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Abstract
Background: In the NAPOLI-1 phase 3 trial, liposomal irinotecan (nal-IRI) +5-fluo-
rouracil/leucovorin (5-FU/LV) significantly increased mPFS versus 5-FU/LV (3.1 
vs. 1.5 months [unstratified HR = 0.56, p = 0.0001]) in patients with mPAC that pro-
gressed on prior gemcitabine-based therapy. This randomized phase 2 trial evaluated 
nal-IRI+5-FU/LV tolerability (Part 1), safety, and efficacy (Part 2; outcomes reported 
here) in Japanese patients with mPAC that progressed on gemcitabine-based therapy.
Methods: Patients were randomized 1:1 and stratified by KPS (70 and 80 vs. ≥90) 
and baseline albumin (≥4.0 g/dl vs. <4.0 g/dl). Primary endpoint was PFS; secondary 
endpoints were ORR, DCR, OS, TTF, CA19-9 response, and QoL. The ITT popula-
tion comprised all randomized patients.
Results: Patient characteristics differed between nal-IRI+5-FU/LV (n  =  40) and 
5-FU/LV (n = 39) arms, including baseline hepatic lesions (63% vs. 51%), stage IV 
disease at diagnosis (78% vs. 51%), and post-study anticancer therapy (55% vs. 72%). 
Investigator-assessed mPFS increase with nal-IRI+5-FU/LV was clinically mean-
ingful and statistically significant versus 5-FU/LV (2.7 vs. 1.5 months, HR = 0.60). 
Independently assessed mPFS showed similar trends (1.7 vs. 1.6 months, HR = 0.79). 
mOS was 6.3 months with nal-IRI+5-FU/LV and not reached with 5-FU/LV. ORR 
increased significantly with nal-IRI+5-FU/LV versus 5-FU/LV (18% vs. 0, rate dif-
ference 17.5). Commonly reported grade ≥3 treatment-emergent AEs were decreased 
neutrophil count (37% vs. 3%), decreased white blood cell count (20% vs. 0), and 
diarrhea (17% vs. 3%).
Conclusions: In conclusion, clinically meaningful and statistically significant 
gains in investigator-assessed PFS and ORR were observed with nal-IRI+5-FU/LV  
versus 5-FU/LV in Japanese patients, with no new or unexpected safety signals. 
(Clinicaltrials.gov ID: NCT02697058).

www.wileyonlinelibrary.com/journal/cam4
mailto:﻿
https://orcid.org/0000-0003-4480-0029
https://orcid.org/0000-0003-0663-6117
http://creativecommons.org/licenses/by/4.0/


      |  9397UENO et al.

1  |   INTRODUCTION

Pancreatic cancer (PAC) is the sixth most common cancer 
and fourth-leading cause of cancer-related death in Japan, 
with over 43,000 new cases and 37,000 deaths in 2018.1 
Additionally, PAC has recently been named the fourth-lead-
ing cause of death due to cancer in the European Union and 
the United States. It is projected to become the second-lead-
ing cause of cancer-related death in the United States by 2030 
and the third-leading cause of cancer death in Europe, with a 
mortality rate approaching incidence.2–5

The majority of patients (≥80%) are diagnosed with 
metastatic disease, making curative treatment virtually im-
possible and contributing to the observed mortality rates.6 
Chemotherapy-based, first-line treatment options in patients 
with metastatic PAC (mPAC) and good Eastern Cooperative 
Oncology Group (ECOG) performance status (PS; 0–1) in-
clude gemcitabine+nab-paclitaxel and the FOLFIRINOX 
(folinic acid, fluorouracil, irinotecan, oxaliplatin) regimen.6–9 
Patients with worse PS (≥2) may receive gemcitabine mono-
therapy, gemcitabine plus erlotinib, 5-fluorouracil (5-FU)-
based therapies including S-1 (tegafur/gimeracil/oteracil), 
and best supportive care only.6,9–11

Treatment options in patients with metastatic disease 
that progressed on gemcitabine-based therapy include the 
recently approved combination regimen of liposomal irino-
tecan (nal-IRI) plus 5-FU/leucovorin (5-FU/LV), and unap-
proved oxaliplatin-based regimens (e.g., OFF [oxaliplatin, 
folinic acid, fluorouracil] or mFOLFOX6 [modified folinic 
acid, fluorouracil, oxaliplatin]).12-14,27 Studies evaluating 
oxaliplatin-based regimens have yielded conflicting results: 

CONKO-003 reported increased overall survival (OS) with 
the OFF regimen, whereas PANCREOX (using mFOLFOX6) 
did not.12,13

Recent clinical trials evaluated the use of S-1 in com-
bination with oxaliplatin, LV, or non-liposomal irinotecan 
compared with S-1 alone in Japanese patients with advanced 
or mPAC refractory to gemcitabine-based therapy. The S-1-
based combinations did not result in significant survival ben-
efits in these patients compared with S-1 monotherapy.15–18

nal-IRI consists of PEGylated liposomes containing irino-
tecan sucrosofate salt, a topoisomerase I inhibitor. Liposomal 
encapsulation reduces premature liver metabolism and con-
version of irinotecan to the highly active SN-38 metabolite. 
nal-IRI exhibits a lower maximum concentration of free 
irinotecan in plasma, a longer half-life and an increased 
area under the curve in plasma for SN-38 compared with 
non-liposomal irinotecan.19–23 This prolongs tumor exposure 
to SN-38 above its antitumor activity threshold, and raises 
SN-38 levels in tumor tissue compared with plasma.19,21,23

In the global NAPOLI-1 phase 3 trial, nal-IRI+5-FU/
LV significantly increased median OS versus 5-FU/LV 
(median OS: 6.1 vs. 4.2 months; unstratified hazard ratio 
[HR] = 0.67; p = 0.012) in patients with metastatic pan-
creatic ductal adenocarcinoma that progressed after gem-
citabine-based therapy. Median investigator-assessed 
progression-free survival (PFS) was also improved in these 
patients (3.1 vs. 1.5  months; HR  =  0.56; p  =  0.0001). 
The regimen did not compromise quality of life (QoL), 
and resulted in increased quality-adjusted time without 
symptoms of disease progression or grade ≥3 toxicity 
(QTWiST).14,24–27 The nal-IRI+5-FU/LV regimen is now 
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included in treatment guidelines as a recommended and 
approved option for use in patients with mPAC that pro-
gressed after gemcitabine-based therapy who have a suit-
able PS and comorbidity profile.6,10,11,28 This study used 
the same nal-IRI+5-FU/LV dosing regimen to determine 
its efficacy and safety profile in Japanese patients.

2  |   MATERIALS AND METHODS

2.1  |  Study overview

This was a prospective, open-label, randomized, multicenter 
phase 2 study in Japanese patients with mPAC that progressed 
or recurred following prior gemcitabine-based therapy (reg-
istered at Clinicaltrials.gov, identifier: NCT02697058). 
Aspects of this work were previously presented at the ESMO 
Asia 2019 congress.29

The study consisted of two parts. Part 1 (safety run-in) 
assessed the safety of nal-IRI+5-FU/LV to confirm the tol-
erability and to characterize the pharmacokinetics (PK) of 
the dosing regimen used in the NAPOLI-1 trial. Patients in 
Part 1 continued in the study until occurrence of progressive 
disease (PD; radiologic or symptomatic deterioration) or un-
acceptable toxicity. After the Independent Data Monitoring 
Committee had reviewed all safety data, Part 2 was opened to 
further assess the safety of the combination, analyze the PK of 
nal-IRI, and compare the efficacy of nal-IRI+5-FU/LV with 
5-FU/LV. In Part 2, patients were randomized 1:1 between 
the two treatment arms following stratification for Karnofsky 
Performance Status (KPS; 70 and 80 vs. ≥90) and baseline 
albumin levels (≥4.0 g/dl vs. <4.0 g/dl). Patients continued to 
receive treatment until PD (radiologic or symptomatic deteri-
oration) or the occurrence of unacceptable toxicity.

The nal-IRI+5-FU/LV regimen consisted of 80  mg/m2 
nal-IRI (irinotecan hydrochloride trihydrate salt; equivalent 
to 70 mg/m2 irinotecan free base) administered by intrave-
nous (IV) infusion over 90  min (±10 minutes). This was 
followed by 200 mg/m2 levoleucovorin calcium (LV) via IV 
infusion over 2 h, then, 2400 mg/m2 5-FU via IV infusion 
over 46 (±3) h, every 2 weeks (Q2W). The 5-FU/LV regimen 
comprised 200 mg/m2 LV via IV infusion over 2 h, followed 
by 2400 mg/m2 5-FU via IV infusion over 46 (±3) h, Q2W. 
The 5‑FU/LV dose in both arms was based on the combina-
tion therapy dose of 5-FU/LV in the NAPOLI-1 trial.14,27

During screening, all patients were assessed for eligibil-
ity and tested for the presence of uridine-diphosphate glu-
curonosyl transferase 1A1 (UGT1A1)*28 and UGT1A1*6 
alleles to determine the starting dose for nal-IRI. A patient 
found to be homozygous or UGT1A1*28 or UGT1A1*6 or 
double heterozygous received a reduced starting dose for 
nal-IRI (60  mg/m2 irinotecan hydrochloride trihydrate salt, 
equivalent to 50 mg/m2 irinotecan free base).

2.2  |  Inclusion and exclusion criteria

Patients had to be ≥20 years old, with histologically or cy-
tologically confirmed adenocarcinoma of the exocrine pan-
creas and documented metastatic disease with ≥1 measurable 
lesion as defined by Response Evaluation Criteria in Solid 
Tumors (RECIST) v1.1 guidelines. Additional inclusion cri-
teria were KPS ≥70, adequate bone marrow reserves, liver 
and renal function, and documented disease progression after 
prior gemcitabine or any gemcitabine-containing therapy 
(excluding conventional irinotecan) in a locally advanced 
or metastatic setting. Prior chemotherapy must have been 
stopped for ≥21 days prior to first dose and patients had to 
have recovered from the effects of any prior surgery, radio-
therapy, or other antineoplastic therapy with no residual ad-
verse events (AEs) of grade ≥2.

Patients were excluded from the study if they had active 
and uncontrolled central nervous system (CNS) metastases; 
for controlled CNS metastases, patients were to have discon-
tinued steroid medication for ≥28 days prior to starting study 
therapy. Further exclusion criteria included history of any 
secondary malignancy in the previous 5 years (patients with 
prior history of in situ cancer or basal or squamous cell skin 
cancers were eligible), severe arterial thromboembolic events 
(myocardial infarction, unstable angina pectoris, stroke) 
<6 months before inclusion, and significant cardiac conduc-
tion abnormalities including a history of long corrected QT 
interval by Frederica (QTcF) syndrome and/or pacemaker, 
New York Heart Association Class III or IV congestive 
heart failure, ventricular arrhythmias, or uncontrolled blood 
pressure. Patients were also ineligible if they were unable to 
discontinue potent human cytochrome P450 3A4 isoenzyme 
inducers within 2 weeks and inhibitors within 1 week before 
start of treatment, or had active infection or unexplained fever 
>38.5°C during screening visits or on the first scheduled day 
of dosing, which in the opinion of the investigator might have 
compromised the patient's participation in the study or influ-
enced study outcome. In addition, known hypersensitivity to 
any of the components of nal-IRI, other liposomal products, 
fluoropyrimidines, or LV was an exclusion criterion.

2.3  |  Efficacy outcomes (study Part 2)

The primary endpoint was PFS in Part 2, defined as the time 
from randomization to the first documented disease pro-
gression based on RECIST v1.1 or death due to any cause. 
Evaluation of disease progression was carried out by both 
independent and investigator assessments as per protocol. 
Secondary endpoints included objective response rate (ORR; 
the proportion of patients with a best overall response of un-
confirmed complete response [CR] or partial response [PR]) 
and disease control rate (DCR; patients with a best overall 
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response of unconfirmed CR, PR, or stable disease [SD] last-
ing ≥24 weeks following the first study drug administration). 
Response data were based on unconfirmed, investigator-re-
ported values.

OS was calculated as time from randomization to date of 
death due to any cause or the date of last known alive, and 
time to treatment failure (TTF) as time from randomization to 
disease progression according to RECIST v1.1, death due to 
any cause, discontinuation of treatment due to toxicity, symp-
tomatic deterioration, or start of another anticancer therapy. 
Carbohydrate antigen 19-9 (CA19-9) tumor marker response 
was defined as a decrease of ≥50% versus baseline at least 
once during the treatment period. QoL was measured on a 
monthly basis, using the European Organization for Research 
and Treatment of Cancer Quality of Life Questionnaire C30 
(EORTC-QLQ-C30).

2.4  |  Safety outcomes

Safety data were continuously collected from patient consent 
until 30 days after the last dose or before initiation of a new 
antineoplastic treatment. Safety measures included the inci-
dence of serious AEs (SAEs), and incidence and intensity 
of nonserious AEs, which was coded to preferred term and 
system-organ class using Medical Dictionary for Regulatory 
Activities (MedDRA), version 18.1 and graded according to 
the National Cancer Institute Common Terminology Criteria 
for Adverse Events (NCI-CTCAE) version 4.03, as were lab-
oratory tests. A treatment-emergent AE (TEAE) was defined 
as an AE with an onset date or a preexisting AE worsening 
following the first dose of study drug until 30 days after the 
last dose of study drug. All TEAEs requiring dose reductions 
were considered treatment-related.

2.5  |  Statistical analyses

The intention-to-treat (ITT) population was used for the pri-
mary analysis and included all patients randomized during 
study Part 2. All safety analyses were based on the safety 
population, comprising all patients receiving ≥1 dose of 
study drug. CA19-9 tumor marker response and patient-re-
ported outcomes (PROs) were analyzed based on a subset 
of the primary efficacy analysis population evaluable for the 
outcome measure. PFS, OS, and TTF for each arm were esti-
mated using the Kaplan–Meier method.

Primary efficacy outcome measures from the investiga-
tor's assessment were also evaluated. In case of a discrepancy 
between the assessment of the independent central review 
board and that of the investigator, the independent board's as-
sessment of PFS took precedence. ORR, DCR, and CA19-9 
tumor marker response were compared using Fisher's exact 

test. HRs were based on unstratified Cox proportional haz-
ards modeling. Two-sided p-values were determined using 
the log-rank test. Statistical significance was defined at a 
level of α = 0.2. Assuming a dropout rate of 10%, approx-
imately 74 patients were to be randomized. A total of 53 
events (disease progression or death) would allow the study 
to have an approximately 88% power to detect a 1.5-month 
improvement in PFS, based on a HR of 0.5. The total sample 
size was expected to be 80 patients, including the six patients 
enrolled in Part 1.

3  |   RESULTS

3.1  |  Patient baseline characteristics and 
demographics

During the 22-month study period from 30 March 2016 until 
31 January 2018, 101 patients were assessed for eligibility at 
16 participating Japanese centers (see Figure 1). Six patients 
were enrolled in study Part 1 and received nal-IRI+5-FU/LV, 
and following review of all safety data by the study's inde-
pendent data monitoring committee, study Part 2 was opened. 
In Part 2, 79 patients were randomized to receive treatment 
with nal-IRI+5-FU/LV (n = 40) or 5-FU/LV (n = 39). These 
patients were included in the ITT population. Patients (n = 6) 
from the safety run-in of the nal-IRI+5-FU/LV regimen dur-
ing study Part 1 were included in the safety population only.

Three patients (8%) in the nal-IRI+5-FU/LV arm and 
three patients (8%) in the 5-FU/LV arm were homozygous 
for UGT1A1*28 or UGT1A1*6 or both; or heterozygous for 
both UGT1A*28 and UGT1A1*6. None of the patients in the 
nal-IRI+5-FU/LV arm presented with Gilbert syndrome or had 
clear suggestive symptoms of the disease in their medical his-
tory. Several differences in baseline characteristics were noted 
between the two treatment arms (Table 1). A lower propor-
tion of patients receiving nal-IRI+5-FU/LV had a KPS score 
of 100  compared with patients receiving 5-FU/LV (15% vs. 
26%), whereas a greater proportion of patients in the nal-IRI+ 
5-FU/LV arm had hepatic lesions at baseline (63% vs. 51%) 
and stage IV disease at diagnosis (78% vs. 51%). More patients 
in the 5-FU/LV arm received ≥1 post-study anticancer therapy 
than those receiving nal-IRI+5-FU/LV (72% vs. 55%).

3.2  |  Efficacy results

3.2.1  |  Primary endpoint

At the primary analysis cutoff (4 May 2017), patients in 
the nal-IRI+5-FU/LV treatment arm achieved a median 
PFS by investigator assessment of 2.7 months (95% con-
fidence interval [CI]: 1.5–5.0) compared with 1.5 months 
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(95% CI: 1.4–1.6) in the control 5-FU/LV arm (HR=0.60, 
p = 0.039; see Figure 2A and Table 2). According to inde-
pendent assessment, patients in the nal-IRI+5-FU/LV arm 
achieved a median PFS of 1.7 months (95% CI: 1.5–3.6) 
with nal-IRI+5-FU/LV and 1.6  months (1.4–1.6) with 
5-FU/LV (HR = 0.79, p = 0.376; see Figure 2B and Table 
2). As KPS and baseline albumin levels were used as strati-
fication factors during randomization, a stratified analysis 
for PFS based on independent assessment was performed 
for the ITT analysis set using these stratification factors. 
These results were aligned with the primary analysis, with 
median PFS of 1.7 versus 1.6  months (HR  =  0.76, 95% 
CI 0.44–1.29). A multivariate analysis of the ITT popula-
tion indicated that treatment (HR = 0.65, p = 0.111) and 
presence of liver metastases (HR = 2.83, p = 0.001) were 
important factors affecting disease progression. Results 

from a sensitivity analysis excluding the six patients who 
were heterozygous or homozygous for UGT1A1*6 or 
UGT1A1*28 mutations showed no significant change in 
independently assessed PFS outcomes in either study arm 
(nal-IRI+5-FU/LV vs. 5-FU/LV: 1.7 vs. 1.5  months, HR 
0.68 [95% CI 0.40–1.19], p = 0.177).

3.2.2  |  Secondary endpoints

The independently assessed ORR with nal-IRI+5-FU/LV was 
18% versus 0 with 5-FU/LV (rate difference 17.5, p = 0.012) 
and disease control rates were 20% versus 5% (rate difference 
14.9, p = 0.087, Table 2). A larger proportion of patients re-
ceiving nal-IRI+5-FU/LV experienced CR, PR, or SD com-
pared with those treated with 5-FU/LV, while fewer patients 
in the nal-IRI+5-FU/LV arm had PD (Table 2). At primary 
analysis cutoff, 60% of OS events had occurred in the nal-
IRI+5-FU/LV arm compared with 41% in the 5-FU/LV arm. 
Median OS was 6.3 months in the na-IRI+5-FU/LV treatment 
arm, but was not reached in the 5-FU/LV control arm for this 
primary analysis (HR 1.67; Table 2 and Figure S1).

The greater proportion of patients in the control arm re-
ceiving post-study therapy may be a confounding factor in 
the OS analysis. In the nal-IRI+5-FU/LV arm, 25% patients 
(n = 10) received a gemcitabine-based or FOLFIRINOX reg-
imen, versus 59% (n = 23) in the 5-FU/LV arm. Therefore, 
a post hoc sensitivity analysis was carried out in which sur-
vival time was censored at the start date of FOLFIRINOX 
or gemcitabine-based therapies. The median OS values 
from this analysis were 6.2 versus 6.7 months, respectively 
(HR = 1.11, 95% CI 0.49–2.49) (Table S1).

TTF was comparable between the nal-IRI+5-FU/LV and 
5-FU/LV arms (1.7 months vs. 1.5 months, HR = 0.70; see 
Table 2). The tumor marker response evaluable (TMRE) 
population comprised 28 patients each in each arm. More 
patients treated with nal-IRI+5-FU/LV achieved a CA19-9 
response compared with those receiving 5-FU/LV (18% vs. 
4%; see Figure 3 and Table 2), although this difference was 
not statistically significant (p = 0.193).

Baseline EORTC-QLQ-C30 scores were similar between 
the nal-IRI+5-FU/LV and 5-FU/LV treatment arms apart 
from minor differences in global health status (median score 
75 vs. 58), and the cognitive (100 vs. 83), emotional (83 vs. 
92), social (100 vs. 83), as well as pain (17 vs. 33) function-
ing and symptom scales (Table S2). Both treatment arms had 
baseline values in the high range (>75) for physical, role, 
cognitive, emotional, and social functioning scales (Table 
S2). Differences between treatment arms regarding change 
of median score from baseline until week 12 were limited, 
occurring in the global health status (0 vs. 8), role function-
ing (0 vs. 33), and fatigue symptom scale (0 vs. −11) scores 
(Table S2).

F I G U R E  1   CONSORT diagram for patient disposition in 
study Part 2 (ITT population). *Not including patients receiving 
nal-IRI+5-FU/LV (n = 6) during study Part 1. The ITT population 
included all Part 2 patients even if they did not receive any study 
treatment. **One patient was randomized but not dosed as the 
patient was found to be in conflict with exclusion criteria prior to 
receiving study drug. 5-FU, 5-fluorouracil; ITT, intention-to-treat; LV, 
leucovorin; nal-IRI, liposomal irinotecan
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T A B L E  1   Patient characteristics and baseline demographics in 
study Part 2 (ITT population)

nal-IRI+5-FU/LV
n = 40

5-FU/LV
n = 39

Sex, n (%)

Female 16 (40.0) 19 (48.7)

Male 24 (60.0) 20 (51.3)

Age, years

Median 67.0 69.0

Min, max 39, 83 36, 78

Ethnicity, n (%)

Asian (Japanese) 40 (100.0) 39 (100.0)

Baseline KPS, n (%)

100 6 (15.0) 10 (25.6)

90 28 (70.0) 24 (61.5)

80 5 (12.5) 5 (12.8)

70 1 (2.5) 0

Baseline CA19-9, n (%)a 

Median (IU/ml) 1419.4 1283.3

Evaluable for response 28 (70.0) 28 (71.8)

UGT1A1 status

Homozygous for 
UGT1A1*28

0 1 (2.6)

Homozygous for 
UGT1A1*6

2 (5.0) 2 (5.1)

Heterozygous for both 
UGT1A1*28 and 
UGT1A1*6

1 (2.5) 0

Baseline albumin, n (%)

<4.0 g/dl 31 (77.5) 30 (76.9)

≥4.0 g/dl 9 (22.5) 9 (23.1)

Median (g/dl) 37.0 38.0

Location of lesions at baseline, n (%)b 

Hepatic lobe 25 (62.5) 20 (51.3)

Lung 10 (25.0) 7 (17.9)

Pancreas 28 (70.0) 20 (51.3)

Para-aortic lymph node 6 (15.0) 2 (5.1)

Supraclavicular lymph 
node

1 (2.5) 0

Other 23 (57.5) 26 (66.7)

Disease stage at diagnosis, n (%)

IA 0 1 (2.6)

IB 0 0

IIA 1 (2.5) 2 (5.1)

IIB 0 5 (12.8)

III 8 (20.0) 11 (28.2)

IV 31 (77.5) 20 (51.3)

(Continues)

nal-IRI+5-FU/LV
n = 40

5-FU/LV
n = 39

Primary tumor location, n (%)

Head only 19 (47.5) 14 (35.9)

Body only 9 (22.5) 12 (30.8)

Tail only 10 (25.0) 9 (23.1)

Multi-locations incl. 
head

0 (0.0) 0 (0.0)

Multi-locations excl. 
head

2 (5.0) 2 (5.1)

Unknown 0 2 (5.1)

Previous lines of metastatic therapy, n (%)

≤1 34 (85.0) 28 (71.8)

≥2 6 (15.0) 10 (25.6)

Prior anticancer therapy, n (%)c 

Gemcitabine-containing 40 (100.0) 38 (97.4)d 

Fluorouracil-containing 
(S−1)

8 (20.0) 14 (35.9)

Fluorouracil-containing 
(5-FU)

0 1 (2.6)

Platinum-containing 
(oxaliplatin)

1 (2.5) 0

Irinotecan-containing 0 0

Investigational agents 0 3 (7.7)

Other 38 (95.0) 34 (87.2)

Administration setting of prior anticancer therapy, n (%)

Neoadjuvant 1 (2.5) 4 (10.3)

Adjuvant 5 (12.5) 14 (35.9)

Advanced/metastatic 38 (95.0) 37 (94.9)

Consolidation 1 (2.5) 0

Unknown 0 0

Median time since last 
prior anticancer 
therapy, months 
(Min–Max)

0.9 (0.6–1.8) 0.9 (0.7–1.4)

Post-study anticancer therapy, n (%)c 

Received ≥1 post-study 
anticancer therapy

22 (55.0) 28 (71.8)

Gemcitabine-containing 6 (15.0) 9 (23.1)

Fluorouracil-containing 
(S−1)

12 (30.0) 7 (17.9)

Fluorouracil-containing 
(5-FU)

15 (37.5) 23 (59.0)

Platinum-containing 
(oxaliplatin)

13 (32.5) 25 (64.1)

Irinotecan-containing 9 (22.5) 19 (48.7)

Investigational agents 0 0

Other 4 (10.0) 7 (17.9)

T A B L E  1   (Continued)
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3.3  |  Safety and tolerability results

3.3.1  |  Treatment duration and dose intensity

Fewer patients receiving nal-IRI+5-FU/LV had a minimum 
time on treatment of ≥6 weeks (76%) compared with those 
treated with 5-FU/LV (84%; Table 3). However, the propor-
tion of patients receiving treatment for ≥12 or ≥18 weeks in 
the nal-IRI+5-FU/LV arm was approximately twofold higher 
than in the 5-FU/LV arm.

3.3.2  |  Treatment-emergent adverse events

Overall, TEAEs were in the “Blood and lymphatic system dis-
orders” or “gastrointestinal disorders” system-organ classes 
and were more frequent in patients receiving nal-IRI+5-FU/
LV than in those who were administered 5-FU/LV; grade 
≥3 TEAEs occurred more frequently in 78% versus 37% pa-
tients (Table 4). In the nal-IRI+5-FU/LV arm, 61% of grade 
≥3 TEAEs were judged as treatment-related, versus 21% in 
the 5-FU/LV arm, with decreased neutrophil count (37%), 
decreased white blood cell count (20%), and diarrhea (17%) 
being most commonly reported in the combination arm. The 

most frequently reported grade ≥3 TEAEs among patients in 
the control arm were decreased lymphocyte count (8%) and 
tumor pain (5%). Neutropenia of any grade occurred in 11% of 
patients receiving nal-IRI+5-FU/LV and none receiving 5-FU/
LV. There was one case of febrile neutropenia (2%) in the nal-
IRI+5-FU/LV arm. Grade 3 and grade 4 treatment-related 
TEAEs were recorded in patients with mutations in UGT1A1 
(homozygous UGT1A1*28, homozygous UGTA1A1*6, or 
heterozygous UGT1A1*28/*6; n = 3 in each arm). All three 
patients in the nal-IRI+5-FU/LV arm had grade ≥3 neutrophil 
count decreased, with one patient developing grade ≥3 neutro-
penia; none of the three patients developed grade ≥3 diarrhea.

3.3.3  |  TEAEs of any grade leading to dose 
modification, reduction, delay, or treatment 
discontinuation

TEAEs of any grade leading to dose modifications were 
more frequent in patients in the nal-IRI+5-FU/LV arm than 
in those in the 5-FU/LV arm (76% vs. 32%; see Table S3). Of 
these, 72% versus 16% were considered treatment-related. A 
larger proportion of patients treated with nal-IRI+5-FU/LV 
required dose delays, reductions, or treatment discontinua-
tion compared with patients receiving 5-FU/LV.

In patients receiving nal-IRI+5-FU/LV, decreased white 
blood cell count (46%), decreased neutrophil count (44%), 
and diarrhea (11%) were the most frequent TEAEs leading 
to dose delay. Decreased neutrophil count (24%), diarrhea 
(17%), and decreased white blood cell count (15%) were also 
commonly reported as leading to dose reduction. The most 
common TEAEs leading to dose delay with 5-FU/LV were 
decreased white blood cell count, constipation, and decreased 
platelet count (all 5%). Ten patients in the nal-IRI+5-FU/LV 
arm (22%) discontinued treatment during the study, with five 
(11%) deemed treatment-related. Disease progression was re-
sponsible for two withdrawals.

3.3.4  |  TEAEs leading to death

None of the TEAEs with fatal outcome in either arm was judged 
as treatment-related. In patients receiving nal-IRI+5-FU/LV, 
four (9%) TEAEs with fatal outcome were reported: one due to 
infection (2%) and three due to progression of pancreatic car-
cinoma (7%; see Table S3). Two patients (5%) in the 5-FU/LV 
arm died, both due to pancreatic carcinoma progression.

4  |   DISCUSSION

As previously discussed, in the NAPOLI-1 phase 3 study, nal-
IRI+5-FU/LV significantly increased PFS and OS compared 

nal-IRI+5-FU/LV
n = 40

5-FU/LV
n = 39

Not recorded 18 (45.0) 11 (28.2)

Median time from last 
study drug exposure 
to first post-study 
anticancer therapy, 
weeks (1st and 3rd 
quartiles)

3.1 (2.9, 4.7) 2.6 (2.1, 3.1)

Median time since initial 
diagnosis, months (1st 
and 3rd quartiles)

7.2 (4.2, 14.0) 10.8 (6.9, 
20.8)

Notes: Baseline was defined as the last non-missing value prior to first dose of 
study drug (i.e., nal-IRI for nal-IRI+5-FU/LV arm or 5-FU for 5-FU/LV arm).
Baseline KPS and baseline albumin are the values defined at screening.
Time since last anticancer therapy was defined as the time between the most 
recent regimen date and the date of first dose of study drug (Part 1) or date of 
randomization (Part 2).
Abbreviations: 5-FU, 5-fluorouracil; CA19-9, carbohydrate antigen 19-9; KPS, 
Karnofsky performance status; LV, leucovorin; nal-IRI, liposomal irinotecan; 
S-1, tegafur/gimeracil/oteracil.
aOnly patients with a recorded pretreatment CA19-9 value were included. 
bLesion locations were defined according to Response Evaluation Criteria In 
Solid Tumors (RECIST) guidelines v1.1. 
cColumn values may add up to ≥100% as patients could have received more 
than one prior line of therapy or more than one post-study anticancer therapy, 
resulting in their inclusion in multiple categories. 
dOne patient randomized to the 5-FU/LV arm was found not to have received 
prior gemcitabine following randomization and did not receive study treatment. 
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with 5-FU/LV in patients with mPAC that progressed on prior 
gemcitabine-based therapy.27 In the current study, independently 
assessed median PFS was slightly longer with nal-IRI+5-FU/
LV versus 5-FU/LV (1.7 vs. 1.6 months). Importantly, investi-
gator-assessed median PFS was significantly increased with nal-
IRI+5-FU/LV compared with 5-FU/LV. This is consistent with 
results from the NAPOLI-1 study, which also reported median 
PFS based on investigator assessment.27 It should be noted that 
tumor assessments were scheduled at discrete 6-week intervals 
(±1 week) during the current study, increasing the likelihood 
of numerically similar estimates. nal-IRI+5-FU/LV increased 
ORR, DCR, TTF, and CA19-9 response versus 5-FU/LV, with 
ORR reaching statistical significance.

Median OS with nal-IRI+5-FU/LV compared with 5-FU/
LV could not be determined, as this was not reached in the 
5-FU/LV arm by the time of the primary analysis. However, 
the observed median OS in the nal-IRI+5-FU/LV arm is in 
line with expectations and prior findings from the NAPOLI-1 
study.27 A final analysis for OS conducted after the final 

data cutoff determined the median OS as 6.3 months in the 
nal-IRI+5-FU/LV arm and 9.1 months in the 5-FU/LV arm 
(HR = 1.24, p = 0.371). The median OS among patients in 
the 5-FU/LV arm exceeded the median OS of 4.2  months 
previously observed in the NAPOLI-1 study.27

It should be noted that the primary endpoint of this study 
was PFS in study Part 2, while OS was a secondary endpoint. 
Unlike the NAPOLI-1 trial, this study was not designed to 
detect a difference in OS between the treatment arms, and 
consequently has a sample size insufficient to draw robust 
conclusions in light of this finding.

Moreover, a smaller proportion of patients in the nal-
IRI+5-FU/LV arm received post-study anticancer therapy than 
in the 5-FU/LV arm (55% vs. 72%). Further to this finding, 
a post hoc analysis conducted following the final data cutoff 
showed a greater proportion of patients in the 5-FU/LV arm 
were subsequently treated with either a gemcitabine- (28%), 
oxaliplatin- (67%), or irinotecan-based (51%) regimen com-
pared with patients in the nal-IRI+5-FU/LV arm (20%, 48%, or 

F I G U R E  2   Progression-free survival 
in study Part 2 (ITT population). Kaplan–
Meier plots for PFS based on investigator 
assessment (A) and independent assessment 
(B) in the Part 2 ITT population. Tick 
marks indicate censoring points. 5-FU, 
5-fluorouracil; CI, confidence interval; HR, 
hazard ratio; ITT, intention-to-treat; LV, 
leucovorin; nal-IRI, liposomal irinotecan; 
PFS, progression-free survival

(A)

(B)
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23%), consistent with observations from the primary analysis. 
This is in contrast to the NAPOLI-1 study, where post-progres-
sion therapy was similar between treatment arms.27

Gemcitabine-, oxaliplatin-, and irinotecan-based combi-
nations (i.e., gemcitabine+nab-paclitaxel and FOLFIRINOX) 
are considered as front-line therapy for patients with mPAC 
by current treatment guidelines.6,9–11 It may be anticipated 
that those patients sufficiently fit to tolerate these regimens 
following termination of study treatment were more likely 
to be selected and could have prolonged survival compared 
with those unable to receive further treatment. The propor-
tion of patients with a minimum time on treatment of ≥12 
or ≥18 weeks was markedly lower in the 5-FU/LV arm com-
pared with the nal-IRI+5-FU/LV arm. We hypothesize that 
patients in the 5-FU/LV arm likely experienced earlier disease 
progression than those in the nal-IRI+5-FU/LV arm and pro-
ceeded to efficacious post-study anticancer therapy sooner, 
thereby increasing their survival time. These imbalances in 
post-study anticancer therapy likely seriously confound the 
median OS determined in the primary analysis.

Additionally, as platinum-based therapies are known to be 
particularly efficacious for patients with homologous recom-
bination deficient (HRD) pancreatic cancer,30 there may be a 
subset of patients with HRD tumors in the 5-FU/LV arm who 
derived a greater benefit from oxaliplatin-based therapies. It is 
important to note that HRD status was not collected for patients 
in this study, so any direct effect of HRD cannot be analyzed.

In terms of number of prior lines of therapy, a lower propor-
tion of patients in the NAPOLI-1 trial had received 0–1 prior 

T A B L E  2   Summary of efficacy data for study Part 2 (primary 
analysis, ITT population)

nal-IRI+5-FU/LV
n = 40

5-FU/LV
n = 39

Progression-free survival time (investigator assessment), months

Median 2.7 1.5

95% CI 1.5–5.0 1.4–1.6

HRa  0.60

95% CI 0.37–0.98

p-valueb  0.039

Progression-free survival time (independent assessment), months

Median 1.7 1.6

95% CI 1.5–3.6 1.4–1.6

HRa  0.79

95% CI (0.47–1.32)

p-valueb  0.376

Overall survival time, months

Median 6.3 NR

95% CI 5.2–NR 6.1–NR

HRa  1.67

95% CI 0.88–3.16

p-valueb  0.110

Time to treatment failure, months

Median 1.7 1.5

95% CI 1.5–2.2 1.4–1.6

HRa  0.70

95% CI 0.44–1.12

p-valueb  0.134

Best overall response,c 
n (%)

40 (100.0) 39 (100.0)

ORR 7 (17.5) 0 (0)

Rate difference (95% 
CI), p-valued 

17.5 (5.7–29.3), 0.012

CR 2 (5.0) 0

PR 5 (12.5) 0

SD 14 (35.0) 10 (25.6)

PD 19 (47.5) 27 (69.2)

Non-CR/non-PD 0 0

NE 0 2 (5.1)

Disease control rate,e  
n (%)

8 (20.0) 2 (5.1)

Rate difference (95% 
CI), p-valued 

14.9 (0.7–29.1), 0.087

(Continues)

nal-IRI+5-FU/LV
n = 40

5-FU/LV
n = 39

Tumor marker CA19-9 response, TMRE populationf 

CA19-9 response 
rate,g  n/N (%)

5/28 (17.9) 1/28 (3.6)

Rate difference (95% 
CI), p-valued 

14.3 (−1.5–30.1), 0.193

Abbreviations: 5-FU, 5-fluorouracil; CA19-9, carbohydrate antigen 19-9, CI, 
confidence interval; CR, complete response; HR, hazard ratio; LV, leucovorin; 
nal-IRI, liposomal irinotecan; NE, not evaluable; NR, not reached; ORR, 
objective response rate; PR, partial response; SD, stable disease; TMRE 
population, tumor marker response evaluable population.
aHR was computed from unstratified Cox proportional hazards modeling. 
bTwo-sided p-value from log-rank test. 
cBest overall response was defined according to RECIST v1.1 and reviewed 
by an independent central review board. Tumor responses were measured and 
recorded every 6 weeks ±1 week. 
dTwo-sided p-value from Fisher's exact test. 
eDisease control was defined as subjects with a best overall response of 
unconfirmed complete response, partial response, or stable disease lasting 
≥24 weeks following the start of first study drug. 
fThe TMRE population comprised patients who had elevated CA19-9 levels 
(>30 IU/ml) at baseline and ≥1 post-baseline CA19-9 assessment. 
gCA19-9 response was assessed through measurement of CA19-9 serum levels 
within 7 days before the start of treatment (baseline) and subsequently every 
6 weeks after enrollment, consistent with the tumor assessment schedule. 
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lines of metastatic therapy compared with the present study (66% 
vs. 85% for nal-IRI+5-FU/LV; 69% vs. 71.8% for 5-FU/LV).27 
A subanalysis of the NAPOLI-1 trial indicated that patients who 
had received 0–1 prior lines of metastatic therapy had better PFS 
outcomes when receiving nal-IRI+5-FU/LV versus 5-FU/LV, 
suggesting that earlier use of nal-IRI+5-FU/LV provides better 

PFS outcomes for patients.31 However, it is unclear whether the 
higher proportion of patients with 0–1 prior lines of therapy in 
the present study influenced outcomes, as investigator-assessed 
PFS is similar in NAPOLI-1 and the present study for both 
arms. In terms of types of prior treatment, only one patient in 
the nal-IRI+5-5-FU/LV arm received a platinum-containing 
therapy prior to the study, whereas in NAPOLI-1 32% patients 
in the nal-IRI+5-FU/LV arm and 34% patients in the 5-FU/LV 
arm had received a platinum-based prior therapy.27 It is unclear 
how these differences in prior treatment types between the two 
trials may have affected outcomes in the Japanese study popula-
tion. It is important to note that NAPOLI-1 was a much larger, 
international trial, so patients had more opportunities to receive 
a wider range of treatments than in the present study.27

In addition, differences in patient baseline characteristics 
between the two treatment arms may also have contributed to 
the observed OS outcome. For example, patients in the nal-
IRI+5-FU/LV arm had, on average, an increased incidence of 
presence of hepatic lesions, and a lower KPS. It is also important 
to note that a higher proportion of patients in the nal-IRI+5-FU/
LV arm had stage IV disease at diagnosis versus patients in the 
5-FU/LV arm (77.5% vs. 51.3%). This may have resulted in 
better survival outcomes for patients in the 5-FU/LV arm; this 
possibility is supported by data from a recent subanalysis of 
NAPOLI-1 showing that patients with stage III disease at diag-
nosis had better OS outcomes than patients with stage IV disease 
in both the overall ITT population and in both treatment arms.31

QoL was maintained throughout the course of treatment 
despite the late-stage disease and the addition of nal-IRI to 
the 5-FU/LV regimen. This is consistent with findings from 
a QoL analysis of patients receiving the nal-IRI+5-FU/LV 
regimen in the NAPOLI-1 trial.25 The most frequently re-
ported grade 3/4 TEAEs were typically myelosuppressive 
and gastrointestinal.

F I G U R E  3   Change from baseline 
in CA19-9 tumor marker response in 
study Part 2 (TMRE population). 5-FU, 
5-fluorouracil; CA19-9, carbohydrate 
antigen 19-9; LV, leucovorin; nal-IRI, 
liposomal irinotecan; TMRE, tumor marker 
response evaluable

T A B L E  3   Treatment duration and exposure in the nal-IRI+5-FU/
LV and 5-FU/LV treatment arms (safety population)

nal-IRI+
5-FU/LV
n = 46

5-FU/LV
n = 38

Number of treatment cycles received

Mean (SD) 6.7 (5.7) 4.9 (4.1)

Median (1st and 3rd quartiles) 3.5 (3.0, 11.0) 3.5 (3.0, 4.0)

Minimum time on treatment, n (%)

≥6 weeks 35 (76.1) 32 (84.2)

≥12 weeks 19 (41.3) 9 (23.7)

≥18 weeks 15 (32.6) 4 (10.5)

Relative dose intensity (%), mean (SD)a 

nal-IRI 91.5 (13.3) n/a

5-FU 90.7 (12.4) 99.0 (4.4)

Duration of exposure (weeks), mean (SD)b 

nal-IRI 15.1 (12.6) n/a

5-FU 15.0 (12.7) 10.2 (8.5)

Note: The safety population comprised patients who received ≥1 dose of study 
drug during study Part 1 or 2. Treatment cycles were 2 weeks in both arms.
Abbreviations: 5-FU, 5-fluorouracil; LV, leucovorin; nal-IRI, liposomal 
irinotecan; n/a, not applicable; SD, standard deviation.
aRelative dose intensity = (actual dose intensity/planned dose intensity) ×100. 
bDuration of exposure is the total duration (start date of last dose – start date of 
first dose +14)/7. 
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The incidence of all-grade neutropenia with nal-IRI+5- 
FU/LV was 11% (8% grade ≥3), with one case of febrile 
neutropenia; the incidence of diarrhea was comparable to 
that previously reported for patients receiving the regimen in 
the NAPOLI-1 trial.27 Decreased white blood cell and neu-
trophil counts, as well as diarrhea, were among the TEAEs 
most commonly leading to dose delays or reductions in pa-
tients treated with nal-IRI+5-FU/LV, though seldom lead-
ing to treatment discontinuation. Of the TEAEs with fatal 
outcome in either treatment arm, none was judged as treat-
ment-related, and all but one were associated with the under-
lying disease. There was a higher instance of neutropenia in 
patients receiving nal-IRI+5-FU/LV who had mutations in 
UGT1A1 (homozygous for UGT1A1*6 [n =2] or heterozy-
gous for UGT1A1*6 and UGT1A1*28 [n =1]). Although no 
firm conclusions can be drawn regarding safety in this small 
patient population, it is important to monitor patients with 
known UGT1A1 mutations for neutropenia.

In conclusion, no new, unique, or unexpected safety sig-
nals were identified among Japanese patients with mPAC that 

progressed or recurred following prior gemcitabine-based 
therapy. The safety profile of nal-IRI+5-FU/LV observed in 
this study was consistent with the global NAPOLI-1 study 
and other clinical studies evaluating the regimen in this set-
ting.19,23,27,32 Additionally, clinically meaningful and statisti-
cally significant gains in investigator-assessed PFS and ORR 
were observed with nal-IRI+5-FU/LV versus 5-FU/LV. The 
data presented here are mostly comparable to prior experience 
with nal-IRI+5-FU/LV in the global NAPOLI-1 trial and sup-
port the use of the regimen in a Japanese patient population.
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