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Abstract
Background: The NAPOLI-I trial showed better outcome of nanoliposomal iri-
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DAC) progressed to gemcitabine-based therapy. This study aims to explore the 
real-world efficacy and safety of 5-FU/LV-nal-IRI.
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1   |   INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the third-
leading cause of cancer-related deaths, and its dismal 
prognosis is mainly due to late diagnosis, a high recur-
rence rate after curative resection, and the limited efficacy 
of approved treatments. Therefore, fewer than 10% of pa-
tients survive 5 years after diagnosis.1–3

The introduction of FOLFIRINOX (oxaliplatin, irinote-
can, fluorouracil, and leucovorin) and gemcitabine (Gem) 
plus albumin-bound paclitaxel (nab-paclitaxel, NabP) 
regimens as front-line chemotherapy has significantly 
improved patient outcomes.4,5 However, all patients with 
advanced (adv) PDAC progress under first-line treatment; 
therefore, the availability of second-line options is cru-
cial.6–9 Two randomized phase 3 trials investigated the role 
of oxaliplatin-based regimens in this setting, with conflict-
ing results.10,11

In 2015, nanoliposomal irinotecan (nal-IRI, an intra-
venous liposomal formulation of the topoisomerase I in-
hibitor irinotecan) in combination with 5-fluorouracil 
(5-FU) and folinic acid (leucovorin, LV) was approved 
by the Food and Drug Administration (FDA) in patients 
previously treated with Gem-based chemotherapy on the 
basis of the results of the NAPOLI-1 phase III trial.12 In 
this study, 417 patients with advPDAC were randomized 
to three treatment arms and the treatment with nal-IRI 
and 5-FU/LV demonstrated superior survival and mainte-
nance of quality of life compared to 5-FU/LV monother-
apy. These benefits were also maintained over an extended 
follow-up period.13,14

These new effective first-  and second-line treatment 
options in advPDAC sparked a debate over the optimal 
continuum of care for the management of this hard-to-
treat disease.

Data collected outside a controlled trial provide use-
ful additional information regarding the clinical use, 
efficacy, and safety of drugs when used in a real-world 
setting; however, reports about post-approval use of nal-
IRI plus 5-FU/LV are still uncommon and have a small 
sample size.15–21 Therefore, there is still a critical need to 
learn more about this regimen's performance and feasi-
bility in daily practice and its optimal use in the thera-
peutic algorithm.

In many countries, such as in Italy, nal-IRI is not yet 
an available option despite the approval by American 
and European regulatory agencies. Following the FDA's 
approval of 5-FU/LV-nal-IRI in 2015, pretreated patients 
with advPDAC in Europe were granted early access 
through a compassionate use program (CUP). Herein, we 
present the results from a large Italian multicenter study 
on the use of 5-FU/LV-nal-IRI in advPDAC patients.

2   |   METHODS

This was a multicenter, observational, retrospective 
study including patients with histologically proven ad-
vPDAC who received 5-FU/LV-nal-IRI after failure of 
a Gem-based therapy within a nominal use program 
from 2016 to 2018. All patients consecutively treated 
in the 11 participating Italian centers were enrolled to 
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Methods: This is a retrospective multicenter analysis including advPDAC pa-
tients receiving 5-FU/LV-nal-IRI after failure of gemcitabine-based therapy. 
Survival analyses were performed using Kaplan–Meier method, univariate and 
multivariate analyses by Cox regression.
Results: A total of 296 patients (median age 64.4 years, ECOG PS ≥1 in 56% of 
cases) were treated at 11 Italian institutions between 2016 and 2018. 34% of them 
underwent primary tumor resection, and 79% received gemcitabine-nabpaclitaxel 
as first line. 5-FU/LV-nal-IRI was administered as second-line in 73% of cases.
Objective response and disease control rate were 12% and 41%, respectively. 
Treatment was well tolerated with dose reductions in 50% of patients but no one 
permanent discontinuation; the commonest grade ≥3 toxicities were neutropenia 
(14%) and diarrhea (12%). Median PFS and OS from 5-FU/LV-nal-IRI initiation 
was 3.2 and 7.1 months, respectively.
Conclusions: These real-world data confirm the 5-FU/LV-nal-IRI efficacy and 
safety in advPDAC patients progressed to gemcitabine-based therapy, with out-
comes comparable to NAPOLI-1, even in a less-selected population and with 
more modern therapeutic algorithm.
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avoid selection bias. The Coordinating Site's institu-
tional board and all the Ethics Committees involved 
gave their approval for the study. All participants gave 
their written informed consent in accordance with the 
Declaration of Helsinki.

The use of a shared database was approved by all the 
authors and clinical, biomolecular, and pathological vari-
ables were carefully defined to avoid bias in data report-
ing. Data were collected by local investigators but centrally 
reviewed. Demographics and patient characteristics were 
summarized through descriptive statistics.

To assess 5-FU/LV-nal-IRI activity, the individual pa-
tient response was evaluated every 8–12 weeks by CT scan 
as per clinical practice, using RECIST version 1.1 criteria. 
The objective response rate (ORR) represented the per-
centage of patients with a complete response (CR) or par-
tial response (PR), while the disease control rate (DCR) 
represented the percentage of patients with a CR, PR, or 
stable disease (SD).

Progression-free survival (PFS) was measured from 
the 5-FU/LV-nal-IRI start to progression, relapse, or death 
from any cause and was censored at the date of the last 
available follow-up. Overall survival (OS) was defined as 
the time from the first 5-FU/LV-nal-IRI dose to death from 
any cause and was censored at the date of the last available 
follow-up.

PFS2 and OS2 in patients who received gemcitabine-
nabpaclitaxel (Gem-NabP) as first-line followed by 
nal-IRI plus 5-FU/LV as second-line were evaluated to 
assess the efficacy of the entire first-  and second-line 
strategies. PFS2 was defined as the time from the first 
Gem-NabP dose to the date of disease progression on 
nal-IRI plus 5-FU/LV administered after the first disease 
progression or death. OS2 was defined as the time from 
the initiation of Gem-NabP to the date of death from 
any cause. Survival functions were estimated using the 
Kaplan–Meier method and compared using the log-rank 
test. Median follow-up was calculated by Kaplan–Meier 
inverse method. The Cox proportional hazards model 
was used for both univariate and multivariate analyses 
of OS and PFS. Only the variables that were statistically 
significant in the univariate analysis were imputed in 
the multivariate analysis.

Explorative analysis was performed to identify poten-
tial prognostic factors.

Safety and tolerability were evaluated by classifying ad-
verse events (AEs) according to the NCI CTCAE version 
4.0.

No formal sample size estimation and power calcula-
tion were made for this retrospective study.

Statistical analyses were performed using the open-
source statistical software package R 4.2.0, and a two-
sided p value ≤0.05 was considered statistically significant.

3   |   RESULTS

A total of 296 patients were treated, with 149 males (50.3%) 
and a median age of 64.4 years (range 30.1–82.7). Eastern 
Cooperative Oncology Group performance status (ECOG 
PS) was ≥1 in 55.7% of cases; body mass index (BMI) was 
≤18.5 in 17.9% of subjects.

Primary tumors were previously resected in 100 out of 
296 patients (33.8%), and neo-adjuvant, adjuvant therapy, 
or both were administered in 26% of cases. Table 1 sum-
marizes the patient and tumor characteristics.

At basal evaluation for treatment with nal-IRI plus 
5-FU/LV, 11 subjects (3.7%) had locally advanced PDAC 
with unresectable disease (6) or local relapse after previ-
ous resection (5), while 43 patients (14.5%) presented both 
local disease and distant metastases. Globally, 58.1% of 
cases had more than one metastatic site of disease.

Gem-NabP was administered as first-line treatment in 
234 (79.1%) patients. The 5-FU/LV-nal-IRI regimen was 
administered as second-line therapy in 72.3% of patients, 
while in 23% and 2.4% of cases it was administered as 
third- and fourth-line, respectively. A total of 198 subjects 
(66.9%) received the sequence Gem-NabP as a first-line 
treatment and 5-FU/LV-nal-IRI as second-line (Table 1).

With regard to 5-FU/LV-nal-IRI activity, 36 patients 
achieved an objective response (12.2% ORR) and 4 of them 
(1.3%) a complete response. A total of 84 subjects (28.4%) 
achieved stable disease, with a global DCR of 41.1% lasting 
a median duration of 6.2 months (range 0.7–61.5). At the 
2- to 3-month evaluation, the ECOG PS improved (10.1%) 
or was maintained (41.9%) in a total of 154 patients (52%) 
(Table 2).

At the time of the present analysis, 289 patients out of 
296 had progressed to 5-FU/LV-nal-IRI and the median 
(m) PFS was 3.2 months (95% CI: 3–3.7). PFS estimates 
were 31.3% and 10.9% at 6 and 12 months, respectively 
(Figure 1). In 66.9% of the study population receiving the 
5-FU/LV-nal-IRI regimen as a second-line treatment after 
Gem-NabP had failed, the mPFS2 was 12.4 months (95% 
CI: 11.6–13.3).

Out of 296 patients, 278 died with a mOS of 7.1 months 
(95% CI: 6.3–8.4) from the start of 5-FU/LV-nal-IRI, with 
a median follow-up of 56 months. OS probabilities stood 
at 56.1% at 6 months, 26.9% at 12 months, and 12.4% at 
18 months (Figure 1). Three known unfavorable prognos-
tic factors were confirmed at a multivariate analysis: poor 
ECOG PS (HR: 1.49; 95% CI: 1.2–1.9; p = 0.003), high CA: 
19.9 (HR: 1.63; 95% CI: 1.2–2.3; p = 0.005), and omission of 
neo-adjuvant therapy (HR: 2.25; 95% CI: 1.2–4.3; p = 0.01) 
(Table 3; Table S1).

Globally, the mOS from PDAC diagnosis was 
21.8 months (95% CI: 20–25.4) with a median follow-up 
of 86.3 months. The mOS from first diagnosis of advanced 
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disease was 17.9 months (95% CI: 16.2–19.9) with a me-
dian follow-up of 65.1 months; probability of survival was 
75.6% and 33.8% at 1 and 2 years, respectively. In 66.9% 
of the study population receiving 5-FU/LV-nal-IRI as a 

T A B L E  1   Patients and tumor characteristics at 5-FU/LV-nal-
IRI initiation, and treatments received before 5-FU/LV-nal-IRI 
administration.

Characteristic

Total = 296

N (%)

Age at start of treatment

Median (range) 64.4 (30.1–82.7)

≥70 91 (30.7%)

Baseline ECOG PS

0 131 (44.3%)

1 141 (47.6%)

2 24 (8.1%)

BMI

≤18.5 53 (17.9%)

Albumin

<UNL (4 g/dL) 73 (24.6%)

Total bilirubin

>UNL (17 umol/L) 3 (1.0%)

Baseline CA 19.9

>UNL (37 ng/mL) 227 (76.7%)

Primary tumor location

Head/Uncinated process 172 (58.1%)

Other 124 (41.9%)

Stage at PDAC diagnosis

I–II 76 (25.7%)

III 69 (23.3%)

IV 151 (51.0%)

Primary tumor resected 100 (33.8%)

Biliary stenting any time 81 (27.4%)

Number of site of disease

1 124 (41.9%)

>1 172 (58.1%)

Sites of disease

Liver 211 (71.3%)

Distant lymph node 115 (38.9%)

Peritoneum 76 (25.7%)

Lung 101 (34.1%)

Pancreas 64 (21.6%)

Bone 13 (4.4%)

Other 15 (5.1%)

Therapy for non-metastatic disease

Adjuvant 55 (18.6%)

Neo-adjuvant 22 (7.4%)

Radiotherapy on primary tumor 42 (14.2%)

Previous lines for metastatic disease 289 (97.6%)

Gemcitabine monotherapy 8 (2.7%)

Gemcitabine plus nab-paclitaxel 234 (79.1%)

FOLFIRINOX 26 (8.8%)

T A B L E  2   Radiological and clinical response to 5-FU/
LV-nal-IRI.

Characteristic

Total = 296

N (%)

Objective response rate

Complete response 4 (1.3%)

Partial response 32 (10.9%)

Stable disease 84 (28.4%)

Progression disease 172 (58.1%)

MD 4 (1.3%)

Disease control rate 120 (41.1%)

Clinical benefit

ECOG PS improvement 30 (10.1%)

Maintenance ECOG PS0 124 (41.9%)

F I G U R E  1   Kaplan–Meier curve for progression-free survival 
and overall survival (n = 296). PFS, progression-free survival; OS, 
overall survival.
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second-line therapy after Gem-NabP had failed, the mOS2 
was 16.5 months (95% CI: 14.4–18.6) (Figure 2) with a me-
dian follow-up of 60 months.

The median number of administered cycles was 5 
(IQR: 3–9), with 213 patients (72.4%) receiving at least 
4 cycles and 120 subjects (40.8%) receiving at least 6 cycles. 
The median and mean time on 5-FU/LV-nal-IRI treatment 
were 2.5 (IQR: 1.5–5.7) and 4.5 (range: 1–61.5) months.

A total of 148 patients (50%) experienced at least one 
dose reduction, and the administration of 5-FU/LV-nal-
IRI was delayed at least once in 36.6% of cases.

The safety profile was as expected, with 87 patients 
(29.4%) having a grade ≥3 adverse event. The most frequent 
toxicities with a ≥3 grade were the following: neutropenia 
(13.5%), with 1 febrile case and 50 cases (16.8%) undergo-
ing granulocyte colony stimulating factor administration, 

diarrhea (11.5%), fatigue (3%), and anemia (3%). No toxic 
deaths were reported, but 32 patients (10.8%) died within 
30 days of the last 5-FU/LV-nal-IRI cycle due to disease 
progression (Table 4).

4   |   DISCUSSION

The usefulness and the choice of the optimal regimen in 
the second-line treatment for advPDAC following Gem-
based therapy are still under debate, and the decision in 
clinical practice is largely made on a case-by-case basis.8,9

The NAPOLI-1 trial established a new standard ther-
apy in pretreated advPDAC,12,14 and nal-IRI is currently 
under clinical investigation with oxaliplatin and 5-FU/LV 
in a first-line randomized phase 3 trial in advPDAC and 

T A B L E  3   Multivariable Cox regression model for OS from 5-FU/LV-nal-IRI treatment start.

Characteristic

OS

HR 95% CI p-Value

Primary tumor resected (ref: Yes) No 1.09 0.73–1.63 0.6740

Time to metastases (ref: Metachronous) Synchronous 1.07 0.71–1.60 0.7500

Primary tumor location (ref: Other) Head /Uncinated process 0.86 0.66–1.12 0.2552

Number of metastatic sites (ref: 1) >1 1.21 0.93–1.57 0.1510

Previous anticancer therapy for non-metastatic 
disease: adjuvant (ref: Yes)

No 1.62 0.95–2.74 0.0754

Previous anticancer therapy for non-metastatic 
disease: neo-adjuvant (ref: Yes)

No 2.25 1.18–4.27 0.0135

Baseline ECOG PS (ref: 0) ≥1 1.49 1.15–1.92 0.0026

Baseline CA 19.9 (ref: ≤37 mg/mL) >UNL (37 ng/mL) 1.63 1.16–2.30 0.0052

Note: The model was stratified for the variable “Neutrophil-to-lymphocyte ratio (NLR),” as it does not respect the assumption of proportionality of the risks.

F I G U R E  2   Kaplan–Meier curve for 
overall survival from the start of first line 
to death in patients receiving the sequence 
of treatments Gem-NabP ➔ 5-FU/LV-nal-
IRI (n = 198). OS, overall survival; Gem-
NabP, gemcitabine-nabpaclitaxel.
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in a phase 2 study of perioperative treatment in resectable 
PDAC.22 Despite that, the use of nal-IRI in European daily 
practice is still limited, mainly due to registration con-
straints. To our knowledge, the present study is the largest 
and most detailed report on the efficacy and safety of nal-
IRI in a real-world population.

Our observations from real-life clinical practice re-
vealed activity consistent with the findings of the 
NAPOLI-1 study: the ORR was 12.2% and the DCR 41.1% 
versus the trial's 17% and 49%, respectively.12 The out-
comes of our analysis were also comparable to the re-
sults reported in the randomized study, with a mPFS of 
3.2 versus 3.1 months. Regardless of the comparable PFS, 
data should be interpreted with caution since the time to 
first tumor assessment in real life is longer than in the pro-
spective trial. Also, the mOS was consistent with that of 
NAPOLI-1 at 7.1 versus 6.1 months. The efficacy of 5-FU/

LV-nal-IRI was thus reproducible in 11 different centers 
across Italy and in a less favorably selected population: our 
cohort was older (age range: 30–83 vs. 57–70 years) and 
had worse general conditions (ECOG PS ≥1: 56% vs. 41%) 
than the pivotal trial.12,13 Six- and 12-month PFS and OS 
rates were in line with both the NAPOLI-1 trial12,13 and 
real-world analyses.15–21 With respect to prior treatment, 
only 55% of patients in the NAPOLI-1 trial received Gem 
combination treatment,12,13 but most patients (79%) in our 
study were treated with Gem-NabP as first-line. Similarly, 
compared to several other retrospective analyses,15–21 our 
cohort was more homogeneous in terms of previous treat-
ments. Compared to the randomized trial and real-world 
evidence, our findings support the role of 5-FU/LV-nal-
IRI even in a more modern therapeutic algorithm.

Recent real-world experiences include the analysis 
by Park et al.,20 which was the first to evaluate survival 
outcomes from first-line initiation in 94% of advPDAC 
patients who first received Gem-NabP and subsequently 
5-FU/LV-nal-IRI as second-line at first disease progres-
sion. The authors reported a PFS2 and OS2 similar to those 
calculated in our cohort study (PF2: 13.8 vs. 12.4 months; 
OS2: 16.3 vs. 16.5 months), but with a very small sample 
size including only 51 patients.

Compared to prospective trials investigating options as 
a second-line regimen10,11,23,24 or to propensity score anal-
ysis,25 sequential treatment of nal-IRI after Gem-NabP 
appears to be a reasonable strategy with similar survival 
outcomes from first-line initiation but with more manage-
able toxicities not overlapping with possible residual neu-
rotoxicity from Gem-NabP regimen previously received. 
A comparative randomized trial is needed to confirm the 
optimal sequential strategy for advPDAC patients.

Our study revealed a relevant proportion of patients 
who sustained long-lasting benefits (12-month OS from 
the start of 5-FU/LV-nal-IRI: 27%; 18-month OS: 12%), 
suggesting the existence of a subgroup with favorable 
prognostic factors or biomarkers who thus gain a higher 
benefit from therapy. The identification of such clinical or 
molecular characteristics may be helpful in selecting pa-
tients for the treatment.

As expected, in our analysis patients having a good PS 
and/or a low CA 19.9 demonstrated a better prognosis. 
Previous neo-adjuvant therapy administration (N = 22, 
7.4%) also confirmed its positive impact, independently 
from other favorable clinical factors included in the 
model (primary tumor resection, metachronous metas-
tases), probably as combined expression of both patient 
and tumor good prognosis features. In a recent study, IL-8 
emerged as a potential predictive biomarker of resistance 
to nal-IRI.26

Another interesting finding emerged from the analy-
sis of global survival from the initial diagnosis of PDAC 

T A B L E  4   5-FU/LV-nal-IRI treatment disposition and toxicity.

Characteristic

Total = 296

N (%)

Setting of nal-IRI-5FULV administration

First-line 7 (2.4%)

Second-line 214 (72.3%)

Third-line 68 (23%)

Fourth-line 7 (2.4%)

Number of cycles

Median (IQR) 5 (3–9)

≥4 cycles 213 (72.4%)

≥6 cycles 120 (40.8%)

Time on treatment (months)

Median (IQR) 2.5 (1.5–5.7)

Mean (range) 4.5 (1–61.5)

<6 months 228 (77.6%)

≥6 months 66 (22.4%)

≥12 months 20 (6.8%)

≥18 months 7 (2.4%)

Patients experiencing at least one dose 
reduction

148 (50.0%)

Patients experiencing at least one delay 107 (36.6%)

Patients experiencing at least one adverse 
Events ≥G3

87 (29.4%)

Neutropenia ≥G3 40 (13.5%)

Febrile neutropenia 1 (0.3%)

Anemia ≥G3 9 (3%)

Diarrhea ≥G3 34 (11.5%)

Fatigue ≥G3 9 (3%)

Nausea 6 (2%)

Vomiting 4 (1.4%)
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and advPDAC, which was 22 and 18 months, respectively: 
these values are better than expected and may reinforce 
the clinical relevance of 5-FU/LV-nal-IRI in the sequential 
treatment of advPDAC, even in the absence of sufficient 
data for a proper comparison with other combination 
regimens.10,11

No new safety concerns were detected with 5-FU/
LV-nal-IRI in this real-world study. As in the NAPOLI-1 
trial,12,13 the most common grade 3 toxicities were neu-
tropenia, diarrhea, fatigue, and anemia. Although G-
CSF prophylaxis was not part of the pivotal trial, 37% of 
the NAPOLI-1 population experienced neutropenia.12,13 
Interestingly, 17% of the patients in our cohort received 
G-CSF in accordance with the guidelines for its use in reg-
imens with more than a 20% risk of neutropenia.27 With 
respect to dose modifications, the dose of 5-FU/LV-nal-
IRI was reduced in 50% of our patient cohort with no sig-
nificant impact on clinical outcomes.28 This is consistent 
with the updated results from the NAPOLI-1 study12,13 
and those reported by Glassman et al.17 and Park et al.,20 
demonstrating that dose reductions did not significantly 
affect survival. This suggests that appropriate dose modi-
fications of nal-IRI plus 5-FU/LV should be considered in 
clinical practice for patients on longer treatment regimens.

Our study has some limitations, first due to its ob-
servational and retrospective design.29 As is common 
knowledge, some toxicity data and outcomes may be less 
rigorously reported in clinical charts, which may cause for 
example an underestimation of AEs in our report. Second, 
the choice of nal-IRI setting was at the clinician's discre-
tion, leading to a relative heterogeneity of the study pop-
ulation in terms of line of nal-IRI administration. On the 
contrary, this cohort was the most homogeneous to date 
with respect to prior therapies due to 68% of patients re-
ceiving an up-to-date sequence of Gem-NabP as first-line 
and 5-FU/LV-nal-IRI as second-line treatments.

5   |   CONCLUSION

As nal-IRI is now under evaluation by Regulatory Agencies 
in some European countries, real-world data are of huge 
importance to estimate its real benefit in clinical practice.

Our large multicenter data confirmed the efficacy and 
safety of 5-FU/LV-nal-IRI in patients with advPDAC pro-
gressed to a Gem-based therapy, with outcome compara-
ble to NAPOLI-1 even in a less selected population treated 
with a more active first-line therapy. Nal-IRI plus 5-FU/LV 
had a favorable safety profile, not overlapping with pos-
sible residual neurotoxicity from Gem-NabP previously 
received.

In this new continuum of care, 5-FU/LV-nal-IRI 
could stand as a valuable addition to the scarce arsenal 

of treatments for advPDAC. The presence of a subgroup 
of patients with long survival (27%) underlines that even 
in advPDAC there is now room of significant survival 
prolongation, and this new second-line therapy should 
be offered to the largest number of subjects. Nonetheless, 
the selection of the best first-line, the identification of the 
right window to start a second line, the attention to clin-
ical prognostic factors, and the early simultaneous care 
approach are in our opinion the pillars for maximizing the 
benefit of 5-FU/LV-nal-IRI for every single patient.
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