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Background: Prognosis of patients with pancreatic cancer is still extremely poor. First-line palliative 
therapies with FOLFIRINOX or gemcitabine/nab-paclitaxel have been established in the last decade. In 
the second-line, 5-FU/LV in combination with nanoliposomal irinotecan (nal-IRI) after gemcitabine has 
been shown to be effective. However, the use of nal-IRI as third-line therapy after FOLFIRINOX and 
gemcitabine-based chemotherapies is still controversial. In this study, we report about the use of 5-FU/LV + 
nal-IRI in a daily practice and analyze whether nal-IRI is an option as third-line therapy after FOLFIRINOX 
and gemcitabine/nab-paclitaxel. 
Methods: This is a single center retrospective analysis of patients with irresectable pancreatic cancer who 
were treated with 5-FU/LV and nal-IRI from 2017 to 2021 as second- or third-line palliative treatment. 
Overall survival (OS), progression-free survival (PFS) and toxicity were analyzed, and multivariate analysis 
was used to identify independent prognostic factors. 
Results: Twenty-nine patients receiving 5-FU/LV and nal-IRI were included in the analysis. The majority 
of patients (n=19) received 5-FU/nal-IRI as third-line therapy after pre-exposition to FOLFIRINOX 
and gemcitabine/nab-paclitaxel. Median OS and PFS were 9.33 months (95% CI: 3.37, 15.30) and  
2.90 months (95% CI: 1.64, 4.16), respectively. Furthermore, patients receiving nal-IRI + 5-FU/LV as third-
line treatment also showed some benefits, with no OS difference compared to second-line patients (9.33 vs. 
10.27 months; HR: 1.85; 95% CI: 0.64, 5.41; P=0.253). Adverse effects were similar to reported trials.
Conclusions: In our study, the use of 5-FU/nal-IRI in unselected patients with advanced pancreatic cancer 
showed similar OS, PFS and tolerance as randomized prospective phase II/III trials. Interestingly, the use 
of 5-FU/nal-IRI seemed to be beneficial in third-line therapy, despite a pre-exposure to non-liposomal 
irinotecan.
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Introduction

Pancreatic cancer (PC) is the twelfth most common 
malignancy globally, and currently the seventh largest 
cause of cancer mortality. In the western world, PC has 
an incidence of 8.3/100,000 with an increasing incidence 
rate worldwide. Besides lifestyle changes, the aging 
population is the most important factor for the rising 
burden of PC. By 2030, PC is expected to be the second 
leading cause of cancer death worldwide (1-3). Mostly, a 
lack of early symptoms leads to late diagnosis making only 
20% of patients with PC suitable for a possibly curative 
resection and most patients are only eligible for palliative 
systemic chemotherapy. Thus, PC outcome remains with 
an extremely poor prognosis and a 5-year-survival-rate of 
about 6% (4-7).

To date, the accepted possible frontline treatment 
consists of two combination regimens: the FOLFIRINOX 
regimen (5-FU/LV, irinotecan and oxaliplatin), which 
showed a significant survival benefit of 11.1 month 
compared to 6.8 months for gemcitabine alone in a 
randomized phase III trial of Conroy et al., and the 
second established frontline regimen of palliative systemic 
chemotherapy, the combination of gemcitabine and nano-
particle albumin bound paclitaxel (nab-paclitaxel), providing 
a survival benefit compared to gemcitabine alone of almost 
two months (8.5 vs. 6.7 months) (8,9). 

However, progression after front line-therapy is 
frequent and systemic second-line approaches are 
limited (10). Nanoliposomal irinotecan (nal-IRI) is a 
topoisomerase I inhibitor which consists of irinotecan 
encapsulated by liposome particles. Thus, the conversion 
to its active metabolite (SN-38) can be extended leading 
to higher intratumoral levels of SN-38 and more powerful 
antitumoral effects (11-13). 

The randomized phase III NAPOLI-1 trial analyzed the 
overall survival rate under fluorouracil-based therapies after 
progression on gemcitabine-based therapies. nal-IRI in 
combination with fluorouracil/leucovorin (nal-IRI + 5-FU/
LV) showed a statistically significant prolonged survival rate 
compared to 5-FU monotherapy (6.1 vs. 4.2 months; P for 
log rank =0.012) (14). Thus, the combination of nal-IRI 
+ 5-FU/LV represents a valuable option for patients with 

metastatic PC after gemcitabine-based therapies. 
However, clinical experience with the nal-IRI + 5-FU/

LV regimen in daily practice setting is limited. Only a few 
retrospective studies analyzing the clinical efficacy and safety 
of the use of nal-IRI in combination with 5-FU/LV have 
been published to date (15-18) and only a small number of 
studies have been carried out in a real-world setting, with 
contrary results, describing the clinical experience about 
the role of nal-IRI + 5-FU/LV as third-line therapy after 
irinotecan and 5-FU/LV pre-exposure and gemcitabine-
based chemotherapy in metastatic PC (15,19-21).  
Since FOLFIRINOX is taking an increasingly relevant role 
in PC therapy in both the neoadjuvant/adjuvant and the 
palliative setting as upfront therapy, more data on the role 
of nal-IRI after pre-exposure to FOLFIRINOX are of great 
interest.

Thus, the aim of this study was to analyze the clinical 
experience with nal-IRI + 5-FU/LV as second-line therapy 
after a gemcitabine-based regimen, and especially as 
third-line therapy after a FOLFIRINOX regimen and 
gemcitabine-based therapy in a real-world cohort of 
patients with advanced or metastatic PC. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-632/rc).

Methods

Data collection and study design

This is a single-center retrospective study. To avoid 
selection bias, we included every patient with advanced and 
metastatic PC who received at least one cycle of nal-IRI + 
5-FU/LV after palliative first-line or palliative second-line 
failure at the University Hospital Bonn, Germany, between 
January 2017 and May 2021. Twenty-nine patients were 
included in this study. For analysis, patients were assigned 
to one of the following two groups: ten patients received 
standard second-line therapy with nal-IRI, fluorouracil and 
leucovorin after gemcitabine-based therapy (2L-group) 
and 19 patients were treated with nal-IRI + 5-FU/LV as 
third-line therapy after a FOLFIRINOX regimen and 
gemcitabine-based chemotherapy (3L-group). All previous 
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systemic therapies were administrated in the setting 
of advanced disease (at first diagnosis or at recurrence 
diagnosis). Baseline parameters were registered before 
therapy onset (Table 1). Patients were followed until last 
patient contact or death. When lost to follow-up, patients 
were censored at date of last visit. Performance status was 
determined by an Eastern Cooperative Oncology Group 
(ECOG). Therapy response was intended to be assessed by 
computer tomography and/or magnetic resonance imaging 
(MRI) every 8 weeks. However, this was not possible in all 
cases, receiving tumor assessment every 8–12 weeks. 

According to the RECIST criteria (version 1.1), tumor 
response was classified as complete or partial remission 
(CR, PR), stable disease (SD) or progressive disease (PD). 
Adverse events were recorded according to the common 
terminology criteria for adverse events (CTCAE, version 
5.0). The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was reviewed and approved by the Ethics Committee 
of the Medical Faculty of the University Hospital Bonn 
(No. 341/17). Because of the retrospective nature of the 
study, the requirement for informed consent was waived. 
Datasets were anonymized in compliance with national and 
international patient’s privacy policies. 

Patient characteristics and therapy decision

All 29 patients were diagnosed with unresectable locally 
advanced or metastatic PC. Patients were considered 
unresectable because of metastatic situation, arterial tumor 
infiltration or poor performance status and comorbidities. 
These  pat ients  were  o f fered  sys temic  pa l l i a t ive 
chemotherapy. Before starting systemic chemotherapy, 
diagnosis was confirmed histologically. Chemotherapy 
with FOLFIRINOX (oxaliplatin 85 mg/m2, irinotecan 
150 mg/m2, leucovorin 400 mg/m2, 5-FU 2,400 mg/m2 
every two weeks) was offered as first-line therapy mostly 
to younger patients (<75 years) with an ECOG of 0-2 and 
without relevant comorbidities. Alternatively, gemcitabine 
in combination with nab-paclitaxel (nab-paclitaxel  
125 mg/m2 followed by gemcitabine 1,000 mg/m2) or 
monotherapy with gemcitabine (1,000 mg/m2) was 
administered on days 1, 8 and 15 q28d. After progression 
of disease or increasing toxicity under first-line therapy, 
all patients with sufficient performance status and organ 
function received systemic chemotherapy based on 
the NAPOLI-1 regimen, either as second-line, after 
gemcitabine-based chemotherapy (2L-group) or as third-

line (3L-group), after FOLFIRINOX and gemcitabine-
based chemotherapy.

Nanoliposomal irinotecan (nal-IRI; Onivyde®) was 
administrated intravenously with 80 mg/m2 (equivalent 
to 70 mg/m2 irinotecan base) followed by 2,400 mg/m2 
fluorouracil and 400 mg/m2 leucovorin every 14 days. 
Clinical examinations and laboratory controls were done 
regularly before starting the new cycle. 

Statistical analysis

For statistical analysis, patient data were collected by 
electronic database (AGFA HealthCare ORBIS, NICE) and 
pseudonymized in a database. Using the Shapiro-Wilk test, 
continuous variables were tested on normal distribution. 
The continuous variables are presented as medians with first 
and third quartiles and differences were determined using 
Student unpaired t-test or non-parametric Mann-Whitney 
test, as appropriate. Categorial parameters are displayed 
as absolute frequencies with percentages and Pearson’s chi 
squared test or Fisher’s exact test was used for comparison.

Overall survival (OS) and progression-free survival 
(PFS) were transcribed into Kaplan-Meier curves. OS was 
defined as the time from application of chemotherapy with 
nal-IRI + 5-FU/LV until death. PFS was defined as the 
time from application of nal-IRI + 5-FU/LV until disease 
progression or death. Log-rank tests were used to compare 
estimated survival. Univariate and multivariate analyses 
were performed using Cox regression backward stepwise 
conditional models. If parameters showed P values ≤0.05 
in univariate analysis, they were included in multivariate 
analysis. P values ≤0.05 were considered statistically 
significant. SPSS version 22 (IBM Corporation, Armonk, 
NY, USA) was used for statistical analysis. 

Results

Patient characteristics

Between January 2017 and May 2021, 29 patients were 
included in this study. Of these, ten patients received 
second-line therapy with nal-IRI + 5-FU/LV after 
gemcitabine-based therapy (2L-group) and 19 patients 
were treated with nal-IRI + 5-FU/LV as third-line therapy 
after FOLFIRINOX and gemcitabine-based chemotherapy 
regimen in the first- or second-line therapy (3L-group). 
Baseline parameters are shown in Table 1.

Sixteen patients were female (55.2%) and 13 patients 
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Table 1 Baseline and treatment characteristics

Parameter All (n=29), n (%) 2L-group (n=10), n (%) 3L-group (n=19), n (%) P value

Sex 0.433

Female 16 (55.2) 7 (70.0) 9 (47.4)

Male 13 (44.8) 3 (30.0) 10 (52.6)

Age (years), median (Q1, Q3) 63.2 (55.0, 72.8) 74.8 (72.2, 78.6) 57.8 (53.4, 63.2) <0.001

ECOG before nal-IRI + 5-FU/LV 0.310

0 11 (37.9) 3 (30.0) 8 (42.1)

1 11 (37.9) 6 (60.0) 5 (26.3)

2 6 (20.7) 1 (10.0) 5 (26.3)

3 1 (3.4) 0 (0.0) 1 (5.3)

Pancreatic tumor location 0.863

Head 23 (79.3) 8 (80.0) 15 (78.9)

Body 3 (10.3) 1 (10.0) 2 (10.5)

Tail 2 (6.9) 1 (10.0) 1 (5.3)

Unknown 1 (3.4) 0 (0) 1 (5.3)

M stage 0.675

M0 9 (31.0) 4 (40.0) 5 (26.3)

M1 20 (69.0) 6 (60.0) 14 (73.7)

Site of metastatic lesions

Liver 12 (41.4) 4 (40.0) 8 (42.1) 1.000

Lung 6 (20.7) 2 (20.0) 4 (21.1) 1.000

Peritoneum 15 (51.7) 5 (50.0) 10 (52.6) 1.000

Other 7 (24.1) 3 (30.0) 4 (21.1) 0.665

Previous surgery 0.090

None 3 (10.3) 1 (10.0) 2 (10.5)

Explorative 8 (27.6) 5 (50.0) 3 (15.8)

Curative 11 (37.9) 4 (40.0) 7 (36.8)

Palliative 7 (24.1) 0 (0) 7 (36.8)

Systemic chemotherapy    

1L    <0.001

FOLFIRINOX 16 (55.2) 0 (0) 16 (84.2)

Gemcitabine/nab-paclitaxel 11 (37.9) 8 (80.0) 3 (15.8)

Gemcitabine alone 0 (0) 0 (0) 0 (0)

Gemcitabine/capecitabine 2 (6.9) 2 (20.0) 0 (0)

Table 1 (continued)
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Table 1 (continued)

Parameter ALL (n=29), n (%) 2L-group (n=10), n (%) 3L-group (n=19), n (%) P value

2L    <0.001

FOLFIRINOX 3 (10.3) 0 (0) 3 (15.8)

Gemcitabine/nab-paclitaxel 15 (51.7) 0 (0) 15 (78.9)

Gemcitabine/erlotinib 1 (3.4) 0 (0) 1 (5.3)

nal-IRI + 5-FU/LV 10 (34.5) 10 (100.0) 0 (0)

3L    <0.001

nal-IRI + 5-FU/LV 19 (65.5) 0 (0) 19 (100.0)

None 10 (34.5) 10 (100.0) 0 (0)

Reason for discontinuation of nal-IRI + 5-FU/LV  0.306

Therapy is ongoing 2 (6.9) 0 (0) 2 (10.5)

Death 11 (37.9) 4 (40.0) 7 (36.8)

Toxicity 1 (3.4) 1 (10.0) 0 (0)

Progress 12 (41.4) 3 (30.0) 9 (47.4)

Best supportive care 3 (10.3) 2 (20.0) 1 (5.3)

Reduced starting dose of nal-IRI + 5-FU/LV 11 (37.9) 6 (60.0) 5 (26.3) 0.114

Dose modification of nal-IRI + 5-FU/LV 16 (55.2) 8 (80.0) 8 (42.1) 0.114

Concomitant local therapy    0.892

None 20 (69.0) 7 (70.0) 13 (68.4)

HIFU 5 (17.2) 2 (20.0) 3 (15.8)

Other 4 (13.8) 1 (10.0) 3 (15.8)

Best response FOLFIRINOX NA

Partial remission 5 (29.4)

Stable disease 10 (58.8)

Progressive disease 2 (11.8)

Unknown 2 (11.8)

Bilirubin (mg/dL), median (Q1, Q3) 0.39 (0.28, 0.56) 0.37 (0.27, 0.45) 0.39 (0.28, 1.19) 0.535

CA19-9 (U/L), median (Q1, Q3) 250 (27, 4615) 191 (18, 3427) 449 (41, 5443) 0.582

CEA (µg/L), median (Q1, Q3) 4.5 (2.1, 12.2) 5.3 (3.5, 45.9) 4.1 (1.7, 10.4) 0.341

Time from advanced disease to start nal-IRI, 
median (Q1, Q3)

56.7 (30.5, 86.4) 37.5 (15.9, 55.9) 81.4 (39.2, 116.9) 0.016

Numerical data are presented as median with under and upper quartile in parentheses. 2L-group, patients who received nal-IRI + 5-FU/LV 
as second-line chemotherapy; 3L-group, patients who received nal-IRI + 5-FU/LV as third-line chemotherapy. ECOG, Eastern Cooperative 
Oncology Group; nal-IRI, nanoliposomal irinotecan; 5-FU/LV, 5-fluorouracil in combination with leucovorin; HIFU, high-intensity focused 
ultrasound; NA, not applicable; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen.
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(44.8%) were male with even distribution between both 
groups. The majority of patients (96.6%) had an acceptable 
performance status, presenting an Eastern Cooperative 
Oncology Group (ECOG) of 0, 1 or 2. Mostly, the 
pancreatic tumor was located in the head of the pancreas 
(79.3%). In three patients (10.3%) the pancreatic tumor was 
located in the corpus and in only two patients (6.9%) in the 
tail of the pancreas. By the time of diagnosis, 20 patients 
(69%) presented metastases and nine patients (31%) locally 
advanced tumors. In the 3L-group, 73.7% of patients 
were diagnosed with metastasis, while in the 2L-group, 
60% of patients (six patients) had metastatic disease. The 
only statistically significant baseline difference between 
both groups was the age at the time of the first nal-IRI + 
5-FU/LV administration (P<0.001). As expected, in the 
3L-group, 14 patients (73.7%) were younger than 65 years, 
while in the 3L- group all patients were older than 65 years 
(P<0.001). No further differences in baseline characteristics 
were observed between both groups.

Therapy

Due to grouping, previous systemic therapies differed 
significantly between the two groups. In the 2L-group, 
all patients received gemcitabine-based first-line therapy, 
whereby 80% were treated with gemcitabine/nab-paclitaxel. 
In the 3L-group, all patients received FOLFIRINOX, 
mostly as first-line therapy (84.2%), but also as second-line 
therapy (15.8%). In the 3L-group, 84.2% of cases received 
gemcitabine-based therapy as second-line therapy, while the 
2L-group was solely treated with nal-IRI + 5-FU/LV. Median 
therapy duration with nal-IRI + 5-FU/LV was 11.9 weeks.

Eleven patients had prior surgery with curative intention 
(37.9%) and eight patients (27.6%) had prior explorative 
surgery. Seven patients (24.1%) received palliative surgery. 
Only three patients (10.3%) had no surgical therapy before 
starting second- or third-line therapy. Only one patient of 
the 2L-group discontinued systemic therapy with nal-IRI + 
5-FU/LV because of toxicity.

Most patients (69%) received no other interventions 
during the systemic therapy, while 13 patients (31%) 
received concomitant interventions. Of these, five patients 
(17.2%) were treated once with high-intensity focused 
ultrasound (HIFU) ablation, four patients (13.8%) needed 
endoscopic interventional therapy with stenting and four 

patients (13.8%) were treated otherwise. No difference 
between the 2L- and the 3L-group was observed. 

Efficacy of nal-IRI + 5-FU/LV in second- or third-line 
therapy

The median overall survival (OS) and the progression-free 
survival (PFS) were transcribed into Kaplan-Meier diagrams 
(Figure 1). The overall median follow-up was 10.5 months. 
All patients (n=29) showed a median OS of 9.33 months 
(95% CI: 3.37, 15.30) (Figure 1A). Patients (n=10) receiving 
nal-IRI + 5-FU/LV as second-line therapy (2L-group) 
experienced a median OS of 10.27 months (95% CI: 0.0, 
23.11) and patients receiving nal-IRI + 5-FU/LV as third-
line therapy (3L-group) showed an OS of 9.33 months  
(95 % CI: 3.39, 15.28) (HR: 1.85; 95% CI: 0.64, 5.41; 
P=0.253) (Figure 1B). 

The median PFS was 2.90 months (95% CI: 1.64, 
4.16) (Figure 1C). In the 2L-group, the median PFS was  
3.60 months (95% CI: 2.05, 5.15) while the 3L-group had 
a median PFS of 2.53 months (95% CI: 2.27, 2.79) (HR: 
1.44; 95% CI: 0.60, 3.42; P=0.407) (Figure 1D). Although 
the 3L-group consisted of only 19 patients, we performed 
a subgroup analysis to investigate the possible influence 
of irinotecan resistance on therapy efficacy under nal-
IRI + 5-FU/LV after FOLFIRINOX. Because one patient 
had incomplete therapy data concerning FOLFIRINOX 
therapy, this analysis was done with 18 patients. Patients 
without  progress ion under  FOLFIRINOX (n=4) 
experienced a median OS of 7.5 months and patients with 
disease progression under FOLFIRINOX showed a median 
OS of 5.6 months (P=0.881). 

Therapy response under nal-IRI + 5-FU/LV showed no 
statically significant difference between both therapy lines 
(Table 2). Altogether, no patient experienced a complete 
response, and four patients (13.8%) experienced a partial 
response. Furthermore, six patients (20.7%) had a stable 
condition resulting in a disease control rate of 34.5%. 

Additionally, we analyzed the overall survival from the 
beginning of advanced disease therapy until death or end 
of observation period. The median survival of the whole 
cohort was 26.8 months. Interestingly, the 3L-group showed 
longer median OS (26.9 months; 95% CI: 14.4, 39.4) than 
the 2L-group (18.2 months; 95% CI: 7.4, 28.9), but this 
difference was not statistically significant (P=0.739) (Figure 2).
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Figure 1 Kaplan-Meier survival analysis. (A) Overall survival total cohort. (B) Overall survival 2L-group vs. 3L-group. (C) Progression-free 
survival total cohort. (D) Progression-free survival 2L-group vs. 3L-group. 2L-group, patients who received nal-IRI + 5-FU/LV as second-
line chemotherapy; 3L-group, patients who received nal-IRI + 5-FU/LV as third-line chemotherapy; nal-IRI, nanoliposomal irinotecan; 
5-FU/LV, 5-fluorouracil in combination with leucovorin.

Factors predicting survival in patients treated with 5-FU/
LV + nal-IRI

Predictive parameters affecting OS under nal-IRI + 5-FU/
LV are based on univariate and multivariate analysis and 
are displayed in Table 3. The tumor markers CEA (HR: 
2.881; 95% CI: 1.023, 8.109) and CA19-9 (HR: 3.319; 95% 
CI: 1.134, 9.715) as well as metastatic disease (HR: 6.241; 
95% CI: 1.417, 27.486), showed significant prognostic 
value for OS. The type of surgery and metastatic disease 
(HR: 7.123; 95% CI: 1.548, 32.775) remained independent 
predictors of survival in the multivariate analysis. Typical 
oncological baseline values like age (HR: 1.804; 95% CI: 

0.689, 4.719) and ECOG (HR for ECOG 1: 1.096; 95% 
CI: 0.381, 3.151; HR for ECOG 2: 0.620; 95% CI: 0.131, 
2.935; HR for ECOG 3: 8.269; 95% CI: 0.803, 85.151) 
were not statistically significantly linked to OS. The 
impact of the nal-IRI + 5-FU/LV therapy line (second-
line vs. third-line) was also analyzed and was due to our 
study design congruent to FOLFIRINOX preexposure vs. 
FOLFIRINOX naivety. The results showed no influence on 
OS (HR: 1.853; 95% CI: 0.635, 5.406). Furthermore, dose 
modifications, such as reduced initial dose (HR: 0.652; 95% 
CI: 0.233, 1.830) and dose reduction throughout therapy 
with nal-IRI + 5-FU/LV (HR: 1.292; 95% CI: 0.511, 3.267), 
had no influence on the survival outcome.
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Dosing schedule and toxicity

A distribution of the adverse events grade ≥3 during therapy 
with nal-IRI + 5-FU/LV is illustrated in Table 4. The most 
common treatment-related adverse events were clinical 
disorders, such as pain (34.5%), ascites (31%), infection 
(34.5%) and nausea (31%). Neutropenia occurred in only 
one patient (3.4%) in the 2L-group and polyneuropathy 

was reported by two patients in the 3L-group. Interestingly, 
we observed no statistically significant difference of adverse 
events between the two groups. 

24.1% of patients receiving 5-FU/nal-IRI presented a 
reduced performance status (ECOG 2-3) before starting 
the 2nd line/3rd line therapy with 5-FU/nal-IRI. Usually, 
in these cases and in cases of persistent side effects of 
previous therapies, such as diarrhea and/or bone marrow 
suppression, therapy with 5-FU/nal-IRI was started with 
reduced dose (50% dose) and was augmented to 100% in 
the second course of therapy, if therapy did not worsened 
the performance status or side effects. Eleven patients 
(37.9%) received a reduced starting dose of nal-IRI + 5-FU/
LV and 16 patients (55.2%) experienced at least one dose 
reduction during the nal-IRI + 5-FU/LV regimen, of which 
20.7% of patients had reduced the entire regimen of 5-FU/
nal-IRI by 50% dose. Both modifications were observed 
slightly more often in the 2L-group but without statistical 
significance. Additionally, only one patient (3.4%) needed 
discontinuation of therapy due to toxicity.

Discussion

In this retrospective analysis, the use of nal-IRI + 5-FU/LV 
showed similar antitumoral benefits in an unselected cohort 
of patients with advanced PC as found in randomized 
prospective phase II/III trials. Interestingly, the use of nal-
IRI + 5-FU/LV appears to be beneficial even as a third-line 
therapy and despite previous exposition to irinotecan during 
palliative FOLFIRINOX therapy.

PC remains a malignancy with dismissal prognosis of 
4.6 months without tumor specific treatment (1). The 
most efficient first-line regimen with palliative intention 

Figure 2 Kaplan-Meier survival analysis from beginning of 
advanced disease therapy. Overall survival from beginning 
of advanced disease chemotherapy 2L-group vs. 3L-group. 
2L-group, patients who received nal-IRI + 5-FU/LV as second-line 
chemotherapy; 3L-group, patients who received nal-IRI + 5-FU/
LV as third-line chemotherapy; nal-IRI, nanoliposomal irinotecan; 
5-FU/LV, 5-fluorouracil in combination with leucovorin.

Table 2 Best response to nal-IRI + 5FU/LV

Therapy response nal-IRI + 5-FU/LV
All 2L-group 3L-group

P value
n=29 % n=10 % n=19 %

CR 0 0.0% 0 0.0% 0 0.0% NA

PR 4 13.8% 1 10.0% 3 15.8% 0.244

SD 6 20.7% 4 40.0% 2 10.5% 0.143

PD 19 65.5% 5 50.0% 14 73.7% 1.000

DCR (CR + PR + SD) 10 34.5% 5 50.0% 5 26.3% 0.244

2L-group, patients who received nal-IRI + 5-FU/LV as second-line chemotherapy; 3L-group, patients who received nal-IRI + 5-FU/LV as 
third-line chemotherapy. nal-IRI, nanoliposomal irinotecan; 5-FU/LV, 5-fluorouracil in combination with leucovorin; CR, complete response; 
DCR, disease control rate; PD, progressive disease; PR, partial remission; SD, stable disease; NA, not applicable.
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Table 3 Univariate and multivariate time-to-event analysis of baseline and therapy characteristics

Parameter P value HR
95% CI

Under Upper

Univariate analysis

Prior history of gemcitabine/abraxane 0.432 0.603 0.170 2.132

ECOG 0 0.272 Reference

ECOG 1 0.865 1.096 0.381 3.151

ECOG 2 0.547 0.620 0.131 2.935

ECOG 3 0.076 8.269 0.803 85.151

NAPOLI 2L vs. 3L 0.259 1.853 0.635 5.406

CEA <4.5 vs. >4.5 µg/L 0.045 2.881 1.023 8.109

CA19-9 <250 vs. >250 U/L 0.029 3.319 1.134 9.715

Age <65 vs. > 65 years 0.229 1.804 0.689 4.719

Time from advanced disease to start nal-IRI (<50 weeks vs. >50 weeks) 0.640 0.803 0.320 2.015

No concomitant local therapy 0.992 Reference

HIFU 0.922 0.947 0.319 2.810

Other concomitant local therapy 0.928 0.993 0.205 4.236

No surgery 0.009 Ref.

Explorative surgery 0.002 0.038 0.005 0.304

Curative surgery 0.030 0.175 0.036 0.846

Palliative surgery 0.006 0.060 0.008 0.438

Best response gemcitabine/abraxane PR 0.489 Reference

Best response gemcitabine/abraxane SD 0.831 1.194 0.235 6.072

Best response gemcitabine/abraxane PD 0.389 2.028 0.407 10.113

Reason for discontinuation of FOLFIRINOX (toxicity vs. progress) 0.881 1.108 0.288 4.260

Reduced starting dose 0.417 0.652 0.233 1.830

Dose reduction during therapy 0.588 1.292 0.511 3.267

M0 vs. M1 0.015 6.241 1.417 27.486

Multivariate analysis

No surgery 0.020 Reference

Explorative surgery 0.004 0.043 0.005 0.364

Curative surgery 0.084 0.249 0.052 1.202

Palliative surgery 0.018 0.093 0.013 0.665

M0 vs. M1 0.035 4.080 1.107 15.036

ECOG, Eastern Cooperative Oncology Group performance status; CI, confidence interval; CEA, carcinoembryonic antigen; CA19-9, 
carbohydrate antigen 19-9; nal-IRI, nanoliposomal irinotecan; HIFU, high intensity focused ultrasound; PD, progressive disease; PR, partial 
remission; SD, stable disease; FOLFIRINOX, 5-FU/LV, irinotecan and oxaliplatin.
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Table 4 Adverse events CTCAE ≥3

Parameter
All 2L-group 3L-group

P value
n=29 % n=10 % n=19 %

Ascites 9 31.0% 2 20.0% 7 36.8% 0.431

Pain 10 34.5% 4 40.0% 6 31.6% 0.698

Fatigue 6 20.7% 1 10.0% 5 26.3% 0.633

Nausea 9 31.0% 2 20.0% 7 36.8% 0.431

Diarrhea 5 17.2% 3 30.0% 2 10.5% 0.306

Neutropenia 1 3.4% 1 10.0% 0 0.0% 0.345

Infection 10 34.5% 4 40.0% 6 31.6% 0.677

Vomiting 3 10.3% 1 10.0% 2 10.5% 1.000

Dyspnea 2 6.9% 0 0.0% 2 10.5% 0.532

Hypertension 1 3.4% 1 10.0% 0 0.0% 0.345

Edema 2 6.9% 2 20.0% 0 0.0% 0.111

Polyneuropathy 2 6.9% 0 0.0% 2 10.5% 0.532

2L-group, patients who received nal-IRI + 5-FU/LV as second-line chemotherapy; 3L-group, patients who received nal-IRI + 5-FU/LV as 
third-line chemotherapy. CTCAE, common terminology criteria for adverse events; nal-IRI, nanoliposomal irinotecan; 5-FU/LV, 5-fluorouracil 
in combination with leucovorin.

is the chemotherapy combination of FOLFIRINOX or 
gemcitabine + nab-paclitaxel (8,9). The pivotal NAPOLI-1 
trial generated consensus about systemic second-line 
treatment using nal-IRI + 5-FU/LV by extending the 
survival rate of patients with gemcitabine-refractory 
advanced PC (14).

However, data evaluating the efficacy and tolerability 
of nal-IRI + 5-FU/LV in a daily practice context in non-
selected patients are very heterogenous, especially with 
the focus on application beyond second-line therapy  
(15-17,19-23). Moreover, inconsistent data about the benefit 
of nal-IRI-based therapy after previous irinotecan exposure 
cause uncertainty about second- or third-line application 
after FOLFIRINOX, which is evolving to be the most 
important combined therapy for PC, both in the curative 
and the palliative setting (15,19-21,23,24). Thus, in this 
study, the impact on survival of nal-IRI + 5-FU/LV as third-
line therapy after previous exposition to FOLFIRINOX 
and gemcitabine-based therapy was analyzed in our 
cohort of patients. Of note, all patients in our cohort only 
received chemotherapy at an advanced stage of disease, with 
palliative intention.

While the NAPOLI-1 trial showed a median OS of 
6.1 months (95% CI: 4.8, 8.9) for nal-IRI + 5-FU/LV, 
our cohort experienced a slightly longer median OS of  

9.33 months (95% CI: 3.37, 15.30). However, our median 
PFS of 2.90 months (95% CI: 1.64, 4.16) and ORR of 
13.8% is in line with PFS (3.1 months; 95% CI: 2.7, 4.2) 
and ORR (16%) reported in NAPOLI-1 (14). The essential 
baseline differences between our study cohort and the 
nal-IRI + 5-FU/LV group of the NAPOLI-1 trial are the 
significantly lower rate of metastatic disease (69% vs. 100%) 
and the higher portion of pancreatic head tumors (79% 
vs. 65%) in our study. Both parameters were associated 
with improved survival in the NAPOLI-1 trial and may 
explain the longer survival in our patient cohort. However, 
the NAPOLI-1 trial only included 10% of patients with 
prior non-liposomal irinotecan exposure in the nal-IRI 
+ 5-FU/LV group, whereas our study consisted of 66% 
non-liposomal irinotecan pre-exposed patients (24). 
Additionally, the heterogeneity of previous therapy lines in 
the NAPOLI-1 trial might have affected OS.

Further retrospective analysis of OS rates under nal-
IRI + 5-FU/LV after gemcitabine show a range from 4.4 to  
9.4 months (15-17,19-23,25). Interestingly, the median PFS 
reported in the same retrospective studies shows a relatively 
narrow range of 2.0 to 4.1 months. Our results support 
the current literature with the above-mentioned OS of  
9.33 months and PFS of 2.9 months. 

The comparatively wide range of OS may have multiple 
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origins, such as heterogenous cohorts, but may also be 
caused by the administration of different therapy lines 
of nal-IRI + 5-FU/LV. The subgroup analysis of the 
NAPOLI-1 trial demonstrated significantly improved 
survival through nal-IRI + 5-FU/LV after 0–1 prior 
metastatic lines (6.2 vs. 4.2 months; P=0.030) but not after 
≥2 lines (5.4 months vs. 4.3 months; P=0.178) (24). Kasi 
et al. reported real-world data on this topic and could not 
find any survival difference depending on therapy line of 
nal-IRI + 5-FU/LV (second-line vs. third- or fourth-line: 
P=0.170) (19). Our results confirm the latter work with 
no difference between our 2L-group and our 3L-group  
[10.27 months (95% CI: 0.0, 23.11) vs. 9.33 (95 % CI: 3.39, 
15.28) (P=0.253)].

Furthermore, of great interest remains the question 
whether use of nal-IRI after non-liposomal irinotecan 
exposure is beneficial or not, especially after FOLFIRINOX 
first-line treatment and in particular after irinotecan 
resistance.

A post-hoc analysis of the NAPOLI-1 trial as well as 
the studies by Yoo et al. and Barzi et al. demonstrated 
significantly lower survival for patients with prior non-
liposomal irinotecan therapy compared to non-liposomal 
irinotecan naïve patients (6.7 vs. 4.6 months; 10.2 vs.  
4.4 months and 5.6 vs. 4.1 months) (15,21,24). Indeed, nal-
IRI was capable of overcoming an irinotecan resistance in 
models of small cell lung cancer, but the clinical relevance 
of this findings is still unclear (26). Glassman et al. and 
Smith et al. took a closer look when they analyzed OS of 
patients who progressed under non-liposomal irinotecan 
compared to patients without progression under non-
liposomal irinotecan. Both reported significantly shorter 
OS in patients with tumor progress (Glassman: 3.9 vs. 
9.0 months, P=0.035; Smith: 4.3 vs. 6.1 months, P<0.001) 
(20,23). Conversely, Kasi et al. demonstrated in their 
retrospective analysis no survival difference between these 
two groups, thus matching our findings (non-liposomal 
naïve vs. pre-exposed: 10.3 vs. 9.3 months) (19). Altogether, 
the evidence for both scenarios, irinotecan-preexposure or 
irinotecan-progress remains controversial with stronger 
data suggesting only a benefit for preexposed but non-
progression patients.

One fact contributing to the heterogeneity of the 
retrospective study landscape is the opacity of earlier 
therapy lines before nal-IRI/5-FU/LV administration. The 
majority of studies only display the amount of previous 
therapy lines and the distribution of previous anti-cancer 
therapies, but not which chemotherapy was administrated 

in which line. Moreover, in some studies, the therapy 
intention (neoadjuvant, adjuvant, palliative) of previous 
therapy lines remains unclear. Glassman et al. showed the 
therapy sequencing of their cohort and also analyzed the 
advanced disease OS for every therapy sequence, but not 
the nal-IRI/5-FU+LV OS for each sequence group (20). 
Kieler et al. demonstrated the therapies received before nal-
IRI administration and analyzed the dependence of OS on 
therapy line, but not on therapy type (22).

A major strength of our study is the analysis of the 
effect of 5-FU/LV + nal-IRI in palliative third-line therapy 
after FOLFIRINOX and gemcitabine-based therapy. Few 
data have been published in this setting to date. Since 
FOLFIRINOX is the most relevant first-line therapy 
option for patients with a good performance status and 
organ function, but also as neoadjuvant/adjuvant therapy, 
data reporting the efficacy of 5-FU/LV + nal-IRI after 
FOLFIRINOX and gemcitabine-based therapy for patients 
with sufficient performance status are most valuable and 
clinically very relevant (8). Currently, nal-IRI + 5-FU/LV 
is not recommended for patients with prior exposure to 
irinotecan. However, in our cohort of patients, we reported 
on the benefit of nal-IRI + 5-FU/LV after FOLFIRINOX 
and gemcitabine-based chemotherapy exposure.

Among the various palliative therapy options for 
advanced and metastatic PC, the optimal sequence of 
chemotherapy has still to be found. Glassman et al. 
additionally analyzed OS in correlation with the therapy 
sequence, following diagnosis of advanced disease. The 
majority of patients received either first-line therapy with 
gemcitabine + nab-paclitaxel and nal-IRI + 5-FU/LV as 
second-line treatment (sequence 1) or first-line therapy with 
FOLFIRINOX and second-line therapy with gemcitabine 
+ nab-paclitaxel followed by third-line treatment with nal-
IRI + 5-FU/LV (sequence 2). Both sequences reached an 
excellent OS, measured from diagnosis of advanced disease 
until death, of 25.5 months (sequence 1) and 23.0 months 
(sequence 2) (20). Our results show a similar OS for our 
3L-group, which correlates with sequence 2 of Glassman  
et al., with an OS of 26.9 months (95% CI: 14.4, 39.4) 
and the 2L-group, which correlates with sequence 1 of 
Glassman et al., with an OS of 18.2 months (95% CI: 
7.4, 28.9), suggesting a trend to prolonged survival in the 
3L-group. However, this trend has no statistical significance, 
probably due to the small sample size of patients in each 
group (P=0.739) and these results should be interpreted with 
caution in the light of a possible immortal time bias.

Moreover, our multivariate analysis identified metastatic 
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disease as a prognostic factor for a worse OS under nal-
IRI + 5-FU/LV therapy. The subgroup analysis of the 
NAPOLI-1 trial demonstrated superior OS in patients with 
locally advanced disease, compared to metastatic disease 
(6.3 vs. 4.2 months; HR: 0.57; P<0.001) (24). The same 
study population also experienced better OS with lower 
baseline CA19-9 values (27). Interestingly, in line with 
previous results of Glassman et al., the ECOG performance 
status did not have a significant influence on OS (20). We 
also checked the influence of a reduced starting dose or 
dose modification during therapy on OS. Neither therapy 
adaption appeared to influence OS (for reduced starting 
dose: HR: 0.652; 95% CI: 0.233, 1.830; P=0.417 and for 
modification: HR: 1.292; 95% CI: 0.511, 3.267; P=0.588). 
The prospective NAPOLI-1 trial revealed the same impact 
of dose modification on OS, which is important information 
for the treating physicians who must determine the balance 
between therapy effectiveness and toxicity (28).

The most common adverse events during nal-IRI + 5-FU 
in our cohort were ascites (31%), pain (34.5%), nausea 
(31%) and infections (34.5%), which were mostly tumor-
related. Only one patient experienced neutropenia grade 3 
(3.4%). The NAPOLI1-trial reported a significantly higher 
rate of neutropenia (27%). The other most common events, 
fatigue (14%), diarrhea (13%), vomiting (11%) and anemia 
(9%), showed a similar frequency in our cohort (14). Further 
retrospective analysis reported lower frequencies of grade 
≥3 adverse events, attributing a lower starting dose to the 
reduced toxicity (19,20). The relatively low frequency of 
neutropenia might also be caused by the significantly reduced 
starting dose (37.9%) and dose modifications (55.2%). 

Major limitations of this study are its retrospective and 
monocentric design, and the small patient number with 
heterogenous baseline characteristics. Thus, a selection 
bias cannot be excluded. Furthermore, the study is 
underpowered to compare the both groups of patients. 
Therefore, lack of significance between both groups 
of patients could be only related to the low number of 
patients. Therefore, we cannot perform any statement 
about the benefit of the use of 5-FU/nal-IRI as third 
line therapy, and our suggestion that this therapy may be 
beneficial should be taken with caution. Nevertheless, the 
retrospective design shows data in a real world setting in 
patients who are not necessarily eligible for clinical trials in 
the treatment of palliative pancreatic cancer with 5-FU/nal-
IRI in second- and third-line therapy. The strength of the 
present study is the analysis of the impact on OS, PFS and 
safety of 5-FU/nal-IRI as third-line therapy after previous 

exposition to 5-FU and irinotecan, while addressing the 
important question for the treating physician about the 
benefit of nal-IRI in this setting for patients with sufficient 
performance status and progression after FOLFIRINOX 
and gemcitabine/nab-paclitaxel.

In summary, our study confirms the therapeutic benefits 
and safety of nal-IRI + 5-FU/LV in a cohort of unselected 
patients with advanced and metastatic PC. Furthermore, 
our study reveals a potential survival benefit with nal-IRI 
+ 5-FU/LV as third-line therapy despite pre-exposition to 
5-FU/irinotecan (e.g., with FOLFIRINOX), which should 
be further evaluated.
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