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Abstract 

Background Nanoliposomal irinotecan plus fluorouracil/leucovorin (5-FU/LV) is a standard second-line therapy for 
patients with pancreatic cancer. Identification of biomarkers is important to determine appropriate treatment strate-
gies. We investigated the clinical practice outcomes and biomarkers associated with the nanoliposomal irinotecan 
plus 5-FU/LV regimen.

Methods We retrospectively reviewed the data of patients treated with nanoliposomal irinotecan plus 5-FU/LV as a 
second or subsequent treatment after gemcitabine-based therapy between June 2020 and March 2021 at Shizuoka 
Cancer Center.

Results We analyzed 55 consecutive patients who met the selection criteria. At a median of 9.4 months, median 
progression-free survival (PFS) and median overall survival (OS) were 2.3 and 6.6 months, respectively. Multivariate 
analysis showed that Glasgow prognostic score (GPS) was significantly associated with PFS (hazard ratio [HR] 2.16; 
95% confidence interval [CI] 1.09–4.30; P = 0.028) and OS (0 vs. 1 or 2: HR 2.46; 95% CI 1.15–5.25; P = 0.029). The OS was 
significantly longer in patients with CA19–9 response than in those without CA19–9 response (12.6 vs. 5.6 months; HR 
0.24; 95% CI 0.08–0.75; P = 0.014).

Conclusions Nanoliposomal irinotecan was efficacious and tolerable in clinical practice. GPS and CA19–9 response 
were good candidates as predictive biomarkers, whereas GPS was a good candidate prognostic biomarker for the 
nanoliposomal irinotecan plus 5-FU/LV regimen.
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Background
Pancreatic cancer carries a poor prognosis and is the 
seventh leading cause of death worldwide [1] and the 
fourth largest cause of death in Japan [2]. Systemic chem-
otherapy is the standard treatment for locally advanced 
or metastatic pancreatic cancer. In Japan, FOLFIRINOX 
(FFX: oxaliplatin, irinotecan, plus fluorouracil/leucovorin 
[5-FU/LV]) or gemcitabine (GEM) plus nab-paclitaxel 
are recommended as first-line therapies. While there is 
no standard second-line chemotherapy, GEM plus nab-
paclitaxel is commonly administered after the failure 
of FFX, and FOLFIRI (irinotecan plus 5-FU/LV), FOL-
FOX (oxaliplatin plus 5-FU/LV), or S-1 monotherapy is 
administered after the failure of GEM plus nab-paclitaxel 
as community standard treatments.

The NAPOLI-1 study demonstrated the superiority 
of nanoliposomal irinotecan in combination with 5-FU/
LV with a hazard ratio of 0.67 (95% confidence interval 
[CI]: 0.49–0.76). This regimen was compared to 5-FU/
LV monotherapy for patients with pancreatic cancer after 
demonstrating a refractory response to a GEM-contain-
ing regimen, with overall survival (OS) as the primary 
endpoint [3]. A randomized phase 2 trial of nanoliposo-
mal irinotecan plus 5-FU/LV was performed to confirm 
the efficacy and feasibility of this regimen in Japanese 
patients [4]. As a primary endpoint, progression-free 
survival (PFS) was significantly longer in patients who 
received nanoliposomal irinotecan plus 5-FU/LV com-
pared to those who received 5-FU/LV, with a hazard 
ratio of 0.60 (95% CI 0.37–0.98). The safety profile was 
similar to that of the NAPOLI-1 study. The combination 
therapy of nanoliposomal irinotecan plus 5-FU/LV was 
approved in Japan in 2019. Although this regimen is now 
recommended as second-line therapy after failure of the 
GEM-containing regimen, the efficacy and safety data of 
nanoliposomal irinotecan plus 5-FU/LV require elucida-
tion in clinical practice settings.

The efficacy of nanoliposomal irinotecan is considered 
to be limited in patients previously treated with irinote-
can. Subgroup analysis of the NAPOLI-1 study revealed 
that nanoliposomal irinotecan did not have additional 
benefit in patients who received irinotecan [5]. Moreover, 
the OS was significantly shorter in patients refractory to 
irinotecan than in those with nonrefractory response [6]. 
Several reports evaluated the efficacy of nanoliposomal 
irinotecan in patients previously treated with irinotecan 
in Japanese clinical practice.

Several prognostic biomarkers, including neutrophil-
to-lymphocyte ratio (NLR) and Glasgow prognostic score 
(GPS) as inflammatory markers have been reported for 
patients with pancreatic cancer undergoing chemother-
apy [7–9]. Subgroup analysis of the NAPOLI-1 study 
found that age ≤ 65 years, Karnofsky performance status 

score ≥ 90, NLR ≤ 5, CA19–9 <  59 × upper limit of nor-
mal, and fewer liver metastases were associated with 
longer OS [10]. Therefore, NLR is considered as a useful 
inflammatory marker for patients receiving nanoliposo-
mal irinotecan plus 5-FU/LV. GPS, a cumulative score 
based on C-reactive protein and albumin, was origi-
nally developed by Forrest LM et al. [11]. GPS and NLR 
were used as prognostic biomarkers in several studies, 
including studies of patients with pancreatic cancer [8, 
12, 13]. However, questions remain as to whether GPS 
or NLR is more useful. The CA19–9 response has been 
used as a predictive biomarker in recent clinical trials. In 
exploratory analyses of the ACCORD11/PRODIGE4 and 
MPACT trials, patients who demonstrated a CA19–9 
response during treatment exhibited significantly longer 
survival than those who did not [14, 15].

Identification of biomarkers is important to determine 
appropriate treatment strategies. Therefore, we investi-
gated the efficacy and safety of nanoliposomal irinotecan 
plus 5-FU/LV in clinical practice and explored predictive 
and prognostic biomarkers for patient outcomes.

Methods
Patients and methods
We retrospectively investigated patients treated with 
nanoliposomal irinotecan plus 5-FU/LV as second or 
later line treatment after GEM-based therapy between 
Jun 2020 and Mar 2021 at Shizuoka Cancer Center. We 
collected data from electric medical records. Selection 
criteria were age > 20 years at the initiation of nanolipo-
somal irinotecan plus 5-FU/LV treatment, Eastern Coop-
erative Oncology Group performance status (ECOG PS) 
0–2, clinically diagnosed unresectable locally advanced 
or metastatic status, refractory to or intolerant of GEM-
containing regimen, and adequate organ 5-FUnctions. 
We excluded patients with neuroendocrine carcinoma 
and other advanced solid tumors. The tumor response 
was evaluated based on RECIST version 1.1 criteria. 
Adverse events were evaluated using CTCAE version 5.0.

We also evaluated the NLR and CA19–9 responses. 
CA19–9 response was defined as > 50% decrease in 
CA19–9 from baseline during nanoliposomal irinotecan 
plus 5-FU/LV treatment. Cutoff NLR values differ across 
studies [7, 16, 17]. In two phase 3 studies, an NLR cutoff 
value of 5 was used for subgroup analysis [9, 10]. There-
fore, we used an NLR cutoff value of 5 in the present 
study. GPS was evaluated by combining CRP and albu-
min (Alb): CRP ≤ 1.00 mg/dL and Alb ≥3.5 g/dL = GPS 
0, CRP > 1.00 mg/dL or Alb < 3.5 g/dL = GPS 1, and 
CRP > 1.00 mg/dL and Alb < 3.5 g/dL = GPS 2. This study 
was approved by the Ethics Committee of Shizuoka Can-
cer Center (approval number 2933). All methods were 
conducted in accordance with the Declaration of Helsinki 
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(1964 and later versions). Written informed consent was 
obtained from all patients.

Treatment
The initial, biweekly dose of nanoliposomal irinotecan 
was 70 mg/m2 for UGT1A1 wild-type or 50 mg/m2 for 
UGT1A1 homozygous or double-heterotype. The fluo-
rouracil dose was 2400 mg/m2 and the leucovorin dose 
was 250 mg/m2. The course of nanoliposomal irinotecan 
plus 5-FU/LV was repeated every two weeks until disease 
progression, unacceptable toxicity, or patient refusal. The 
nanoliposomal irinotecan dose was reduced to 50 mg/m2 
or 43 mg/m2 and 5-FU to 1800 or 1350 mg/m2, depending 
on toxicity or at the physician’s discretion. All patients 
were administered palonosetron and dexamethasone as 
antiemetic agents.

Statistical analyses
OS was defined as the duration between the date of ini-
tiation of nal-IRI plus 5-FU/LV and death, the date of the 
last follow-up, or the study’s cutoff date (September 30, 
2021). PFS was defined as the duration between the date 
of initiation of nal-IRI plus 5-FU/LV and the date of con-
firmation of disease progression, the last follow-up, or 
the study’s cutoff date. OS and PFS were estimated using 
the Kaplan–Meier method and were compared using 
the log-rank test. Multivariate Cox regression analyses 
were performed to estimate the effect of several factors 
(ECOG PS, age, NLR, GPS) on survival. The analyses 
were performed using the statistical software R (R Foun-
dation for Statistical Computing, v. 4.0.2). All P-values 
were two-sided, and P < 0.05 was considered statistically 
significant.

Results
Patients’ backgrounds
Fifty-five patients were selected for this study; their char-
acteristics are shown in Table 1. The median age (range) 
was 67.5 (53–83) years. The most common histology type 
was adenocarcinoma, and homo- or double-heterotype 
UGT1A1 statuses were observed in nine patients. As for 
disease status, three patients had unresectable locally 
advanced (UR-LA) disease, and the remaining had meta-
static disease. Nine patients were previously treated with 
irinotecan. Median CA19–9 (range) was 315 (2–18,388) 
U/mL. Thirteen patients had >NLR 5 and 12 patients 
were GPS 2.

Efficacy
At the study cutoff on September 30, 2021, the median 
observation time was 9.4 (0.5–14.9+) months. The 
median PFS and OS were 2.3 (95% CI 1.9–6.1) and 6.6 

(95% CI 4.3–9.9) months, respectively (Fig.  1A, B). The 
response rate of 45 patients with measurable lesions was 
11.1%, and the disease control rate was 35.6%. PFS and 
OS, according to GPS, were significantly different among 
the 3 groups; GPS 0 indicated the best prognosis and 2 
the worst prognosis (Fig.  2A, B). The median PFS and 
OS of patients treated with and without prior irinote-
can were 1.9 months and 2.3 months (P = 0.364), and 
4.7 months and 8.2 months (P = 0.225), respectively. None 
of the seven patients previously treated with irinotecan 
were responders, and PFS and OS tended to be shorter in 
these patients (Supplementary Fig. 1A, 1B).

Adverse events
Treatment-emergent adverse events are shown in Table 2. 
Adverse events of grade 3 or higher observed in > 10%, 
were neutropenia (11%) and anorexia (13%). No febrile 
neutropenia or treatment-related deaths were observed.

Treatment exposure
Treatment exposures are shown in Table 3. The median 
treatment course (range) was 5 (1–30+), and eight 
patients continued nanoliposomal irinotecan plus 
5-FU/LV at the study cutoff. The main reasons for dis-
continuation were progressive disease (n = 42), aller-
gic response to the regimen (n = 3), congestive heart 
failure (n = 1), and cholinergic syndrome uncontrolled 

Table 1 Patients’ characteristics

1 unknown, 2wild type, 3unresectable-locally advanced, 4metastatic, 5 
neutrophile-to-lymphocyte ratio, 6Glasgow prognostic score

N = 55

Age Median (range), years 67 (53–83)

Sex Male/female 36/19

ECOG PS 0/1/2 14/37/4

Pathology Adeno/adenosquamous/
UN1

49/3/3

MSI status MSI-H/MSS/UN1 0/34/21

UGT1A1 status WT2/single hetero/homo/
double hetero/UN1

19/26/6/3/1

Location Head/body/tail 23/18/14

Disease status UR-LA3 /  M4 3/52

Metastatic site HEP/PER/LYM/PUL 39/18/18/16

Number of metastatic sites 0/1/≥2 3/25/27

Baseline CA19–9 Median (range), U/mL 315 (2–18,388)

Prior irinotecan Yes 9

Number of previous 
courses of palliative 
chemotherapy

1/2/3 25/28/2

NLR5 <  5/ ≥ 5 42/13

GPS6 0/1/2 29/14/12
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by atropine (n = 1); one patient underwent conversion 
surgery. Initial dose reductions of nanoliposomal iri-
notecan or 5-FU were performed in 31 patients because 
of unknown UGT1A1 status at initial administration 
(n = 8), age (n = 10), and poor PS (n = 10). Of the six 
patients whose UGT1A1 status was initially unknown 

and whose UGT1A1 status was proven to be wild-type 
or single heterozygous, one patient had their dose of 
nanoliposomal irinotecan increased by one level. Eight-
een patients had their doses reduced after the first 
course due to fatigue (n = 10), nausea (n = 6), and ano-
rexia (n = 6). Twenty-two patients received subsequent 

Fig. 1 Progression-free survival (A) and overall survival (B) in patients treated with nanoliposomal irinotecan plus 5-FU/LV (fluorouracil/leucovorin)

Fig. 2 PFS (A) and OS (B) according to Glasgow Prognostic Score (GPS) score
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chemotherapies, including FOLFOX (n = 20), S-1 mon-
otherapy (n = 2), GEM plus nab-paclitaxel (n = 1), and 
FOLFIRI (n = 1).

Prognostic and predictive factors for nanoliposomal 
irinotecan
The results of the univariate and multivariate analysis 
for PFS are shown in Table  4. Among possible predic-
tive factors for PFS (age, ECOG PS, liver metastasis, prior 
treatment with irinotecan, NLR, and GPS), multivariate 
analysis using the Cox-hazard model revealed that NLR 
(≤5 vs. > 5: HR 2.26; 95% CI 1.09–6.53; P = 0.032) and 
GPS (0 vs. 1 or 2: HR 2.16; 95% CI 1.09–4.30; P = 0.028) 
were independent predictors (Table  4). The univariate 
and multivariate analysis for OS defined the prior irinote-
can (− vs. +: HR 1.62; 95% CI 1.13–7.21; P = 0.027) and 
GPS (0 vs. 1 or 2: HR 2.46; 95% CI 1.15–5.25; P = 0.029) 
were independent prognostic factors; however, NLR was 
not (≤5 vs. > 5: HR 1.51; 95% CI 0.64–3.61; P = 0.349) 
(Table 5).

Of the 36 patients with elevated CA19–9 at base-
line, 26 experienced a CA19–9 response. PFS was 
significantly longer in CA19–9 responders than in non-
responders (not reached vs. 2.2 months; HR 0.19; 95% CI 
0.07–0.57; P = 0.003) (Fig. 3A). OS was also significantly 
longer in CA19–9 responders than nonresponders (12.6 
vs. 5.6 months; HR 0.24; 95% CI 0.08–0.75; P = 0.014) 
(Fig. 3B).

Discussion
We found OS for nanoliposomal irinotecan plus 5-FU/
LV combination therapy for pancreatic cancer refrac-
tory to GEM-based chemotherapy to be comparable to 
that of the Japanese phase II study [4] and NAPOLI-1 
study [3]. However, our patients’ PFS was generally worse 
than those observed in the NAPOLI-1 study. It is prob-
ably because we included patients who initiated therapy 
despite having a poor disease status while waiting for 
approval of nanoliposomal irinotecan. We also included 
patients treated with FOLFIRI who were switched to 
nanoliposomal irinotecan plus 5-FU/LV after approval 
of nanoliposomal irinotecan. Therefore, we likely under-
valued the anti-tumor effect of nanoliposomal irinotecan 
plus 5-FU/LV for these patients.

The efficacy of nanoliposomal irinotecan after the fail-
ure of an irinotecan-containing regimen, such as FFX, 
is an important clinical question. In the present study, 
OS tended to be shorter in patients with prior expo-
sure to irinotecan than in those without prior exposure 
to irinotecan. The active metabolite of nanoliposomal 
irinotecan is SN-38, as is irinotecan, suggesting that it 
is difficult to restore the anti-tumor effect of irinotecan 
only by improving drug delivery. Multivariate analysis 
showed that history of prior irinotecan administration 
was an independent prognostic factor for OS in patients 
receiving nanoliposomal irinotecan, suggesting that 

Table 2 Treatment-emergent adverse events*

* No treatment-related death was observed

Any grade ≥Grade 3

N (%) N (%)

Neutropenia 30 (54) 6 (11)

Anemia 21 (38) 1 (2)

Thrombocytopenia 6 (11) 1 (2)

Nausea 33 (59) 4 (7)

Vomiting 4 (7) 1 (2)

Anorexia 39 (70) 7 (13)

Diarrhea 8 (14) 1 (2)

Fatigue 34 (61) 3 (5)

Stomatitis 5 (9) 0 (0)

Febrile neutropenia 0 (0) 0 (0)

Table 3 Treatment exposure

*Of the 6 patients with wild-type or single heterozygous UGT1A1, nanoliposomal 
irinotecan dose was increased in only one patient. † Duplicate cases were 
present

N (%)

On treatment 8 (14)

Discontinuation 47 (85)

Refractory 42 (76)

Intolerant 3 (5)

Conversion surgery 1 (2)

Initial dose reduction either nanoliposomal 
irinotecan or 5-FU

31 (56)

UGT1A1 not available at the initial administra-
tion

8* (15)

Age 10 (18)

PS 3 (5)

Others 10 (18)

Dose reduction after one dose 18 (33)

Reasons for dose reduction

Fatigue 10 (18)

Nausea 6 (11)

Anorexia 6 (11)

Diarrhea 2 (4)

Others 2 (4)

Post-treatment† 22 (40)

FOLFOX 20 (36)

S-1 2 (4)

GEM + nab-PTX 1 (2)

FOLFIRI 1 (2)
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nanoliposomal irinotecan might not be considered in 
patients who are refractory to irinotecan.

We observed more incidences of grade 3 or higher neu-
tropenia, nausea, and anorexia than in previous reports [3, 

4]. It is probably because our patients were heavily treated, 
and some may have had cancer cachexia. However, almost 
all patients who experienced severe adverse events contin-
ued the nanoliposomal irinotecan plus 5-FU/LV regimen 

Table 4 Univariate and multivariate analysis for progression-free survival

Univariate analysis Multivariate analysis

Variables HR 95% CI P value HR 95% CI P value

Age (years) ≤65 vs. > 65 0.81 0.42–1.55 0.521

ECOG PS 0–1 vs. 2 1.13 0.35–3.69 0.837

Liver metastasis − vs. + 1.17 0.60–2.29 0.652

Prior irinotecan − vs. + 1.45 0.64–3.29 0.372 2.33 0.92–5.91 0.075

NLR ≤5 vs. > 5 2.26 1.10–4.67 0.027 2.67 1.09–6.53 0.032

GPS 0 vs. 1–2 2.17 1.17–4.02 0.014 2.16 1.09–4.30 0.028

Table 5 Univariate and multivariate analysis for overall survival

Valuables Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age (years) ≤65 vs. > 65 0.81 0.42–1.56 0.522

ECOG PS 0–1 vs. 2 1.38 0.42–4.50 0.596

Liver metastasis − vs. + 1.29 0.61–2.73 0.501

Prior irinotecan − vs. + 1.62 0.74–3.54 0.230 2.85 1.13–7.21 0.027

NLR ≤5 vs. > 5 1.76 0.87–3.55 0.117 1.51 0.64–3.61 0.349

GPS 0 vs. 1–2 2.04 1.08–3.89 0.029 2.46 1.15–5.25 0.029

Fig. 3 PFS (A) and OS (B) according to CA19–9 response
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after appropriate dose modification. Although the careful 
patient selection and appropriate management are neces-
sary, this regimen was generally well-tolerated.

Inflammatory markers such as GPS and NLR are prog-
nostic factors for unresectable pancreatic cancer [9, 10]. 
NLR was predictive for PFS but not OS. A cutoff value 
of NLR 5 may be inappropriate for patients who receive 
second-line treatment. Since there is no settled cutoff 
value for NLR, we used a cutoff value of 5 was used in 
this study based on previous reports [9, 10]. Because our 
study cohort was relatively small, our results should be 
examined in future, well-powered studies. A retrospec-
tive study comparing NLR to inflammatory markers such 
as GPS showed GPS as the most reliable predictive bio-
marker. Our results indicated that the GPS was a stronger 
predictor than NLR.

Patients with GPS 2 had the worst OS and PFS. These 
patients demonstrated a poor prognosis and were more 
likely to experience early progression; therefore, patients 
with other GPS scores should be carefully evaluated to 
determine the indication for treatment. Future trials may 
consider using GPS as a stratification factor for second or 
subsequent pancreatic cancer treatments.

The CA19–9 response has been adopted by several clin-
ical pancreatic cancer trials as an on-treatment marker. 
Since the survival time of CA19–9 responders was sig-
nificantly better than nonresponders in this study, we 
consider the CA19–9 response to be an on-treatment 
predictive biomarker. CA19–9 response may be useful 
for determining if nanoliposomal irinotecan plus 5-FU/
LV and intensified supporting care should be continued in 
patients who experience severe adverse events. We expect 
that patients with a CA 19–9 response during nanoliposo-
mal irinotecan plus 5-FU/LV will enjoy better long-term 
survival. Therefore, if a CA19–9 response is observed, 
physicians should consider increasing supportive care 
to maintain the dose intensity and avoid intolerance to 
maximize the regimen’s anti-tumor effects. However, the 
CA19–9 response cannot be used in patients without ele-
vated CA19–9 at chemotherapy initiation, or in patients 
with a negative Lewis-type blood group.

This study has several limitations. First, selection bias 
was inevitable since this was a monocentric retrospective 
study. Moreover, our sample size is small and requires 
validation using an external cohort. However, we identi-
fied GPS and the CA19–9 response as biomarkers that 
may help inform treatment decision-making in clinical 
practice settings.

Conclusions
Nanoliposomal irinotecan was efficacious and well-toler-
ated in a clinical practice setting. Careful patient selec-
tion and appropriate management are necessary when 

administering this regimen because of the relatively high 
frequency of grade 3 or higher neutropenia and anorexia. 
GPS and history of prior irinotecan administration could 
be a good candidate prognostic biomarker for nanolipo-
somal irinotecan plus 5-FU/LV, and GPS could be used as 
a stratification factor in future clinical trials for patients 
with pancreatic cancer receiving second-line treatment.
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