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Objectives: Liposomal irinotecan (nal-IRI) is a topoisomerase inhibitor
proven to improve survival in metastatic pancreatic cancer (mPC). This
study describes real-world characteristics of patients treated with nal-IRI
for mPC.
Methods: Patients 18 years or older diagnosed with stage IV mPC and
treated with nal-IRI were selected retrospectively from a deidentified elec-
tronic health record database of more than 2 million US cancer patients.
Demographics, clinical and dosing characteristics, and treatment outcomes
were collected.
Results: Of 257 total patients, 145 (57%) received nal-IRI as first- or second-
line therapy. Median nal-IRI treatment duration was 51 days, longer when nal-
IRI was used as first/second versus as third-line therapy or later (62 vs
44.5 days). Seventy patients (27.2%) experienced dose modification. Median
time to treatment discontinuation was 2.3 versus 1.6 months for first-/second-
versus third-line therapy or later, respectively. Median overall survival from
nal-IRI initiation was 5.6 versus 4.1 months for first-/second- versus third-
line therapy or later, respectively. Prior irinotecan treatment, baseline serum
albumin less than 40 g/L, and baseline neutrophil-to-lymphocyte ratio
greater than 5 were associated with reduced overall survival.
Conclusions: This is the first large US study of real-world US mPC
patients treated with nal-IRI. These results, comparable to the NAPOLI-1
trial, can help inform future studies and the efficacy of nal-IRI in
mPC therapy.
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P ancreatic adenocarcinoma is an aggressive and devastating
disease. In 2019, roughly 56,770 new cases of pancreatic can-

cer are expected to be diagnosed.1 Pancreatic cancer accounts for
approximately 3% of all cancers and is the third leading cause of
cancer death in the United States.2 By the year 2030, pancreatic
cancer is projected to be the second leading cause of cancer death
in the United States behind lung cancer.3

Among patients with a new diagnosis of pancreatic cancer,
more than 60% are diagnosed at stages III and IVand have incur-
able disease.4 Cases diagnosed at an early stage carry a high risk
of recurrence despite surgery and adjuvant therapy.5–7 Because
of the lack of early diagnostic signs and symptoms, the aggressive
nature of the disease, and limited treatment options, 5-year sur-
vival for patients remains very low at 9%.1 There are limited op-
tions for the treatment of advanced pancreatic cancer, and
liposomal irinotecan (nal-IRI) is the only Food and Drug
Administration–approved drug after gemcitabine treatment pro-
viding a treatment sequence option.

Liposomal irinotecan is a topoisomerase inhibitor indicated
for the treatment of patients with metastatic pancreatic ductal ad-
enocarcinoma in combination with fluorouracil and leucovorin af-
ter disease progression following gemcitabine-based therapy.8

Efficacy of this combination was evaluated in NAPOLI-1, a ran-
domized, open-label, multicenter, phase 3 trial in 417 patients with
locally advanced or metastatic pancreatic ductal adenocarcinoma
with documented disease progression after gemcitabine or
gemcitabine-based therapy.9 The results demonstrated a signifi-
cant improvement in overall survival (OS) among patients treated
with nal-IRI in combination with 5-fluorouracil and leucovorin
(6.1 months) compared with leucovorin and fluorouracil without
nal-IRI (4.2 months; P = 0.014).9 Reinforcing the trial results,
in a retrospective chart review carried out in a single center, pa-
tients treated with nal-IRI + 5 U/LV had an OS of 5.3 months.10

The objective of the current study was to describe real-world
patient characteristics, dosing patterns, and outcomes of patients
with metastatic pancreatic cancer (mPC) treated with nal-IRI in
the United States.

MATERIALS AND METHODS

Data Source
Patient data were acquired from the nationwide Flatiron

Health database. The Flatiron Health database is a longitudinal,
www.pancreasjournal.com 193

mailto:afsaneh.barzi@med.usc.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by--nc--nd/4.0/
http://creativecommons.org/licenses/by--nc--nd/4.0/
http://creativecommons.org/licenses/by--nc--nd/4.0/
http://www.pancreasjournal.com


Barzi et al Pancreas • Volume 49, Number 2, February 2020
demographically and geographically diverse database derived
from deidentified electronic health record data. Patient-level data
include structured and unstructured data, curated via technology-
enabled abstraction. At the time of data collection, the database in-
cluded information from more than 265 community-based cancer
treatment clinics and academic hospital centers (~800 sites of
care) representing 2 million US cancer patients available for anal-
ysis. Institutional review board approval of the study protocol was
obtained prior to study conduct and included a waiver of informed
consent. Data provided to third parties were deidentified, and provi-
sions were in place to prevent reidentification in order to protect
patients' confidentiality.

Study Population
The study sample included patients at least 18 years of age

and diagnosed with pancreatic cancer (International Classifica-
tion of Diseases, Ninth Revision [ICD-9] code 157.xx or ICD-10
code C25.xx) with pathology consistent with adenocarcinoma of
the pancreas and evidence of stage IVor progressive/recurrent dis-
ease on or after January 1, 2014. Patients were also required to
have at least 2 documented clinical visits on or after January 1,
2014, and received nal-IRI treatment from an administration or
noncanceled order at least 90 days prior to data cutoff (August
31, 2017). The index date was defined as the start date of the ini-
tial nal-IRI–containing treatment regimen in the metastatic setting
for each patient, and the baseline period was defined starting from
the date of mPC diagnosis until the day prior to the index date. The
follow-up period was defined as the index date until either patient
death or last activity date, whichever occurred first.

Lines of Therapy
Oncologist-defined rule-based lines of therapy in the meta-

static setting were derived from therapies administered after or
up to 14 days prior to mPC diagnosis. All drugs given within
28 days of an initial therapy were considered part of the same reg-
imen. The addition of a new therapy after 28 days was considered
a switch and the start of a subsequent regimen. The following
exceptions were made to these rules: substitution of fluoroura-
cil for capecitabine or vice versa, substitution of leucovorin for
levoleucovorin or vice versa, and the addition of leucovorin or
levoleucovorin to a regimen did not advance the line of therapy;
the addition of protein-bound paclitaxel to a gemcitabine regimen
(or vice versa) within 90 days from the start of the line did not ad-
vance the line. These are operational rules informed by clinical in-
put and are applied to the data post hoc. Based on these rules,
first-line treatment in the metastatic setting may not reflect that
these patients have received treatment soon after adjuvant therapy
and may not necessarily be first line clinically.

Outcome Measures
Baseline demographics and clinical characteristics of pa-

tients receiving nal-IRI in the metastatic setting at the index date
were documented. The most recent height, weight, Eastern Coop-
erative Oncology Group (ECOG) performance status, serum albu-
min, neutrophil count, and lymphocyte count prior to initiating
nal-IRI were identified. Characteristics of nal-IRI treatment and
dosing patterns were also collected. These included the 6-week
dose intensity (total dose of nal-IRI, measured in mg/m2) and dose
density (percent of total expected 6-week dose intensity assuming
treatment with the indicated dose of 70 mg/m2, free base, equiva-
lent to 80 mg/m2 salt-based dosing, every 2 weeks) within the first
6 weeks of initiating a nal-IRI containing regimen. Frequency,
timing, and patterns of dose modification (defined as a difference
194 www.pancreasjournal.com
of at least 7 mg/m2 between consecutive administrations of nal-
IRI) were also analyzed. Length of therapy was defined as the
number of days between the date of initiation and last date of last
treatment cycle; no censoring was employed. Use of granulocyte
colony-stimulating factor (G-CSF) prior to and during treatment
with nal-IRI was defined as a documented administration or
noncanceled order of G-CSF. A separate analysis of patients
who were previously treated with gemcitabine-based therapy was
also performed.

Treatment outcomes were assessed, including median OS
and real-world time to treatment discontinuation (rwTTD), de-
fined as time from treatment initiation to treatment discontinua-
tion for any reason. Proportion of patients with 3 prespecified
real-world adverse effects: neutropenia, thrombocytopenia, and
diarrhea, were stratified by line of therapy and dose for the base-
line period (from metastatic diagnosis until start of nal-IRI) and
from treatment initiation until the follow-up end date, with no cen-
soring employed. Neutropenia and thrombocytopeniawere identi-
fied directly from electronic medical records using ICD-9 and
International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) codes. The presence of diarrhea was
abstracted from unstructured data in individual health records as
well as identified via ICD-9/10-CM codes from the structured
data. When available in the health records, diarrhea was attributed
to the treatment regimen, nal-IRI specifically, or mPC. When labo-
ratory values were available, patients were stratified by grade of
neutropenia based on the National Cancer Institute Common Ter-
minology Criteria for Adverse Events grading system for reduced
neutrophil count: grade 1: <lower limit of normal–1.5 � 109/L,
grade 2: <1.5–1.0 � 109/L, grade 3: <1.0–0.5 � 109/L, and grade
4: <0.5� 109/L. Patients could be at risk of each grade separately.
The rationale for nal-IRI discontinuation (disease progression,
disease-related symptoms, and treatment toxicity) was identified
through abstraction of unstructured data.

Statistical Analysis
All statistical analyses were performed using SAS version

9.4 (SAS Institute Inc, Cary, NC). Baseline demographics were
analyzed by descriptive statistics. Kaplan-Meier methods were
used to estimate the median OS and rwTTD from treatment initi-
ation. For the OS analyses, patients who died were assigned the
15th day of their month of death, and patients who did not die dur-
ing the study were censored at their last visit or administration
date. For rwTTD analyses, patients who did not die during the
study period with evidence of planned treatment with nal-IRI on
or after the study end were censored on August 31, 2017; other-
wise, patients were considered to have discontinued treatment on
the last administration or order for nal-IRI or death date, which-
ever occurred first. Cox proportional hazards models were used
to estimate the differences in survival between subgroups of inter-
est. The log-rank test was used to assess differences in survival,
and the Wald χ2 test was used to assess differences in hazards.

RESULTS

Baseline Characteristics
A total of 257 patients with mPC who were treated with a

nal-IRI regimen between August 1, 2015, and August 31, 2017,
were identified and included in the study. The median patient
age was 68 years, and the sex distribution was almost evenly di-
vided (51.4% male). All patients had a Charlson Comorbidity In-
dex score of 2 or greater, with a median score of 3. The primary
tumor location was the head of the pancreas in 51.4% of patients,
followed by the body of the pancreas (26.5%; Table 1). Among
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Baseline Characteristics

Characteristic
Full Population

(N = 257)
Prior Gemcitabine

(n = 242)

Age at index date, n (%)
18–44 y 4 (1.6) 4 (1.6)
45–64 y 90 (35.0) 85 (35.1)
65–74 y 107 (41.6) 100 (41.3)
≥75 y 56 (21.9) 53 (21.9)

Age at index date, y
Mean (SD) 67.1 (9.0) 67.1 (9.0)
Median 68.0 68.0
IQR 61.0–74.0 61.0–74.0
Range 41.0–85.0 41.0–85.0

Sex, n (%)
Male 132 (51.4) 124 (51.2)
Female 125 (48.6) 118 (48.8)

Tumor location, n (%)
Head 132 (51.4) 122 (50.4)
Body 68 (26.5) 65 (26.9)
Tail 35 (13.6) 33 (13.6)
Overlapping 20 (7.8) 20 (8.3)
Pancreas, NOS 2 (0.8) 2 (0.8)

Race, n (%)
Asian 3 (1.2) 3 (1.2)
Black or African American 28 (10.9) 25 (10.3)
White 179 (69.7) 171 (70.7)
Other race 26 (10.1) 25 (10.3)
Missing/unknown 21 (8.2) 18 (7.4)

Geographic location, n (%)
Northeast 55 (21.4) 52 (21.5)
Midwest 55 (21.4) 54 (22.3)
South 89 (34.6) 82 (33.9)
West 33 (12.8) 31 (12.89)
Missing/unknown 25 (9.7) 23 (9.5)

Smoking status, n (%)
History of smoking 138 (53.7) 131 (54.1)
No history of smoking 119 (46.3) 111 (45.9)

ECOG grade, n (%)
0 41 (16. 0) 37 (15.3)
1 110 (42.8) 101 (41.7)
2 35 (13.6) 35 (14.5)
3 3 (1.2) 3 (1.2)
4 0 0
Missing 68 (26.5) 66 (27.3)

CCI, summary statistics
Mean (SD) 5.2 (3.2) 5.2 (3.2)
Median 3.0 3.5

Albumin (at index date), n (%)
<40 g/L 199 (77.4) 189 (78.1)
≥40 g/L 44 (17.1) 41 (16.9)
Unknown 14 (5.5) 12 (5.0)

NLR
n (%) 188 (73.2) 175 (72.3)
Mean (SD) 5.1 (5.2) 5.1 (5.3)
Median 3.6 3.8
IQR 2.4–5.6 2.4–5.6
Range 0.9–52.2 0.9–52.2

TABLE 1. (Continued)

Practice type, n (%)
Academic 25 (9.7) 23 (9.5)
Community 232 (90.3) 219 (90.5)

Treatment line
First/second line 145 (56.4) 130 (53.7)
Third line or later 112 (43.6) 112 (46.3)

CCI indicates Charlson Comorbidity Index; IQR, interquartile range;
NOS, not otherwise specified.
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patients with ECOG data recorded on or prior to nal-IRI initiation
(n = 189), 15% had a most recent score of 2 or greater. The most
common nal-IRI–based treatment regimen was nal-IRI in combi-
nation with fluorouracil and leucovorin (n = 230 [89.5%]; Table 1).

The majority of patients (94.2%, n = 242) were treated with
gemcitabine therapy any time prior to nal-IRI. Following diagno-
sis of metastatic or recurrent pancreatic cancer, 56.4% (n = 145) of
all patients received nal-IRI as first- or second-line therapy; of
these patients 89.7% (n = 130) were treatedwith gemcitabine prior
to treatment with nal-IRI therapy (Table 1). First-line patients re-
ceived neoadjuvant, adjuvant, or locally advanced treatment, but
no previous therapy for metastatic disease.
Dose Modifications and Outcomes

The median dose of nal-IRI at treatment initiation was
69.4 mg/m2, and at 6 weeks, the median dose intensity was
190 mg/m2. There were 152 patients (59.1%) who initiated
nal-IRI treatment at the indicated dose (65 to <75 mg/m2). Pa-
tients were stratified as either being below (n = 115) or at/above
(n = 116) median dose intensity. Patients below median dose
intensity were older compared with those at/above median dose
intensity (P = 0.003). A total of 44.5% of patients below median
dose intensity were initiated at a lower dose of nal-IRI
(30–65 mg/m2), compared with 13.8% of patients at or above
median dose intensity. The mean (standard deviation [SD]) nal-
IRI dose intensity at 6 weeks was 177.8 (74.9) mg/m2, whereas
dose density was 84.7% (35.7%) (Table 2). Mean dose intensity
was similar for patientswho initiated nal-IRI as first-/second-line ther-
apy (176.4 mg/m2; n = 131) compared with later lines (179.6 mg/
m2;n = 100).

The median length of nal-IRI therapy was 7.3 weeks
(51 days; see Supplemental Table 1, Length of Liposomal
Irinotecan Therapy, http://links.lww.com/MPA/A768). Among
patients who received nal-IRI as first-/second-line therapy,
the median duration of exposure (DOE) was 8.9 weeks compared
with 6.3 weeks in patients who received it in the third-line setting
and beyond (P = 0.027). The median length of therapy for patients
initiated at the recommended dose of nal-IRI (n = 152) was
8.1 weeks compared with 7.1 and 6.1 weeks for patients initiated
at a lower dose (n = 67) or higher dose (75–90 mg/m2; n = 11), re-
spectively. Patients above median dose intensity had a median
DOE of 13.1 weeks compared with 3.1 weeks for patients under
median dose intensity (P < 0.0001).

In total, 70 patients (27.2%) experienced at least 1 dose mod-
ification: 32.4% while receiving first-/second-line nal-IRI therapy
plus 20.5% receiving nal-IRI third line or later (Table 3). Patients
with a dose modification had a median length of therapy of
13.1 versus 6.1 weeks among patients without a dose modification.
www.pancreasjournal.com 195
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TABLE 3. Liposomal Irinotecan Dose Modifications

Category
Overall
(N = 257)

First/Second
Line (n = 145)

Third Line or
Later (n = 112)

Modified dose, n (%) 70 (27.2) 47 (32.4) 23 (20.5)
Increased dose 25 (9.7) 18 (12.4) 7 (6.2)
Decreased dose 58 (22.6) 37 (25.5) 21 (18.7)

TABLE 2. Dose Intensity at 6 Weeks (Total mg/m2)

Category n
Mean (SD),

mg/m2
Range,
mg/m2

Overall 231 177.8 (74.9) 32.8–324.9
Dose modification
With dose modification 70 190.7 (59.6) 66.2–323.8
Without dose modification 161 172.2 (80.1) 32.8–324.9

Initiation dose
Initiated at low dose 67 139.1 (61.6) 32.8–262.7
Initiated at indicated dose 152 191.1 (72.9) 66.2–23.8
Initiated at high dose 11 222.2 (90.5) 79.8–324.9
Initial administration had
missing data

1 251.9 N/A

Line of therapy
First/second line 131 176.4 (73.4) 45.1–293.3
Third line or later 100 179.6 (77.0) 32.8–324.9

N/A indicates not applicable.
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Nearly half of the study population (47.9%) had evidence of
G-CSF use while undergoing treatment with nal-IRI, and 63.8%
of patients received G-CSF prior to initiating nal-IRI.

Treatment Outcomes
The median rwTTD was 2.3 months for patients who were

treated with nal-IRI as first- or second-line treatment compared
with 1.6 months as third line or later (P = 0.047; Table 4). Among
patients previously treated with gemcitabine-based therapy be-
fore nal-IRI, rwTTD was 2.1 versus 1.6 months third line or
later (P = 0.084). Outcomes were similar between patients
treated in the first and second line, 3.0 versus 1.9 months
(P = 0.4859), respectively.

Median OS from initiation of nal-IRI was 5.6 months (95%
confidence interval [CI], 4.8–7.3 months) for patients who re-
ceived nal-IRI as first-line (n = 38) or second-line (n = 107) treat-
ment (total n = 145) compared with 4.1 months (95% CI,
3.4–4.9 months) for patients treated with nal-IRI third line or
later (n = 112; Table 5). Median OS was similar between pa-
tients treated in the first and second line, 5.9 versus 5.4 months
(P = 0.3926), respectively. When analyzing survival, we found
that patients who received nal-IRI third line or later had 57%
higher mortality risk compared with patients who received nal-
IRI as first-/second-line therapy (hazard ratio [HR], 1.6; 95%
CI, 1.2–2.1; Fig. 1A). Adjusting for age, sex, serum albumin,
prior exposure to irinotecan, and neutrophil-to-lymphocyte ratio
(NLR) patients who received nal-IRI third line or later had
32% higher mortality risk compared with patients who re-
ceived nal-IRI as first-/second-line therapy (adjusted HR, 1.3;
95% CI, 0.9–1.9). Among patients previously treated with
gemcitabine-based therapy, median OS was 5.5 months
(95% CI, 4.7–7.5 months; Table 5).

We performed additional survival analyses to identify other
characteristics that may have affected survival in this patient pop-
ulation. Irinotecan-containing treatment prior to nal-IRI was asso-
ciated with a lower OS compared with no prior irinotecan
treatment (HR, 1.6; 95% CI, 1.2–2.1; Fig. 1B). A serum albumin
level of 40 g/L or greater was associated with a higher OS com-
pared with albumin less than 40 g/L (HR, 0.6; 95% CI, 0.4–0.9;
Fig. 1C). Finally, patients with an NLR of greater than 5 had
shorter OS compared with an NLR of 5 or less (HR, 1.8; 95%
CI, 1.3–2.6; Fig. 1D).
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Real-Word Adverse Effects
The safety evaluation revealed that 18.7% of patients experi-

enced neutropenia (all grades) during their treatment with nal-IRI,
compared with 48.6% of patients who experienced neutropenia
between mPC diagnosis and the start of nal-IRI (baseline;
Table 6). During treatment with nal-IRI, 18 patients (7.0%) expe-
rienced grade 3 neutropenia, and 5 patients (1.95%) experienced
grade 4 neutropenia. Diarrhea was documented for 46.3% of
patients while receiving treatment with nal-IRI. Diarrhea was at-
tributed to the disease in 2.0% of patients, treatment regimen in
30.7% of patients, and to nal-IRI in 10.9% of patients (data not
shown); patients could be classified under multiple categories.
Only 4 patients (1.6%) experienced thrombocytopenia throughout
their nal-IRI treatment period compared with 17 patients (6.6%)
who exhibited the condition during the baseline period.

Among patients for whom reasons for discontinuation were
available (n = 186), disease progression (57%), disease-related
symptoms (17%), and treatment toxicity (14%) were most
often reported.

DISCUSSION
In this report, we present results of a large retrospective study

designed to describe real-world characteristics, treatment patterns,
and clinical outcomes of patients with mPC treated with nal-IRI.
We analyzed a large database of patients with mPC who were
treated during the 2.5 years following nal-IRI regulatory approval
in the United States, yielding a robust analysis that provided a
broad range of baseline characteristics, treatment activity patterns,
and outcomes among these patients in clinics around the United
States. These data could be useful for both establishing realistic el-
igibility criteria when designing future clinical trials and identify-
ing attributes that may contribute to treatment success in the clinic.

Overall, this analysis provided important insights about the
characteristics of patients treated with nal-IRI in the United
States in predominantly community oncology settings, thus pro-
viding a better aspect of real-world practice. We show that recipi-
ents of nal-IRI after approval were generally older (median age of
63 years in NAPOLI-1 vs 68 years in this study) and had more co-
morbidities compared with the trial population. The proportion of
patients from North America in the NAPOLI-1 trial was 16%,
which limits its generalizability to the US population.

The median OS in patients who received nal-IRI in first- and
second-line setting was 5.6 months (95%CI, 4.8–7.3 months) and
comparable to the reported survival outcomes in the NAPOLI trial
(6.1 months; 95%CI, 4.8–8.9 months). According to the prescrib-
ing information, nal-IRI is indicated, in combination with fluoro-
uracil and leucovorin, for the treatment of patients with mPC after
disease progression following gemcitabine-based therapy.8 Al-
though we identified 257 patients with mPC who were treated
with nal-IRI, 230 of those patients were confirmed to have re-
ceived the indicated combination regimen; 27 patients (10.5%)
were treated with alternative nonindicated nal-IRI combinations.
Moreover, when comparing the numbers of patients who were
treated with nal-IRI as first- or second-line therapy based on
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

http://www.pancreasjournal.com


TABLE 4. Real World Time to Treatment Discontinuation

Category

All Patients Prior Gemcitabine-Based Therapy

n Median (95% CI), mo P n Median (95% CI), mo P

All patients 257 1.9 (1.6–2.3) N/A 242 1.9 (1.5–2.1) N/A
Line of therapy 0.0468 0.0842
First/second line 145 2.3 (1.6–3.0) 130 2.1 (1.6–3.0)
Third or later 112 1.6 (1.4–1.9) 112 1.6 (1.4–1.9)

First vs second line 0.4859 0.6219
First line 38 3.0 (1.4–4.4) 26 3.1 (0.9–4.6)
Second line 107 1.9 (1.4–3.0) 104 1.9 (1.4–3.0)

Age, y 0.8277 0.7462
<65 94 1.9 (1.4–2.5) 89 1.9 (1.4–2.5)
≥65 163 1.9 (1.4–2.4) 153 1.7 (1.4–2.3)

Tumor location 0.3553 0.4218
Head 132 1.9 (1.4–2.4) 122 1.8 (1.4–2.4)
Body 68 1.9 (1.3–3.0) 65 1.9 (1.2–3.0)
Tail 35 1.6 (1.3–2.3) 33 1.6 (1.2–2.3)
Pancreas, NOS 2 1.0 (−) 2 1.0 (−)
Overlapping 20 2.7 (0.9–4.9) 20 2.7 (0.9–4.9)

Sex 0.2417 0.3528
Male 132 1.6 (1.4–2.00) 124 1.6 (1.4–1.9)
Female 125 2.1 (1.6–2.8) 118 2.0 (1.5–2.6)

ECOG grade 0.0371 0.0427
0 41 2.0 (1.6–4.2) 37 1.9 (1.5–4.2)
1 110 1.9 (1.4–2.3) 101 1.7 (1.4–2.3)
2 35 1.4 (0.7–1.9) 35 1.4 (0.7–1.9)
≥3 3 0.9 (0.0–1.9) 3 0.9 (0.0–1.9)
Missing 68 2.3 (1.4–3.0) 66 2.4 (1.4–3.4)

Albumin levels, g/L 0.2118 0.1762
<40 199 1.6 (1.4–2.0) 189 1.6 (1.4–2.0)
≥40 44 2.8 (1.5–4.6) 41 2.1 (1.5–5.1)
Unknown 14 3.2 (1.7–4.8) 12 3.2 (1.2–5.3)

NLR 0.1081 0.2631
≤5 132 2.1 (1.6–2.6) 122 1.9 (1.5–2.5)
>5 56 1.4 (1.0–1.9) 53 1.4 (1.0–2.3)
Unknown 69 1.9 (1.4–3.0) 67 1.9 (1.4–3.0)

Time from mPC diagnosis
to nal-IRI initiation

0.9753 0.8767

Less than median time (292 d) 128 1.7 (1.4–2.6) 121 1.7 (1.4–2.6)
Median time or greater (292 d) 129 1.9 (1.6–2.3) 121 1.9 (1.6–2.1)

Time from prior treatment end
to nal-IRI initiation

0.0738 0.0207

Less than median time (14 d) 106 1.6 (1.3–1.9) 105 1.6 (1.2–1.9)
Median time or greater (14 d) 113 1.9 (1.6–2.4) 137 1.9 (1.6–2.5)

Received irinotecan treatment
prior to nal-IRI

0.1492 0.1653

Yes 100 1.7 (1.4–1.9) 96 1.7 (1.4–1.9)
No 157 2.1 (1.4–2.8) 146 2.0 (1.4–2.8)

N/A indicates not applicable, NOS, not otherwise specified.
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line-of-therapy rules (n = 145), there was a difference of 15 pa-
tients between the full population versus those documented as
having been previously treated with gemcitabine. Therefore, when
evaluating the outcomes in these patients, we must consider the
possible influence of the subset of patients who were treated with
nal-IRI “off label,” by using either a nonindicated drug combina-
tion or sequence of therapy. However, given the small sample size,
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
this was unlikely to influence our findings related to patient out-
comes treated with nal-IRI.

This study identified patient characteristics that may serve as
prognostic factors. Patients previously treated with irinotecan-
based therapies (n = 100) had an OS of 4.1 months (95% CI,
3.0–5.3months) comparedwith 5.6months (95%CI, 4.7–6.9months)
irinotecan-naive patients (n = 157). Glassman et al10 identified
www.pancreasjournal.com 197
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TABLE 5. Overall Survival From Liposomal Irinotecan Initiation Date

Category

Full Population Prior Gemcitabine

n Median (95% CI), mo P n Median (95% CI), mo P

All patients 257 4.9 (4.3–5.7) N/A 242 4.9 (4.1–5.6) N/A
Line of therapy 0.0027 0.0033
First/second 145 5.6 (4.8–7.3) 130 5.5 (4.7–7.5)
Third or later 112 4.1 (3.4–4.9) 112 4.1 (3.4–4.9)

First vs second line 0.3926 0.2448
First line 38 5.9 (4.0–NR) 26 6.4 (3.9 to NR)
Second line 107 5.4 (4.2–7.5) 104 5.4 (4.1–7.4)

Age, y 0.9888 0.9702
<65 94 4.9 (4.1–6.0) 89 4.9 (4.1–6.0)
≥65 163 4.9 (4.1–6.4) 153 4.9 (4.0–6.4)

Tumor location 0.3954 0.4235
Head 132 5.0 (4.1–5.6) 122 4.9 (4.1–5.6)
Body 68 5.7 (3.5–8.6) 65 5.7 (3.4–8.4)
Tail 35 4.1 (2.9–5.6) 33 4.1 (2.9–5.6)
Pancreas, NOS 2 4.6 (3.2–6.0) 2 4.6 (3.2–6.0)
Overlapping 20 6.6 (4.0–12.5) 20 6.6 (4.0–12.5)

Sex 0.0275 0.0429
Male 132 4.3 (3.8–5.5) 124 4.3 (3.7–5.5)
Female 125 6.0 (4.7–7.5) 118 6.0 (4.4–7.5)

ECOG score 0.0025 0.0036
0 41 6.0 (4.3–7.5) 37 6.4 (3.9–7.5)
1 110 4.9 (3.8–6.6) 101 4.9 (3.8–6.6)
2 35 4.1 (2.5–5.0) 35 4.1 (2.5–5.0)
≥3 3 2.0 (1.6–2.1) 3 2.0 (1.6–2.1)
Missing 68 4.9 (4.1–7.5) 66 5.4 (4.1–7.7)

Albumin levels, g/L 0.0489 0.0667
<40 199 4.3 (3.8–5.2) 189 4.3 (3.7–5.2)
≥40 44 7.9 (7.2–10.7) 41 7.7 (5.3–10.7)
Unknown 14 6.3 (2.3–13.0) 12 6.5 (1.8–13.0)

NLR 0.0048 0.0136
≤5 132 5.7 (4.4–6.6) 122 5.6 (4.3–6.6)
>5 56 3.2 (2.5–4.4) 53 3.1 (2.5–4.4)
Unknown 69 5.2 (3.8–7.5) 67 5.3 (4.0–7.5)

Time from mPC diagnosis
to nal-IRI initiation

0.9838 0.946

Less than median time (292 d) 128 5.0 (4.0–6.4) 121 4.9 (3.9–6.6)
Median time or greater (292 d) 129 4.8 (4.1–6.4) 121 4.4 (4.1–6.4)

Time from prior treatment end
to nal-IRI initiation

0.0182 0.0028

Less than median time (14 d) 106 4.1 (3.0–4.9) 105 4.1 (3.0–4.8)
Median time or greater (14 d) 113 5.7 (4.3–7.3) 137 6.0 (4.8–7.3)

Received irinotecan treatment
prior to nal-IRI

0.004 0.0019

Yes 100 4.1 (3.0–5.3) 96 4.0 (3.0–5.2)
No 157 5.6 (4.7–6.9) 146 5.7 (4.7–7.5)

N/A indicates not applicable; NOS, not otherwise specified; NR, not reached.
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a similar trend in survival outcomes when comparing irinotecan-
naive patients to those previously exposed and reported a median
OS of 9.0 months in prior irinotecan patients with no progression,
3.9 months among prior irinotecan patients with documented pro-
gression, and 7.7 months among irinotecan-naive patients. Data
on disease progression were not available in our study, which
may influence the impact of prior irinotecan on survival outcomes
198 www.pancreasjournal.com
and limit the ability to determine sensitivity to irinotecan. In line
with other studies, patients with a lower NLR at treatment initia-
tion (NLR ≤5, n = 132) had an OS of 5.7 months (95% CI,
4.4–6.6 months) than those with an elevated NLR (NLR >5,
n = 56)who had anOSof 3.2months (95%CI, 2.5–4.4months).11–13

Serum albumin levels have been associated with survival in cancer,
with higher levels associated with better survival.14 Patients with
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. Overall survival curves among patients by (A) nal-IRI as
first-/second-line therapy compared with third-line-or-later
therapy, (B) prior treatment with irinotecan, (C) baseline serum
albumin level, and (D) baseline NLR.
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serum albumin at or greater than 40 g/L at treatment initiation
(n = 44) experienced better survival outcomes, OS of 7.9 months
(95%CI, 7.2–10.7months) compared with thosewith lower albumin
levels (n = 199), OS of 4.3 months (95% CI, 3.8–5.2 months).

Our findings revealed that patients who were treated with
nal-IRI in the first- or second-line had an OS of 5.6 months and
rwTTD of 2.3 months from initiation of nal-IRI therapy. For patients
treated with nal-IRI third line or later, these results were 4.1 and
1.6months, respectively. Improved outcomes in earlier lines of ther-
apy would be expected, considering that the latter patients are
more heavily pretreated as the gemcitabine and nab-paclitaxel
regimen was approved in 2013, prior to the NAPOLI-1 study.
The NAPOLI-1 study, where treatment regimens were tightly con-
trolled (first-line gemcitabine therapy prior to entering the study)
followed by second-line nal-IRI plus fluorouracil and leucovorin
during the study, demonstrated a median OS and time to treatment
failure of 6.1 and 2.3 months, respectively.9 Similar results were
observed in a retrospective chart review that also examined real-
world nal-IRI outcomes, albeit from a single clinical site.10 In that
study, both patient baseline characteristics and outcomes were
similar to our findings (the observed median OSwas 5.3 months).

Dosing information suggested that the mean dose exposure
at 6 weeks was 177.8 mg/m2 in our cohort, slightly higher than
that in the NAPOLI trial (167.5 mg/m2). Patients who experienced
dose modifications were able to receive a higher dose intensity at
6 weeks (190.7 mg/m2) and were on therapy longer (13.1 vs
6.1 weeks), suggesting that dose modifications in the real world
are practical for sustaining patients on treatment longer. Further-
more, the DOE to treatment was marginally lower in this cohort
(7.3 weeks in our cohort vs 8.7 weeks in the NAPOLI trial). How-
ever, in patients receiving first- and second-line therapy, based on
rwTTD estimates, the median duration of nal-IRI was 2.3 months,
matching the NAPOLI trial. Additionally, we found that patients
who received lower doses of nal-IRI were older (median, 70 years)
than those who received higher doses (median, 65 years), suggest-
ing that providers adjust the starting dose based on an assessment
of patient characteristics.

With regard to treatment-related toxicities, neutropenia is
among the significant toxicities of nal-IRI. Although G-CSF
TABLE 6. Select Adverse Effects* (N = 257)

n (%)

Select AE during baseline† period
Neutropenia, all grades 125 (48.64)
Diarrhea 18 (7.00)
Thrombocytopenia 17 (6.61)

AE during nal-IRI treatment period
Neutropenia, all grades 48 (18.68)
Diarrhea 119 (46.30)
Thrombocytopenia 4 (1.56)

Incidence‡ of AE during nal-IRI treatment period
Neutropenia, all grades 24 (9.34)
Diarrhea 110 (42.80)
Thrombocytopenia 2 (0.78)

*Neutropenia was identified via ICD-9/10-CM codes and neutrophil
count laboratory values. Diarrhea was identified via ICD-9/10-CM codes and
abstracted data. Thrombocytopenia was identified via ICD-9/10-CM codes.

†Between metastatic diagnosis date and treatment initiation.
‡Event that occurs during treatment with no history of the condition of

present between metastatic diagnosis date and treatment initiation.
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prophylaxis was not part of the NAPOLI trial, 37% of the trial
population experienced neutropenia. Interestingly, nearly half of
the population in our cohort received G-CSF after initiating nal-
IRI treatment, which is in line with the guidelines for use of
G-CSF in regimens with more than 20% risk of neutropenia.15

There are several limitations present in this study. Age is
capped at 85 years for deidentification reasons, so the true age
of some older patients with mPC who received nal-IRI and their
associated clinical outcomes and treatment-related toxicities are
unknown. Diagnosis codes from the structured data from an on-
cology clinic may not capture all the patients' comorbid condi-
tions, particularly those less likely to be relevant in an oncology
setting. This may lead to an underestimate of the true comorbidity
burden of patients included in the study. Entry errors may be pres-
ent in the structured data, leading to extreme values. Abstraction
of certain variables such as diarrhea from unstructured data was
exploratory and may be underreported in the data. This study uti-
lized time-to-event data analyses, which may be subject to bias
based on the frequency of data collection. These results may not
be generalizable outside the community oncology setting because
most patients were treated at community clinics.

CONCLUSIONS
This was the first large-scale study that examined the real-

world patient characteristics, treatment patterns, and outcome of
patients with mPC and treated with nal-IRI in the United States,
bearing in mind that the trial enrolled patients from 14 countries.
The analysis demonstrates that effectiveness of nal-IRI in the real
world may mirror the efficacy findings of the pivotal, phase 3,
NAPOLI-1 trial, despite differences in the patient characteristics
and dosing patterns. Although safety analysis was limited in this
study, trends were similar to those observed in the clinical trial.
Contrary to reports of fast adoption of immunotherapy treatment
for approved indications, adoption of nal-IRI in the community
had been low.16 We hope that our findings encourage the pro-
viders to consider this treatment in the appropriate patient popula-
tion, where survival differences based on patient attributes such as
prior irinotecan therapy, serum albumin levels, and NLR can be
used as association biomarkers for appropriate patients.
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