivery of systemic therapy to a higher percent-
age of patients and with an improved tolerance 
than in a postoperative setting. A preoperative 
treatment could allow an earlier treatment of 
occult micrometastatic foci than a postoperative 
therapy. Delivering cytotoxic drugs to tumors 
that are intact and not altered by surgery with 
resultant local hypoxia, inflammation, and fibro-
sis, preoperative therapy has the potential to 
destroy tumor cells, particularly in the periphery 
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of the tumor mass, thereby improving the likeli-
hood of an ultimate R0 resection.

Solid clinical evidence is emerging to demonstrate 
an improved tumor resectability or patient sur-
vival duration with preoperative therapy com-
pared to standard treatment in resectable 
pancreatic cancer. A recent analysis of 15,237 
patients with stage I and II pancreatic cancer iden-
tified in the US National Cancer Database com-
pared overall survival (OS) of patients receiving 
preoperative treatment with that of patients who 
received up-front surgery. The first group showed 
a significantly better OS (26 versus 21 months, 
p < 0.01; Hazard Ratio (HR) = 0.72; 95% 
Confidence Interval (CI) = 0.68–0.78). Patients 
resected up-front demonstrated a higher patho-
logical primary tumor (pT3 and T4: 86% versus 
73%; p < 0.01), a higher rate of lymph node posi-
tivity (73% versus 48%, p < 0.01), and a higher 
rate of R1 resections (24% versus 17%; p < 0.01). 
Even when compared to the subpopulation of 
patients who had received postoperative chemo-
therapy after up-front surgery, patients who 
received preoperative treatment showed a better 
OS (HR = 0.83, 95% CI, 0.73–0.89).21 Moreover, 
several meta-analytical studies including immedi-
ately resectable patients sustained the benefit of 
preoperative treatment with gemcitabine-based 
and more recent chemotherapeutic regimens.22–24

The phase III PREOPANC trial was the largest 
prospective study to allocate patients randomly 
affected by resectable or borderline resectable 
pancreatic cancer to a perioperative chemoradio-
therapy strategy with gemcitabine or to standard 
up-front surgery and postoperative gemcitabine. 
Although this study did not demonstrate a statis-
tically significant advantage in OS in the inten-
tion-to-treat population, all the secondary 
endpoints, including disease-free survival and R0 
resection rate, were significantly superior with 
preoperative chemoradiotherapy, suggesting a 
potential advantage for this approach.25

To improve further the outcome achieved with 
this strategy, more active combination regimens 
borrowed by the metastatic setting are currently 
under evaluation as effective preoperative treat-
ments. FOLFIRINOX is an effective choice for 
first-line treatment in patients affected by 
advanced pancreatic cancer, and in this setting it 
achieved a disease control rate (DCR) of 70.2%.12 
A small proof-of-concept pilot study recently 
demonstrated the feasibility of perioperative 

mFOLFIRINOX in resectable pancreatic cancer. 
Among the 21 patients enrolled 95% completed 
four cycles of preoperative mFOLFIRINOX, 
81% completed resection with a high R0 resec-
tion rate and a promising survival.26 A systematic 
review and patient-level meta-analysis of 24 stud-
ies of neo-adjuvant FOLFIRINOX in borderline 
pancreatic cancer has showed a 83.9% of R0 and 
a patient level mOS of 22.2 months (95% CI: 
18.8–25.6), without unexpected toxicities and 
deaths attributed to chemotherapy.27 The 84% of 
R0 after FOLFIRINOX was higher compared 
with 67% obtained with up-front surgery in a pre-
vious meta-analysis of Versteijne and colleagues.23 
In this regard, FOLFIRINOX is currently 
explored as preoperative regimen in a number of 
clinical trials in resectable pancreatic cancer, 
including the SWOG 1505 trial (ClinicalTrials.
com identifier: NCT02562716), the phase II trial 
of perioperative modified FOLFIRINOX con-
ducted at Yale Cancer Center (ClinicalTrials.com 
identifier: NCT02047474), the PREOPANC-2 
trial (Netherlands Trial Register identifier: 
NTR7292), the A021806 trial of Alliance for 
Clinical Trials in Oncology (ClinicalTrials.com 
identifier: NCT04340141), the NorPACT-1 trial 
(ClinicalTrials.com identifier: NCT02919787), 
the NEPAFOX trial (ClinicalTrials.com identi-
fier: NCT02172976), and the PANACHE01-
PRODIGE48 trial (ClinicalTrials.com identifier: 
NCT02959879).

Given the extreme biological aggressiveness of 
pancreatic cancer and the still unsatisfactory 
prognosis of patients undergoing major surgery 
for resectable disease, we aimed to investigate 
novel and more effective preoperative systemic 
treatments to increase the long-term effectiveness 
of surgery.

Liposomal irinotecan (Nal-IRI) is irinotecan hydro-
chloride encapsulated into a nanoliposome drug 
delivery system (nanoliposomal irinotecan; nal-
IRI). Drug carrier technologies represent a rational 
strategy to improve the pharmacokinetics and bio-
distribution of irinotecan while protecting it from 
premature metabolism. Nal-IRI employs a novel 
intraliposomal drug stabilization technology for 
encapsulation of irinotecan into long-circulating 
liposome-based nanoparticles with high drug load 
and high in vivo stability. The stable nanoliposome 
formulation of irinotecan has several attributes 
that may provide an improved therapeutic index. 
The controlled and sustained release should 
improve activity of this schedule-dependent drug 
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by increasing duration of exposure of tumor tissue 
to drug, an attribute that allows it to be present in 
a higher proportion of cells during the more sensi-
tive S-phase of the cell cycle. The improved phar-
macokinetics and the high intravascular drug 
retention in the liposomes may potentially result in 
site-specific drug delivery to solid tumors. Stromal 
targeting results from the subsequent depot effect, 
in which liposomes accumulating in tumor-associ-
ated macrophages (TAMs) release the active drug 
and convert it locally to the substantially more 
cytotoxic SN-38. The preferentially local bio-acti-
vation should result in reduced exposure to poten-
tial sites of toxicity and increased exposure to 
neighboring cancer cells within the tumor.

Nal-IRI demonstrated a significant activity in dif-
ferent preclinical models of solid tumors, includ-
ing colon, pancreatic, gastric, cervical, non-small 
cell lung, small cell lung, ovarian, thyroid, and 
breast cancers, glioma, Ewing’s sarcoma, and 
neuroblastoma.28–30 Nal-IRI has shown potent 
anti-tumor activity, including durable tumor 
regressions, and was markedly superior to the 
equivalent dose of free drug in a bioluminescent-
based orthotopic xenograft pancreatic model.31

The clinical efficacy of nal-IRI has been demon-
strated in gemcitabine-refractory metastatic pan-
creatic cancer patients: in a randomized, phase III, 
international study (NAPOLI-1), nal-IRI was given 
as a monotherapy, or in combination with 5-FU/
LV, compared to the control arm of 5-FU/LV 
alone.32–34 The nal-IRI+5-FU/LV combination 
significantly prolonged OS compared to 5-FU/LV 
treatment alone. The median OS for the nal-
IRI+5-FU/LV combination arm was 6.1 months 
compared to 4.2 months for the 5-FU/LV alone 
control arm with a stratified hazard ratio (HR) of 
0.57 (95% CI: 0.41–0.80; p = 0.0009; unstratified 
HR = 0.67; p = 0.012). The overall response rate 
(ORR) in the nal-IRI+5-FU/LV combination arm 
was 16% versus 1% on the control arm (p < 0.001). 
Based on the NAPOLI-1 trial, in October 2015, 
nal-IRI (Onivyde) has been approved by the US 
Food and Drug Administration (FDA), in combi-
nation with 5FU/LV, for the treatment of patients 
with metastatic pancreatic cancer after disease pro-
gression following gemcitabine-based therapy.35,36

In a recent phase I/II trial has been assessed the 
safety, tolerability, and dose-limiting toxicities of 
nal-IRI+5-FU/LV + oxaliplatin for the first-line 
treatment of patients with locally advanced and 
metastatic pancreatic cancer, and to determine 

phase III dosing (NCT02551991). A total of 56 
patients were enrolled and treated. A recommended 
dose for the expansion (part 1B) was selected: nal-
IRI 50 g/m2, oxaliplatin 60 mg/m2, LV 400 mg/m2, 
and 5-FU 2400 mg/m2 on days 1 and 15 of each 
28-day cycle. The safety profile suggested a man-
ageable regimen with a promising anti-tumor activ-
ity (DCR16wk of 71.9%, sum of Complete Response 
(CR) + Partiale Response (PR) + Stable Disease 
(SD): 81.3%, and ORR of 34%).37

A critical challenge in this field remains the intro-
duction of the most novel and effective agents, such 
as nal-IRI, in peri-operative treatment of resectable 
pancreatic cancer in order to obtain a more pro-
found tumor shrinkage, to increase the rate of R0 
resections, to allow an early treatment of occult 
micro-metastatic disease, and eventually, to 
improve patients’ survival. This study proposal is 
designed to address this challenge.

Methods/design

Study design
nITRO is a phase II, single-arm, open-label trial 
carried out at two centers in Italy. Eligible patients 
with resectable pancreatic cancer will receive a 
peri-operative treatment with three cycles 
(3 months) with nal-IRI 50 mg/m2, oxaliplatin 
60 mg/m2, LV 200 mg/m2, and 5-FU 2400 mg/m2, 
days 1 and 15 of a 28 day-cycle before and after 
surgical resection (Figure 1). The ethics commit-
tee of Verona University has approved the proto-
col. All patients will provide written informed 
consent before enrollment. Monitoring will be 
carried out in this trial.

Endpoints
Primary endpoint. The number of patients achiev-
ing R0 resection, defined according to the Interna-
tional Study Group of Pancreatic Surgery and 
RCPath guidelines as a resection margin >1 mm 
(www.rcpath.org). Tumor clearance should be given 
for all of the following margins: anterior, posterior, 
medial, or superior mesenteric groove, superior 
mesenteric artery (SMA), pancreatic transection, 
bile duct, and enteric. Surgery will be performed 
after receiving at least two cycles of chemotherapy 
preoperatively planned at up to 12 weeks.

Secondary endpoints
 • OS (time frame up to 2 years), time from 

enrolment to death from any cause.
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 • Disease free survival (DFS) (time frame up 
to 2 years), time from enrolment to recur-
rence (locoregional or distant) or death due 
to any cause.

 • Incidence of serious adverse events (SAEs), 
using common toxicities adverse events cri-
teria (CTCAE) version 4.0 (time frame 
every 2 weeks during treatment).

 • ORR after preoperative chemotherapy with 
RECIST 1.1 (time frame up to 2 years).

 • Overall resection rate (time frame immedi-
ately after surgery).

 • Number of participants achieving patho-
logical complete response (pCR) (time 
frame up to 2 years).

 • Lymph node status (time frame immedi-
ately after surgery).

 • Biochemical response rate by CA 19.9 
decrease (time frame after 3 months of 
induction therapy).

 • Number of participants experiencing periop-
erative (30-day) mortality or morbidity (time 
frame up to 30 days from surgery).

Exploratory endpoints. Pre and post-treatment 
tissue and serum banks:

 • Intra-tumor nal-IRI concentration.
 • Immuno-histochemical (IHC) analyses of 

TAMs enrichment and their polarization, 
transdifferentiation of fibroblasts into acti-
vated myofibroblasts, pericyte coverage of the 
tumor vasculature and microvessel density, 
fibrotic and collagen content (in biopsy speci-
mens at baseline and surgical specimens).

 • Potential predictive and/or prognostic 
biomarkers (cytokines concentration will 
be measured using multiplex xMAP/
Luminex technology, at baseline and after 
treatment).

Figure 1. Study design diagram.

https://journals.sagepub.com/home/tam
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Recruitment
Patients with resectable, histologically confirmed 
pancreatic cancer will be recruited. All the 
patients should take following examinations at 
baseline: computed tomography (CT) scan and 
abdominal magnetic resonance imaging (MRI). 
A total of 72 patients will be enrolled.

Inclusion criteria
In order to be included in the program, patients 
must have/be:

1. Able to understand and provide written 
informed consent.

2. ⩾18 years of age.
3. Histologically or cytologically confirmed 

pancreatic ductal adenocarcinoma.
4. Adequate hepatic, renal and hematological 

function.
5. Patients must have measurable disease in 

the pancreas, with no evidence of meta-
static disease on imaging of the chest, abdo-
men and pelvis at contrast-enhanced CT 
and MRI abdomen with contrast performed 
within 28 days before dosing; positron-
emission tomography (PET) scans alone 
will not be adequate alternatives.

6. The primary tumor must be surgically 
resectable, defined as:
- no involvement (abutment or encase-

ment) of the major arteries (celiac, com-
mon hepatic and/or SMA);

- no involvement or <180° interface 
between tumor and vessel wall of the por-
tal vein, superior mesenteric vein and/or 
portal vein/splenic vein confluence.

Exclusion criteria
Patients must meet all the inclusion criteria listed 
previously and none of the following exclusion 
criteria:

1. Serum total bilirubin ⩾2 × Upper Normal 
Limit (UNL) (biliary drainage is allowed 
for biliary obstruction).

2. Severe renal impairment (creatinine clear-
ance (CLcr) ⩽30 ml/min).

3. Inadequate bone marrow reserves as evi-
denced by:
- Absolute neutrophil count (ANC) 

⩽ 1500 cells/μl; or
- Platelet count ⩽ 100,000 cells/μl; or
- Hemoglobin (Hb) ⩽ 9 g/dL.

 4. Karnofsky performance score (KPS) <60.
 5. Any clinically significant disorder impact-

ing the risk–benefit balance negatively per 
physician’s judgment.

 6. Any clinically significant gastrointestinal 
disorder, including hepatic disorders, 
bleeding, inflammation, occlusion, or diar-
rhea >grade 2.

 7. Severe arterial thromboembolic events 
(myocardial infarction, unstable angina 
pectoris, stroke) in past 6 months.

 8. New York Heart Association (NYHA) 
class III or IV congestive heart failure, ven-
tricular arrhythmias or uncontrolled blood 
pressure or known abnormal electrocardio-
gram (ECG) with clinically significant 
abnormal findings.

 9. Active infection or an unexplained fever 
>38.5°C (excluding tumor fever), which in 
the physician’s opinion might compromise 
the patient’s health.

10. Current use or any use in past 2 weeks of 
strong cytochrome P450 3A4 (CYP3A) 
enzyme inducers/inhibitors and/or strong 
DP-glucorosil-transferase A1 (UGT1A) 
inhibitors.

11. Known hypersensitivity to any of the 
components of nal-IRI other liposomal 
irinotecan formulations, irinotecan, fluo-
ropyrimidines, or LV.

12. Breast feeding, known pregnancy, posi-
tive serum pregnancy test or unwilling-
ness to use an effective method of 
contraception, during therapy and for 
3 months following the last dose of nal-
IRI. Women of childbearing potential 
must either agree to use and be able to 
take effective contraceptive birth control 
measures (Pearl index <1) or agree to 
practise complete abstinence from heter-
osexual intercourse during the course of 
the study and for at least 3 months after 
last application of program treatment. A 
female subject is considered to be of 
childbearing potential unless she is aged 
⩾50 years and naturally amenorrhoeic for 
⩾2 years, or unless she is surgically ster-
ile. Men must agree not to father a child 
(including not donating sperm) during 
the course of the trial and for at least 
6 months after last administration of study 
drugs.

13. Patients who received previous chemo-
therapy or radiotherapy for pancreatic 
cancer.

https://journals.sagepub.com/home/tam


F Simionato, C Zecchetto et al.

journals.sagepub.com/home/tam 7

Chemotherapy
Patients will receive a treatment scheme of three 
cycles (3 months) with nal-IRI 50 mg/m2, oxali-
platin 60 mg/m2, leucovorin 200 mg/m2, and 
5- fluorouracil 2400 mg/m2, days 1 and 15 of a 
28-day cycle. Patients achieving stable disease or 
better will undergo surgical resection 4–8 weeks 
after completion of the first three cycles of treat-
ment. Within 4–8 weeks following pancreatec-
tomy, patients will receive an additional three 
cycles (3 months) of the same regimen in the 
absence of disease progression or unacceptable 
toxicity. The first cycle day 1 is a fixed day; sub-
sequent doses should be administered on the first 
day of each cycle ± 2 days.

Patients will be treated until disease progression 
(radiological or clinical deterioration), intolerable 
toxicity, excessive treatment delay or non-compli-
ance, patient’s decision/consent withdrawn, until 
the product is commercially available and/or 
reimbursed in the local market, or reasons for 
program termination.

Description of nal-IRI. Nal-IRI is supplied as ster-
ile, single-use vials containing 10 mL of nal-IRI at 
a concentration of 5 mg/mL. Each vial is expected 
to have a 9.5 ml extractable amount of nal-IRI. 
One 10 ml vial of concentrate contains the equiv-
alent of 50 mg irinotecan hydrochloride trihydrate 
(as sucrosofate salt in a liposomal formulation) 
which corresponds to 43 mg irinotecan.

Combination regimen and dosage and administra-
tion. Nal-IRI, oxaliplatin, LV and 5-FU will be 
administered sequentially. The recommended 
dose and regimen of nal-IRI is 50 mg/m2 intrave-
nously (iv) over 90 min (±10 min), oxaliplatin 
60 mg/m2 over 120 min (±10 min), LV 200 mg/
m2 intravenously over 30 min (±5 min) followed 
by 5-FU 2400 mg/m2 intravenously over 46 h. 
Nal-IRI must not be administered as a bolus 
injection or an undiluted solution. Prior to 
administration, the appropriate dose of nal-IRI 
must be diluted with 5% glucose solution for 
injection or sodium chloride 9 mg/ml (0.9%) 
solution for injection to prepare a solution of the 
appropriate dose of nal-IRI diluted to a final vol-
ume of 500 ml. Mix the diluted solution by gentle 
inversion. Care should be taken not to use in-line 
filters or any other diluents. The actual dose of 
nal-IRI to be administered should be determined 
by calculating the patient’s body surface area 

(BSA) at the beginning of each cycle. A ±5% 
variance in the calculated total dose should be 
allowed for ease of dose administration.

Premedication. It is recommended that patients 
receive premedication for nausea and vomiting 
prior to chemotherapy infusion with standard 
doses of dexamethasone (or an equivalent corti-
costeroid) together with a 5-hydroxytryptamine 
(5-HT3) antagonist (or other antiemetic), unless 
contraindicated for the individual patient. Pre-
medication should be given on the day of treat-
ment, starting at least 30 min before administration 
of the therapy. Atropine may be prescribed pro-
phylactically for patients who experience acute 
cholinergic symptoms in previous cycles. Physi-
cians should also consider providing patients with 
an antiemetic regimen for subsequent use, as well 
as loperamide (or equivalent) for treatment of late 
diarrhea, if necessary.

Dose modification requirements. In clinical stud-
ies, dosing may be held for up to 3 weeks from 
when it was due, to allow for recovery from toxic-
ity related to the study treatments. If the time 
required for recovery from toxicity is more than 
3 weeks, the patient should be discontinued from 
the program, unless the patient is benefiting from 
the program treatment. If a patient’s dose is 
reduced during the program due to toxicity, it 
should remain reduced for the duration of the 
program; dose should not be re-escalated to an 
earlier dose. Any patient who has two dose reduc-
tions and experiences an adverse event that would 
require a third dose reduction should be discon-
tinued from program treatment.

Dosage adjustments. Guidelines for dose adjust-
ments of each individual treatment within the 
regimen are found in the tables in the following 
for hematological toxicities (Table 1), and for 
non-hematological toxicities (Table 2), and were 
based on published dose modifications for the 
established FOLFIRINOX regimen. For all tables 
in the following, patients should be withdrawn 
from study treatment if more than two dose 
reductions are required. LV dose does not require 
adjustment. LV should be given immediately 
prior to each 5-FU dose; hence, if the 5-FU dose 
is held, LV should be held as well.

Concomitant therapy. All concurrent medical 
conditions and complications of the underlying 
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malignancy will be treated at the discretion of the 
treating physician, according to acceptable local 
standards of medical care. Patients should receive 
analgesics, antiemetics, antibiotics, antipyretics, 
and blood products as necessary. Although warfa-
rin-type anticoagulant therapies are permitted, 
careful monitoring of coagulation parameters is 
imperative, in order to avoid complications of any 
possible drug interactions. Institutional guidelines 
for the treatment of these conditions may also be 
used. The concomitant therapies that warrant spe-
cial attention are discussed in the following.

Antiemetic medications: Dexamethasone and a 
5-HT3 blocker (e.g. ondansetron or granisetron) 
should be administered to all patients as premedi-
cations unless contraindicated for the individual 
patient. Antiemetics should also be prescribed as 
clinically indicated during the program period.

Colony stimulating factors: Use of granulocyte 
colony-stimulating factors (G-CSFs) is permitted 
to treat patients with neutropenia or neutropenic 
fever; prophylactic use of G-CSFs can be consid-
ered in those patients who have had at least one 

episode of grade 3 or 4 neutropenia or neutro-
penic fever while receiving program therapy or 
have had documented grade 3 or 4 neutropenia 
or neutropenic fever while receiving prior anti-
neoplastic therapy.

Therapy for diarrhea: Diarrhea can occur early 
(onset in less than 24 h after starting nal-IRI) or 
late (more than 24 h). Early onset diarrhea may 
be accompanied by cholinergic symptoms: sweat-
ing, abdominal cramping, myosis and salivation. 
Patients should be made aware of the risk of 
delayed diarrhea which can be debilitating and, 
on rare occasions, life threatening because persis-
tent loose or watery stools can result in dehydra-
tion, electrolyte imbalance, colitis, gastrointestinal 
ulceration, infection or sepsis.

As soon as the first liquid stool occurs, the patient 
should start drinking large volumes of beverages 
containing electrolytes and an appropriate antidi-
arrheal therapy must be initiated immediately.

Prophylactic or therapeutic treatment with atro-
pine in patients experiencing early onset diarrhea 

Table 1. Dose modifications for hematological toxicities.

Worst toxicity by CTCAE 
grade

Nal-IRI 5-FU Oxaliplatin

Grade 2 neutropenia 
(ANC <1500–1000  
cells/mm3)

100% of previous dose 100% of previous dose 1st occurrence: 100% of previous 
dose;
2nd occurrence: reduce dose to 
50 mg/m2

Grade 3 or 4 
neutropenia (ANC 
<1000/mm3) or febrile 
neutropenia

1st occurrence: reduce dose 
to 40 mg/m2;
2nd occurrence: reduce 
dose to 30 mg/m2

1st occurrence: reduce dose by 
25%;
2nd occurrence: reduce dose 
another 25% (50% of original dose)

1st occurrence: 100% of previous 
dose;
2nd occurrence: reduce dose to 
50 mg/m2

>Grade 2 
thrombocytopenia 
(Grade 2: platelets 
<75,000–50,000/mm3 
OR
Grade 3–4: platelets 
<50,000/mm3)

If grade 2: 100% of previous 
dose
If >grade 3:
1st occurrence: reduce dose 
to 50 mg/m2;
2nd occurrence: reduce 
dose to 40 mg/m2

If grade 2: 100% of previous dose
If >grade 3:
1st occurrence: reduce dose by 
25%;
2nd occurrence: reduce dose 
another 25% (50% of original dose)

1st occurrence: reduce dose to 
60 mg/m2;
2nd occurrence: maintenance of 
the reduced dose of 50 mg/m2

Other hematological 
toxicities not specifically 
listed above

If <grade 2: 100% of 
previous dose
If >grade 3:
1st occurrence: reduce dose 
to 40 mg/m2;
2nd occurrence: reduce 
dose to 30 mg/m2

If <grade 2: 100% of previous dose
If >grade 3:
1st occurrence: reduce dose by 
25%;
2nd occurrence: reduce dose 
another 25% (50% of original dose)

If <grade 2: 100% of previous dose
If >grade 3:
1st occurrence: reduce dose to 
50 mg/m2;
2nd occurrence:
maintenance of the reduced dose 
of 50 mg/m2

ANC, absolute neutrophil count; CTCAE, common toxicities adverse events criteria; 5-FU, 5-fluorouracil; Nal-IRI, nanoliposomal irinotecan.
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with cholinergic symptoms (0.25 mg to 1 mg, 
administered intravenously or subcutaneously), 
should be considered unless contraindicated.

Patients should have loperamide (or equivalent) 
readily available to begin treatment for late diar-
rhea. Loperamide should be initiated at first occur-
rence of poorly formed or loose stools or at the 
earliest onset of bowel movements more frequent 
than normal. Loperamide should be given until 
patient is without diarrhea for at least 12 h. If diar-
rhea persists while patient is on loperamide for 

more than 24 h, adding oral antibiotic support 
(fluoroquinolone for 7 days) should be considered. 
Loperamide should not be used for more than 48 
consecutive hours due to the risk of paralytic ileus. 
If diarrhea persists for more than 48 h, stop lopera-
mide, monitor and replace fluid electrolytes and 
continue antibiotic support until resolution for 
accompanying symptoms. Nal-IRI treatment 
should be delayed until diarrhea resolves to ⩽ grade 
1 (2–3 stools/day more than pre-treatment fre-
quency). Nal-IRI must not be administered to 
patients with bowel obstruction, until it is resolved.

Table 2. Dose modifications for non-hematological toxicities other than asthenia and grade 3 anorexia.

Worst toxicity by 
CTCAE grade

Nal-IRI 5-FU Oxaliplatin

Grade 1 or 2, including 
diarrhea

100% of previous dose 100% of previous dose, except for 
grade 2 hand foot syndrome, grade 
2 cardiac toxicity, or any grade 
neurocerebellar toxicity

100% of previous dose

Grade 3 or 4, including 
diarrhea (except 
nausea and vomiting)

1st occurrence: reduce dose to 
40 mg/m2

2nd occurrence: reduce dose 
to 30 mg/m2

1st occurrence: reduce dose by 25%
2nd occurrence: reduce dose 
another 25% (50% of original dose)* 
except for grade 3 or 4 hand foot 
syndrome

1st occurrence: 100% of 
previous dose
2nd occurrence: reduce dose 
to 50 mg/m2

Grade 3 or 4 nausea 
and/or vomiting 
despite antiemetic 
therapy

Optimize antiemetic therapy 
AND reduce dose to 40 mg/
m2; if the patient is already 
receiving 50 mg/m2, reduce 
dose to 40 mg/m2

Optimize antiemetic therapy AND 
reduce dose by 25%; if the patient 
is already receiving a reduced dose, 
reduce dose an additional 25%f

1st occurrence; 100% of 
previous dose
2nd occurrence: reduce dose 
to 50 mg/m2

Grade 2 hand foot 
syndrome

100% of previous dose 1st occurrence: reduce dose by 25%
2nd occurrence: reduce dose 
another 25% (50% of original dose)

100% of previous dose

Grade 3 or 4 hand foot 
syndrome

1st occurrence: reduce dose to 
40 mg/m2

2nd occurrence: reduce dose 
to 30 mg/m2

Discontinue therapy No dose modifications 
required

Any grade 
neurocerebellar or 
>grade 2 cardiac 
toxicity

No dose modifications 
required

Discontinue therapy No dose modifications 
required

Sensory neuropathy No dose modifications 
required

No dose modifications required Grade 2, persistent: reduce 
dose to 50 mg/m2

Grade 3: recovers prior to 
next cycle and reduce dose to 
50 mg/m2

Grade 3, persistent: 
discontinue therapy
Grade 4:
discontinue therapy

CTCAE, common toxicities adverse events criteria; 5-FU, 5-fluorouracil; Nal-IRI, nanoliposomal irinotecan.
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Other treatments: Symptomatic treatment for 
other toxicities should be per institutional guide-
lines. Prevention of alopecia with cold cap or of 
stomatitis with iced mouth rinses is allowed.

Interactions. Information about drug interactions 
with nal-IRI is referenced from the published sci-
entific literature for non-liposomal irinotecan. No 
dedicated drug interaction studies were con-
ducted with nal-IRI.

Strong CYP3A4 inducers: Patients receiving con-
comitant non-liposomal irinotecan and CYP3A4 
enzyme-inducing anticonvulsants phenytoin, phe-
nobarbital or carbamazepine have substantially 
reduced exposure to irinotecan (AUC reduction 
by 12% with St John’s wort, 57–79% with pheny-
toin, phenobarbital, or carbamazepine) and SN38 
(area under the curve [AUC] reduction by 42% 
with St John’s wort, 36–92% with phenytoin phe-
nobarbital, or carbamazepine).

Strong CYP3A4 inhibitors and UGT1A1 inhibi-
tors: Patients receiving concomitant non-liposo-
mal irinotecan and ketoconazole, a CYP3A4 and 
UGT1A1 inhibitor, have increased SN-38 expo-
sure by 109%. Therefore, co-administration of 
nal-IRI with other inhibitors of CYP3A4 (e.g. 
grapefruit juice, clarithromycin, indinavir, itra-
conazole, lopinavir, nefazodone, nelfinavir, rito-
navir, saquinavir, telaprevir, voriconazole) may 
increase systemic exposure of nal-IRI. Based on 
the drug interaction of non-liposomal irinotecan 
and ketoconazole, co-administration of nal-IRI 
with other inhibitors of UGT1A1 (e.g. atazana-
vir, gemfibrozil, indinavir) may also increase sys-
temic exposure of nal-IRI. Treatment with these 
agents and any others that interact with irinote-
can should be avoided whenever possible. 
Co-administration of nal-IRI with 5-FU/LV does 
not alter the pharmacokinetics of nal-IRI based 
on the population pharmacokinetic analysis.

Program procedures (Table 3)
Protocol visits

 • Screening visit: the screening phase will 
begin once the patients sign the informed 
consent form (ICF).

 • On study visit: patients who are confirmed 
to meet all inclusion and exclusion criteria 
will be enrolled in treatment period. C1D1 
is a fixed day; cycle 1 day 15 and day 1 and 
day 15 of all subsequent cycles should be 
performed with a window of ± 2 days.

 • Follow up visit: all patients must be com-
plete a follow-up assessment at the end of 
study treatment (cycle 6 day 28 ± 2 days) or 
at the time the investigator removes the 
patient from treatment.

Survival follow-up: after the follow-up visit, the 
patient should continue to be followed for sur-
vival status once every 3 months (±14 days) via 
telephone, email, clinic visit, or medical record 
review until 36 months after the end of treatment, 
death, lost to follow-up, withdrawal of consent or 
study closure, whichever occurs first.

Clinical procedures. Proper execution and doc-
umentation of the clinical procedures is the 
responsibility of the treating physician. A care-
ful assessment and review is needed to check 
eligibility and continued participation in the 
program.

 • Medical history

A medical history should include all pertinent prior 
medical conditions, treatments for pancreatic can-
cer, surgeries or other medical procedures.

 • Physical examination

Physical examination should include a careful 
assessment of all body systems, including the 
skin; central and peripheral nervous system; eyes; 
ears, nose and throat; respiratory, musculoskele-
tal and cardiovascular systems; abdomen and 
extremities. Particular attention should be paid to 
areas of possible neoplastic involvement.

 • Vital signs

Vital signs include height (only at screening), 
weight, resting blood pressure, pulse, respiratory 
rate and temperature.

 • Karnofsky performance score

KPS should be obtained by the treating physician 
by questioning the patient about their functional 
capabilities.

 • Electrocardiogram

A 12-lead ECG will be performed at screening, 
day 1 and day 15 of cycle 1 and follow-up.

 • Adverse event reporting
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Investigators should complete all routine and 
standard of care assessments to evaluate for toxic-
ity and symptoms of drug-induced adverse events. 
This may include, but is not limited to, verbal 
report from the patient and/or caregiver, physical 
examinations and laboratory findings. In addi-
tion, information on patient hospitalizations and/
or hospital visits should also be collected, whether 
or not associated with any adverse event.

 • Disease assessment

Tumor response should be evaluated according to 
RECIST version 1.1 to establish disease progres-
sion by CT or MRI scan with contrast. In addi-
tion, other radiographic or scintigraphy procedures, 
as deemed appropriate by the treating physician, 
may be performed to assess sites of neoplastic 
involvement. Investigators should select target and 
non-target lesions in accordance with RECIST 
version 1.1 guidelines. Follow-up measurements 
and overall response should be in accordance with 
these guidelines. The first post-baseline tumor 
assessment must be performed after 12 weeks from 
start of treatment within a 7 day window (C3D28) 
and the second on follow-up (C6D28). Baseline 
CT and CT performed after three cycles of pre-
operatory chemotherapy will be evaluated with 
computed texture analysis as previously described 
in Ciaravino et al.38 At tumor texture analysis the 
following parameters will be analyzed: variance, 
skewness, kurtosis and entropy. This analysis sup-
plies an evaluation of the tumor at imaging pixel or 
voxel-gray levels distribution and could improve 
the assessment of resectability after chemotherapy 
treatment in those cases with no evident downsiz-
ing after chemotherapy.

Tumor removal evaluation is performed with 
analysis of microscopic surgical margins.

Laboratory procedures. Proper execution and 
documentation of the laboratory procedures is the 
responsibility of the treating physician. A careful 
assessment and review is needed to check eligibil-
ity and continued participation in the program.

 • Complete blood count

A complete blood count (CBC) will be performed 
locally, and should include white blood count 
(WBC) and differential, hemoglobin, hematocrit 
and platelet count.

 • Serum chemistry

Serum chemistry will be performed locally. Serum 
chemistry should include electrolytes (sodium, 
potassium, chloride and bicarbonate), Blood Urea 
Nitrogen (BUN), serum creatinine, clearance cre-
atinine, glucose, direct and total bilirubin, aspar-
tate transaminase (AST), alanine transaminase 
(ALT), alkaline phosphatase (ALP), lactate dehy-
drogenase (LDH), uric acid, total protein, albu-
min, calcium, magnesium and phosphate.

 • Urine or serum pregnancy test

A urine or serum pregnancy test will be obtained 
for all women of childbearing potential at screen-
ing, at the start of each cycle during study treat-
ment and at the follow-up.

 • CA 19-9

CA 19-9 biomarker levels will be measured locally 
for all patients.

Translational research analyses. Liquid biopsy 
specimens from each patient will be collected on the 
first day of pre and postoperative chemotherapy, at 
the end of pre and postoperative chemotherapy and 
after resection. This bio-bank of blood samples will 
be available for the screening of a wide panels of cir-
culating proteins, by using a bead-based suspension 
array system for multi analyte profiling (Bio-Plex, 
BioRad), and for detection of cell-free circulating 
tumor DNA, using droplet digital  polymerase chain 
reaction (PCR) technology (BioRad).Tumor tissue 
specimens will be collected at diagnosis and after 
surgical resection and will be available for protein 
and RNA expression analysis. Data obtained from 
matched liquid biopsies and tumor tissue samples 
will be used for correlation with clinical outcomes.

Tumor response and toxicity criteria
Tumor responses will be assessed after three cycles 
(3 months) of preoperative treatment and then regu-
larly per institutional guidance, or sooner if the treating 
physician suspects disease progression based on clinical 
signs and symptoms. All treatment decisions will be 
based on the local radiologist’s and/or treating physi-
cian’s assessment of disease status. All these evaluations 
are done according to the RECIST 1.1. Adverse events 
were assessed according to CTCAE version 4.0.

Safety assessment
All adverse events observed have to be reported in 
the patients’ medical records and in electronic 
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case report forms (eCRFs). All serious adverse 
events (SAEs) occurring during the study treat-
ment period must be reported within 24 h.

Follow-up
Follow-up of all patients will be carried out 
according to our protocol (every 3 months for at 
least 2 years, every 6 months for years 3–5, then 
every 12 months for life). Physical examination, 
tumor marker examination, and CT scan were 
given every 3 months.

Discontinuation of patients
A patient may withdraw from the study at any 
time and for any reason.

Some possible reasons for early discontinuation 
of study treatment include, but are not limited to, 
the following:

 • patient has radiological evidence of disease 
progression per RECIST 1.1

 • patient shows symptomatic deterioration
 • patient experiences intolerable toxicity, or 

an adverse event requiring treatment 
discontinuation

 • treatment to be withheld for more than 
21 days from the start of next cycle, unless, 
in the opinion of the treating physician, the 
patient is receiving benefit from program 
treatment

 • the patient experiences an adverse event which 
requires more than two dose reductions

 • patient is significantly non-compliant with 
treatment procedures in the opinion of the 
treating physician

 • withdrawal of consent
 • the treating physician, for any reason, but 

considering the rights, safety and wellbeing 
of the patient(s) and in accordance with 
appropriate guidelines and local regula-
tions, stops the program or stops the 
patient’s participation in the program. A 
patient who does not meet eligibility criteria 
and is inadvertently included in this pro-
gram can continue program treatment if he/
she has a clinical benefit according to physi-
cian opinion.

Discontinuation of the program
The program may be discontinued at any time if the 
sponsor deems it necessary for various legitimate 

medical reasons including, but not limited to, sig-
nificant safety concerns, or logistic/administrative 
reasons, considering rights, safety and wellbeing of 
the patient(s) and following appropriate guidelines 
and local regulations.

Sample size calculation
A Simon’s two-stage design will be used. The null 
hypothesis that the true R0 resection rate is 40% 
will be tested against a one-sided alternative. In 
the first stage, 39 patients will be accrued. If there 
are 17 or fewer R0 resections in these 39 patients, 
the study will be stopped. Otherwise, 33 addi-
tional patients will be accrued for a total of 72. 
The null hypothesis will be rejected if 35 or fewer 
R0 resections are observed in 72 patients. This 
design yields a type I error rate of 0.05 and power 
of 0.8 when the true R0 resection rate is 55%. 
Accrual time is 2 years followed by 3 years of 
follow-up.

Statistical analyses
Demographic and clinical characteristics. All 
characteristics (demographics, medical history, 
physical examination, vital signs, KPS, ECG, 
laboratory procedures, tumor assessment, con-
comitant medication and procedure) will be pro-
vided as descriptive statistics in summary tables 
both at baseline and for each time visit, when 
appropriate.

Descriptive statistics will be provided according 
to the type of variable summarized:

 • for quantitative variables: standard quanti-
tative statistics (N, mean, standard devia-
tion, median, minimum and maximum)

 • for qualitative variables: frequency distribu-
tion [number of non-missing observations 
(N) and percentages (%)].

R0 will be calculated as a binary outcome. Exact 
95% confidence intervals will be calculated for 
binary outcomes. DFS is calculated from the date 
of enrollment to the date of detected disease recur-
rence. The following events are defined as recur-
rence: primary cancer recurrence and death. OS is 
calculated from the date of enrollment to the date 
of death or date of last follow-up. Survival will be 
estimated by using the Kaplan–Meier method.

Adverse events. Adverse events will be tabulated 
in a descriptive manner at each time visit. Toxicity 
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evaluation will be enumeration of all major toxici-
ties, with proportions calculated for each.

Follow-up. Survival data will be reported descrip-
tively and graphically, for each time of follow-up 
visit (up to 2 years).

Interim analysis. An interim analysis is planned 
when the first 39 patients are accrued.

Data management, control of data consistency, 
quality control, monitoring and audits
The investigator is responsible for ensuring data 
quality. All information required in the protocol 
are entered in the eCRF. Periodic monitoring vis-
its at the center are planned. Monitoring proce-
dures will be adapted to the study-specific risks 
for patients. Standard operating procedures 
(SOPs) will be interpreted to ensure patient safety 
and the integrity of the clinical data. The investi-
gator or a designated representative is obliged to 
provide clarification or respond to queries. If no 
further corrections are to be made in the data-
base, it will be locked and used for statistical 
analysis.

Patient informed consent. The treating physician 
is responsible for ensuring that the patient under-
stands the risks and benefits of participating in 
the program, including answering any questions 
the patient may have throughout the program and 
sharing any new information that may be relevant 
to the patient’s willingness to continue his or her 
participation in the program in a timely manner.

No program-related procedures will be performed 
until a patient or a patient’s legal representative 
has given written informed consent. The informed 
consent document must clearly describe the 
potential risks and benefits of the program, and 
each prospective participant must be given ade-
quate time to discuss the program with the treat-
ing physician to decide whether or not to 
participate. Each patient who agrees to partici-
pate in the program and who signs the informed 
consent should be given a copy of the signed and 
dated document. The provision of informed con-
sent should be documented in the patient’s medi-
cal record.

As used in this protocol, the term ‘informed con-
sent’ includes all informed consent given by 
patients or their legal representatives (for informed 
consents see Appendices 1 and 2).

Investigational review board or ethics 
committee approval
The treating physician is responsible for obtain-
ing investigational review board (IRB)/ethics 
committee (EC) approvals as locally required, 
unless a central EC approval has been obtained.

Discussion
The theme of pre or perioperative versus postop-
erative therapy for the treatment of resectable 
pancreatic cancer is a major source of dispute in 
this disease.39 Currently, the recommended treat-
ment for the 10–20% of patients with potentially 
resectable pancreatic cancer is surgical resection 
followed by adjuvant chemotherapy.8,40 However, 
the administration of adjuvant treatment is often 
limited by surgical complications and a significant 
rate of early disease recurrence.

In this present study, we want to validate pro-
spectively the safety and the activity of a novel 
preoperative regimen of chemotherapy with nal-
IRI in combination with 5-FU and oxaliplatin, in 
particular in terms of improving R0 rates, defined 
according to a standardized international R clas-
sification. As a matter of fact, determination of 
the resection status is part of the pathological 
examination and it is a critical step of correct 
staging and planning of postoperative treatments. 
Moreover, it has been shown to have a prognostic 
value for pancreatic cancer in several studies.41–44 
Despite the high R0 resection rates commonly 
reported in the literature, local and distal recur-
rence is frequent in patients with pancreatic can-
cer. This discrepancy is well highlighted in a 
recent retrospective study of 360 patients that 
reported 66% of local recurrence rates in R0 
patients and 68% in the R1 group.45 Thus, the R1 
rate is probably underestimated in certain studies. 
The R0 resection rate ranges from 15% to 83% 
across different studies.41,43–51 This heterogeneity 
in reporting R0 rates may be attributed to the lack 
of an international definition of the relevant resec-
tion margins, and of standardized protocols for 
pathological reporting.

According to the British Royal College of 
Pathology (RCPath) guidelines (www.rcpath.
org), microscopic tumor clearance for at least 
1 mm in all transection (the pancreatic duct mar-
gin, the bile duct margin, the proximal duodenal/
stomach margin, the distal duodenal margin) and 
circumferential margins (the posterior pancreatic 
surface, the medial margin and the anterior 
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surface) is required to confirm radicality and be 
considered as a meaningful prognostic and pre-
dictive factor. In the case of a vascular resection, 
the entire transection margins of the vessel should 
be validated.48 In more recent studies, the intro-
duction of a standardized protocol for the evalua-
tion of pancreatic cancer resection specimens led 
to significantly lower R0 resection rates than 
expected.41,49,52 In this regard, we recently con-
ducted a retrospective evaluation by using these 
guidelines of 131 patients who underwent up-
front resection for pancreatic cancer from 
February 2018 to March 2019. Based on these 
guidelines, we measured a 60% (81/131) of R1 
and only a 40% (50/131) of R0 resection in this 
series, and this result was considered a bench-
mark for designing this present study. This 
result is perfectly in line with the R0 resection 
rate (40%) measured in the immediate surgery 
group within the recent prospective phase III 
PREOPANC trial.25

Despite recent biological insight and therapeu-
tic advances, the prognosis of pancreatic cancer 
patients remains poor even in the resectable set-
ting and this is largely correlated to the limited 
efficacy of available treatments. TAMs are a key 
component of the cancer microenvironment 
and can limit the activity of chemotherapies if 
programmed towards the M2 form by specific 
signals.53 We contributed to this field by demon-
strating that several cytokines involved in myeloid 
cell attraction and M2 polarization, including 
IL-4 and MIP1-α, are the most significant nega-
tive prognostic factors in patients affected by 
resectable or advanced pancreatic cancer.54–56 As 
this subgroup of patients with higher levels of 
macrophage-attractant factors have probably the 
worst prognosis in this already devastating clinical 
setting and nal-IRI uses macrophages for its activ-
ity, we will investigate the relevance of these 
cytokines in the mechanisms of cancer resistance 
to nal-IRI, such as TAMs’ recruitment and acti-
vation, with the aim of improving the selection of 
pancreatic cancer patients with the worst progno-
sis for the most suitable and effective treatment. 
Moreover, one of the most common features of 
pancreatic cancer is a desmoplastic stromal 
microenvironment. The differentiation of mesen-
chymal precursors in myofibroblasts leads to 
increased collagen deposition and extracellular 
matrix remodelling as well as increased interstitial 
fluid pressure (IFP). This affects the efficiency of 
particle-based chemotherapeutic drug delivery to 
the tumor, as they cannot penetrate tissue under 

positive IFP. As an exploratory objective, our 
phase II study will correlate the pre and post-
treatment levels of several biomarkers of tumor 
microenvironment remodeling with response to 
preoperative 5-FU, nal-IRI, oxaliplatin treat-
ment. Blood samples and archived tumor tissues 
from the patients of the study will be collected 
and analyzed to survey potential predictive/prog-
nostic biomarkers that may correlate with nal-IRI 
PK, toxicity, and/or disease response. The study 
will also evaluate the relationship between plasma 
PK of nal-IRI (total irinotecan, SN-38), oxalipl-
atin, 5-FU and efficacy and safety endpoints in 
resectable pancreatic cancer patients. We will 
evaluate pre and post-treatment levels of transdif-
ferentiation of fibroblasts into activated myofi-
broblasts, pericyte coverage of the tumor 
vasculature and microvessel density, fibrotic and 
collagen content in tumor specimen sections, 
intratumor nal-IRI, SN-38, CPT-11 concentra-
tion. The TAMs population and their modula-
tion during nal-IRI treatment will be measured 
and characterized in pre and post-treatment sam-
ple tissues. We aim to confirm prospectively the 
prognostic and/or predictive role of IL-4, CCL3/
MIP-1α and TAMs enrichment for nal-IRI activ-
ity and detect potential predictive/prognostic bio-
markers that could help clinicians to understand 
which patients will benefit more from the treat-
ment, thus avoiding unnecessary toxicities in sup-
posedly resistant patients.

The possibility to measure the presence of local or 
disseminated minimal residual disease even after 
radical resection remains of the utmost impor-
tance for the prognosis of patients. The detection 
of circulating cell-free DNA derived from tumor 
cells, or ctDNA, right after surgery and its longi-
tudinal monitoring is one of the most promising 
approaches for predicting prognosis in this set-
ting.57 We will perform deep sequencing [CAncer 
Personalized Profiling by deep Sequencing, 
(CAPP-Seq)] analyses58 of plasma cell-free DNA 
collected before and after resection to determine 
whether detection of ctDNA is associated with 
the risk of tumor recurrence.

Nonetheless, we acknowledge some limitations of 
this study. In order to have the chance fully to 
endorse the use of the nITRO regimen for the peri-
operative treatment of resectable pancreatic cancer 
patients, this trial should have had a randomized 
design by including a standard treatment arm with 
surgery followed by mFOLFIRINOX postopera-
tive treatment. The novelty of the treatment 
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explored in this present study is, indeed, both in 
the chemotherapeutic regimen explored itself for 
the first time in pancreatic cancer, as well as in the 
treatment paradigm shift proposed from a stand-
ard postoperative to a novel perioperative strategy. 

The acquisition of knowledge and meaning is 
rarely a linear process. The scientific knowledge 
progresses by a process of continuous paradigm 
shifts that produce a quantum leap in understand-
ing rather than the assimilation of new knowledge 

Table 3. Study procedures.

Procedure Screening visit
(up to 28 days)

Cycle 1-2-3  
(28 days)

C3D28
(–7 Days)

Cycle 4-5-6  
(28 days)

Follow-up 
(C6D28) 
or ET

Follow-up 
(q3 months)

 Preoperative Postoperative  

 Day 1 Day 15 Day 1 Day 15  

Revision criteria INC/
EXC

X X (only 
C1D1)

X (only 
C4D1)

 

Informed consent X  

Medical history X  

Demographics X  

Physical exam X Xc Xc Xc Xc X  

Vital signs X Xc Xc Xc Xc X  

KPS X Xc Xc Xc Xc X  

CBC with differential X Xc Xc Xc Xc X  

Serum chemistry X Xc Xc Xc Xc X  

CA 19.9 X Xc Xc  

Serum pregnancy testa X  

Urine pregnancy testa X X X  

ECG X Xc (only 
C1)

Xc (only 
C1)

X  

Tumor assessment X X X  

Concomitant 
medications

X X X X X X  

Concomitant 
procedures

X X X X X X  

Administration of nal-
IRI, Oxaliplatin, 5-FU, 
leucovorin, including 
premedication

X X X X  

Adverse event 
reportingᵇ

X X X X X X  

Overall survival X

aIf indicated.
bHealthcare professionals are asked to report any suspected drug adverse reactions.
cCan be performed up to 3 days prior to drug.
CA, carbohydrate antigen; CBC, complete blood count; ECG, electrocardiogram; 5-FU, 5-fluorouracil; KPS, Karnofsky performance score; nal-IRI, 
nanoliposomal irinotecan; Oxa, oxaliplatin.
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into an existing paradigm. However, individual 
enquirers can experience significant steps at  critical 
stages and, thus, gain greater insight and under-
standing of the complexity of the phenomenon 
under investigation.59 Several large randomized 
trials are currently addressing the potential advan-
tage of pre or perioperative versus standard post-
operative strategies by using regimens more 
commonly approved for the metastatic setting 
(ClinicalTrials.com identifiers: NCT02172976, 
NCT04340141, NCT02919787, NCT02959879). 
These are generally conducted by comprehensive 
cooperative groups with the advantage of count-
ing on a large pool of potential patients to be 
enrolled in such randomized trials that generally 
require large sample sizes. Moreover, the agree-
ment among surgical units in a given geographical 
area to offer the enrollment in the same clinical 
trial of pre or perioperative treatment to immedi-
ately resectable pancreatic cancer patients is 
essential to avoid the expected migration of 
patients towards different surgical units that 
might propose resection up-front, impairing, in 
turn, the enrollment rate in the trial. Thus, only 
the momentum given by a large cooperative group 
could protect from the limited patient population 
cohorts and the slow enrollment rate sometimes 
faced by randomized trials in this setting and that 
could limit the relevance of their conclusions.60 In 
this regard, we aimed the nITRO trial to explore 
the safety and activity of a chemotherapeutic regi-
men that to our knowledge is one of the most 
novel and potentially active in this disease. 
Whether this present trial will satisfy its hypothe-
sis, we will have more solid evidence to support a 
future randomized clinical trial design within a 
nationwide cooperative group.

In conclusion, the nITRO trial will contribute to 
strengthen the clinical evidence supporting periop-
erative strategies in immediately resectable pancre-
atic cancer patients. Moreover, this study represents 
a unique opportunity for translational analyses 
aimed to identify novel immune-related prognostic 
and predictive factors in this clinical setting.
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Appendix 1.
Informed consent for screening and enrolling patients in the nITRO trial.
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Appendix 2.
Informed consent for translational research studies for patients enrolled in the Nitro trial.
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