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Abstract

Background: Liposomal irinotecan (nal-IRI) plus 5-fluorouracil and leucovorin (5-FU/

LV]) is currently the standard second-line treatment for patients with pancreatic ductal
adenocarcinoma (PDAC]) after previous failed gemcitabine-based therapy. This population-
based study aimed to evaluate the efficacy and safety of nal-IRI + 5-FU/LV and the association
of pre-emptive nal-IRl dosing with treatment outcomes in patients with PDAC.

Methods: We retrospectively enrolled a total of 667 consecutive patients with PDAC who
received nal-IRI plus 5-FU/LV treatment between August 2018 and November 2020 at 9
medical centers in Taiwan. Patients were allocated into groups according to pre-emptive nal-
IRI dosing (=75%, 50-74%, <50%) for comparison of treatment efficacy and safety.

Results: The median overall survival (0S) and time to treatment failure (TTF) were 5.9 months
[95% confidence interval (Cl), 5.3-6.5] and 2.8 months (95% Cl, 2.6-3.0), respectively. The
median 0S was 6.5 months (95% CI, 5.7-6.7), 5.0 months (95% Cl, 3.4-6.5), and 4.1 months
(95% Cl, 2.7-5.6), respectively, among the =75%, 50-74%, and <50% pre-emptive nal-IRI
dosing groups, whereas the median TTF of the three groups was 3.0 months (95% Cl, 2.6-3.4),
2.6 months (95% Cl, 2.3-2.9], and 1.9 months (95% ClI, 1.6-2.2), respectively. Pre-emptive nal-
IRl dosing <50% was an independent negative prognostic factor for 0S and TTF in multivariate
analyses. The most common severe adverse events were neutropenia (22.9%), anemia
(21.1%), and hypokalemia (15.4%). Patients in the <50% pre-emptive nal-IRIl dosing group had
a significantly lower incidence of neutropenia and non-neutropenic infection than those in the
other groups.

Conclusion: Our results support the use of nal-IRI + 5-FU/LV as standard clinical practice

for treating patients with PDAC based on this large population-based study. Our findings
encourage physicians to provide adequate doses of nal-IRI in order to achieve better outcomes
without compromising safety profiles.
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Introduction

Pancreatic duct adenocarcinoma (PDAC) was
the 14th most common cancer and the 7th lead-
ing cause of cancer-related death worldwide as of
2020.! More than 80% of diagnosed patients

have unresectable disease at initial diagnosis; pal-
liative chemotherapy is the standard of care for
unresectable  disease.>>  Gemcitabine-based
chemotherapy is a standard first-line (LL1) treat-
ment for patients with PDAC, with an associated
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median overall survival (OS) time and response
rate of 611 months and 7-29%, respectively.*”

With the improved efficacy and toxicity profile of
L1 treatments, progression-free survival time has
extended from 4.1 to 5.7 months within the past
two decades.*7 As a reflection of enhanced stand-
ardized L1 treatment, survival time following L1
chemotherapy failure has nearly doubled from 3
to 6 months.#7 In addition, consequent to the
aforementioned improved toxicity profile, more
patients presented with good physical perfor-
mance following L1 therapy and were eligible to
receive second-line (L2) chemotherapy.® Our
previous study reported that <30% of patients
were able to receive .2 chemotherapy in 2010,
while approximately 50% of patients received 1.2
chemotherapy in 2016.%10 However, the survival
benefit of 1.2 treatment in patients with PDAC
remains controversial since previous phase III
studies have reported a wide variation in tumor
response rates (1-20.6%) and median OS (4.2—
9.9 months).11-14

NAPOLI-1 was the most recent phase III study
reporting a superior survival benefit in patients
with PDAC who received liposomal irinotecan
(nal-IRI) plus 5-fluorouracil and folic acid (5-FU/
LV), as compared with those who received 5-FU/
LV alone as subsequent treatment after gemcit-
abine-based therapy.!’> In this study cohort,
34.2% of the nal-IRI + 5-FU/LV arm needed a
dose reduction due to toxicity, as opposed to
4.5% of the 5-FU/LV arm.!> Several studies have
reported real-world data on the clinical efficacy
and toxicity of nal-IRI + 5-FU/LYV in comparable
settings.!®23  These published studies have
reported the common practice of pre-emptive
nal-IRI dose reduction to achieve better tolerabil-
ity and safety profiles without compromising
treatment efficacy.?%2! However, these studies
were limited by a single institute experience and
small numbers of patients.2%21 Furthermore,
none of these studies explored the clinical impact
of pre-emptive dose reduction on safety profiles.
While standard dosage may have detrimental
toxic effects, exploration of the effect of pre-emp-
tive dose reduction on survival outcomes is
warranted.

Based on the NAPOLI-1 study,!> the combina-
tion regimen of nal-IRI + 5-FU/LV has been the
standard 1.2 chemotherapy regimen in patients
with PDAC in Taiwan following the reimburse-
ment by the National Health Insurance in August

2018. This multicenter study aimed to (1) evalu-
ate the efficacy and safety of nal-IRI + 5-FU/LV,
and (2) explore the impact of pre-emptive nan-
IRI dose reduction on efficacy and safety in
patients with PDAC.

Methods

Patient selection

We retrospectively reviewed the medical records
of patients who received nal-IRI plus 5-FU/LV
for the treatment of PDAC between August 2018
and November 2020 at nine medical centers in
Taiwan. A total of 667 patients were included in
the current study.

All patients were either pathologically or cytologi-
cally confirmed as having PDAC. Patients received
nal-IRI plus 5-FU/LV (nal-IRI 80 mg/m? intrave-
nously over 90min, followed by LV 400mg/m?
intravenously over 30min and 5-FU 2400 mg/m?
over 46 h every 2 weeks) according to the NAPOLI-1
study.!> Participants were allocated into three
groups according to pre-emptive nal-IRI dosing:
=75% (no dose reduction), 50-74% (one dose
reduction), and<<50% (two dose reduction),
according to the NAPOLI-1 study protocol.!> The
pre-emptive nal-IRI dose was determined by pri-
mary care physicians. This study was approved by
the institutional review boards of Chang Gung
Memorial Hospital (202100783B0), China
Medical University Hospital (CMUHI109-
REC2-176), Chung Shan Medical University
Hospital (CS2-21095), National Cheng Kung
University Hospital (A-ER-109-477), National
Taiwan University Hospital (201911042RINC),
Kaohsiung Medical University Hospital
(KMUHIRB-E()-20210150), Taipei Veterans
General Hospital (2021-08-001AC), and Tri-
Service General Hospital (B202105057). Informed
consent requirements were waived because of the
retrospective nature of the analysis, and all data
were de-identified as well as encrypted.

Data collection

We retrospectively collected data on demo-
graphic, clinicopathological, radiologic, and labo-
ratory [including hemogram, albumin, and
carbohydrate antigen 19-9 (CA 19-9)] variables
at the beginning of nal-IRI + 5-FU/LV treatment
during the medical records review. Imaging stud-
ies were conducted during regular follow-up every
8—12weeks or were clinically indicated during the
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period of chemotherapy. Tumor response was
evaluated using imaging studies according to the
Response Evaluation Criteria for Solid Tumors
(RECIST) 1.1. Patients who required early ter-
mination of treatment or who died before imaging
studies were conducted for response assessment
were determined to have experienced disease pro-
gression. Adverse events were evaluated during
every clinic visit and graded according to the
National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI-CTCAE), ver-
sion 4.03. All adverse events were recorded from
the initiation of nal-IRI + 5-FU/LV therapy until
the end of treatment. All enrolled patients were
followed up until 31 December 2020 or until
death.

Statistical analysis

Basic patient demographic data were summarized
as frequencies (%) for categorical variables and as
medians with range for continuous variables.
Differences between the different pre-emptive
nal-IRI dosing groups were compared using the
chi-square (y2) test or through Fisher’s exact test
if the number in any cell was less than five. Time
to treatment failure (TTF) was defined as the
time from the initiation of nal-IRI + 5-FU/LV to
the date of treatment discontinuation for any rea-
son. OS was defined as the time between the ini-
tiation of nal-IRI + 5-FU/LV and death from any
cause. TTF and OS were calculated using the
Kaplan—Meier method. Log-rank tests were used
to determine statistically significant differences
among the survival curves. A pairwise compari-
son was performed for subgroup analysis among
the three pre-emptive dose groups. All clinico-
pathological variables were evaluated using uni-
variate Cox regression analysis to ascertain the
impact of each variable on TTF and OS. All vari-
ables in the univariate analysis with p values <0.10
were further analyzed using multivariate analysis.
SPSS software (version 17.0; SPSS Inc., Chicago,
IL, USA) was used for all statistical analyses. All
statistical assessments were two-sided and a p
value of <0.05 was considered the threshold for
statistical significance.

Results

The basic characteristics of the 667 patients are
presented in Table 1. The median age was 63
years (range, 27-89 years), and 56% of the par-
ticipants were men. The median prior treatment
line for metastatic disease was 1 (range, 0-7).

Thirteen patients (1.9%) received nal-IRI +
5-FU/LV as the first-line treatment, while 248
patients (36.9%) received nal-IRI + 5-FU/LV as
the third line of treatment for metastatic PDAC.
The most common frontline chemotherapeutic
agents were gemcitabine (99.3%), TS-1 (58.9%),
platinum (42.1%), 5-fluorouracil (17.8%), and
irinotecan (12.9%). Pre-emptive nal-IRI dose
reduction is a common practice and 69.7%,
17.2%, and 13.0% of the patients received =75%,
50-74%, and <50% nal-IRI dosing, respectively,
as the starting dose in our patient cohort. No sta-
tistical differences were observed among the dif-
ferent pre-emptive dose groups in terms of age,
sex, primary tumor location, site of metastases,
and time from first-line treatment to nal-IRI ther-
apy. Patients in the pre-emptive dose <50%
group had poorer ECOG performance status at
baseline and were less likely to receive TS-1 or
platinum treatment at the frontline than those in
the other two groups.

The median follow-up duration was 12.9 months
(range, 2.1-28.2months). At the end of our
study, 475 (71.2%) of the 667 patients had died.
The median OS and TTF were 5.9 months (95%
CI, 5.3-6.5) and 2.8 months (95% CI, 2.6-3.0),
respectively (Figure 1). The median OS among
the nal-IRI pre-emptive dose =75%, 50-74%,
and <50% groups were 6.5 months (95% CI,
5.7-6.7), 5.0 months (95% CI, 3.4-6.5), and 4.1
months (95% CI, 2.7-5.6), respectively (Figure
2(a)). The median TTF was 3.0 months (95%
CI, 2.6-3.4), 2.6 months (95% CI, 2.3-2.9), and
1.9 months (95% CI, 1.6-2.2), respectively
(Figure 2(b)). There were statistically significant
differences in OS and TTF between the =75%
and <50% pre-emptive dose groups (p=0.002
and <0.001, respectively); there were no statisti-
cally significant differences in OS and TTF
between the =75% wversus 50-74% and the 50—
74% wversus <50% pre-emptive dose groups.

The Supplementary Table presents the results of
univariate analyses examining overall survival and
time to treatment failure. Univariate analysis
showed that age =65 years, no previous pancrea-
tectomy, poor Eastern Cooperative Oncology
Group (ECOG) performance, the presence of
liver metastases, the presence of peritoneal metas-
tases, the presence of lung metastases, primary
tumor location at the pancreatic body or an over-
lapping site, CA 19-9 levels higher than the
median, prior line chemotherapy for metastatic
disease (=2), a neutrophil-to-lymphocyte ratio
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Table 1. Participant medical and demographic characteristics (n = 667).

Variable Category Pre-emptive nal-IRI dose (80 mg/m?2), n (%) p? value
Overall (n=667) =75% (n=465) 50-74% (n=115) <50% (n=87)
Age, years Median (range) 63 (27-89) 63 (27-89) 64 (44-86) 63 (43-82) 0.61
<65 397 (59.5) 279 (60.0) 64 (55.7) 54 (62.1)
=65 270 (40.5) 186 (40.0) 51 (44.3) 33(37.9)
Sex Male 376 (56.3) 258 (55.5) 72 (62.6) 46 (52.9) 0.30
Female 291 (43.7) 207 (44.5) 43 (37.4) 41 (47.1)
Body mass index, Median (range) 21.1(12.4-39.0) 21.1(12.4-39.0)  21.5(13.9-30.6) 20.9(13.1-33.8)  0.42
kg/m?
ECOG performance  0-1 510 (76.5) 379 (81.5) 81 (70.4) 50 (57.5) 0.001
2-3 157 (23.5) 86 (18.5) 34(29.6) 37 (42.5)
Primary tumor Head 359 (53.8) 252 (54.2) 61 (53.0) 46 (52.9) 0.65
location
Body 163 (24.4) 116 (24.9) 29 (25.2) 18 (20.7)
Tail 129 (19.3) 89 (19.1) 21 (18.3) 19 (21.8)
Overlapping 16 (2.4) 8(1.7) 4(3.5) 4 (4.6)
Site of metastases Liver 439 (65.8) 298 (64.1) 78 (67.8) 63 (72.4) 0.29
prior to nal-IRI
treatment
Lung 133(19.9) 94 (20.2) 24 (20.9) 15(17.2) 0.47
Bone 50 (7.5) 28 (6.0) 12 (10.4) 10 (11.5) 0.09
Peritoneum 207 (31.0) 141 (30.3) 43 (37.4) 23 (26.4) 0.21
Distant lymph 192 (28.8) 136 (29.2) 35(30.4) 21 (24.1) 0.61
nodes
Others 52 (7.8) 38(8.2) 8(7.0) 6(6.8) 0.23
Prior pancreatectomy 228 (34.2) 163 (35.1) 34 (29.6) 31(35.6) 0.52
CA 19-9 prior to nal- Median (range) 1860 (1-93,850) 923 (1-93,850) 1263 (2-66,900) 1964 (3-12,677)  0.36
IRl treatment, pg/ml
Unknown 99 (14.8) 68 (14.6) 21 (18.3) 11 (12.6) 0.19
Prior treatment Median (range) 1 (0-7) 1(0-7) 2 (0-5) 1(1-5) 0.07
line for metastatic
disease
0 13(1.9) 7(1.5) 6(5.2) 0
1 407 (61.0) 309 (66.5) 48 (41.7) 50 (57.5)
2 192 (28.8) 121 (26.0) 43 (37.4) 28 (32.2)
3 39 (5.8) 21(3.5) 13 (11.3) 5(5.7)
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Table 1. (Continued)

Variable Category Pre-emptive nal-IRI dose (80 mg/m?2), n (%) p2 value

Overall (n=667) =75% (n=465) 50-74% (n=115) <50% (n=87)

Time from first-line  Median (range) 7.7 (0-93.8)
treatment to nal-IRI
therapy, months

Prior gemcitabine Yes 662 (99.3)
treatment

Prior TS-1 treatment  Yes 393 (58.9)
Prior platinum Yes 281 (42.1)
treatment

Prior 5-fluorouracil  Yes 119 (17.8)
treatment

Prior irinotecan Yes 86 (12.9)
treatment

7(1.5) 5 (4.4) 4 (4.5)

7.7 (0-93.8) 7.3 (0-66.6) 8.5(1.3-42.3) 0.31
463 (99.6) 113 (98.3) 86 (98.8) 0.87
295 (63.4) 61 (53.0) 37 (42.5) <0.001
221 (47.5) 51 (44.3) 9(10.3) <0.001
83(17.8) 24 (20.9) 12 (13.8) 0.43
56 (12.0) 20 (17.4) 10 (11.5) 0.28

CA 19-9, Carbohydrate antigen 19-9; ECOG, Eastern Cooperative Oncology Group Performance Status; nal-IRI, liposomal irinotecan.

aWithin-group difference.

(NLR) >5, albumin levels <3.5g/dl, and pre-
emptive nal-IRI doses <50% were negative prog-
nostic factors for OS. A pre-emptive nal-IRI dose
<50% remained an independent negative factor
in the multivariate analysis for OS (Table 2).

The univariate analysis showed that no previous
pancreatectomy, poor ECOG performance, the
presence of liver metastases, the presence of peri-
toneal metastases, the presence of lung metasta-
ses, the presence of other metastatic sites, a
primary tumor location at an overlapping site, CA
19-9 levels higher than the median, NLR >5,
albumin levels <3.5 g/dl, and pre-emptive nal-IRI
doses <50% were negative prognostic factors for
TTF. Similar to the analyses for OS, a pre-emp-
tive nal-IRI dose <50% remained an independ-
ent negative factor in the multivariate analysis for
TTF (Table 3).

Regarding tumor response to nal-IRI + 5-FU/
LV,1(0.1%), 55 (8.2%), 190 (28.5%), and 421
(63.1%) of the patients achieved complete
response, partial response, stable disease, and
progressive disease, respectively (Figure 3).
Accordingly, the objective response and disease
control rates were 8.4% and 36.9%, respec-
tively. Patients in the pre-emptive nal-IRI =75%
group experienced a higher rate of objective
response (9.0%) and stable disease (29.7%)

1.07
0.9- Survival time Median (95% CI)
0.8 Overall survival (OS) — 5.9(5.3-6.5)

0.7 Time to treatment failure (TTF) — 2.8 (2.6-3.0)

Survival probability
o
q

0.4
0.37
0.27
0.17
0.0 3'6
No. at risk Time (months)
08 667 256 81 29 10
TIF 667 135 31 11 4 0

Figure 1. Overall survival and time to treatment failure curves.

than those in the pre-emptive nal-IRI 50-74%
group (7.0% and 27.8%, respectively) and those
in the pre-emptive nal-IRI <50% group (6.9%
and 23.0%, respectively). There was a trend
toward tumor response with progressive disease
among patients who received lower nal-IRI dos-
age (p=0.09).
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0.8 275% 62(57-6.7) 0.8 >75% —  3.0(2.6-34)
-759 — — >
2 o7 50-75% 50(3.4-6.5) £ o7 50-75% —  2.6(23-2.9)
= o =
g 06 <50%  —— 4.1(2.7-5.6) § 0.6 <50% —  1.9(1.6-2.2)
% 0.5 g 0.5
= 04+ 275% vs 50-75%, log-rank p=0.30 = 04 >75% vs 50-75%, log-rank p=0.053
g ' >75% vs <50%, log-rank p=0.002 s o o -
2 50-75% vs <50%. log-rank p=0.12 2 0.3 >75% vs <50%, log-rank p<0.001
g 0.37 201370 vs =30%, fog-rank p=o. E . 50-75% vs <50%, log-rank p=0.18
»2 0.21 n 0.2
0.1 0.1
0.0 T T T T T T 0.0 T T T T T T
0 6 12 18 24 30 36 0 6 12 18 24 30 36
No. at risk according to pre-emptive nal-IRI dosage Time (months) No. at risk according to pre-emptive nal-IRI dosage Time (months)
>75% 465 192 59 25 10 1 =275% 465 107 27 11 4 0
50-75% 115 33 9 2 0 0 50-75% 115 17 1 0 0 0
<50% 87 31 14 2 0 0 <50% 87 11 3 0 0 0

Figure 2. Kaplan-Meier estimates of overall survival (a] and time to treatment failure (b) among three pre-emptive nal-IRI dosing

groups.

The median dose intensity of nal-IRI during the
first six treatment cycles was 90% (range, 34—
100%), 68% (range, 51-98%), and 43% (range
30-61%) among patients in the pre-emptive dose
=75%, 50-74%, and <50% groups, respectively
(p<0.001 for within-group comparison). A total
of 105 (15.7%) patients—92 (19.8%), 11 (9.6%),
and 2 (2.3%) patients in the pre-emptive dose
=75%, 50-74%, and <50% groups, respectively
(p<<0.001 for all group comparisons)—required
additional nal-IRI dose reduction due to adverse
events. In total, 51 (7.6%) patients discontinued
nal-IRI treatment because of intolerance to
adverse events. The discontinuation rates due to
adverse events were 8.8%, 5.2%, and 4.6%
among patients in the pre-emptive dose =75%,
50-74%, and <50% groups, respectively (p=0.11
for all group comparisons).

The most common treatment-related adverse
events of all grades were anemia (65.4%), fatigue
(46.0%), and vomiting (42.9%) (Table 4).
Neutropenia (22.9%) was the most common
grade 3 or higher (severe) adverse event, followed
by anemia (21.1%) and hypokalemia (15.4%).
Patients in the <50% pre-emptive dose group
had a statistically significantly lower incidence of
all-grade neutropenia, anemia, hypokalemia,
fatigue, vomiting, nausea, mucositis, and non-
neutropenic infection than those in the other two
groups. Regarding severe adverse events, no sta-
tistically significant differences in the adverse
events were observed among these three patient
groups, with the exception of patients in the

<50% pre-emptive dose group; these patients
had a statistically significantly lower incidence of
neutropenia and non-neutropenic infection.

Discussion

To our knowledge, this study is the largest popu-
lation-based series, including 667 patients from 9
institutes across Taiwan, to demonstrate the
effect of nal-IRI + 5-FU/LV on survival outcomes
and safety profiles in patients with PDAC after
gemcitabine-based therapy. We demonstrated a
median OS of 5.9 months and a manageable
safety profile in Taiwanese patients receiving nal-
IRI + 5-FU/LV. Comparable to NAPOLI’s
median overall survival of 6.1 months, our results
support the utility of nal-IRI + 5-FU/LYV as a sub-
sequent treatment for patients with PDAC after
gemcitabine-based therapy. In addition, our
study showed that among all the risk factors, a
pre-emptive nal-IRI dose <50% was an inde-
pendent poor prognostic factor for OS and TTF.
Although a lower nal-IRI starting dosage may be
more tolerable because of a better safety profile,
our results demonstrate that this may occur at the
cost of inferior tumor response and compromised
survival outcomes in patients with PDAC. While
our study revealed the safety and tolerability of
the drug at a standard dosage, <50% of the
standard dosage should be discouraged as it may
compromise survival outcome.

We previously reported that the median OS was
4.2 months in patients with PDAC who received
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Table 2. Multivariate analyses examining overall survival.

Variable Category Adjusted HR  95% CI p
Sex Female versus Male 0.83 0.69-1.02 0.08
Age <65 versus =65 1.12 0.93-1.36  0.24
Body mass index, kg/m? <21.1 versus >21.1 0.77 0.64-0.94 0.008
ECOG performance 0-1 versus 2-3 2.44 1.70-2.69 <0.001
Primary tumor location Head reference

Body 1.26 0.99-1.58 0.13

Tail 1.14 0.88-1.47 0.31

Overlapping 1.68 0.95-3.01 0.08
Presence of liver metastases Yes versus No 1.57 1.27-1.94 <0.001
Presence of peritoneum metastases Yes versus No 1.12 0.97-1.38 0.28
Presence of lung metastases Yes versus No 1.23 0.97-1.55 0.09
CA 19-9, ug/ml <1860 (median) reference

=1860 1.62 1.31-2.01 <0.001

Missing 0.88 0.66-1.18 0.39
Albumin, g/dl =35 reference

<35 1.68 1.31-2.14 <0.001

Missing 1.03 0.82-1.31 0.78
Neutrophil-to-lymphocyte ratio <5 reference

=5 1.59 1.29-1.95 <0.001

Missing 1.48 0.94-2.34 0.09
Prior line of chemotherapy for 0-1 versus 2-3 0.97 0.76-1.22 0.77
metastatic disease
Prior irinotecan treatment Yes versus No 1.10 0.74-1.63 0.64
Prior TS-1 treatment Yes versus No 1.43 1.16-1.77 0.001
Prior platinum treatment Yes versus No 1.12 0.90-1.39 0.32
Prior 5-fluorouracil treatment Yes versus No 1.13 0.79-1.60 0.51
Pre-emptive nal-IRI dose (80 mg/m?) =75% reference

50-74% 1.14 0.86-1.49 0.36

<50% 1.37 1.04-1.80 0.027

CA 19-9, Carbohydrate antigen 19-9; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group Performance
Status; HR, hazard ratio; nal-IRI, liposomal irinotecan.
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Table 3. Multivariate analyses examining time to treatment failure.

Variable Category Adjusted HR 95% CI p
Sex Female versus Male 0.84 0.71-1.02 0.06
Body mass index, kg/m? < 21.1 versus >21.1 0.84 0.71-0.99 0.049
ECOG performance 0-1 versus 2-3 1.95 1.56-2.42 <0.001
Primary tumor location Head reference

Body 0.97 0.77-1.18 0.77

Tail 0.98 0.74-1.18 0.86

Overlapping 1.65 0.97-2.79 0.07
Previous pancreatectomy Yes versus No 0.74 0.62-0.90 0.002
Presence of liver metastases Yes versus No 1.23 1.12-1.49 0.032
Presence of peritoneum metastases Yes versus No 1.09 0.90-1.32 0.40
Presence of lung metastases Yes versus No 1.39 1.12-1.73 0.002
Presence of other metastases Yes versus No 0.71 0.52-0.97 0.032
CA 19-9, ug/ml <1860 (median) reference

=1860 1.30 1.07-1.57 0.009

Missing 1.02 0.79-1.32 0.86
Albumin, g/dl =35 reference

<3.5 1.10 0.88-1.39 0.40

Missing 0.85 0.69-1.05 0.13
Neutrophil-to-lymphocyte ratio <5 reference

=5 1.28 1.06-1.55 0.012

Missing 1.28 0.86-1.93 0.23
Prior line of chemotherapy for metastatic 0-1 versus 2-3 0.95 0.77-1.17 0.61
disease
Prior irinotecan treatment Yes versus No 1.23 0.91-1.66 0.17
Prior TS-1 treatment Yes versus No 1.33 1.10-1.60 0.003
Pre-emptive nal-IRI dose (80 mg/m?) =75% reference

50-74% 1.19 0.93-1.51 0.16

<50% 1.43 1.11-1.86 0.006

CA 19-9, carbohydrate antigen 19-9; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; nal-

IRI, liposomal irinotecan.
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L2 therapy between 2010 and 2016 (before the
availability of nal-IRI).2425 In the NAPOL-1 study,
the median OS and TTF in the nal-IRI + 5-FU/
LV arm were 6.1 and 2.3 months, respectively.!®
The median OS ranged from 4.2 to 5.3 months in
real-world studies among PDAC who received nal-
IRI in the world.17-18:20,21 Using nal-IRI + 5-FU/
LV as a L2 therapy, the OS benefit in our cohort
was comparable to that of the NAPOLI-1 study
and real-world data from the United States.!5:17:18:20
However, the OS in our cohort was inferior to that
of the subgroup analysis of Asian patients (OS,
8.9 months) in the NAPOLI-1 study.?® The objec-
tive response and disease control rates (8.4% and
36.9%, respectively) in our cohort were lower than
those in the NAPOLI-1 Asian subgroup (8.8%
and 52.9%, respectively).?¢ Similarly, Yoo et al.1®
reported a median OS of 9.4months with a 10%
objective response rate and a 55% disease control
rate within real-world data in patients with PDAC
receiving nal-IRI treatment in Korea. Differences
in demographic characteristics among the three
cohorts may potentially lead to variations in sur-
vival outcome.!®2¢ In our cohort, we had more
cases with an ECOG performance of 2 or 3 (23.5%
versus 0%), older median age, more liver metasta-
ses, and higher CA19-9, which are all well known
as poor prognostic indicators for patients with
PDAC receiving nal-IRI treatment?? than patients
in the NAPOLI-1 Asian subgroup series and
Korean Cancer Study Group.!® Furthermore, our
cohort had more cases who received nal-IRI +
5-FU/LV as beyond second-line treatment for
PDAC (37%) as compared with those in the
NAPOLI-1 Asian subgroup (27%). Despite the
innate demographic differences between our
cohort and other studies, this study showed that
survival outcomes of patients with PDAC in
Taiwan have improved since the approval of nal-
IRI + 5-FU/LV reimbursement.

Consistent with the NAPOLI-I study, our study
showed that poor ECOG performance, the pres-
ence of liver metastases, higher CA 19-9 values, and
NLR >5 were poor prognostic factors.?’” In addi-
tion, this study identified that initial nal-IRI dosing
was an independent prognostic factor for patients
with PDAC. Dose modifications, including dose
reductions or dose delays, were used to manage
adverse effects and prevent treatment discontinua-
tion, thereby allowing patients to remain on treat-
ment longer and achieve clinical benefit.?® For
instance, 33% of patients in the nal-IRI + 5-FU/LV
arm in the NAPOLI-1 study experienced adverse
events that resulted in a dose reduction.!> The post

B Objective response M Stable disease
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Figure 3. Best tumor responses to nal-IRIl + 5-FU/LV treatment among the
entire cohort and among the three pre-emptive nal-IRI dosing groups.

hoc analysis of data from the NAPOLI-1 study dem-
onstrated a similar outcome for OS and PFS
between nal-IRI patients with and without early
dose modifications.?8 The results of real-world stud-
ies suggest that appropriate dose modifications of
nal-IRI + 5-FU/LV due to adverse events led to
substantially better survival outcomes than those in
patients without dose reduction.!820 In contrast, the
impact of pre-emptive nal-IRI dose reduction on
patient survival has rarely been explored.

Our study showed that pre-emptive nal-IRI dose
reduction is a common practice based on real-
world data. Only 70% of our patient cohort
received a pre-emptive nal-IRI dose of =75%
during the first treatment cycle. The proportion
of patients with dose reductions was generally
consistent with other real-world studies of nal-IRI
+ 5-FU/LV therapy in patients with pancreatic
cancer.16:17:20:29 Glassman et al.?° reported a real-
world analysis based on 56 patients with PDAC
in the United States; only 30% of the patients
were treated with a starting nal-IRI dosage
>70mg/m2. The authors concluded that the
starting dose of nal-IRI was not associated with
survival. Su ez al.?! reported comparable survival
outcomes between patients treated with a full
dose and a 20% reduction in the starting dose
among 32 patients with PDAC in Taiwan.
Contrary to previous reports, our study showed
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that a pre-emptive nal-IRI dose <50% was an
independent poor prognostic factor for OS and
TTF. Furthermore, our data showed a trend
toward lower objective tumor responses and dis-
ease control rates among patients who received
lower pre-emptive nal-IRI dosing. As a result, a
pre-emptive nal-IRI dose that is <50% of the
standard dose is discouraged in clinical practice,
as this would compromise survival outcomes.

While this study focuses on a subsequent line of
treatment, different frontline chemotherapeutic
agents may impact survival outcomes in patients
with PDAC receiving subsequent nal-IRI + 5-FU/
LV. In our study, prior TS-1 and irinotecan treat-
ment were both poor prognostic factors for OS
and TTF in univariate analyses, whereas only
TS-1 remained an independent prognostic factor
for OS and TTF after adjusting for other con-
founding factors. Nal-IRI comprised free irinote-
can encapsulated in liposome nanoparticles. As a
result, patients previously treated with irinotecan
tended to be less responsive to nal-IRI. The sub-
group analysis of the NAPOLI-1 study showed
better survival time following 5-FU/LV treatment
than following nal-IRI + 5-FU/LV treatment in
patients previously treated with irinotecan.!’
Several real-world studies have reported similar
results, demonstrating that previous irinotecan
treatment was a poor prognostic variable for
patients receiving nal-IRI treatment.!”20 The
same concept applies to patients with previous
exposure to 5-FU, which might also compromise
the efficacy of nal-IRI + 5-FU/LV treatment.
Because the two arms of the NAPOLI-1 study
both contained 5-FU/LV, the influence of previ-
ous 5-FU use on subsequent treatment could not
be demonstrated. In addition, since gemcitabine
+ nab-paclitaxel or gemcitabine monotherapy
was the most common frontline regimen in
Western countries prior to nal-IRI + 5-FU/LV
being implemented,® real-world studies from
Western countries have been unable to evaluate
the impact of prior 5-FU exposure among patients
with PDAC receiving nal-IRI plus 5-FU/LV.
TS-1 is an oral 5-FU derivative widely used in
Japan and Taiwan for treating patients with
advanced PDAC and TS-1 in combination with
gemcitabine was widely used as a L1 chemother-
apy treatment for PDAC until nab-paclitaxel was
reimbursed in Taiwan in November 2019.7 This
might explain why a high proportion of patients
(59%) had been exposed to TS-1 in our patient
cohort. The effect of prior irinotecan or TS-1
exposure on survival outcomes in patients with

PDAUC receiving subsequent nal-IRI + 5-FU/LV
needs further study within prospective cohorts.

The most common severe adverse events among
patients in the nal-IRI + 5-FU/LV arm of the
NAPOLI-1 study were neutropenia (27%),
fatigue (14%), and diarrhea (13%), whereas neu-
tropenia (23%), anemia (21%), and hypokalemia
(15%) were more common in our study. The
lower starting dosage of nal-IRI in our study
might be the main reason for the lower incidence
of all grade and severe adverse events as com-
pared with the NAPOLI-1 study.!> Compared
with nal-IRI dosing <50%, the only significant
grade 3 or higher treatment-related toxicity
among nal-IRI dosing of =75% is neutropenia
(26.7% versus 14.9%, p=0.003) while no signifi-
cant difference in neutropenic fever (4.1% wversus
1.1%, p=0.38) is noted. This suggests that even
though standard dosage of nal-IRI does lead to
neutropenia, it does not lead to notable conse-
quential infection. Thus, >75% of standard dos-
age has a comparable toxicity and safety profile to
<50% of standard dosage. In line with the
NAPOLI-1 study, our study confirmed the safety
profiles of nal-IRI in real-world practice.

The rationale for pre-emptive dose reduction often
involves consideration of patient characteristics
such as older age, poor performance, or malnutri-
tion. In our study, patients in the pre-emptive dose
<50% group had poorer performance than those in
the other two groups. However, the decision for
pre-emptive dose reduction at treatment initiation
was multifactorial, and these factors varied with
each individual and treating physician. We were
unable to investigate all the possible reasons and
components of the subjective decision to prescribe
different initial treatment doses; this may have
introduced a selection bias in our study. Our study
revealed that the impact of pre-emptive dose reduc-
tions on survival outcomes remained after adjust-
ment for these confounding factors in the
multivariate analysis. Limited experience to a new
regimen may also contribute to physician’s ten-
dency toward dose reduction. In response to clini-
cal concerns, our study has addressed the adequate
safety profile and the proven efficacy of nal-IRI in
the Asian population.

As the primary purpose of palliative chemother-
apy centers around improving quality of life, sur-
vival improvement is also a desired expectation.
As nal-IRI has manageable safety profile at a
standard dosage, <50% of the standard dosage
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should be discouraged as it may compromise sur-
vival outcome.

Several limitations should be considered when
interpreting the results of this study. First, selec-
tion and recall bias might have occurred due to
biases inherent to retrospective observational
studies. Second, patients might receive dose mod-
ification with either escalation or de-escalation in
subsequent treatment cycles and we did not
include variables representing subsequent dose
modifications in the survival analysis because
some patients who received only one cycle of nal-
IRI + 5-FU/LV might have been excluded from
the analysis. Third, the incidence of adverse events
was calculated during nal-IRI treatment. The inci-
dence of adverse events in patients with pre-emp-
tive nal-IRI doses <50% may be underestimated
because of the shorter treatment duration as com-
pared with the other two groups. Further studies
are necessary to address these issues.

Conclusion

This was the largest population-based study to
examine the effectiveness and safety profile of
nal-IRI + 5-FU/LV treatment in patients with
PDAC. Our results supported the use of nal-IRI
+ 5-FU/LV as the standard clinical practice for
treating patients with PDAC after treatment with
gemcitabine-based therapy. Our study showed
that pre-emptive nal-IRI dose reduction is a com-
mon practice based on real-world data. Although
our study revealed the safety and tolerability of
nal-IRI at a standard dose, an initial treatment
dose reduction of <50% should be discouraged
as it might compromise survival outcomes.
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