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Abstract: Liposomal irinotecan (nal-IRI) plus 5-fluorouracil and leucovorin (5-FU/LV) improves survival in patients
with pancreatic ductal adenocarcinoma (PDAC) after progression to gemcitabine-based therapy. Few studies have
examined whether the starting dose and dose escalation of nal-IRI in subsequent treatment cycles may influence
patient outcomes and toxicity profiles. A total of 667 patients who received nal-IRI + 5-FU/LV for PDAC treatment
between August 2018 and November 2020 at nine medical centers in Taiwan were included and retrospectively
analyzed. Patients were allocated to the standard starting dose (SD), reduced starting dose (RD) without escalation,
and RD with escalation of nal-IRI groups for comparison of survival outcome and safety. Propensity score matching
(PSM) was performed to adjust for possible confounding variables. Nal-IRI was prescribed at SD, RD without escala-
tion, and RD with escalation in 465 (69.7%), 147 (22.0), and 55 (8.2%), respectively. RD with escalation patients
had significantly longer treatment cycles (6, range 2-25) than SD (5, range 1-42, P<0.001) and RD without escala-
tion patients (4, range 1-26, P<0.001). The median overall survival (0OS) of the patients were as follows: SD, 6.2
months (95% confidence interval [Cl], 5.7-6.7); RD with escalation, 7.6 months (95% Cl, 6.1-9.2); and RD without
escalation, 3.6 months (95% Cl, 2.6-4.5). After PSM to adjust for potential confounders, RD without escalation
patients still had the poorest OS compared to the other two groups (P<0.001), while the OS difference between SD
and RD with escalation patients was insignificant (P=0.10). SD patients had higher incidences of > grade 3 neutro-
penia and febrile neutropenia than the other two groups. Administering nal-IRl at RD followed by dose escalation in
subsequent treatment cycles is safe and does not compromise survival outcomes in selected patients with PDAC
receiving nal-IRI plus 5-FU/LV.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is
the seventh leading cause of cancer-related
death worldwide [1]. Palliative chemotherapy is
the most common treatment strategy for PDAC,
as more than 80% of patients have unresect-
able or metastatic disease at the initial diagno-
sis [2]. Liposomal irinotecan (nal-IRI) plus 5-flu-
orouracil and leucovorin (5-FU/LV) is currently
the standard of care for patients with metastat-
ic PDAC who have progressed on gemcitabine-
based therapy based on the pivotal phase llI
study, NAPOLI-1 [3].

In NAPOLI-1, patients who received nal-IRI plus
5-FU/LV had a 1.9 months absolute survival
benefit compared to those who received 5-FU/
LV as subsequent treatment for metastatic
PDAC after progression on gemcitabine-based
therapy [3]. In the Asian subgroup of NAPOLI-1,
the magnitude of survival benefit was more
obvious with an absolute survival difference of
5.2 [4]. However, toxicity is one of the primary
limitations of nal-IRls. The most common grade
3-4 toxicity was neutropenia at a rate of 27% in
the nal-IRI plus 5-FU/LV arm compared to 1% in
the B5FU/LV arm in NAPOLI-1 [3]. As a result,
33% of patients in the nal-IRI plus 5-FU/LV arm
required dose reduction due to toxicity, as
opposed to 4% of those in the 5-FU/LV arm in
NAPOLI-1 [3].

Nal-IRI is commonly prescribed at a starting
dose of 80 mg/m? (equivalent to 70 mg/m? of
irinotecan base) [3]. One expanded analysis
from the NAPOLI-1 showed a significant sur-
vival advantage in per-protocol (defined as
patients receiving 280% of planned treatment
during the first 6 weeks) than in non-per-proto-
col patients, highlighting the importance of sus-
tained drug intensity of nal-IRI for efficacy in
PDAC patients [5]. In the clinical trial setting,
reduction in the nal-IRI starting dose is a com-
mon scenario that ranges from 20-40% in clini-
cal practice based on real-world retrospective
studies [6-12]. Some real-world studies have
reported that reduced nal-IRI starting doses do
not influence treatment efficacy [8-9]. Further-
more, our previous analysis showed a compa-
rable survival outcome between patients re-
ceiving nal-IRI starting doses >75% and 50-75%
of the standard dosage. However, significantly
poor survival was observed in patients who
received nal-IRI, with a standard dosage of
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<50% [11]. As a result, the effect of nal-IRI
starting dose on survival outcome is contradic-
tory and limited by small-scale retrospective
analysis [6-10] or analysis only by multivariate
analysis to adjust for possible confounders [9,
11]. Furthermore, our previous study showed
that a lower nal-IRI starting dose followed by an
escalation strategy could achieve survival out-
comes comparable to those with a standard
nal-IRI starting dose for mPDAC patients in real-
world practice [12]. Unfortunately, the effect of
the nal-IRI dose-escalation strategy on survival
outcomes might not have been fully explored
because only univariate analysis was conduct-
ed in that study [12]. Meanwhile, the present
study aimed to use propensity score matching
(PSM) to minimize statistical bias to examine if
a reduced starting dose of nal-IRI followed by
dose escalation was associated with survival
differences compared to those prescribed at a
standard starting dose and those prescribed at
a reduced starting dose without subsequent
dose escalation. Furthermore, the effect of a
reduced starting dose on the total treatment
duration and severe adverse events (SAEs,
defined as grade lll or higher adverse events)
will also be investigated.

Methods
Patient selection

We retrospectively reviewed the medical re-
cords of patients who received nal-IRI plus
5-FU/LV for PDAC treatment between August
2018 and November 2020 at nine medical
centers in Taiwan. The inclusion criteria were as
follows: age >20 years, pathological or cytologi-
cal diagnosed of mPDAC, and received nal-IRI
plus 5FU/LV. Patients who receipt of concurrent
radiotherapy or lost of regular follow up were
excluded.

The standard dosing of nal-IRI plus 5-FU/LV
should be nal-IRI 80 mg/m? intravenously over
90 minutes, followed by LV 400 mg/m? intrave-
nously over 30 minutes and 5-FU 2400 mg/m?
over 46 hours every 2 weeks according to
NAPOLI-1 [3]. However, the actual nal-IRI dos-
ing at the beginning and subsequent treatment
cycles was determined by the primary care phy-
sicians. A total of 667 patients were included in
this study. This study was approved by the insti-
tutional review boards of all the investigated
institutes. The requirement for informed con-
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Figure 1. Study flow chart.

sent was waived because of the retrospective
nature of the analysis, and all data were de-
identified and encrypted.

Definition of study groups

Data on nal-IRI dosing at every treatment cycle,
dose intensity, and total number of treatment
cycles were obtained for each patient. All
patients were first allocated to the standard
dose (SD) and reduction dose (RD) groups ac-
cording to the starting dose >75% (60 mg/m?
nal-IRl, equivalent to 50 mg/m? of irinotecan
base) or <75% (one more dose reduction) of the
standard dose according to the NAPOLI-1 study
protocol [3]. The reduction dose (RD) group was
further divided into dose escalation and with-
out dose escalation, depending on whether
patients had increased >210% nal-IRI dose of
the starting dose in any subsequent treatment
cycle. Figure 1 shows a flowchart of the study.

Data collection

We retrospectively collected data on the de-
mographic, clinicopathological, and laboratory
variables at the beginning of nal-IRI + 5-FU/LV
treatment. Imaging studies were conducted
during regular follow-up every 8-12 weeks or
were clinically indicated during the period of
chemotherapy. Tumor response was evaluated
using imaging studies according to the Res-
ponse Evaluation Criteria for Solid Tumors
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obtained through a medical
chart review.

The primary study outcome of interest was
overall survival (0S), defined as the time be-
tween the initiation of nal-IRlI + 5-FU/LV and
death from any cause or date of censoring by
the cutoff date of December 31, 2020. The sec-
ondary study outcomes of interest included the
number of total treatment cycles and SAEs of
nal-IRI plus 5-FU/LV.

Statistical analysis

Basic patient demographic data are summa-
rized as frequencies (%) for categorical vari-
ables and medians with ranges for continuous
variables. Differences between the different
nal-IRI dosing groups were compared using the
chi-squared (x?) test or Fisher’s exact test if the
number in any cell was less than five.

OS was calculated using the Kaplan-Meier
method. Log-rank tests were used to determine
statistically significant differences among the
survival curves. Pairwise comparison was per-
formed for subgroup analysis among the three
dose groups. Hazard ratios (HR) and 95% confi-
dence intervals (Cl) were calculated using the
Cox proportional hazards model.

Considering selection bias in non-randomized
studies and achieving balanced covariates
across three treatment groups, propensity
score matching (PSM) via logistic regression
was used with regard to patient characteristics
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including age, sex, Eastern Cooperative On-
cology Group (ECOG) performance, site of
metastatic organ, body mass index (BMI), and
prior treatment lines for metastatic PDAC. Each
RD patient with escalation was matched to two
RD patients without escalation and three SD
patients using a greedy-match algorithm that
minimizes differences in PSM [14]. In addition,
PSM was being used to obtain the inverse pro-
bability weights (IPW) [15]. The idea of using
IPW is to weigh individuals by the inverse of
their propensity scores so that those with high-
er propensity scores will be assigned a lower
weight and those with lower propensity scores
will be assigned a higher weight. Therefore,
using IPW will generate a “pseudo-sample” in
which the imbalanced set of covariates be-
comes balanced between treatment groups
[15]. A logistic regression analysis was applied
to estimate the propensity of diffuse treatment
dosage groups, conditioned on a pre-specified
list of clinical covariates (same variables as in
the PSM above) using the IPW.

SAS 9.2/9.4 (SAS Institute, Cary, NC, USA) and
SPSS software (version 23.0; IBM Corp, Ar-
monk, NY, United States) were used for all sta-
tistical analyses. All statistical assessments
were two-sided, and a P value of <0.05 was
considered the threshold for statistical signi-
ficance.

Results
Baseline characteristics

The basic characteristics of 667 patients are
presented in Table 1. The median age of our
cohort was 63 years (range, 27-89 years) and
56% were men. Of the 667 patients, 465
(69.7%), 147 (22.0), and 55 (8.2%) were pre-
scribed nal-IRlI at SD, RD without escalation,
and RD with escalation, respectively. In the
unmatched cohort, patients in the SD group
had significantly better ECOG performance, a
higher prevalence of distant lymph node metas-
tases, and a higher percentage of fewer prior
treatment lines. Using the 3:2:1 PSM, 165 SD
patients and 110 RD patients without escala-
tion were matched to 55 RD patients with esca-
lation. The basic characteristics were well bal-
anced among the three groups following PSM.

Average nal-IRI dosage over time of first six
treatment cycles

The average nal-IRI dosage over time for the
three patient groups is shown in Figure 2. The
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average nal-IRI starting dosage was 74 mg/m?
for patients with SD, 47 mg/m? for patients
with RD with escalation, and 43 mg/m? for
patients with RD without escalation. The aver-
age nal-IRl dosage increased gradually over the
first six treatment cycles in RD with escalation
patients, while the average nal-IRl dosage
remained consistent for SD and RD without
escalation patient groups. At the sixth treat-
ment cycle, the average nal-IRI dosage was 70
mg/m? for SD patients, 68 mg/m? for RD with
escalation patients, and 42 mg/m? for RD with-
out escalation patients.

Treatment cycles, discontinuing reasons, and
tumor response

In the unmatched cohort, the median number
of nal-IRI treatment cycles was 5 (range, 1-42),
4 (range, 1-26), and 6 (range, 2-25) for SD, RD
without escalation, and RD with escalation,
respectively (Table 2). Patients who received
RD with escalation had significantly longer
median treatment cycles of nal-IRl than the
other two groups (P=0.001). Patients with RD
without escalation had the highest probability
(83.0%) of discontinuing nal-IRI because of pro-
gressive disease than SD patients (75.5%) and
RD with escalation patients (69.1%) (P=0.009).

After matching, RD patients with escalation
still had significantly longer median treatment
cycles of nal-IRl and the lowest probability of
discontinuing nal-IRlI because of progressive
disease than the other two patient groups. The
best tumor response to nal-IRl was not signifi-
cantly different between the three patient
groups before and after matching.

Severe adverse event

In the unmatched cohort, patients with SD had
a higher incidence of grade 3 or higher neutro-
penia and febrile neutropenia than the other
two groups (Table 3). The incidence of other
severe toxicities was well balanced among the
three groups. Patients with SD still had a signifi-
cantly higher incidence of grade 3 or higher
neutropenia than the other two groups after
PSM.

Survival outcome

The median follow-up duration was 12.9 (range,
2.1-28.2) months, and 475 (71.2%) of the 667
patients had died by the end of our study. In the
unmatched cohort, the median 0S was 6.2
months (95% ClI, 5.7-6.7) for RD patients, 7.6
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Table 1. Baseline patient characteristics (comparison among SD, RD with and without escalation groups)

Unmatched cohort Propensity score-matched cohort
Clinical Characteristic RD with.out RD wit.h P RD with.out RD wit.h
SD (n=465) escalation escalation value SD (n=165) escalation escalation value
(n=147) (n=55) (n=110) (n=55)
Age, years, median (range) 63 (27-89) 63 (43-86) 65 (44-82) 0.56 63 (39-89) 64 (43-86) 65 (44-82) 0.75
<65, n (%) 279 (60.0) 89 (60.5) 29 (52.7) 100 (60.6) 59 (53.6) 29 (52.7)
265, n (%) 186 (40.0) 58 (39.5) 26 (47.3) 65 (39.4) 51 (46.4) 26 (47.3)
Male, n (%) 258 (55.5) 84 (57.1) 4 (61.8) 0.65 107 (64.8) 68 (61.8) 4 (61.8) 0.85
Previous pancreatectomy, n (%) 163 (35.1) 48 (32.7) 17 (30.9) 0.75 48 (29.1) 31(28.2) 17 (30.9) 0.94
ECOG performance, n (%) <0.001 0.76
0-1 379 (81.5) 94 (63.9) 37 (67.3) 118 (71.5) 80 (72.7) 37 (67.3)
2-3 86 (18.5) 53(36.1) 18 (32.7) 47 (28.5) 30(27.3) 18 (32.7)
Primary tumor site of the pancreas, n (%) 0.50 0.90
Head 252 (54.2) 75 (51.0) 2 (58.2) 95 (57.6) 56 (50.9) 2 (58.2)
Body 116 (24.9) 36 (24.5) 1(20.0) 40 (24.2) 29 (26.4) 1(20.0)
Tail 89 (19.1) 29 (19.7) 1(20.0) 26 (15.8) 22 (20.0) 1(20.0)
Overlapping 8(1.7) 7(4.8) ( 8) 4(2.4) 3(2.7) ( 8)
Presence of liver metastases, n (%) 298 (64.1) 104 (70.7) 7 (67.3) 0.32 110 (66.7) 78(70.9) 7 (67.3) 0.75
Presence of peritoneal metastases, n (%) 141 (30.3) 50 (34.0) 16 (29.1) 0.67 45 (27.3) 36 (32.7) 16 (29.1) 0.62
Presence of distant lymph nodes metastases, n (%) 136 (29.2) 29 (19.7) 7(12.7) <0.001 21 (12.7) 14 (12.7) 7(12.7) 0.99
CA 19-9 prior to nal-IRI treatment, ug/mL, median (range) 923 (1-93,850) 1485 (2-126,770) 979 (2-27,853) 0.87 1039 (1-62,530) 1158 (2-12670) 979 (2-27,853) 0.26
Unknown, n (%) 68 (14.6) 23 (15.6) 8(14.5) 22(13.3) 15 (13.6) 8(14.5)
BMI, median (range) 21.1(12.4-39.0) 20.8(13.1-33.8) 22.1(16.7-30.3) 0.17 22.3(12.4-36.1) 22.0(15.0-33.8) 22.1(16.7-30.3) 0.78
Prior treatment line for metastatic disease, median (range) 1(0-7) <0.001 0.49
1, n (%) 316 (68.0) 76 (51.6) 28 (50.9) 99 (60.0) 62 (56.4) 28 (50.9)
>2,n (%) 149 (32.0) 71(48.4) 27 (49.1) 66 (40.0) 48 43.6) 27 (49.1)
Time from first line treatment to nal-IRI therapy, months, median (range) 7.7 (0-93.8) 8.1 (0-66.6) 6.5 (0-43.7) 0.39 7.2 (0-48.8) 7.6 (0-66.6) 6.5 (0-43.7) 0.22

SD, Standard Starting Dose; RD, Reduced Starting Dose; ECOG, Eastern Cooperative Oncology Group; CA 19-9, Carbohydrate Antigen 19-9; BMI, Body Mass Index.
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Figure 2. Changes in average nal-IRI dose intensity over time of first six treat-

ment cycles.

months (95% Cl, 6.1-9.2) for RD with escalation
patients, and 3.6 months (95% ClI, 2.6-4.5) for
RD patients without escalation (Figure 3A). RD
without escalation patients had a significantly
poorer OS than the other two groups (P<0.001),
while there was no significant OS difference
between the SD and RD with escalation groups
(P=0.08).

After matching, the median OS in SD, RD with
escalation, and RD without escalation patients
were 6.8 months (95% Cl, 5.3-8.3), 7.6 months
(95% ClI, 6.1-9.2) months, and 3.6 months (95%
Cl, 2.8-4.4), respectively (Figure 3B). Patients
with RD without escalation still had the poorest
OS compared with the other two groups. RD
patients with escalation had an insignificant
survival difference compared to SD patients
(P=0.10).

Table 4 presents the results of univariate and
multivariate analyses examining overall surviv-
al. RD without escalation was a negative prog-
nosticator compared to SD patients. In multi-
variate analysis (IPW adjusted to clinical vari-
ables of age, sex, ECOG performance, site of
metastatic organ, BMI, and prior treatment
lines for metastatic PDAC), RD without escala-
tion remained an independent negative prog-
nosticator OS. Whereas RD with escalation was
an independent positive prognosticator for OS
in patients with mPDAC.
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aged >65 years who were pre-
scribed nal-IRI in the RD esca-
lation group than that pre-
scribed at SD (HR 0.48; 95%
Cl, 0.25-0.94; P=0.031).

In the subgroup analysis com-

paring RD with escalation and
RD without escalation (Figure 4B), RD with
escalation patients had significantly better OS
than RD without escalation across all pre-
planned subgroups. After matching, the surviv-
al advantage of RD with escalation patients
continued in almost all pre-planned sub-
groups.

Discussion

Previous small-scale real-world studies have
suggested that using a reduced starting nal-IRI
dosage is common in clinical practice and
might achieve better tolerability without com-
promising treatment efficacy in patients with
mPDAC [6-10]. Using a large-scale multicenter
database across Taiwan, we compared the
survival outcome and toxicity profiles through
PSM analyses among 667 PDAC patients who
received nal-IRI either at a standard starting
dose or at a reduced starting dose, and wheth-
er the nal-IRl dose was subsequently escalat-
ed. Our study showed that patients who
received a reduced nal-IRI starting dose fol-
lowed by subsequent dose escalation did not
have compromised OS relative to those receiv-
ing the standard starting dose, while patients
receiving a reduced starting dose who did not
have dose escalation had the worst OS. In addi-
tion, compared to RD patients without escala-
tion, RD patients with escalation had longer
median treatment cycles, lower probability of
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Table 2. Summary of Outcomes (comparison among SD, RD with escalation, and RT without escala-
tion before and after matching)

Unmatched cohort Propensity score-matched cohort
Treatment outcomes SD RD withput RD wit.h s RD with.out RD witlh
(n=465) escalation escalation p value (n=165) escalation escalation p value
(n=147) (n=55) (n=110) (n=55)
Treatment cycle, median (range) 5 (1-42) 4 (1-26) 6 (2-25) 0.001 5 (1-27) 3(1-26) 6(2-25)  0.003
Reason for discontinuing, n (%) 0.009 0.001
Progressive disease 351(75.5) 122(83.0) 38(69.1) 129(78.2) 95(86.4)  38(69.1)
Toxicity 41 (8.8) 9(6.1) 1(1.8) 16 (9.7) 6 (5.5) 1(1.8)
Patient preferences or others 73 (15.7) 16 (10.9) 16 (29.1) 20 (12.1) 9(8.2) 16 (29.1)
Best tumor response, n (%) 0.25 0.36
Partial response 42 (9.0) 10 (6.8) 4(7.3) 13(7.9) 6 (5.5) 4(7.3)
Stable disease 138 (29.7) 33(22.4) 19 (34.5) 51 (30.9) 25 (22.7) 19 (34.5)
Progressive disease 285 (61.3) 104 (70.7) 32(58.2) 101 (61.2) 79 (71.8) 32 (58.2)

SD, Standard Starting Dose; RD, Reduced Starting Dose.

Table 3. Grade 3 or higher adverse events (comparison of SD, RD with escalation, and RT without
escalation before and after matching)

Unmatched cohort Propensity score-matched cohort
SO Coomation escatation ? S®_ cotation escaiation
(n=465) value (n=165) value

(n=147) (n=55) (n=110) (n=55)

Anemia 97 (20.9) 2(21.8) 12(21.8) 097 34(20.6) 23(20.9) 12(21.8) 0.98
Neutropenia 124 (26.7) (15 0) 7(12.7) 0.002 42(25.5) 15(13.6) 7(12.7)  0.019
Thrombocytopenia 31(6.7) 6 (10.9) 1(1.8) 0.062 9(5.5) 9(8.2) 1(1.8) 0.25
Febrile neutropenia 19 (4.1) 4(2.7) 1(1.8) 0.048 4(2.4) 2(1.8) 1(1.8) 0.34
Aspartate Aminotransferase 21 (4.5) 6 (4.1) 3(5.5) 0.92 7 (4.2) 4 (3.6) 3(5.5) 0.86
Alanine Aminotransferase 19 (4.1) 2(1.4) 2(3.6) 0.29 6 (3.6) 0 2(3.6) 0.19
Jaundice 36 (7.7) 12 (8.2) 7(12.7) 045 10(6.1) 7(6.4) 7(12.7)  0.23
Hypokalemia 71 (15.3) 4 (16.3) 8(14.5) 0.94 25(15.2) 14 (12.7) 8(14.5) 0.85
Fatigue 7(1.5) 4(2.7) 0 036  4(24) 4(3.6) 0 0.36
Vomiting 17 (3.7) 5(3.4) 2(3.6) 0.76  8(4.8) 3(2.7) 2(3.6) 0.66
Diarrhea 12 (2.6) 4(2.7) 2(3.6) 013 7(4.2) 3(2.0) 2(3.6) 0.10
discontinuing nal-IRl because of progressive gy for patients who do not have adequate per-
disease, and similar safety profiles. formance or who are heavily treated for PDAC.
The concept that a standard drug dose would Although 33% of patients in the nal-IRI + 5-FU/
undoubtedly be associated with better efficacy LV arm of NAPOLI-1 needed a dose reduction
in fit patients or those with an advanced tumor due to intolerance of adverse events [3], the
burden [16]. As a result, our SD patients were nal-IRI dose intensity was consistent in the first
characterized by better performance status, six treatment cycles in our SD patients. A rela-
higher incidences of distant lymph node metas- tively lower starting dose (74 mg/m?vs. 80 mg/
tases, and received nal-IRI treatment in an ear- m?) and better toxicity profiles with a lower in-
lier treatment line than RD patients. Using PSM cidence of vomiting (3.7% vs. 11%), diarrhea
to adjust for these potential confounders, our (2.6% vs. 13%), and fatigue (1.5% vs. 14%) in
study showed that RD with escalation patients our SD patients compared to those in NAPOLI-1
had comparable OS to SD patients. Our data might explain the lower proportion of nal-IRI
suggest that prescribed nal-IRl at a reduced dose modifications in our SD cohort. Although
starting dose following subsequent dose esca- the incidence of these subjective SAEs might
lation might be an alternative treatment strate- be underestimated by retrospective analysis,
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A in RD with escalation patients
1.0
was close to that of SD
0.9 ] 1505 C] .
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. T T T T T T .
0 6 12 18 24 30 36 to enhance the therapeutic
N risk i - i i
oatns 165 50 - 2 . . . efficacy of nal-IRI in patients
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B 1.0 In clinical practice, choosing a
0.9 Median 0S (959CT) lower starting dose may be
0.5 ) — 15559 obligatory to achieve a _b{al-
g 0.71 RD with escalation JR— 7.6 (6.1-9.2) anC'e betWeen. |'OWer tOXICIty
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g 99 mise in treatment efficacy.
T 05 D D v evton, Logruk =002 Considering the characteris-
E 0.4- RD with escalation vs without escalation, Log-rank p<0.001 tiCS Of our RD patients, we
“ o speculated that a reduced
o2 starting nal-IRI dose was pre-
' scribed because of treatment
0.1 _ . .
tolerance for patients who
oo P A s M 3 36 were heavily treated or who
No at risk were too frail [11]. Unfor-
sD 165 73 16 6 4 0 0
RD it cocalion 55 I s N 0 0 0 tunately, the use of lower nal-
RD without escaation 110 0 1 : ° ° 0 IRI doses reduced the oc-

Figure 3. Overall survival according to different nal-IRI dosing group before

(A) and after propensity score matching (B).

the lower incidence of SAEs in our SD cohort
might encourage clinicians to prescribe ade-
quate nal-IRI doses at the beginning of treat-
ment.

Instead of the standard starting dose followed
by subsequent dose modifications in a clinical
trial setting, our study showed that 30% of the
patients received a reduced starting nal-IRI
dose in real-world clinical practice. The per-
centage of patients with starting dose reduc-
tions in our study was comparable to that
of other retrospective studies of nal-IRl + 5FU/
LV treatment in patients with PDAC [6-10].
Interestingly, our study showed that 55 of the
202 patients (27%) prescribed a reduced start-
ing nal-IRI dose received dose escalation in
subsequent treatment cycles. As a result, the
average nal-IRI dosage of six treatment cycles

5069

currence of severe adverse
events in patients with short-
er treatment durations and
poorer efficacy in patients
with RD without escalation. Our previous study
showed that starting nal-IRI dosage <50% of
the standard dose is a poor prognosticator in
patients with PDAC receiving nal-IRI + 5-FU/LV
treatment [11]. Consistent with our previous
report, patients with RD without escalation
experienced significantly worse OS, shorter
treatment cycles, and a higher probability of
discontinuing nal-IRlI due to progressive dis-
ease than the other two groups.

The benefits of palliative chemotherapy in
patients with PDAC include disease control and
relief of symptoms of distress [17]. It is well
known that gemcitabine monotherapy provides
a tumor response rate of 11% for PDAC, while
27% of the patients had improved performance
and ameliorated tumor pain after receiving
treatment [18]. Similarly, some of our sick
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Table 4. Univariate and multivariate analyses examining overall survival

Unmatch cohort

Propensity score-matched cohort

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

Variable - .
HR 95%Cl P Adﬁ;}“ 95%Cl P HR 95%Cl P Adﬁ;ﬁ“ 95%Cl P
SD reference reference reference reference

RD without escalation 1.59 1.29-1.96 <0.001 1.83 1.48-2.26 <0.001 1.47 1.12-1.93 0.006 1.66 1.26-2.19 <0.001

RD with escalation

0.71 0.48-1.06 0.090 0.63 0.42-0.94 0.025 0.65 0.43-0.99 0.046 0.61 0.41-0.95 0.027

# inverse probability weights adjusted to clinical variables of age, sex, Eastern Cooperative Oncology Group Performance Status, site of metastatic organ, body mass

index, and prior treatment lines for metastatic PDAC.

patients who received a lower starting nal-IRI
dose might have clinical benefits with improved
performance status and decreased physical
distress after receiving treatment with nal-IRI.
Therefore, they were able to tolerate higher
therapeutic doses in subsequent cycles. The
use of RD with escalation might be most benefi-
cial in nal-IRI responders who are insufficiently
fit for the standard nal-IRI dose.

Old age is a well-known negative predictor of
antitumor therapy in various cancer types [19,
20]. However, elderly patients had similar treat-
ment efficacy and toxicity profiles to younger
patients who received nal-IRl + 5-FU/LV for the
treatment of PDAC in the NAPOLI-1 trial [21]. In
our study, a subgroup analysis of OS revealed
the possibility of a survival benefit in patients
aged =65 years who received RD with esca-
lation compared to SD. We speculated that,
compared to younger patients, elderly cancer
patients might be associated with higher treat-
ment-related toxicity if a standard starting dose
of nal-IRI was prescribed. Initial treatment with
a lower drug intensity of nal-IRI might allow
elderly patients a greater probability to tolerate
the treatment to maximize nal-IRI therapeutic
efficacy. The impact of age on the treatment
efficacy and toxicity of nal-IRl in a real-world
setting requires further exploration.

This is the first PSM study to analyze the asso-
ciation between the starting nal-IRl dose and
subsequent dose escalation and survival out-
comes in patients with PDAC. This study was
strengthened by the inclusion of a large num-
ber of patients from multiple centers across
Taiwan. Nevertheless, this study has some limi-
tations. First, the retrospective nature with
selection bias represented the most important
issue; however, we implemented PSM in statis-
tical analysis to reduce this bias. Second, the
decision to prescribe a reduced starting dose
and dose escalation in subsequent cycles was
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influenced by multiple factors related to con-
siderations of physicians and patients, which
could not be fully addressed in our analysis.
Third, the RD patients were further divided into
those with and without escalation depending
on whether dose escalation was performed in
the subsequent treatment cycles. There is no
consistent principle for dose escalation in clini-
cal practice; however, we were unable to ana-
lyze whether the magnitude of dose escala-
tion might affect treatment efficacy and toxici-
ty profiles. Therefore, prospective studies are
required to address these issues.

Conclusion

This study showed that starting with a reduced
dose followed by dose escalation in subse-
quent treatment cycles did not compromise 0OS
compared to starting with a standard dose in
patients with PDAC receiving nal-IRl + 5-FU/LV
after propensity score matching for multiple
clinical variables. RD patients with escalation
experienced longer treatment cycles, lower
probability of discontinuing nal-IRl because of
progressive disease, and similar safety profiles
to RD patients without escalation. Taken to-
gether, the results of our study suggest that
prescribed nal-IRI at a reduced starting dose
followed by dose escalation in subsequent
treatment cycles is an effective and safe clini-
cal practice for PDAC patients.
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A Favors Reduced Dose with Escalation Favors Standard Dose
" Full cohort ;—é—-. -
Age =65 = i
Age <65 ———
ECOG PS 0~1 .—l‘——.
ECOG PS 2-3 —a——n
BMI <21.1 Kg/m? —.
BMI >21.1 Kg/m? —
Prior treatment line 0~1 ——
Prior treatment line >2 '—i"—_‘
0 1 2 Hazard ratio (95% CI)
Overall survival (months) Standard Dose RD with Escalation HR (95% CI) P HR (95% CI) P+
Full cohort 5.9 (4.3-7.4) 7.6 (6.1-9.2) 0.71 (0.48-1.05) 0.09 0.72(0.47-1.09) 0.12
Age = 65 4.2(2.5-7.4) 6.4 (3.9-9.1) 0.48 (0.25-0.91) 0.024 0.48 (0.25-0.94) 0.031
Age <65 6.9 (4.9-9.4) 7.9 (5.9-10.1) 0.95 (0.57-1.56) 0.84  0.99 (0.57-1.72) 0.96
ECOG PS 0~1 7.1(5.8-8.4) 8.5 (6.0-11.0) 0.70 (0.43-1.15) 0.16  0.72(0.42-1.21) 0.22
ECOGPS 2~3 2.6 (1.7-3.6) 5.5 (1.9-9.0) 0.54 (0.28-1.05) 0.07  0.67 (0.33-1.34) 0.25
BMI < 21.1 Kg/m2 3.9 (2.8-5.1) 8.4 (1.8-14.5) 0.74 (0.40-1.35) 0.33  0.67 (0.35-1.29) 0.23
BMI = 21.1 Kg/m2 7.1 (4.9-9.3) 7.6 (6.0-9.2) 0.75 (0.44-1.25) 0.27  0.80 (0.46-1.39) 0.43
Prior treatment line 0~1 6.6 (4.4-8.7) 9.4 (7.3-11.5) 0.90 (0.57-1.43 0.65 0.72(0.41-1.26) 0.25
Prior treatment line >2 4.6 (2.3-7.0) 7.1° (4.9-9.3) 0.81 (0.50-1.32) 0.41 0.67 (0.36-1.26) 0.21
B Favors Reduced Dose with Escalation Favors Reduced Dose without Escalation
Full cohort ——
1
1
1
Age =65 —i
Age <65 ]
1
1
ECOG PS 0~1 r—%-l—i
ECOG PS 2-3 |
1
1
BMI <21.1 Kg/m? —
1
BMI >21.1 Kg/m? ——
1
. - H
Prior treatment line 0~1 ——
Prior treatment line >2 ’_'_‘=
0 1 2 Hazard ratio (95% CI)
Overall survival (months) RD without RD with HR (95% CI) P HR (95% CI) P+
Escalation Escalati
Full cohort 3.6 (2.6-4.5) 7.6 (6.1-9.2) 0.45(0.30-0.68)  <0.001  0.44 (0.29-0.68) <0.001
Age > 65 24(1.1-3.8)  6.4(3.999.1) 0.30 (0.15-0.57)  <0.001  0.28 (0.14-0.56) <0.001
Age <65 4.1(3.2-5.0) 7.9(5.9-10.1) 0.61 (0.35-0.99) 0.049 0.66 (0.37-1.02) 0.07
ECOGPS 0~1 4.8 (3.2-6.4) 8.5(6.0-11.0) 0.50 (0.30-0.84) 0.009 0.50 (0.29-0.85) 0.010
ECOGPS 2~3 1.4 (1.1-1.6) 5.5 (1.9-9.0) 0.20 (0.10-0.41)  <0.001  0.21 (0.10-0.45) <0.001

BMI <21.1 Kg/m2 3.1(2.2-4.0) 8.4(1.8-14.5) 0.44 (0.23-0.83)  0.012 0.40 (0.20-0.77) 0.006
BMI = 21.1 Kg/m2 4.8 (2.8-6.8) 7.6(6.0-9.2) 0.50 (0.29-0.87)  0.015 0.51 (0.29-0.90) 0.020
Prior treatment line 0~1 4.1 (2.5-5.8) 9.4 (7.3-11.5) 0.46 (0.26-0.80)  0.006 0.46 (0.26-0.82) 0.008
Prior freatment line >2 3.3 (2.2-4.5) 7.1" (4.9-9.3) 0.44 (0.23-0.82)  0.010 0.41 (0.21-0.77) 0.006

Figure 4. Selected subgroup analyses for OS between RD with escalation patients and SD patients (A), as well as
RS with escalation patients and RD without escalation patients (B). ECOG PS, Eastern Cooperative Oncology Group
Performance Status; BMI, Body Mass Index.
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